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FT: http://golang.org/

Google RIFRIES . FWIFERERE C, LEMAIZMAR R, FIMEHS Java £, LEEE
B, BRIEERTNERS:, FHEASR, MEBUEEF.

e Dart
FT: https://www.dartlang.org/

Google AFRMIES . BT, ReeR—4%, XS LRED C, BMETHA T —RMNEFRIES.
i Google IEE=R A Dart 7 & Android ZFH, iAZIZ java tLAYBE #F.

e Haskell
ETT: https://www.haskell.org/

RENRIZIES, SFIBEMEKE, BT, JIRAE., RBEMREZE, BPRYD, ERIANHE
PR, TERTERAARZEHENMEE KNS M.
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&IFE LLVM

fE&: #ith

_ analyze *é /

% Ctt checker
e Dead Code Checker
o Security Checker

4

Preprocessor - - -+
i

Lexer L opt 4 83 A3 Codegen
token -dump-tokens _osi_

AATIIIHTIIIIIIININIIITRRL RN

\
\
N
N
N
o N
rmfs
N
N
N
N\
N
N
N
N

PEKED

\\\\\\\\\\“\\\\\\\\\\\\\\\\\\\\\\\\\%

Front end 0 Rack end

e

LLVM BREAEED, EiNEESBEMIMTFNRER, MERZEXXESREDEIL, UAKRE TR
CENEIHT I0S 48i% Clang / LLVM ) AJMER—PREMZRNBIREIEAN], SIAfE segmentfault
M— N EE (Mitk: https://segmentfault.com/I/1500000008514518) ISR EERESH TR

ERMATOMT BINFMAIRIEL, HEAGHRTRIER, AXFHEEELT—LARENaNagE

FLWVM T A, FRTAEE, & LLWVM SMIZOFESRFAFRHAN LLVM R, 8EmA—3

BERRGIZRERBRANB R L.

LLVM T E %
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#5% N8 LLVM
svn co http://llvm.org/svn/llvm-project/llvm/trunk llvm

#1£ LLVM BJ tools BE TN FE clang
cd 1llvm/tools
svn co http://llvm.org/svn/llvm-project/cfe/trunk clang

#1£ LLVM B projects BFE F F# compiler-rt, libcxx, libcxxabi

cd ../projects

svn co http://llvm.org/svn/llvm-project/compiler-rt/trunk compiler-rt
svn co http://llvm.org/svn/llvm-project/libcxx/trunk libcxx

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

#1f Clang HJ tools T %% extra LT H
cd ../tools/clang/tools

svn co http://llvm.org/svn/llvm-project/clang-tools-extra/trunk extra

#iF LLVM

brew install gcc

brew install cmake

mkdir build

cd build

cmake -DCMAKE BUILD TYPE=Release -DBUILD_ SHARED LIBS=ON -
DLLVM TARGETS_ TO BUILD="AArch64;X86" -G "Unix Makefiles"
make j8

#LEER

make install

#UNRWAZIRERE, Xcode FERE xcode-select --install

- bindings

 build

- cmake

- CMakeFiles
CMakelLists.txt
CODE_OWNERS.TXT

B configure

CPackConfig.cmake

CPackSourceConfig.cmake
CrDENITQ TYT

vV v v v



#UNMRFHL R xcodeproject A build FILAER -GXcode

NIV LT I TN

docs
examples
include

lib
LICENSE.TXT
llvm.spec.in
LLVMBuild.txt
projects
README.txt
RELEASE_TESTERS.TXT
resources
runtimes

test

tools
unittests

utils
xcodeBuild

mkdir xcodeBuild

cd xcodeBuild

cmake -GXcode /path/to/llvm/source

vV v v v

vV vV vV v v v Vv



bindings

build

cmake

CMakeFiles
CMakelLists.txt
CODE_OWNERS.TXT
configure
CPackConfig.cmake
CPackSourceConfig.cmake
CREDITS. TXT

docs

examples

include

lib

LICENSE.TXT
llvm.spec.in
LLVMBuild.txt
projects

README.txt
RELEASE_TESTERS.TXT
resources

runtimes

test

tools

unittests

- utils

B8 xcodeBuild
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bin

cmake
cmake_install.cmake
CMakeCache.txt
CMakeFiles
CMakeScripts
CPackConfig.cmake
CPackSourceConfig.cmake
Debug

docs
DummyConfigureOutput
examples

include

lib

libexec

LLVM.build
LLVM.xcodeproj
LLVMBuild.cmake
MinSizeRel

projects

Release
RelWithDeblinfo
runtimes

share

test

tools

unittests

utils

£ bin TERELR, A7 XETRBMAESTARBRET .

IEENE

arcmt-test
bugpoint
c-arcmt-test
c-index-test
clang
clang-5.0

rlann_~rhacrl,

clang-apply-replacements
clang-change-namespace
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. VIl vl wn

» clang-cl

» clang-cpp

B clang-format

B clang-import-test
B clang-include-fixer
B clang-move

B clang-offload-bundler
B clang-query

B clang-rename

B clang-reorder-fields
B clang-tbigen

M clang-tidy

» Cclang++

B count

@ diagtool

B FileCheck

B find-all-symbols
M lc

M i

M lli-child-target
M llvm-ar

M llvm-as

B llvm-bcanalyzer
B lvm-c-test

B lvm-cat

B llvm-config



B lvm-cov

B Ilvm-cxxdump
B lvm-cxxfilt
B llvm-diff

M llvm-dis

B lvm-dsymutil

LLVM BB TREBENSE

llvm_examples_ - & LLVM IR 0 JIT B9fI+,

llvm_include_ - S HBIL 14,

livm_lib_ - FERXHEEIXE,

llvm_project_ - Bl 2B S &7F LLVM MIENE X,

llvm_test_ - EF LLVM B9EVIME, fEREEE,

llvm_suite_ - IEf&4, MeEREENXEH.

llvm_tools_ - EF lib 192l AT, APBEXLEREFHITRE, -help JIUEEFEZTL
BiF4R(ERA.

llvm_utils_ - LLVM JEARBROSSAT A, tban, &3 LLC Hl LLI £EARBERTR, Vim
Emacs WiBiEEa=LA%,

lib HRN4A

llvm_lib_IR/ - #0035 EERN Instruction F BasicBlock,

llvm_lib_AsmParser/ - SL4RIE= RS,

llvm_lib_Bitcode/ - BRI 5 NF1513

llvm_lib_Analysis/ - &332 FRIDHr, Lbal Call Graphs, Induction Variables, Natural
Loop Identification &3,

llvm_lib_Transforms/ - IR-to-IR 12 ZHIZSHE,

llvm_lib_Target/ - 331% X86 iXt£4.2380%EAR

llvm_lib_CodeGen/ - ZEZRIBAER, EEIESS, EJRAENFFRIE.
llvm_lib_ExecutionEngine/ - TERRRTHITHRIZIZ S 6EIS HIEAE BT IITE TIEME.

TRE#EWINA
23

llvm-as - ;C4R28, 4§ | CREFET3.

llvm-dis - RC4m2s, BFFHiBmARIER 1 X,

opt - FRBHtEE.

lic - BFSHRIEES, WBF IR ERLCHERR.

i - EIEHAIT LLVM F158,

llvm-link - FH5851E83, ATMEZ PN FUREXXGRIER—.
llvm-ar - FTEXEF$T 623,



llvm-lib - LLVM lib.exe #BET &,

llvm-nm - ZIEF RS K.

llvm-config - $TEN LLVM ZRiFi%1n,

llvm-diff - XD FHITEER,

llvm-cov - it coverage infomation,
llvm-profdata - Profile #38 T &,

llvm-stress - 4 BN .1l 325,

llvm-symbolizer - #iiItSIRGFEIBUE, EEHEIR.
llvm-dwarfdump - ¥TE[] DWARF,

Wil TR

e bugpoint - BaIXRHITE
o |lvm-extract - M\—> LLVM ROREIR B IREY—1N R 2K,
e llvm-bcanalyzer - LLVM FE51B o128,

F&AIHR

FileCheck - RIERIIRT ILEC S FIRTIESS
tblgen - C++ AR RN 28 .

lit - LLVM SR 28

llvm-build - LLVM ¥ TN FENTE,
llvm-readobj - LLVM Object £ EE2E,

Driver

hFIRE, RSB EFERAXYE T ABZAIRIFSE 7RI LLVM REMIH, BAXELFNT
8F LLVM E# Driver,

Driver £ Clang EIXYFFRIED, AT Option iIRE, HEHREABMNIEN, SRTHRENR
EEE,

BFBERBAXE: clang_tools_driver/driver.cpp

A Driver JRBEIN R EFE driver.cpp BAY main() B2, MXERTIAERNNOEEE driver
FUEATEN, XEEMNFEITAEEMENFZEIRN LLVM,



int main(int argc_, const char **argv_) {
llvm::sys::PrintStackTraceOnErrorSignal(argv_[0]);
1lvm: :PrettyStackTraceProgram X(argc_, argv_);
1lvm::1lvm_shutdown obj Y; // Call llvm shutdown() on exit.

if (llvm::sys::Process::FixupStandardFileDescriptors())

return 1;

SmallVector<const char *, 256> argv;
llvm: :SpecificBumpPtrAllocator<char> ArgAllocator;
std::error_code EC = llvm::sys::Process::GetArgumentVector (

argv, llvm::makeArrayRef(argv_, argc_), ArgAllocator);

if (EC) {
llvm::errs() << "error: couldn't get arguments: " << EC.message() <<
‘\n';
return 1;
}

llvm::InitializeAllTargets();
std::string ProgName = argv[0];
std::pair<std::string, std::string> TargetAndMode =

ToolChain: :getTargetAndModeFromProgramName (ProgName) ;

1lvm: :BumpPtrAllocator A;

llvm::StringSaver Saver(A);

/1Bl

// If we have multiple failing commands, we return the result of the first
// failing command.

return Res;

Driver W T{ERIZEE

f£ driver.cpp B9 main REXEHR Driver B9¥IAM . FAIREFEF driver BRI



Driver TheDriver (Path, llvm::sys::getDefaultTargetTriple(), Diags);

SetInstallDir (argv, TheDriver, CanonicalPrefixes);

insertTargetAndModeArgs (TargetAndMode.first, TargetAndMode.second, argv,

SavedStrings);

SetBackdoorDriverOutputsFromEnvVars (TheDriver) ;

std::unique_ ptr<Compilation> C(TheDriver.BuildCompilation(argv));
int Res = 0;
SmallVector<std::pair<int, const Command *>, 4> FailingCommands;
if (C.get())

Res = TheDriver.ExecuteCompilation(*C, FailingCommands) ;

// Force a crash to test the diagnostics.
if (::getenv("FORCE CLANG DIAGNOSTICS CRASH")) {

Diags.Report(diag::err drv_force crash) <<

"FORCE_CLANG DIAGNOSTICS CRASH";

// Pretend that every command failed.
FailingCommands.clear();
for (const auto &J : C->getJobs())

if (const Command *C = dyn cast<Command>(&J))

FailingCommands.push back(std::make pair(-1, C));

for (const auto &P : FailingCommands) {
int CommandRes = P.first;
const Command *FailingCommand = P.second;
if (!Res)

Res = CommandRes;

// If result status is < 0, then the driver command signalled an error.

// If result status is 70, then the driver command reported a fatal

error.

// On Windows, abort will return an exit code of 3. 1In these cases,
// generate additional diagnostic information if possible.

bool DiagnoseCrash = CommandRes < 0 || CommandRes == 70;

#ifdef LLVM ON WIN32

DiagnoseCrash |= CommandRes == 3;

#endif

if (DiagnoseCrash) {
TheDriver.generateCompilationDiagnostics(*C, *FailingCommand);

break;



A LAB RI#0981¢ Driver f5 driver 278 BuildCompilation £ % Compilation, Compilation FEE
BRAEEMNERE, B driver.cpp B include AILAEE!

#include "clang/Driver/Compilation.h"

RIBLLERIZATIARE T Compilation iIXMNAT driver 8B —HESAIZE, BT X DEHRIMRRER
XM ERLE R BRI ME R R

class Compilation {
/// The original (untranslated) input argument list.

llvm: :opt::InputArgList *Args;

/// The driver translated arguments. Note that toolchains may perform
their

/// own argument translation.

llvm: :opt::DerivedArgList *TranslatedArgs;

/// The driver we were created by.

const Driver &TheDriver;

/// The default tool chain.
const ToolChain &DefaultToolChain;

/// The list of actions. This is maintained and modified by consumers,
via

/// getActions().

ActionList Actions;

/// The root list of jobs.
JobList Jobs;
public:

const Driver &getDriver() const { return TheDriver; }

const ToolChain &getDefaultToolChain() const { return DefaultToolChain; }
ActionList &getActions() { return Actions; }

const ActionList &getActions() const { return Actions; }

JobList &getJobs() { return Jobs; }

const JobList &getJobs() const { return Jobs; }

void addCommand(std::unique ptr<Command> C) { Jobs.addJob(std::move(C)); }

/// ExecuteCommand - Execute an actual command.

/77

/// \param FailingCommand - For non-zero results, this will be set to the
/// Command which failed, if any.

/// \return The result code of the subprocess.



int ExecuteCommand(const Command &C, const Command *&FailingCommand)

const;

/// ExecuteJob - Execute a single job.
/17
/// \param FailingCommands - For non-zero results, this will be a vector
of
/// failing commands and their associated result code.
void Executedobs (
const JobList &Jobs,
SmallVectorImpl<std::pair<int, const Command *>> &FailingCommands)

const;
}i

BT XL X B E B S BuildCompilation RERAISEH] AT IAE HX > Driver HRFZEIRIR Arglist -
Actions - Jobs EHy, SEEMEUT:

Driver
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Parse
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Parse ZREITIZIN, XN AYCABTE ParseArgStrings IXNREE,



TEEIHIT MR, i cdang -### main.c -ITheOptionWeAdd
=» llvmdemo clang -### main.c -ITheOptionWeAdd
clang version 5.8.8 (trunk 294089)
Target: x86_64-apple-darwin16.4.0
Thread model: posix
InstalledDir: /usr/local/bin
"/usr/local/bin/clang-5.8" "-cc1" "-triple" "x86_64-apple-macosx10.12.8" "-Wdeprecated-ob

jc-isa-usage" "-Werror=deprecated-objc-isa-usage" "-emit-obj" "-mrelax-all" "-disable-free
" "-main-file-name" "main.c" "-mrelocation-model" "pic" "-pic-level" "2" "-mthread-model"
"posix" "-mdisable-fp-elim" "-masm-verbose" "-munwind-tables" "-target-cpu" "penryn" "-tar

get-linker-version" "274.2" "-dwarf-column-info" "-debugger-tuning=11ldb" "-resource-dir"
/usr/local/bin/../lib/clang/5.8.8" "-I" "TheOptionWeAdd" "-fdebug-compilation-dir" "/Users
/didi/Downloads/1llvmdemo" "-ferror-limit" "19" "-fmessage-length" "90" "-stack-protector"
"1" "-fblocks" "-fobjc-runtime=macosx-10.12.8" "-fencode-extended-block-signature" "-fmax-
type-align=16" "-fdiagnostics-show-option" "-fcolor-diagnostics" "-o" "/var/folders/r9/35q
9g3d56_d9g0Bv59w9Ix219wB000gNn/T/main-85975b.0" "-x" "c¢" "main.c"

“/usr/bin/1d" "-demangle" "-lto_library" "/usr/local/lib/1ibLTO.dylib" "-no_deduplicate"
"-dynamic" "-arch" "x86_64" "-macosx_version_min" "108.12.8" "-o0" "a.out" "/var/folders/r9/
35099g3d56_d9gOv59wIx219w00B0gn/T/main-85975b.0" "-1System" "/usr/local/bin/../1lib/clang/5.
8.0/1lib/darwin/libclang_rt.osx.a"

XER -| 2 Clang X#5M9, 7£ Clang B2 Option 2, Clang £313XLE Option &[T IRBITRENT, (M
—h DSLIES IS HEERY th X E(EM table-gen Y C++ E=MEERB—EHTHIZ.

Driver B HEAENR -| Option S,
X A c RREX ciBS#1T4%1%, Clang Driver B XEHMIEE .c KB LEXD S50, R
B CHIBE, BT X BRN cpp FiFELESHEN.

clang -x c++ main.cpp

=» llvmdemo clang -x c++ main.cpp
Undefined symbols for architecture x86_64:

"std::__1::__basic_string_common<true>::__throw_length_error() const", referenced from:
std::__1::ostreambuf_iterator<char, std::__1::char_traits<char> > std::__1::__pad_an
d_output<char, std::__1::char_traits<char> >(std::__1::ostreambuf_iterator<char, std::__1:
:char_traits<char> >, char const*, char const*, char const*, std::__1::ios_base&, char) in
main-ele673.0
"std::__71::locale::use_facet(std::__1::locale::id&) const", referenced from:
std::__71::basic_ostream<char, std::__1::char_traits<char> >& std::__1::endl<char, st
d::__1::char_traits<char> >(std::__1::basic_ostream<char, std::__1::char_traits<char> >&)
in main-ele673.0
std::__1::basic_ostream<char, std::__1::char_traits<char> >& std::__1::__put_charact
er_sequence<char, std::__1::char_traits<char> >(std::__1::basic_ostream<char, std::__1::ch
ar_traits<char> >&, char const*, unsigned long) in main-ele673.0
"std::__1::ios_base::getloc() const", referenced from:
std::__1::basic_ostream<char, std::__1::char_traits<char> >& std::__1::endl<char, st
d::__71::char_traits<char> >(std::__1::basic_ostream<char, std::__1::char_traits<char> >&)
in main-ele673.0
std::__1::basic_ostream<char, std::__1::char_traits<char> >& std::__1::__put_charact
er_sequence<char, std::__1::char_traits<char> >(std::__1::basic_ostream<char, std::__1::ch
ar_traits<char> >&, char const*, unsigned long) in main-ele673.0
"std::__1::basic_string<char, std::__1::char_traits<char>, std::__71::allocator<char> >::
~basic_string()", referenced from:
std::__1::ostreambuf_iterator<char, std::__1::char_traits<char> > std::__1::__pad_an
d_output<char, std::__1::char_traits<char> >(std::__1::ostreambuf_iterator<char, std::__1:
:char_traits<char> >, char const*, char const*, char const*, std::__1::ios_base&, char) in
main-ele673.0
"std::__1::basic_ostream<char, std::__1::char_traits<char> >::put(char)", referenced fro
m:
std::__1::basic_ostream<char, std::__1::char_traits<char> >& std::__1::endl<char, st
d::__1::char_traits<char> >(std::__1::basic_ostream<char, std::__1::char_traits<char> >&)

in main-ele673.0

B IREE BRI INE H— LR EIR
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clang -x c++ -lc++ main.cpp

BB clang++ fl clang s L MIXBIMET SME C++ FE, HX clang++ REXERA Clang, A
FHEEMEHEMGT T RADEES clang++ BLE, ZEERNTHEBEXIMGLEEMFTESH
FE, BRTANEREASN, BHELIE C++ inERE, HEIESSE., XERER C++ TR cang++ 587,

[EMLE -cc1 XA option 7 BEH A ZF Clang driver b4l emit-obj iX4™ option FiEZE SN L -cc1,

RXRA B driver.cpp RIS, & main() RRERINEREM T EZ TR LEEMAR
HITIANSHETE T BARE -ccl,

if (MarkEOLs && argv.size() > 1 && StringRef(argv[l]).startswith("-ccl"))
MarkEOLs = false;

llvm::cl::ExpandResponseFiles(Saver, Tokenizer, argv, MarkEOLSs);

// I -ccl ERITHR
auto FirstArg = std::find if(argv.begin() + 1, argv.end(),
[1(const char *A) { return A != nullptr; });
if (FirstArg != argv.end() && StringRef(*FirstArg).startswith("-ccl")) {
// WIR -ccl XB response file, B[R EOL sentinels
if (MarkEOLs) {
auto newEnd = std::remove(argv.begin(), argv.end(), nullptr);
argv.resize(newEnd - argv.begin());

}

return ExecuteCClTool(argv, argv[l] + 4);

WRZ -cc1 IES A ExecuteCC1Tool XM ERE, TBEBX TR

static int ExecuteCClTool (ArrayRef<const char *> argv, StringRef Tool) {
void *GetExecutablePathVP = (void *)(intptr_t) GetExecutablePath;
if (Tool == "")
return ccl main(argv.slice(2), argv[0], GetExecutablePathVP);
if (Tool

= "as")

return cclas main(argv.slice(2), argv[0], GetExecutablePathVP);

// EHARAMIA
llvm::errs() << "error: unknown integrated tool '" << Tool << "'\n";

return 1;

BRAEANHITEIIT cc1-main Z& cclas_main , X PNRED BITE driver.cpp BREFEN
cc1_main.cpp # cclas_main.cpp A,

TEEEAMLEN Args BIE

e ParseAnalyzerArgs - BT HERS O 23 option
® ParseMigratorArgs - fi##T Migrator option
e ParseDependencyOutputArgs - BTk #isaE option



e ParseCommentArgs - f#HE%% option
® ParseFileSystemArgs - #3424 option
e ParseFrontendArgs - f##f Al option
e ParseTargetArgs - f##T B 4% option
e ParseCodeGenArgs - fi##r CodeGen 1HHY option
e ParseHeaderSearchArgs - f##7 HeaderSearch Xt&ABX ¥4t E4H option
e parseSanitizerKinds - f&#fr Sanitizer Kinds
® ParsePreprocessorArgs - fEHT b2 option
® ParsePreprocessorOutputArgs - 2T 425 189 option
Pipeline

Pipeline IXE A LA -ccc-print-phases BEI# A Pipeline AFHEIE,
=> llvmdemo clang -ccc-print-phases main.c

©: input, "main.c", c

1: preprocessor, {0}, cpp-output
2: compiler, {1}, ir

3: backend, {2}, assembler

4: assembler, {3}, object

5: linker, {4}, image

6: bind-arch, "x86_64", {5}, image
< 1llvmdemo |}

IXLEYN -ccc-print-phases X1#HY option EFRIFFTREM.inc IXHERY C++ TableGen X4, &
Options.td ATLAEZ| £ EBRY option E X,

£ Clang # Pipeline 1R Z L [F1T NEBBXIRIAY Action, b4l preprocessor Bt 4
InputAction T4 EH 25524989 BindArchAction,

£/ clang main.c -arch i386 -arch x86_64 -0 main #Afg file main 8E85& 25X AT BindArchAction iX
™ Action &2 TER, miFHERTRRBNEIE T — M EERRENS 21532 th 8BS 2 156441 lipo T
@O

=> 1llvmdemo clang main.c -arch 1386 -arch x86_64 -0 main

=> llvmdemo file main

main: Mach-0 universal binary with 2 architectures: [1386: Mach-0 executable i386] [x86_64
: Mach-0 64-bit executable x86_64]

main (for architecture 1386): Mach-0 executable i386

main (for architecture x86_64): Mach-0 64-bit executable x86_64
- 1lvmdemo Jj

Action



/// BuildActions - Construct the list of actions to perform for the
/// given arguments, which are only done for a single architecture.
/17
/// \param C - The compilation that is being built.

/// \param Args - The input arguments.
/// \param Actions - The list to store the resulting actions onto.
void BuildActions(Compilation &C, llvm::opt::DerivedArgList &Args,

const InputList &Inputs, ActionList &Actions) const;

/// BuildUniversalActions - Construct the list of actions to perform
/// for the given arguments, which may require a universal build.
/17

/// \param C - The compilation that is being built.

/// \param TC - The default host tool chain.

void BuildUniversalActions(Compilation &C, const ToolChain &TC,

const InputList &BAInputs) const;

FE® DA ES BuildUniversalActions s2fathaiE BuildActions, BuildActions T, #HNXMNAE

void Driver::BuildActions(Compilation &C, DerivedArgList &Args,
const InputList &Inputs, ActionList &Actions)
const {

llvm: :PrettyStackTraceString CrashInfo("Building compilation actions");
if (!SuppressMissingInputWarning && Inputs.empty()) {

Diag(clang::diag::err_drv_no_input files);

return;

Arg *FinalPhaseArg;
phases::ID FinalPhase = getFinalPhase(Args, &FinalPhaseArgq);

1EER getFinalPhase XM,



// -{E,EP,P,M,MM} only run the preprocessor.
if (CccCIsCPP() || (PhaseArg = DAL.getLastArg(options::O0PT E)) ||
(PhaseArg = DAL.getLastArg(options::OPT SLASH EP)) ||
(PhaseArg = DAL.getLastArg(options::OPT M, options::OPT MM)) ||

(PhaseArg = DAL.getLastArg(options::OPT SLASH P))) {

FinalPhase = phases::Preprocess;

// -{fsyntax-only,-analyze,emit-ast} only run up to the compiler.

} else if ((PhaseArg DAL.getLastArg(options::0OPT fsyntax only)) ||
(PhaseArg = DAL.getLastArg(options::OPT module file info)) ||
(PhaseArg = DAL.getLastArg(options::OPT verify pch)) ||
(PhaseArg = DAL.getLastArg(options::0PT rewrite objc)) ||

(PhaseArg = DAL.getLastArg(options::OPT rewrite legacy objc))

(PhaseArg = DAL.getLastArg(options::OPT migrate)) ||
(PhaseArg = DAL.getLastArg(options::OPT__analyze,
options::0PT analyze auto)) ||

DAL.getLastArg(options::0PT emit ast))) {

(PhaseArg

FinalPhase = phases::Compile;

// -S only runs up to the backend.
} else if ((PhaseArg = DAL.getLastArg(options::OPT_S))) {

FinalPhase = phases::Backend;

// -c compilation only runs up to the assembler.
} else if ((PhaseArg = DAL.getLastArg(options::O0PT _c))) {

FinalPhase = phases::Assemble;

// Otherwise do everything.
} else

FinalPhase = phases::Link;

BTXBRABMERIESL SR option HZTENE—EBMILE, 559, backend BELCYH
RpUE

TEST—LLmFRNFER Action, KXAMU—MTREER.

[T

e [nitOnlyAction - RIRIIR#AIAIL, 4RIFES option Z -init-only
® PreprocessOnlyAction - REFIAME, i, ZRiE2389 option 2 -Eonly

® PrintPreprocessedAction - #iFi4ME, FRINAEIE-P. -C. -dM. -dD B{FRIIUEE
PreprocessorOutputOptions X1, #i¥2£§ option & -E

e RewritelncludesAction - Fi4bi2

e DumpTokensAction - ¥TEJtoken, option & -dump-tokens

e DumpRawTokensAction - it [Riatokens, BIEZTHERT, option & -dump-raw-tokens

® RewriteMacrosAction - RMEHT BEEN, XJNAY option 2 -rewrite-macros

® HTMLPrintAction - £ &= IBMTI, XJMNAT option & -emit-html

e DeclContextPrintAction - ¥TENFEHH, option X RZAYE -print-decl-contexts

e ASTDeclListAction - TE[] AST i, option & -ast-list

e ASTDumpAction - ¥TEl AST I#¥4B{Z ., ¥ option & -ast-dump



e ASTViewAction - 45 AST dot X4, #E853@3T Graphviz SREBEAEEM ., option 2 -ast-
view

AnalysisAction - IZ1T8E & HT5|2, option 2 -analyze

EmitLLVMAction - 4 AL BIIERY IR FREHES X4, YN option & -emit-llvm

EmitBCAction - 4 F% IR Bitcode 3Xf4, option & -emit-llvm-bc

MigrateSourceAction - fXi3:F%%, option 2 -migrate

Bind

Bind X225 T A¥E ToolChain RE

RIECIERAYFRLE Action, 7E Action H1THY Bind SRIBMHEAML TR, tEaEp LRI EERAN R
®BZ GNU B, ®2HEMNE, XTHMEH Bind REHN, EMERNTIEESTEN, Fa, AR
89 ToolChain ;{EJ&EO

BT clang -ccc-print-bindings main.c -o main 3€&%& Bind 45

=> llvmdemo clang -ccc-print-bindings main.c -o main

# "x86_64-apple-darwinl16.4.0" - "clang", inputs: ["main.c"], output: "/var/folders/r9/35q9
g3d56_d9g0v59w9x219wBB00gNn/T/main-37008f1.0"
# "x86_64-apple-darwini16.4.8" - "darwin::Linker", inputs: ["/var/folders/r9/35q9g3d56_d9g0

v59w9x219weeeegn/T/main-3700f1.0"], output: "main"
= 1lvmdemo JJ

AINBRRIFIAIFRE clang, BEHERIZENE darwm :Linker, B2 T"iﬁﬁ‘:ﬁﬁﬁ?ﬁﬁ{ﬁ%ﬁﬂ’\ﬁ;ﬁ, X
T2 Bind B TER, ESRBEARNFEARATEFETLATLE, RARE Mac RAE Bind #ia
TE{EF integrated-as X TAELHw2E. BAWAEAHAAE CHEE. vIMERA -fno-lntegrated-as

X option,

=» 1llvmdemo clang -ccc-print-bindings main.c -fno-integrated-as

# "x86_64-apple-darwini16.4.8" - "clang", inputs: ["main.c"], output: "/var/folders/r9/35q9
g3d56_d9g0Ov59wIx219we000gn/T/main-5abd20.s"

# "x86_64-apple-darwinl16.4.8" - "darwin::Assembler", inputs: ["/var/folders/r9/35q9g3d56_d

9gBv59w9x219wBeeagn/T/main-5abd20.s"], output: "/var/folders/r9/35q99g3d56_d9gBv59w9Ix219w00
00gn/T/main-900eb1.0"

# "x86_64-apple-darwinl16.4.8" - "darwin::Linker", inputs: ["/var/folders/r9/35q9g3d56_d9g0
v59w9x219weB00gn/T/main-9008eb1.0"], output: "a.out"

< 1lvmdemo [j

Translate
Translate 2 IEE XS I N EIAEFE LABNIE,

Jobs

MBI Jobs K F5E



/// BuildJobsForAction - Construct the jobs to perform for the action \p A

and
/// return an InputInfo for the result of running \p A. Will only

construct
/// jobs for a given (Action, ToolChain, BoundArch, DeviceKind) tuple
once.
InputInfo
BuildJobsForAction(Compilation &C, const Action *A, const ToolChain *TC,
StringRef BoundArch, bool AtTopLevel, bool
MultipleArchs,
const char *LinkingOutput,
std::map<std::pair<const Action *, std::string>,
InputInfo>
&CachedResults,
Action::0ffloadKind TargetDeviceOffloadKind) const;

AIIAEH Jobs EERIEAY Compilation, Action, ToolChain %, BB Jobs Ffi IS BIEAEAYE i
ITHEDHALAEER Execute A DES,

Execute

£ driver.cpp B9 main R E R ExecuteCompilation 755 R A AR M TAS:

// Set up response file names for each command, if necessary
for (auto &Job : C.getdobs())
setUpResponseFiles(C, Job);

C.ExecuteJobs(C.getJobs (), FailingCommands);

AEO5E ] Jobs EE YT 7 EMET A Excute fA(],



Execute MZHITEMRIFLIZN Jobs, IFEMITHIABFFER B BUEIE RN -ftime-report X1
option k&ZI,

= 1llvmdemo clang main.c -ftime-report

---User Time---
0.0027 ( 77.4%)
0.0008 ( 22.6%)
0.00835 (100.0%)

---User Time---
0.0000 ( 58.3%)
0.0000 ( 27.8%)
0.0000 ( 13.9%)
0.0000 (100.0%)

--System Time--
0.0007 ( 67.9%)
0.0003 ( 32.1%)
0.0010 (100.0%)

--System Time--
0.0000 ( 50.0%)
0.0000 ( 40.0%)
0.0000 ( 10.0%)
0.0000 (100.0%)

--User+System--
0.0034 ( 75.3%)
0.0011 ( 24.7%)
0.0045 (100.0%)

---Wall Time---
0.0034 ( 75.1%)
8.0011 ( 24.9%)
0.0045 (100.0%)

(0.0000 wall clock)

--User+System--
0.0000 ( 56.5%)
0.0000 ( 30.4%)
0.0000 ( 13.0%)
0.0000 (100.0%)

---Wall Time---
0.0000 ( 56.2%)
0.0000 ( 29.7%)
0.0000 ( 14.1%)
0.0000 (100.0%)

Total Execution Time: 0.0017 seconds (0.0017 wall clock)

---User Time---
0.0005 ( 38.0%)
0.0003 ( 22.9%)
0.0001 ( 10.3%)
0.0001 ( 4.0%)
0.0001 ( 4.5%)
0.0001 ( 3.9%)
0.0000 ( 1.9%)
0.0000 ( 1.6%)
0.0000 ( 1.7%)
0.0000 ( 1.3%)
0.0000 ( 1.2%)
0.0000 ( 0.8%)
0.0000 ( 0.9%)
0.0000 ( 0.5%)
0.0000 ( 0.7%)
0.0000 ( 0.4%)
0.0000 ( 0.4%)
0.0000 ( ©.5%)
0.0000 ( 0.4%)
0.0000 ( 0.3%)
0.0000 ( 0.2%)
0.0000 ( 0.2%)
0.0000 ( 0.1%)
0.0000 ( 0.3%)
0.0000 ( 0.1%)
0.0000 ( 0.1%)

--System Time--

0.0001 ( 28.2%)
0.0001 ( 22.3%)
0.0000 ( 9.9%)
0.0000 ( 7.8%)
0.0000 ( 3.5%)
0.0000 ( 3.5%)
0.0000 ( 1.3%)
0.0000 ( 2.7%)
0.0000 ( 2.2%)
0.0000 ( 2.4%)
0.0000 ( 1.6%)
0.0000 ( 1.1%)
0.0000 ( 0.0%)
0.0000 ( 1.1%)
0.0000 ( 0.0%)
0.0000 ( 1.1%)
0.0000 ( 0.3%)
0.0000 ( 0.0%)
0.0000 ( 1.3%)
0.0000 ( 0.3%)
0.0000 ( 0.5%)
0.0000 ( 0.8%)
0.0000 ( 0.8%)
0.0000 ( 0.0%)
0.0000 ( 0.3%)
0.0000 ( 0.5%)

--User+System--
0.0006 ( 35.9%)
0.0004 ( 22.7%)
0.0002 ( 10.3%)
0.0001 ( 4.8%)
0.0001 ( 4.3%)
0.0001 ( 3.8%)
0.0000 ( 1.7%)
0.0000 ( 1.9%)
0.0000 ( 1.8%)
0.0000 ( 1.6%)
0.0000 ( 1.3%)
0.0000 ( 0.9%)
0.0000 ( 0.7%)
0.0000 ( 0.6%)
0.0000 ( 0.6%)
0.0000 ( 0.5%)
0.0000 ( 0.3%)
0.0000 ( 0.4%)
0.0000 ( 0.6%)
0.0000 ( 0.3%)
0.0000 ( 0.3%)
0.0000 ( 0.3%)
0.0000 ( 0.3%)
0.0000 ( 0.2%)
0.0000 ( 0.2%)
0.0000 ( 0.2%)

---Wall Time---
0.0006 ( 35.9%)
0.0004 ( 22.7%)
0.0002 ( 10.3%)
0.0001 ( 4.8%)
0.0001 ( 4.2%)
0.0001 ( 3.8%)
0.0000 ( 1.9%)
0.0000 ( 1.8%)
0.0000 ( 1.7%)
0.0000 ( 1.5%)
0.0000 ( 1.4%)
0.0000 ( ©0.9%)
0.0000 ( ©0.8%)
0.0000 ( 0.7%)
0.0000 ( 0.7%)
0.0000 ( ©.5%)
0.0000 ( ©0.5%)
0.0000 ( 0.5%)
0.0000 ( 0.4%)
0.0000 ( ©0.4%)
0.0000 ( ©0.3%)
0.0000 ( ©0.3%)
0.0000 ( 0.3%)
0.0000 ( 0.3%)
0.0000 ( ©0.2%)
0.0000 ( ©0.2%)

--- Name ---

Code Generation Time
LLVM IR Generation Time
Total

--- Name ---

Debug Info Emission
DWARF Exception Writer
DWARF Debug Writer

--- Name ---

Expand Atomic instructions

X86 DAG->DAG Instruction Selection
X86 Assembly Printer

Module Verifier

Prologue/Epilogue Insertion & Frame
Fast Register Allocator

Insert stack protectors

Inliner for always_inline functions
Two-Address instruction pass
CallGraph Construction

Natural Loop Information

Scalar Evolution Analysis

Module Verifier

Remove unreachable blocks from the CFG
Module Verifier

Post-RA pseudo instruction expansion pass
Dominator Tree Construction

Unnamed pass: implement Pass::getPassName()
Machine Module Information

Basic Alias Analysis (stateless AA impl)
Eliminate PHI nodes for register allocation
Bundle Machine CFG Edges

Function Alias Analysis Results

Dominator Tree Construction

Inserts calls to mcount-like functions

Safe Stack instrumentation pass

{ERT At

HiE c B

#include <stdio.h>

int main() {

int a,b;

printf (“Please input a:”);

scanf (“%d”,&a);

printf (“Please input b:");
scanf (“%d”,&b);

printf(“a is:%d,b is :%d,count equal:%d”,a,b,a+b);

clang main.c -o main

Finalization



= clang main.c -0 main
-> vl main.c

= ./main

Please input a:34

Please input b:3

a is:34,b is :3,count equal:37Q

4 R Bitcode
RIFHE R Bitcode, JIT Compiler Z{TF B4

clang -03 -emit-1llvm main.c -c -o main.bc

11i main.bc

MR Bitcode

clang -03 -emit-llvm main.c -S -o main.ll

-> clang -03 -emit-1lvm main.c -S -0 main.1ll
-> cat main.1l

; ModuleID = 'main.c'

source_filename = "main.c"

target datalayout = "e-m:0-i64:64-f80:128-n8:16:32:64-S128"
target triple = "x86_64-apple-macosx10.12.0"

@.str = private unnamed_addr constant [16 x i8] c"Please input a:\00", align 1
@.str.1 = private unnamed_addr constant [3 x i8] c¢"%d\@@", align T

@.str.2 = private unnamed_addr constant [16 x i8] c"Please input b:\00", align 1
@.str.3 = private unnamed_addr constant [32 x i8] c"a is:%d,b is :%d,count equal:%d\
00", align 1

; Function Attrs: nounwind ssp uwtable

define 132 @main() local_unnamed_addr #@ {

entry:
%a alloca i32, align 4

alloca i32, align 4

= bitcast i32% %a to i8=%

call void @llvm.lifetime.start(i64 4, i8* nonnull %0) #3

%1 = bitcast i132% %b to i8*

RiC4R=F 1753

o°
o
[ | |

llc main.bc -o main.s

.section __TEXT,__text,regular,pure_instructions
.macosx_version min 10, 12
.globl _main

.p2align 4, 0x90



_main: ## @main

.cfi startproc

## BB#0: ## %entry
pushqg $rbp

LcfiO:
.cfi def cfa offset 16

Lefil:

.cfi offset %rbp, -16
movqg grsp, %rbp
Lefi2:
.cfi def cfa register %rbp
pushqg $rbx
pushq grax
Lcfi3:
.cfi offset %rbx, -24
leaq L .str(%rip), %rdi
xorl %eax, %eax
callg _printf
leaqg L .str.l(%rip), %rbx

leag -16(%rbp), %rsi
xorl geax, %eax
movqg $rbx, %rdi
callg _scanf

leaqg L .str.2(%rip), %rdi
xorl %eax, %eax

callg _printf

leaqg -12(%rbp), %rsi
xorl %eax, %eax

movq $rbx, %rdi

callg _scanf

movl -16(%rbp), %esi
movl -12(%rbp), %edx
leal (%rdx,%rsi), %ecx

leaqg L .str.3(%rip), %rdi

xorl %eax, %eax
## kill: $ESI<def> %ESI<kill>
SRSI<kill>
## kill: SEDX<def> %EDX<kill>
SRDX<kill>

callg _printf
xorl geax, %eax
addg $8, %rsp
popa $rbx

popg %rbp

retq

.cfi_endproc

.section __TEXT,__cstring,cstring literals
L .str: ## @.str



.asciz "Please input a:"

L .str.l: ## @.str.l

.asciz "&d"

L .str.2: ## Q@.str.2

.asciz "Please input b:"

L .str.3: ## @.str.3

.asciz "a is:%d,b is :%d,count equal:%d"

.subsections_via_symbols

I RIHRAT S
AIE/UTCAIES

.section ___TEXT,__text,regular,pure_instructions
.macosx_version min 10, 12

.globl _main

.p2align 4, 0x90

e section - IELIBEIE FRENITHNER
e globl - 8<%t _main 2 — /MRS, main() XMFRLEKiRE AR RIT NN,
e align- BEEERBITFARN, 16(27M) FTHAITFE, 0x90 #6355,

main R ERER D

_main: ## @main

.cfi_ startproc

## BB#0: ## %Sentry
pushg $rbp
LcfiO:
.cfi_def cfa offset 16
Lefil:
.cfi offset %rbp, -16
movq grsp, %rbp
Lefi2:

.cfi def cfa register %rbp
pushg $rbx
pushqg grax

e _main - R EFIARIHELE,

e cfi_startproc M .cfi_endproc - EEst I, RIZERTRERIFR, EERTRHRIER, CFlZE
Call Frame Infomation NS, ERAMERNEE,

e pushq %rbp - LD, 18IE rbp #91E push RULHR, 7€ ## BB#0 X label B ABI =ik rbp



RN EFEFSRERIPER, REUREIRIL rop FERVERMEI—H., ABI BEISEREUAA M
ELRABERLIE.
e cfi_def_cfa_offset 16 ] .cfi_offset %rbp, -16 - #iH HHLFAIXE 2.

e movq %rsp, %rbp - IEF/BLEEMENE L.
FTENER S
leaq L_.str(%rip), %rdi
xorl %eax, %eax

e leap
L.

callg _printf

298 Lstr(%rip) %3 rax F77882E, 7 .section TEXT,cstring cstring literals X1z A] L&
str, L.str.7, L.str.2 EFHFENTEN.,

e callg =M print() K%L,
LLVM IR P ja){ti3

NERZENIESH Objective-C B2 Swift B AREXNNALEZZM 4, Tl2ZENRE, LLVM ElE—F
THRZPENES LLVM IR, BRABATHMREBEB U@ LLVM IR,

IR 4544

TERRZ AR main.|l REHIESHE,

;s ModuleID = ‘main.c’

source filename = “main.c”

target datalayout = “e-m:0-i64:64-£f80:128-n8:16:32:64-S128"

target triple = “x86_ 64-apple-macosx10.12.0"

@.str = private unnamed addr constant [16 x i8] c”Please input a:\00”, align
1

@.str.1 = private unnamed addr constant [3 x i8] c¢”%d\00”, align 1

@.str.2 = private unnamed addr constant [16 x i8] c”Please input b:\00",
align 1

@.str.3 = private unnamed_addr constant [32 x i8] c”a is:%d,b is :%d,count
equal:%d\00”, align 1

; Func
define
%1
%2 =
%3 =
call
%4 =
call
%5 =
[16 x
%6 =

tion Attrs: nounwind ssp uwtable

i32 @main() #0 {

alloca i32, align 4

alloca i32, align 4

bitcast i32* %1 to i8%*

void @llvm.lifetime.start(i64 4, i8* %3) #3

bitcast i32* %2 to i8%*

void @llvm.lifetime.start(i64 4, i8* %4) #3

tail call i32 (i8%*, ..) @printf(i8* getelementptr inbounds ([16 x i8],
i8]* @.str, i64 0, i64 0))

call i32 (i8*, ..) @scanf(i8* getelementptr inbounds ([3 x i8], [3 x



i8]* @.str.1, i64 0, i64 0), i32* nonnull %1)

%7 = call i32 (i8%*, ..) @printf(i8* getelementptr inbounds ([16 x i8], [1l6 x
i8]* @.str.2, i64 0, i64 0))

$8 = call i32 (i8*, ..) @scanf(i8* getelementptr inbounds ([3 x i8], [3 x
i8]* @.str.1l, i64 0, i64 0), i32* nonnull %2)

%9 = load i32, i32* %1, align 4, !tbaa !2

%10 load i32, i32* %2, align 4, !tbaa !2

%11 add nsw i32 %10, %9

%12 = call i32 (i8*, ..) @printf(i8* getelementptr inbounds ([32 x i8], [32
x i8]1* @.str.3, i64 0, i64 0), i32 %9, i32 %10, i32 %11)

call void @llvm.lifetime.end(i64 4, i8* %4) #3

call void @llvm.lifetime.end(i64 4, i8* %3) #3

ret i32 0

; Function Attrs: argmemonly nounwind

declare void @llvm.lifetime.start(i64, i8* nocapture) #1

;s Function Attrs: nounwind

declare i32 @printf(i8* nocapture readonly, ..) #2

; Function Attrs: nounwind

declare i32 @scanf(i8* nocapture readonly, ..) #2

; Function Attrs: argmemonly nounwind

declare void @llvm.lifetime.end(i64, i8* nocapture) #1

attributes #0 = { nounwind ssp uwtable “disable-tail-calls”=“false” “less-
precise-fpmad”=“false” “no-frame-pointer-elim”="true” “no-frame-pointer-elim-
non-leaf” “no-infs-fp-math”=“false” “no-nans-fp-math”=“false” “stack-
protector-buffer-size”="8" “target-cpu”="penryn” “target-
features”="+cx16,+fxsr,+mmx,+sse,+sse2,+sse3,+ssed.l,+ssse3” “unsafe-fp-
math”=“false” "“use-soft-float”=“false” }

attributes #1 = { argmemonly nounwind }

attributes #2 = { nounwind “disable-tail-calls”=“false” “less-precise-
fpmad”=“false” “no-frame-pointer-elim”=“true” “no-frame-pointer-elim-non-
leaf” “no-infs-fp-math”=“false” “no-nans-fp-math”=“false” “stack-protector-
buffer-size”=“8" “target-cpu”=“penryn” “target-
features”="+cx16,+fxsr,+mmx,+sse,+sse2,+sse3,+ssed.l,+ssse3” “unsafe-fp-

math”=“false” "“use-soft-float”=“false” }

attributes #3 = { nounwind }
!1lvm.module.flags = ! {!0}
!1lvm.ident = !{!1}

10 = 1{i32 1, !”PIC Level”, i32 2}

!1 = ! {!”"Apple LLVM version 8.0.0 (clang-800.0.42.1)"}
12 {13, 13, i64 0}
!3 !{!”int”, 14, i64 0}



14 = !{!”omnipotent char”, !5, i64 0}
15 = 1{!”Simple C/C++ TBAA"}

LLVM IR B =R T8I, H—F02 bitcode XIFRITFERETN, DA b UG5, B Fh2rNEAIM
N, B=MERTHRARE LLVM IR IRFER

— NMRIZNETEI— PN XETE IR BRZ— Module, Module B# Global Variable #1 Function,
£ Function® 7 Basic Block, Basic Block BH #5% Instructions.,

B FERY IR M EREGS E FRVIEAR IR RORRIREH,

Moadule

Function Function ... Fonction

!

Function

Basic Block Basic Block

|

Basic Block

Instruction  Instruction ... Instruction

AN

B IAEHE HANZE Module, BEBE%Z Function, &1 Function &% BasicBlock,
BasicBlock B2&7A Instruction, LABIEREFMI, XEFENRBHALA— I INES REERMIBEBINEE

o LLVM RENFEROEREFFER R A MERGITES T AENT A,

RESHRESLME, ANRFNREIERSFISHROFOERE. RREEENNRE,
FETHEN. BRXFMEEEEFT, BABLMTAR, MASHRES2EEM Monad
BEAHBRE,

LLVM IR {1t

£/ 02, O3 XEMMASERAXNA Pass TR, BLEAIRLIEKIBERE, AL, RER
B, BUYTEBNIXER Pass, AJBAEE llvm-opt ER LLVM LCIEXRVE.
AREEEXARAREN, BIIAUEHR TR c KBBENNIFEEXL Pass 2L ML. A
nt



int i = 0;
while (i < 10) {
it++;

printf("%d",i);

ITRIAY IR AR

%calld = call i32 (i8*, ...) @printf(i8* getelementptr inbounds ([3 x i8],
[3 x i8]* @.str.1l, 164 0, i64 0), i32 1)

%calld.l = call i32 (i8*, ...) @printf(i8* getelementptr inbounds ([3 x
i8], [3 x i8]1* @.str.l, i64 0, i64 0), 132 2)

%call4.2 = call i32 (i8*, ...) @printf(i8* getelementptr inbounds ([3 x
i8], [3 x i8]1* @.str.l, i64 0, i64 0), 132 3)

%calld.3 = call i32 (i8*, ...) @printf(i8* getelementptr inbounds ([3 x
i8], [3 x i8]* @.str.l, i64 0, i64 0), 132 4)

%calld.4 = call i32 (i8*, ...) @printf(i8* getelementptr inbounds ([3 x
i8], [3 x i8]* @.str.l, i64 0, i64 0), i32 5)

%calld.5 = call i32 (i8*, ...) @printf(i8* getelementptr inbounds ([3 x
i8], [3 x i8]* @.str.l, i64 0, i64 0), 132 6)

%calld.6 = call i32 (i8*, ...) @printf(i8* getelementptr inbounds ([3 x
i8], [3 x i8]1* @.str.l, i64 0, i64 0), 132 7)

%calld.7 = call i32 (i8*, ...) @printf(i8* getelementptr inbounds ([3 x
i8], [3 x i8]1* @.str.l, i64 0, i64 0), 132 8)

%calld.8 = call i32 (i8*, ...) @printf(i8* getelementptr inbounds ([3 x
i8], [3 x i8]* @.str.l, i64 0, i64 0), i32 9)

%calld.9 = call i32 (i8*, ...) @printf(i8* getelementptr inbounds ([3 x
i8], [3 x i8]* @.str.l, i64 0, i64 0), i32 10)

A AE 13X while 7 IR FRLREEWFTENT 1008, BPEEKIE10MK 1002 EELTHITEN00
IRIE?

BAIRA100/E, BRAERK IR (JLAEE IR TR 71X 4% :



br label %while.body

while.body: ; preds = %while.body,
gentry

$1.010 = phi i32 [ 0, %entry ], [ %inc, %while.body ]

%inc = add nuw nsw i32 %i.010, 1

%calld = call i32 (i8*, ...) @printf(i8* getelementptr inbounds ([3 x i8],
[3 x i8]* @.str.1, i64 0, i64 0), i32 %inc)

%exitcond = icmp eq i32 %inc, 100

br il %exitcond, label %$while.end, label %$while.body

while.end: ; preds = %$while.body

%2 = load i32, i32* %a, align 4, !tbaa !2

%3 load i32, i32* %b, align 4, !tbaa !2

%add = add nsw 132 %3, %2

%call5 = call i32 (i8*, ...) @printf(i8* getelementptr inbounds ([11 x i8],
[11 x i8]* @.str.3, i64 0, 164 0), i32 %add)

call void @llvm.lifetime.end(i64 4, i8* nonnull %1) #3

call void @llvm.lifetime.end(i64 4, i8* nonnull %0) #3

ret i32 0

XEXNTRZFMERNTEEZ Pass MARMNSIE, B EEXER RFESLTERT IRIBEXHRE
=, T

e @-KXKEFL=

e % - AKRBHPEE

e alloca - IELEHAIHITHRBIERNP L ERNE, HZRIREZEBRERN, EEEK
A7,

e i32: -i BJ]LEXTBYUME S/, B2/ME324FT

align - 33%, tb#I— int,— char f1— 1 int, B4 int §47MFT, ITHFRE—NFEHH

charBFEm4ANTF HA4FHTIE,

Load - £, store 5N

icmp - AP EHELR, REHRE

br - &#9 X, RIE cond M label, REIERMEBIERIIEZEM goto

|nd|rectbr—$E$E?—]%f¢lﬁ??zﬂ%$§§ﬂ—/l\ label, X1 label —MERE—THAER, FRABKER BT

TR, HIEITRIAERN
o Iabel-ﬁﬁghﬁ

br label %$while.body

N EERA, br 21EFEHE while.body & XAIX MR, X TRz ERIUNEE

%exitcond = icmp eq i32 %inc, 100

br il %exitcond, label %$while.end, label %while.body



X Eﬁ, icmp SEEEHETN %inc FIE X MIEFRE 100, RIBREIFA/REFRRE br BEEEEI BB MURDAR
, BErtpktEEl while.end 5%, EBREHAN while.body #7%, XFtE while fUiZ48, @idbr Bkt
*l] Iabel PR AL R2(EF IR 1%""“‘2@&552?]ET&&%@‘I’:’EEmEHE%HETE,&%ZE’]M%—o

SSA

LLVM IR /2 SSA ezl i, 4PN G def-use (58, use-def BB Z@BISH LIS ELI, def-use 2

BT NTEBERNEERRIA, (T forward dataflow analysis &1 backward dataflow analysis, B]
BA@id ADCE X4 Pass & 72 T backward dataflow, X Mpass BB H4H7E
lib_Transforms_Scalar/ADCE.cpp #, ADCE L3 Aggressive Dead Code Elimination Pass, X
Pass FRMMERIZFAA instructions #B:2 Dead HEIBAREERN, AIFEEREM DCE Pass #Y
Dead it# catch, 15325 REHITE, HE DCE 8% Pass AJAEEF KB F THI BDCE.cpp
DCE.cpp, BRTHEM Pass HZMEBRBXNOTEE T IMoMEENER.

BALBRBINEXTMRIERERE IR U3

%2 = load i32, i32* %a, align 4, !tbaa !2
%3 = load i32, i32* %b, align 4, !tbaa !2
%add = add nsw i32 %3, %2

IMESNEIES 2
BinaryOperator: :CreateAdd(Value *V1, Value *V2, const Twine &Name)
AN V1 F1 V2 B9 def-use B, EEUW TR

class Value {

void addUse(Use &U) { U.addToList(&UseList); }

/] ...
}i

class Use {
Value *Val;
Use *Next;

PointerIntPair<Use **, 2, PrevPtrTag> Prev;

/] ...
}i

void Use::set(Value *V) {
if (val) removeFromList();
Val = V;
if (V) V->addUse(*this);

Value *Use::operator=(Value *RHS) {
set (RHS) ;



return RHS;

class User : public Value {
template <int Idx, typename U> static Use &OpFrom(const U *that) {
return Idx < 0
? OperandTraits<U>::op end(const cast<U#*>(that))[Idx]
: OperandTraits<U>::op_begin(const cast<U*>(that))[Idx];
}
template <int Idx> Use &Op() {
return OpFrom<Idx>(this);
}
template <int Idx> const Use &0Op() const {

return OpFrom<Idx>(this);

//
}i

class Instruction : public User,
public ilist node with parent<Instruction, BasicBlock> {

//
}i

class BinaryOperator : public Instruction ({

/// Construct a binary instruction, given the opcode and the two

/// operands. Optionally (if InstBefore is specified) insert the
instruction

/// into a BasicBlock right before the specified instruction. The
specified

/// Instruction is allowed to be a dereferenced end iterator.

/77

static BinaryOperator *Create(BinaryOps Op, Value *S1l, Value *S2,

const Twine &Name = Twine(),

Instruction *InsertBefore = nullptr);

//
}i

BinaryOperator: :BinaryOperator (BinaryOps iType, Value *S1, Value *S2,
Type *Ty, const Twine &Name,
Instruction *InsertBefore)
Instruction(Ty, iType,
OperandTraits<BinaryOperator>::op_ begin(this),
OperandTraits<BinaryOperator>: :operands(this),

InsertBefore) {

Op<0>() S1;
Op<l>() = 82;
init (iType);



setName (Name) ;

BinaryOperator *BinaryOperator::Create(BinaryOps Op, Value *S1, Value *S2,
const Twine &Name,
Instruction *InsertBefore) {
assert(Sl->getType() == S2->getType() &&
"Cannot create binary operator with two operands of differing
typel");
return new BinaryOperator(Op, S1, S2, Sl->getType(), Name, InsertBefore);

MARBERIUEHZERT Use WHRFKIE use M def BRRERA,

LLVM IR J&id mem2reg iX> Pass RIEFEBLEE AL SSA o, X Pass BFIRABTE
lib_Transforms_Utils_Mem2Reg.cpp B, LLVMi@i¥ mem2reg Pass 8E9%iR% alloca =z, I5HIE
& SSAvalue, XEFIATEEE alloca, loadflstore T, mem2reg &3J PromoteMemToReg RR11
BAH— N EEa%, EEMNERSIMER PromoteMemToReg RANE, XM RETE
lib_Transforms_Utils_PromoteMemoryToRegister.cpp X MXH4E,

XNEESE alloca X MYEA load # stores HIFIRRYIES{ERE dominator i {5k AY PHI
TR, AEEBIERREMRSTREHIFES loads # stores, XFhE AU iterated dominance
frontier&i%, BRI GIERT LS E PromoteMemToReg RENRISCEL

HRESITFDHE bc BR—TXMH, BERNESMML, REMERCEEZERN, XFTEBEE
LEH IR BUEEHM E B TE SR,

XEATBGHLT Ili @BREHIT LLVM IR,
llc RiFREE|VREIFE LLVM IR B9EIR R AR LR,

TR RSUCHmERLEUN GNU B as SRYRIFERL .0 Object X4, #ETRMEMIHESRIHEBXEN o X
H—RERNRIHATAY .out BE exe XHT,

llvm-mc B AT AB R4 AL object 3Xf4,
Clang CFE

NFMEEAREDT Clang BRIIRAH K E, AEXLEMEMAER B CHFRRILERS B CrTE
F7T. TEEMSXEERLENSR, REBEERN libclang E, MRUMFUAEREIA,

® LLVM Support Library - LLVM libSupport EEfRRMHE T IF ZREEMEBIELSM, B1Ea<1T option
I, JMBBNAGHRE, BTFXXGHREAN,

® The Clang “Basic” Library - f2{#t 7 IRERF1#E4 source buffers, source buffers U &,
diagnostics, tokens HKRERURRFIES FEERM low-level SLARERF ., EHED AIMAE
H{tha93E c =LA Sourcelocation, SourceManager, Diagnositics, FileManager %, EHeh
Diagnositics XM FRARRIFBMNEBENBARBNERAME D, ERPETHRIASML
IEH, RBEERZEMI™4 WARNING 5 ERROR, & MZBraEM— ID, SourcelLocation
SNREE,

® The Driver Library - 1 Driver 18k, tEHESNEMTIFANNTA,

® Precompiled Headers - Clang xz357ii41% headers B SEHL,



e The Frontend Library - XMEEEE T £ Clang FEz EHMEZEINEE, bt diagnositics AY
A E,

e The Lexer and Preprocessor Library - i@ MIFALERIE, €87 Token, Annotation
Tokens, TokenLexer, Lexer Ziai%2&, &4 Parser Library #1 AST i&/EMHBX<A9LEAN Type,
ASTContext, QualType, DeclarationName, DeclContext IAK CFG £,

e The Sema Library - ftr23 AL ER, SNMANHRITIEX . ﬁ?ﬁﬂm&r Sema Nf&
FFZIE— AST,

e The CodeGen Library - CodeGen F§ AST fE%IN, HMEPLER LLVM IR X153,

libclang

libclang RILAF54 clang FRRRE—MERIRES, FEMBIIRRIST
554" libclang HITERF AR

int main(int argc, char *argv[]) {
CXIndex Index = clang createIndex(0, 0);
CXTranslationUnit TU = clang parseTranslationUnit(Index, O,
argv, argc, 0, O,
CXTranslationUnit None); for (unsigned I = 0, N =
clang getNumDiagnostics(TU); I != N; ++I) {
CXDiagnostic Diag = clang getDiagnostic(TU, I);
CXString String =
clang formatDiagnostic(Diag,clang defaultDiagnosticDisplayOptions());
fprintf (stderr, "%$s\n", clang getCString(String));
clang disposeString(String);
}
clang disposeTranslationUnit (TU);
clang disposeIndex(Index);

return 0;

BEMHEO&EN c 2R
struct List { /**/ };int sum(union List *L) { /* ... */ }
BT TIEFMERREIRERMER

list.c:2:9: error: use of 'List' with tag type that does not match
previous declaration

int sum(union List *Node) {

S

struct
list.c:1:8: note: previous use is here

struct List {

~

TEHRNEBEFMERE, ERILTOISETS A ISR T )



e enum CXDiagnosticSeverity clang_getDiagnosticSeverity(CXDiagnostic Diag);
® (XSourcelocation clang_getDiagnosticLocation(CXDiagnostic Diag);
e (XString clang_getDiagnosticSpelling(CXDiagnostic Diag);

BEEHITERETR, RERHEMMERMEENT A

e unsigned clang_getDiagnosticNumFixIts(CXDiagnostic Diag);* CXString
clang_getDiagnosticFixIt(CXDiagnostic Diag, unsigned FixIt,CXSourceRange
*ReplacementRange);

BAFBHIE AN TR, R cEFNT

struct List {
int Data;
struct List *Next;
}i
int sum(struct List *Node) {
int result = 0;
for (; Node; Node = Node->Next)
result = result + Node->Data;

return result;

STk ERARIEERE, B0 List, Data, Next, sum, Node LA result %, Bi%435|A, b4 struct
List *Next BfY List, mEFBIIFIAR, b int result = 0; A for BQ%., BdELETENFISEFIYL
%O

CXCursor 45— ASTHIT =, MEESHNER

RIBFE BRI
AT SRR
S0

?%I@\

2~ CXCursor i 5lF

struct List {
int Data;
struct List *Next;

}i

CXCursor FIZMEIFZENT



//Top-level cursor C

clang getCursorKind(C) == CXCursor_ StructDecl
clang_getCursorSpelling(C) == "List" //IREIBFFRH
clang _getCursorLocation(C) //UE

clang getCursorExtent(C) //&KE

clang visitChildren(C, ...); //ifl@FT=

//Reference cursor R

clang _getCursorKind(R) == CXCursor TypeRef
clang getCursorSpelling(R) == "List"

clang getCursorLocation(R)

clang _getCursorExtent (R)

clang getCursorReferenced(R) == C //Fg[EC



Swift 1£8ED I

1E&: EI

Richards #1 Deltablue 2215 2ERENA T ERIENAE, Swift X MENF, BrREiT
#8 Objective-C RUMEE (WNTE) . 4532 Richards iEM, Swift Lk Objective-C 1R T 4 1%, B4, A
24 Swift X ARIE?

Swift vs. Objective-C

Program speed (higher is better)

B Swift
B Objective-C

DeltaBlue

Richards

BEAZRRE Swift MINIZRIR, RARNER—THN. MEES. BEATT, Swift HLIFEF
2, M 2014 FHEH 1.0 A%, EFEZIT=FNRE. M Objective-C fENERAETE 30 FH
ME—RYFE macOS M1 i0S F&a LRVES, K1 7 AE Apple TRRIMRVAM, WMRBMHAMIM Swift 7]
DA, Fft2 Objective-C SABEER E/LHERMEIE? N THRRAEECHXTERX, HENT—
LERXRRIER, FHRT -5,

EZTR, BRMRIRSMA, AFDEMRL, SIBITHNK, HHRERMNA, EahiXmiErEIA
TEHERNA Swift FEIEBE LRSS . &fE, BB —EERmFZLIEERRE, MREA
T XL RIIERE,

IRiFas it


https://github.com/apple/swift/tree/osx-passed/utils/benchmark/Richards

None [-Onone]

dule Opti Fast [-O]

Swift ZEZRIR 2Rt HESIANT wWhole Module Optimizations HIHLEIGNLEE), X MLEIBEHA
FAE?

ERERX TG ZHE, FEFESEFFONER, TSR, ERINNERXMY, RETHESRS
BEMXMHAGESR, SRERATRTER. STIEMETERE. 58— .o XHME—TBW
X4, B4z BETEEERL.

BARGXE— 155, Filel.swift FEX T TREB:

func min<T : Comparable>(x: T, y: T) -> T {

return y < x ? y : X

XE—EEAIRE, BEIEIFEM Comparable f92£E!, AFEATUNRTE File2.swift FAFAZEIXTE
£, BRIREAE File2.swift PAIRIBAIT:



func test() {
let x: Int =1
let y: Int = 2

let r = min<Int>(x, V)

RIFERELIERS, =45 Filel.swift RAYTERL R ER R IE AR AFRIR D :

func min<T : Comparable>(x: T, y: T, FTable: FunctionTable) -> T {
let xCopy = FTable.copy(Xx)
let yCopy = FTable.copy(y)
let m = FTable.lessThan(yCopy, xCopy) ? y : X
FTable.release(Xx)
FTable.release(y)

return m

RHARBEEER LM, B2 Int AR —MEARKE, NMREBTMEFRAZ—MERXTTRELE, &iE
Z225TE A BAEIX min REERI R —TR3ZH Int BURRZE, BiXiF:

func min<Int>(x: Int, y: Int) -> Int {

return y < x ? y : X

B2, UREE wWhole Module Optimizations , ZRIZFERTEZRIF Filel.swift AORHE, FoiEZNBLX T
PRETERIRI S HPRER A, BMABEXEFNMMA., MURHAFET whole Module
Optimizations , JRIFZRAE TFAEMIER, MoUIEXMEEREMMAMRAZF T Int EEIRIRRA,

KM EERS, TERHE whole Module Optimizations ZERIFHNTFE, 1%
7%, Whole Module Optimizations BFTREREZNER, FEEERUJUMEZNETES
SR,




REFSECHS|IBITET

£ Objective-C IEEH, FIBEXNREPESIAXKE, Objective-CiIBESEMAS|IAITHREENRNE D
. SIBTHE—MEZERERNAFEELR, RTREIREASIARMZI, BT ARCHE
£, KREbDRERFAFRERHIRZ RIS BT ARG 4t.

BRANENIR, £ Objective-CIEEH, SIAMTECIBESITATE., EAMRAERAE—1TXT5I

RITEEIRD, (ERRIZHZANAIREMR T REERSI BT, WRIRENE, FTIUEIA IDA
[iC4 Objective-C IESRERY App X, {RIMAIUERIAENSIBITHRE.

TEH—ERE, BREZXFEEoIMIN—" App B9INZRREL, (RelAF], 758580 30 TR1BH, R
T1& objc msgsSend XFFAAFANKLE, MEAEN

objc _retain , objc retainAutoreleasedReturnValue , MK objc release R,

v39 = objc_msgSend(CFSTR("vl/user?id="), "stringByAppendingString:", v37);
v40 = objc_retainAutoreleasedReturnValue(v39);
vdl = v40;

v42 = objc_msgSend(v49, "operationWithPath:params:httpMethod:", v40, O,
CFSTR("POST"));

v43 = v37;

vd4d

(void *)objc_retainAutoreleasedReturnValue(v42);

v58 = (int)& NSConcreteStackBlock;
v59 = -1040187392;

v60 = 0;

v6l = sub 5D478;

v62 = (int)&unk 2E2130;

v63 = objc_retain(vll, sub 5D478);
v51 = (int)& NSConcreteStackBlock;
v52 = -1040187392;

v53 = 0;

v54 = sub 5D500;

v55 = (int)&unk 2E2150;

v56 = objc_retain(v48, &unk 2E2150);

v57 = v4l;

v45 = objc_retain(v4l, &selRef addCompletionHandler errorHandler );
objc _msgSend(v44, "addCompletionHandler:errorHandler:", &v58, &v51);
objc_msgSend(v49, "enqueueOperation:", v44);

objc_release(v57);

objc_release(v56);

objc_release(v63);

objc_release(v45);

v38 = (int)vi44;

v37 = v43;

RAZHEI AT BRI MR IRERM? SAERM! Xink, ATERERE, 8—TWRN5IA
TTEURME, #AMEED (Lock) BURME, MXLERERLHEZFERNN, BMNRETE—1HF:



var array: [TangQiao] = ...

for t in array {
// increase RC

// decrease RC

BIRTEX M FH, FHATA9EE Tangoiao B— class £, BANMRIREIRHXMEATHEN
TR, FESHESERMANAL, NTFE—TEHNTERNLSIBITHRAEMAR#E, XEX
EFIHFEMREN,

FRBA, RZRENE, Swift SINTEZER, BD: struct, struct BEIFZS, EF— P EENMS, #
£ struct EFREES|AITHEEN, FRUNRIRIE Tangoiao X MR struct 28, BBAEIERH
BRI TESD, FIAERSIBITHRIEIM S MR IFRPIEL,

B2 struct WEABEEIENMT, MRFAIN struct PEERENEIREERR, BLAEZEEE
HIES, BAIBETFAARERNSIRITEIRIE. UTE—10F:

struct TangQiao {
var website = NSURL(string: "http://blog.devtang.com")

var name = NSString(string: "tanggiaoboy")

var addr NSString(string: "address")

}
var x = TangQiao()

var y = X

ERXNMEFH, BN x TEN=THATEHISIALE, MUELEN, AEHEEEUTX
¥

MEABATER v = x B, BF x®EH, MUBEXNSIBRGANSIBITHHEE +1, AEHER
BT IXAE



RURBIREREZNEIE, MR struct EEBEEARENSIAEENMA, REERERFE
FTRBRS|I AT, MESXSHEENEFNBSFRAES|IBITEERE,

MNFXMER, —MERERKREABNMNER: SIB—THRE, EXES|IAXENMABRTR—
B, BT

struct TangQiao {

var member: TangQiaoWrapper = TangQiaoWrapper ()

class TangQiaoWrapper {

var website = NSURL(string: "http://blog.devtang.com")

var name NSString(string: "tanggiaoboy")

var addr NSString(string: "address")

}
var x = TangQiao()

var y = X

BT LHEIXT TangQiaoWrapper K, HAAEWREFIF, RWEFHMFHRRE TangQiaowrapper HYJ
SIBITHETMN, EENSIBITHRUAETMN, WTEFRR:

\ TangQiaoWrapper NSString

p

HiEERML



MRIRIBAIERINSSCRICEETR, BATRIAES], FiBRY Objective-C EESHIAEREA, HLHED
HENEIXNER TRHEEL , FIMEIRZE, MEXEMTHEMA objc_msgsend MHEX, objc_msgSend BX
FRZNE- SRR RZTHBNNR, ETSHEHENETF, ZEENZHEMTENSH, £
£EEER 0 TEE A,

FMAERMAING, BREFATHAERZE—TIFEEBNIRIT, AN EEREEXMRITLT
MAESASENRZDSHERIRIT, bl ERNERNBRFHEHIZFRE, FILA Objective-CIEE
A MAZEEREBXNFRE, HMAUEM—LETITREISER, ESREN
NSSelectorFromString ?ﬂ%tﬂ‘ﬂbﬁfl]ﬂ%??%%ﬂﬂ%ﬁiﬂL\/{ﬁﬁﬁﬂ'\] Selector , %ﬂ‘j\j/ﬁlﬁlﬁﬁﬁ
HEREET objc_msgSend MAEERMAIREUMELE, FRLUXB{ERS Objective-C BJ A H575 ARIED
SEHR, XEMSM(ER Objective-C IEEERRERE, FIAA S HIE JSPatch XA FHINSH
T TFRIESR,

B, ZMERANENANZEREUUERIBEINEF, MNEERN, Objective-C IEER/EER
7RSSR ESTAVEML, AERNRRE B B, ERFANATENS AR, REtbit
NEEERE, FRUULKMSZFFRERRE, FAAATINER, ESEF FPERADAABNERLSER, 8
EEMERE, BN TEZRNEA, g LLeECESE &,

Swift IBEEEIRITAIRMREIZINFE T Objective-C IESHIXMLEI, EX—=R L, Swift ERFMHER
TRRIBES AT T —H. ALABRRNE, XFEESRMEELNEN. AI5LRA, Swift fH5EH
K TIRARSIE Y, BIRSEHRENR RN TINEES EELMEHRIET ., HABEERFE Swift
BEEERRSIARLEENFE, TERXEEARE Swift ES HRINEZBT.

E ot S

Swift BRIARIERERE, hBMARERNDN. BR, XEAF—TTEAZRNCEAFZERR:
IS RIMEREUER M T BE—TMNBIES], KREIR—TERASP? BHIRE—1HF:


https://developer.apple.com/library/content/documentation/Cocoa/Conceptual/ObjCRuntimeGuide/Articles/ocrtHowMessagingWorks.html

protocol Drawable {

func draw()

struct Point: Drawable {
var x: Int
var y: Int
init() {
x =1
y = 2
}
func draw() {

print("Point draw")

struct Line: Drawable ({
var xl: Int
var yl: Int
var x2: Int

var y2: Int

init() {
xl =5
yl =6
x2 =17
y2 = 8
}

func draw() {

print("Line draw")

let a: Drawable = Point()

a.draw()

let b: Drawable = Line()
b.draw()
let arr: [Drawable] = [a, b]

EXNMEIFHR, FAEXT — MY prawable , SRAGEERE point Hl Line HBTILTIXMH
W, ERBNRE, HIIEBET—1 [Drawable] BIE4H, 4§ point F Line BYSLHIERHEITE
— AR, AR point EFIBIANZ 2T word (81 word 8 F7) , Line EHIFIANZE 4
word, FRAREENIEXM prawable EAMEIG— T EFZEEFARA/NNTEREIE—
TR,



REMARER? XRTBNTERAEEMTER. RUBMNNBMEARNZERRRNTERHRE

— T EAERE, PHERE, WRBNEEMURE i TR, HNFERLESE 0~ i-1 MR NME

gk, XFEERIMELE i MTTRIAFREE. MURBTTEZNXNMIZEEN, BIIRFZERT
ERNEM I, MAIUBERREERT .

ERBT —PERBR EERFIAEE: ERA—TEMIERS (Container) RMETHHEMXAIE
KB, MBAEEMN, HIXZS—TEENNNESRE. TEEMAARNE— T FHNZIET.

PointVWT

valueBuffer allocate:

copy:

destruct:

deallocate:

PointDrawable

draw:

ETEIIMIBTRE—MEERE, KN—HE S5 T word, FERZEMRERE, HA:

e Fi 3 word U Value Buffer, ERFEHTE=NE.

e 5 4 word IYftf Value Witness Table, BFEBUZEXREEIE, EF, EURITHIREBLE,

e 5 5 word I Protocol Witness Table, FIFTZRMX (Protocol) 35zAYERENAYSEIN B EK
ik,

BAVEE X4 Value Buffer —3#2 3 > word, FRAIMREBTEFTHNZE Point XFHET
BIENE, BRMERFREEN, METEXE,



BR, NMRZEFME Line XFAT 3 1 word A/NHISEFIRYIE, Value Buffer iAG3A T, F2,
Swift BIMEEFHRIE—IRATE, BEERIT X, RAEEXEAFHIRTZE] Value Buffer B9ZE 1
™ word A, F&TEIXME,

R, XMRIHES:

o HARENTENANBZETEH 5 ™ word, BRIRT EAETE FARIREE MR,

e [AJ9E Value Buffer 9777E, EATRILUREAERIA/NIEZLELZFHE Value Buffer #1, /NFEFTF 3
™ word WEEEFHE, BEANMNBIRFS| AR A FME,

e J&Eid Value Witness Table, TR A EIX MERE B XA B HINE IR R,

e JBid Protocol Witness Table, FATRIAREITHN AT B RSTIL R ERA9HBALE

BAIRE—TRENEF, TER—RERE+MCREESHGRENIBF.

func drawACopy(local : Drawable) {

local.draw()

}
let val : Drawable = Point()

drawACopy(val)

XERABAERZSREER, FUERATXEF, B, RESZEM— Container A9 struct:



struct ExistContDrawable {

var valueBuffer: (Int, Int, Int)
var vwt: ValueWitnessTable

var pwt: DrawableProtocolWitnessTable

FAEATRIRIFRE, X Container —3 5 ™ word, 9 BI7ERL Value Buffer, Value Witness Table
# Protocol Witness Table, &%, XEERIBEMHWINE BIXHE:

func drawACopy(val: ExistContDrawable) {

// BIEEEE

var local = ExistContDrawable()

// I®E Value Witness Table #] Protocol Witness Table
let vwt = val.vwt

let pwt = val.pwt

local.vwt = vwt

local.pwt = pwt

// R value Witness Table HRJREIFMRE
vwt.allocateBufferAndCopyValue(&local, val)
// FJF Protocol Witness Table ¥iAF draw XX
pwt.draw(vwt.projectBuffer(&local))

// R value Witness Table HHIREEBRMAZ

vwt.destructAndDeallocateBuffer (&local)

MHERE LB BT, B witness table RAFHEH S T B2 B ¥ T T BRI R LT,
FH LLDB EWEE Container IR TEHRE

AT AR LLDB B9MEXS, EIE1TH dump ETEMAERE, UEIIE Container 1 Witness
table FITZTE.

ENAIREZAE, HAENBLITIANLLDB %<, RTFEIEMNER, XERMEEMNE, $4H0
FIINEPE LLDB ME /34y,

breakpoint set -a address , ZWM XA UEIEEMEIRENR, REZETNUER
continue RIB{TRIMT=AL,

x -s8 -c5 -fx address , a2 A LAIEH address Ag@ittitAIAZE,

di -s address -c 10 , Zan LA A YR address Fiig@ gttt FFIae9 LR AEAS,
re r rdi rsi rdx rcx rax , Z@mI A MBEEXFEFENENLKERTHIAS,

¥, EBETRBNEETRANNE:

protocol Drawable {

func draw()

struct Point: Drawable {


https://lldb.llvm.org/lldb-gdb.html

var xX: Int
var y: Int
init() {

<
I
N

}

func draw() {

print("Point draw")

struct Line: Drawable ({
var xl: Int
var yl: Int
var x2: Int

var y2: Int

init()
xl =5
yl =6
x2 =17
y2 = 8
}

func draw() {

print("Line draw")

func outputArray(_ arr: [Drawable]) {

print("output array");

class ViewController: UIViewController {

override func viewDidLoad() {

super.viewDidLoad ()

let a: Drawable Point ()

a.draw()

let b: Drawable = Line()
b.draw()

let arr: [Drawable] = [a, b]

outputArray(arr)



EXEBARREF, HIMEXT—1 &% Drawable # protocol,

B, SAEHAIVEHLAZIE outputarray(arr) MRERIS, REBITHIIAKE,

SRIEBIE T — Drawable f%ER4HSC

AT HEBNMERCRIREE, FATILUR Assistant Editor B2 RYREETCRE, W TFAAR:

: TestSwift ) @@ iPhone 7 Plus

= <

1/
!/
!/
!/
!/
1/

11

10U~ WN =

& Testswift )

TestSwift ) 3 ViewController.swift ) No Selection

ViewController.swift

Tes

tSwift

Finished running TestSwift on iPhone 7 Plus

Created by Tang Qiao on 18/04/2017.
Copyright © 2017 Tang Qiao. All rights reserved.

MECwIE, BARIMEZNRBBRELIANRZE, WTEAMR:

47}
48
49

50 class ViewController: UIViewController {

51
52
53
54
55
56
57
58
59
60

BRIA, FAAERNININEE breakpoint @<, 1T breakpoint set

override func viewDidLoad() {

super.viewDidLoad()

let a:

Drawable =

a.draw()

let b: Drawable =
b.draw()

Point()

Line()

let arr: [Drawable] = [a, bl
outputArray(arr)

<

Thread 1: breakpoint 2.1 116
1

override func didReceiveMemoryWarning() {
super.didReceiveMemoryWarning()

TestSwift ) () Thread 1

105
106
107
108
109

110 P=>

1M
112

113

114
115

125

BEWMRENMIE, AEHIT continue , NTFFIR:

50 class ViewController: UIViewController {

51
52
53

override func viewDidLoad() {
super.viewDidLoad()

55 let a: Drawable = Point()
56 a.draw()
57
58 let b: Drawable = Line()
59 b.draw()
60
61 let arr: [Drawable] = [a, b]
D outputArray(arr)
63 }
64
65 override func didReceiveMemoryWarning() {
66 super.didReceiveMemoryWarning()
67
68
69
70 }
7
72
E ®» > o & 2|0 o

Thread 1: breakpoint 3.1

m
112

113

0x101b1a209
0x101bla20d
0x101bla214
0x101bla21b
0x101bla222

Swift.Array.init (arraylLiteral :

0x101b1a227
0x101bla22a

Ba <

<+489>:
<+493>:
<+500>:
<+507>:
<+514>:

callq
movq
movqg
movq
callq

<+519>: movq
<+522>: movqg

@) Disassembly

*0x8(%r9)
—-0xd8(%rbp), %rdi
-0xcO (%rbp), %rsi
%rax, -0xfo(%rbp)
0x101blbed4

%rax, %rdi
%rax, -0xf8(%rbp)

0x101bla231 <+529>: callg ©0x10@1bilbféa
swift_bridgeObjectRetain

0x101bla236

0x101bla249

0x101bla255
0x101b1a259
0x101bla25d
0x101bla261
0x101bla264
0x101bla266
0x101bla26a
0x101bla26e

i
Swift.Array<A>...)

0 ViewController.viewDidLoad() -> ()

<+534>: movq  -0xf8(%rbp), %rdi
<+541>; —
0x101bla244 <+548>: callg ©0x101b19f60 H
TestSwift.outputArray (Swift.Array<TestSwift.Drgwab
ViewController.swift:45
<+553>: movq -0xf8(%rbp), %rdi
0x101b1a250 <+560>: callg ©x101blbfé4 H
swift_bridgeObjectRelease
<+565>: leaq  -0@x68(%rbp), %rdi
<+569>: movq  -0@x50(%rbp), %rax
<+573>: movq -0x8(%rax), %rcx
<+577>: movq  %rax, %rsi
<+580>: callq *(%rcx)
<+582>: leaq  -0x40(%rbp), %rdi
<+586>: movq —0x28(%rbp), %rax
<+590>: movq -0x8(%rax), %rcx
Ay 8
-a 0x101bla244 , 1X

0x101bla22a <+522>:
0x101b1a231 <+529>: callq ©0x101lblbféa
swift_bridgeObjectRetain
0x101b1a236 <+534>:
0x101b1323d <+541>:

o vy

movqg

rvsung rusa

movqg

-0xf8(%rbp), %rdi

%rax, —-0xf8(%rbp)

bp)

116 D—>

0x101bla244 <+548>: callg ©x101b19f60
TestSwift.outputArray (Swift.Array<TestSw

ViewController.swift:45

116
117

118
119
120
11
122
123
124
125
126
127
128
129

0x101b1a249 <+553>:

movq

-0xT8(%rbp), %rdi

0x101b1a250 <+560>: callqg ©0x101blbfés
swift_bridgeObjectRelease

0x101b1a255
0x101b1a259
0x101bla25d
0x101bla261
0x101bla264
0x101bla266
0x101bla26a
0x101bla26e
0x101bla272
0x101b1a275
0x101b1a277
0x101bla27e

Testswift ) () Thread 1) 1] 0 ViewController.viewDidLoad() -> ()

<+565>:
<+569>:
<+573>:
<+577>:
<+580>:
<+582>:
<+586>:
<+590>:
<+594>:
<+597>:
<+599>:
<+606>: addq

leaq
movq
movq
movq
callqg
leaq
movq
movq
movq
callq
movq

-0x68(%rbp), %rdi
—0x50 (%rbp), %rax
-0x8(%rax), %rcx
%rax, %rsi
*(%rex)

—-0x40 (%rbp), %rdi
—0x28(%rbp), %rax
-0x8(%rax), %rcx
%rax, %rsi
*(%rex)
-0xf8(%rbp), %rax
$0x100, %rsp

> A self = (TestSwift.Vie.. 0x00007fe434d096T0 | warning: failed to set breakpoint site at @x1@d5bal26 for breakpoint 1.1: error: @ sending

> a (TestSwift.Point)
> b (TestSwift.Line)

» (B arr = ((Drawable]) 2...

Point draw

|(11db) breakpoint set -a @x101lbla244

Breakpoint 3: where =
0x0000000101bla244

address =
(11db) continue

Process 13549 resuming

(11db)

Testowift Test

Swift.ViewController.viewDidLoad () -> () + 548 at Vie

SENANE, ERRAAN, Sdi SESLRESMNE, ANBITUE « $29 srdi 578
Mok dump SRR, XERITSRINERNT:

ft.Dr



(1l1ldb) x -s8 -c20 -fx $rdi

0x6000000c9760: 0x00007fe434£01358 0x0000000200000008
0x6000000c9770: 0x0000000000000002 0x0000000000000004
0x6000000c9780: 0x0000000000000001 0x0000000000000002
0x6000000c9790: 0x0000000000000000 0x0000000101ble2b8
0x6000000c97a0: 0x0000000101ble200 0x0000600000031100
0x6000000c97b0: 0x0000000000000000 0x0000000000000000
0x6000000c97c0: 0x0000000101ble388 0x0000000101ble208
0x6000000c97d0: 0x0000000000000000 0x0000000000000000
0x6000000c97e0: 0x0000000000000000 0x0000000000000000
0x6000000c97£0: 0x0000000000000000 0x0000000000000000

XERET 4 D word 2EUEMNEM, FETRM 0x6000000c9780 FFIARY 5 P word Bl AE—ME,

ERERN
0x6000000c9780: 0x0000000000000001 0x0000000000000002
0x6000000c9790: 0x0000000000000000 0x0000000101ble2b8
0x6000000c97a0: 0x0000000101ble200
RERBENRE_ME, ENRNER:
0x6000000c9780: 0x0000600000031100
0x6000000c97b0: 0x0000000000000000 0x0000000000000000
0x6000000c97c0: 0x0000000101ble388 0x0000000101ble208

REEBHZE, HNMAINRBMMER, F—175249 Value Buffer ELEI1 1 2 RIEF=Z Point B9
18, MBE_1TA=E0 Value Buffer FREE—TTERE, FEAZ, HNBUZXHME Line fEHEPH

ok, FATAHUABEER x s <X MBI AYE dump HRIEE,

(11ldb) x -s8 -c4 -fx 0x0000600000031100

0x600000031100:
0x600000031110:

0x0000000000000005
0x0000000000000007

0x0000000000000006
0x0000000000000008

e SN

BANGEF X b RIEE T Line B91E: 5, 6, 7, 8, EMIETEAIMRE,

EATERRIMAR di S SERCREXM TR 5P Word, HEEE=Z Protocol Witness Table Hith
ht, ERuT:



(11ldb) di -s 0x0000000101ble200 -c 2
TestSwift protocol witness table for TestSwift.Point : TestSwift.Drawable in
TestSwift:

0x101ble200 <+0>: addb $bl, 0x101(%rcx,%rsi,4)

0x101ble207 <+7>: addb $dl, (%rax)

(11ldb) di -s 0x0000000101ble208 -c 2
TestSwift protocol witness table for TestSwift.Line : TestSwift.Drawable in
TestSwift:

0x101ble208 <+0>: adcb $¢bl, 0x101lbl(%rdi)

0x101ble20e <+6>: addb %al, (%rax)

MEIHZERF LLDB BHARRRERRKE, HRAHE T 8Xa9R Lt
Q:I:

A8 = |

SW|ft ESREMER T RERIFANIRIT, ESHETEMEE LAEIS1EY Objective-C IESAEi#B#, FHE
ESRIFI S I ER B E @I INETZ. EA LLDB #EXiE<S, PIRAEMEIBIEAI1IERR Swift XI
%E’JV\]“BV\]@ G, DRIERR.



IS5 SDKAYZEATIRIT
E&: FERL
0x00 5|

BEEAEX B AIphaGoIdE, ATEEE —iE#N 7HRBZ AR, —IENFAARBEILKLE A
T8, NOGFEERZ—RGFHATHR ., FESRBATHOROAE A8 , ME ALEEE
BEN ABE .

WE ATEEE BASRES, FSERENEIEHTIISG; BIEEEBIBIESR KIE A0S
FIGE, MILEEMN Bee .

BBAREET, ESREREIFAVEZEN KEUE ? BB TS —NEMSBRIEIFE KHERE
R, %5, RBEAUEHNERREIARENATEIE, AMNTHMNESNWS. HEFESNTAR
Zit, EEENBERASER, BCWE—TRIESERIERSDK, FREBAFPTARE LD T
iR, S ERBRAREMRFELENIER.,

A REE—ERRWAKXN TN A ENAS:

1. WA ZEF—PiOSHY M $ESDK?
2. WEISEI B oK E?

0x01 iOS FRYEIZIRITERM

BIERSY, BREWSHZEFKEMME—MERE. HLHNLREETRIZVSNTR,

HREAFHIRNIIS T/ APMFIUBT, APM(Application Performace Management)fi

[T EUEMEERIR &, TMUBT(User Behavior Track)NE fiifa T\l SEIEN O, XZEZEBE—EHN
HEM, WM SEIREEIEE, AEFAMCEFIANM, BIRENNNILLIXSGRS SRR, 5

R — I RERRISZ N TIE,

ETUENEIEREIRE, RNEBSMUAT/LRERTITIE:

1. BURR A MAXAIRIT
2. BURAREEMAXRANLT
3. REMBXANRIT

HIEF A LHEXIRIT

FREBBEFAMTENAST., EX—NHE, HNEEZZEIGNA T/ ERE:

o Nt ATRELIERAML
o HUERIAMT RAVIERR
o WMRITEHIEIHAMLE

At L BEBIREIFAML?



NTFRBHImRE, FHRI0SIREMS, AP ERF are i, FEREA R THome2EIZISH,
REFIRFENA, EX—FRT, HEREINBIE-—EFETIRERFHR, I0SHRLN AT EERAY
BEZNAAE, RESEENRENBIEER. BN T RDEERE, TRERETMRENE—
RIERATERES AL, UFESTINNEER,

HRAMEEERRR, WRBENERETHEE—WEMELERSS, EEMANBRDIX—1TE
B2 BEEEENE, XMZSMMEE, BEMXEFET100%M4%IER BRSS100%ERER TRIEE
E., S, NRRMENBEMNNBTREDH, AUBZMIEENER, BLAXMEEEHFK
R R HIFT RS,

BRI AL RADIREE
ETREREELEFAMNAR. HIOSTFAL, BRItbBRITHEIEIFA A REUTLM:

® (Core Data
e Sqlite
® Realm

ERBMGREBL? AL TKTEHMAEFNEIER, core pata EAppleREHFNIFNARN, B
FIHARELE, REAREBATAER. SqlitethbX¥s, EERARINER; FRLXLE ruo 2—1MF
RROEERIFAVIERR, T Realm MBHRIA— ML ANBETFEREEHFA AP EGE, BEFENTEKS
Fr, AR S—MEE, SRBEERERXGRAAXMANEZLIEHE, e,

B4, REMENEE? EXEERTERENA, WREBAKLSIX core pata HPLLBIEER, HTER
MEMREXF—FH; WREAMKRLEREREE, hAREOREEM, U Realn WEETH
BRVESE; MANRFHFE, XAEEPBASHISBERE core pata KIHELR, HIEIE sqlite th
HIREXZHTH,

It BRI AR

MFREFINRIZHIENS, FEIRINMSZ, X ELEESRRE SR TiRRSE L.
b, AAIFAABERNTRSHBEMS, SEMEX ENER, N, BATRIMREIFE—"
=, REBEWEITXRERENEA . S AF6ER ),

RREERERE, TMERELUEFEAPRREM#EOS ERBEAA? MERNXASZSIHR?
REHIFEMMEATRREEZES

1. B
2. ZiHhITEhE

XEARE?

BAFEAD VR URS [IRNBIRERERIT. EETMEREELIEERERHITHREFME. XM
2R AT TE T DebugtBrd &8, LEaliEsE T SqlitetE N EIRERRIR S R, AN A UEEEHEN
AR T X eI RIsqlite BIREXH, EFSRNEBIEER, MA@, EE2XMAHE
FRHEAKRME, BRENR—BLESHETRE, BLBTHEENREMEEFHENNEE,
H—, SREMTEBFBREERREERSNER TR, #ITEEARES SERSNEE, =, H
A RMBAEANRE; UR—EREFTEMEEMIITHIERE, BREMOUMFEHENNEE,



—HFIFMENZERE Blob N ABBIEFMEAMBIEES . MENGESKEN Json B, 3
#& protoBuff HEF., RMIRITHIRRMET ZRNREIN £F —F. BATNEbRIEERNR
BIRIREEN—IREZF, BARMM AN ZERINERRXLELE. AL, FAFENIREEL
EASHEBIESN, MEBEERREFERENTAFIEIF, XMLt HRIFAET AT BME, TS5
RS RFIMBEERIMNANTE, REEHIFTELRELE, MHEFE_AFLE BNBATFRYD, R
MEERBANRS, EXMKTBEE—ENXE, AHE pDebug FEIFRNFTEIEM, FHBNMN
TEMRRFIICEIEERZNEET ENBHIEFRERS S RNXMIRT A REAEEMBIEER
RNEMRREBIEE, MERMERDEMNEE.

R INE—THAN EZRBRNAFELARMEME. SHRAFE, AINERIIHRE Z#HFHE
KRS RIEMERE.

MEIRHET —TEIENEFES R, AR TRBENTBERITIE—TRIENS L6,

HANEEE, BFEFELEZBINENEEATHNED, XRMEMESEREIENA—. BRXE
BNARBUASH, BERMNZBEEROBLE, FIIEEH. BEFH F5E. WIFF. TALR
HEMERA— T BTSRRI Ne)R, —RTIERREE, R EERBE T HE
FEEFURE T RAVES R FEAZNTILIE, ATAMEME X ERGIEELZRIRE R,

SZEMEMITIE, FHNUFATNELLERR. EIRITEIESANEN, TUERMESHLE; KEZ
RMEUEELUERN crup THEEMEIR, LRMRMHEIEERSIC (WRE) MIESATINIIEE.

iR & X R RE XA

RN EREETERNNZRTAEEE, KEE, MAHE=ZTIE. TEFEZENZEN
TIAAE:

o HERIEHTHN
o HIEMFIILAR
o RiA[EIPRREG

HHERIE RN
EREOERDINE, TESENE, RNBEREETRTER?

FRWRKIERE ., RMNXENKEZRETETZIENTCPEMSocket I KERE ., HTENTCPHIEEEE
BOXEF, XMEBHENNNEERE. MIRSRNREHZ SEEERE , BALENERESEFE
RZ; FAASRAVREEHTE, 2RREEIENMRERREEESTERSTCPEIINH.

B ANt EHFRERNRS SFRER——PXEERFTERNKREANE. WE—TRTLA
HEFZNEFPImER, FESONRSHERZR. SR8, NMRAFIELTFE—FANKRERBEE,
Bor—EEIZE B R EBTERARA—MIFHNA.

BN aEERE, X FNEEERITEEIENHTTPIMY, EERIIEEMIBEEIEXT, XMFAE
FRIBLEEFIHMRSSRIHE S T LW, EARREBEFROME, NEZLAEMETERIFE—R
BRES, #EBEEFREIEE, MMSREIMIFHE.,

ZTFUMAERE, FRFEVEMNIER.,. PIUNREASRER—NKEENKXBRT, BIXERT
BASREXHTTP/1.1 Keep Alivesei#1TidiE, HAFIMHTTP/2th 2 MEAEBAVIERE,

FIENFIIEAR



R TN, BREIENEEENRE., XEERETHIAE: BUENFIICA NNSIENEYE
VSER

JFFEIROFRIICEL, HAILEBRITR/LMMAXE Json , ProtoBuff , Thrift 5F; M F/ESE
BFRMS, WEE czip, 7z HZMAE,

HTEIZREEE, FRERZERE. RIXXMZHER, ELaEHR>BFPNEINEERER AERN

R EZZRAEE, EXEMNANRITIZR, ProtoBuff + 7z HAFIRE T RAKEIIEELE
R, MIENBHERT NN HBEFEHE, W 7z WEEESSHMEIF MR/ BLEFEEEE
SERANNEERENZREREFREFZRE—TNE. FRESGECHT 2RTH.

% 3 (8] B SRR
REKEER, —HoAAREUERARRM B LU T/

1. BTV —REREREBETREER T ZE—EEWNRIEZEERERI)

2. EFR—IRKRIE, MBRAEINNREBFRIEA2ALEHE, BRAERNAREERIRENIG
SERY b, XFMREE R RIS AT P E— L, BRHIREEE K.
FMRERBESETHESNRSFZRET, NFREE. AM—BEMBRE—LHE), BEERKE
F il 2 At En 2 E A R E SR A TR SS 2. XMBER TRESRET XS, Ehk
BB SNEFIRAR T —RE B SRS 2/) ppos Wi,

BREFMRERE, HNE-MMEELE —ENHEY FNRERNEEE —ENEGEERH

TEIL, AMAZBRIETLRI, —BERENERE), EFinEEEN LAENBEE LXYE
CHIRRS 21T/ VIIER ppos i, [ERMDARBEEBROLRIR,

MEBTTHR T 4?7 HEEAR, ZERIAY csma/cp , B hSRIGMIABIRISIT ZBRIAIEMNSTE , 487 Flil—
LR, ERNIEREBNT (EEWIk):

RiEEHER, KMIMEERSENW, BXW, WIBAIREEE. BEEITER, NWEFF—ERINEZE
SERNEEERAREHRENE EEL—RESREERRE, RNEM MU LNT
REMRHARIXER, WHENFR, B0 NI EMS LR EEYE, Fi5—REENIE, B
ERE,

REFNVIRE—BXF S5 RENNE . HX csva/co BECHEE, BAKMNESHEEREX
MBREEREHRAA, BEHNREIBE—RIEXEAR? EREEEN, SRR
BB MR RARS SR MBS RIS RTRI ARE S

REMEXRIIZT
X EEATA T —RGESDKIGEBEDH R, IEREELFED.,

—ReKiR, REDAFHHNENRM, XEBNFRA—TFIXTAE. FHORE—MRESHNER
S SHREOMER, W—TFM4. —REK. XNFEE-THEICE. BEFHRENIRITERE—
TAPHEORIRIT, AEMWSRE—TAPEED, LM TRANTTEMSHIAPIEO,



- (void)trackPageViewWithName: (NSString * Nonnull)name

params: (NSDictionary * Nullable)params;
- (void)trackEventWithID: (NSString * Nonnull)eventID

page: (NSString * Nullable)page

params: (NSDictionary * Nullable)params;

BT IR MOEMLLERIED, BB SEER T RIOEUERTEN, EAMERHE T @NKER
EESDKIEKRT ,

NG

M E—ME RS IR SDKA B A SR th R iR T -

API Module1 API Module2 Sender
» R/W Queue
Datab
API ModuleN o
Layer

FEIBIAPIESRG E B 5 X N AR R XA IR IR S AT 1T IF0E, MABRIRNEN KEIEEFEEN
EEARERENBEABERS ZRSEE.

0x02 BEIRE

M EIRITEF 7 FohRELHIERISDK, B4, seSXMEMNRER? HEWR, WMEEIOSTE LLIELD

HOSRERIE?

ERXE, BIEAEMRARERKESFEAITIE. BRBNEMRE, IBAEERENRRN
BrYRIER FAOAITHY . BRARRRESHRICES, IBABEREREI—L aor MRART . FIE, 1EFAIFEHE
BEIOSTFAELIN—L ror A,

FEFFREAN, i0STAMAIES Objective-CHISwift, BIRIEAI1tEREZObjective-CE—IIRIIES, #H
BSwWIftFEABIRRE 2 BIH @ BT s S EMF N A B NIOSAL . EALLEME] aor FTEXEM
Objective-C L EF AL F{E, M objective-C B Method Swizzling EZMEIENR/ERR
T, BARATENIN aor Bit, ENTEREEN—LCESE, XMAERAMAERT, XIHE
Facebook K##{JHi# Fishhook AJLAMMachOMIAER#HIT—LE aor , BTAERNEBDEI4ITT.

— T EENTERET MU T:



+ (void)swizzingClassMethodWithOriginClass: (Class)oriCls
originSelector: (SEL)originSelector
targetClass: (Class)targetCls
targetSelector: (SEL)targetSelector {

NSParameterAssert(oriCls);

NSParameterAssert (targetCls);
NSParameterAssert(originSelector);
NSParameterAssert(targetSelector);

if ([oriCls instancesRespondToSelector:targetSelector])

return;
Method swizzledMethod = class_getClassMethod(targetCls, targetSelector);

if (sk_addMethod(object getClass(oriCls), targetSelector,
swizzledMethod)) {
sk _swizzleClassSelector(object getClass(oriCls), originSelector,

targetSelector);

}

+ (void)swizzingInstanceMethodWithOriginClass: (Class)oriCls
originSelector: (SEL)originSelector
targetClass: (Class)targetCls

targetSelector: (SEL)targetSelector {

NSParameterAssert(oriCls);

NSParameterAssert (targetCls);

NSParameterAssert(originSelector);

NSParameterAssert(targetSelector);

if ([oriCls instancesRespondToSelector:targetSelector])

return;

Method swizzledMethod = class_getInstanceMethod(targetCls,

targetSelector);

if (sk_addMethod(oriCls, targetSelector, swizzledMethod)) {

sk _swizzleInstanceSelector(oriCls, originSelector, targetSelector);

MRFA LRITHRBEE, BAWSEREAITIR? XEHNMFIRAERETELEE S BIERIT—
XA E)ER:

o MEEMIZEE
o /SR SENIE

e MR IR IR

TR BURETRE S, XEUNEBERNHA,



SHFMEERMERE, BMNEBRONISEETCP/IPE MM LB MERRRTE], ARHTTPIERA
BAN, THRAFRE, BNEATUEFHKEBEMBILAF,

BAVEREE, IOSFEAIHTTPMEZIEKEEZEEEFR T T urlconnection ] urlsession M KE
(EFCFNetworkingf LI HFEIRIQIRE A RELLRFITIE) , EUER BAMXNELFIAAN
F, nop EFERN—LRE, THEAIELA urisession Afl:

+ (void) swizzleNSURLSession ({
// Swizzle NSURLSession method
NSArray<NSString *> *selectors = @[

// asnyc selector
NSStringFromSelector (@selector (dataTaskWithRequest:completionHandler:)),

NSStringFromSelector (@selector (downloadTaskWithRequest:completionHandler:)),

// sync selector
NSStringFromSelector (@selector (downloadTaskWithRequest:))

17
for (NSString *selector in selectors) {

while (class_getInstanceMethod(currentClass, originSelector)) {
if (realRespondsToSelector(originSelector, currentClass)) {
[FGRSwizzlingUtils

swizzingInstanceMethodWithOriginClass:currentClass

originSelector:originSelector
targetClass:
[FGRURLSessionBlender class]

targetSelector:targetSelector];

}

[FGRSwizzlingUtils swizzingInstanceMethodWithOriginClass:[session

class]
originSelector:originSelector
targetClass:

[FGRURLSessionBlender class]

targetSelector:targetSelector];



for (NSString *classSelector in classSelectors) {

SEL originSelector = NSSelectorFromString(classSelector);

SEL targetSelector = NSSelectorFromString(targetSelectorString);

[FGRSwizzlingUtils swizzingClassMethodWithOriginClass:[NSURLSession

class]

originSelector:originSelector
targetClass:
[FGRURLSessionBlender class]

targetSelector:targetSelector];

}

SARBHEIHNBFEIE—TR, MRBIOSI0OREMLE, FaRHLIA—EAPIEIES EHAIERE
HERBEE:

/*
* Sent when complete statistics information has been collected for the task.
*/
- (void)URLSession: (NSURLSession *)session task: (NSURLSessionTask *)task
didFinishCollectingMetrics: (NSURLSessionTaskMetrics *)metrics
API AVAILABLE(macosx(10.12), ios(10.0), watchos(3.0), tvos(10.0));

{BXFFi0S7, 8, 9Fixk, A8FKENE{AAY pDnsAYE] , TCPAYE] , ssLAYE XLEiFMAMetricsHABALRS,
EEE I Fishhook RECENRIAZIBH, BRMENE, EIOSIT, HAMUF BT XIBH & AELIZEISSL
BEXREE, MR EEET AT HEHFEEBAZEE,



uint32 t ¢ = dyld image count();

for (uint32 t i = 0; i < c; i++) {

const char *name = _dyld get image name(i);
NSString *imageName = [NSString stringWithUTF8String:name];
if ( [imageName rangeOfString:@"CFNetwork"].length != 0

|| [imageName rangeOfString:@"libsystem network.dylib"].length !=
| | [imageName rangeOfString:@"Security"].length != 0) {

rebind symbols_ image((void *)_dyld get image header(i),

_dyld get image vmaddr_ slide(i), (struct rebinding[7]) {

{"getpeername", (void *)Fragarach getpeername, (void
**)&FragarachOriginal getpeername},

{"dup", (void *)Fragarach dup, (void
**)&FragarachOriginal dup },

{"write", (void *)Fragarach write, (void
**)&FragarachOriginal write },

{"read", (void *)Fragarach_read, (void
**)§&FragarachOriginal read },

{"SSLWrite", (void *)Fragarach SSLWrite, (void
**)§&FragarachOriginal SSLWrite },

{"SSLHandshake", (void *)Fragarach SSLHandshake, (void
**)&FragarachOriginal SSLHandshake },

{"close", (void *)Fragarach close, (void
**)&FragarachOriginal close }

Yo 7Y

HiET aop HThook{FBXMIREfE, BAMEREBESTHRAT RBEITFMHENERRS TVAZNCR T
WHRENBEN, MTFEREOAN, N—AEE T EHTTPIERAL N Body K E A B E
:S]=J:

FL FHREBUEN B REZR T IFE AT, ATRBEERRRIE T EANMEIEREB TR
SHA, LREREEIMIES|IENIER.

Al 5518 SENIR

NFWSERHKGR, FHMNIELEERN—AOEEFoE, XFEREEMArE, BEFLAME
4. BNTFREFAIRMER, SEEFBUREEMNCMENCELIEE, FtT 2EBHENG
EITWSHIBNER,

MNFERHWSIER, —REEFARUTL M E—:

1. &
2. BE

3. B8



MFE T, BEARREBET xpath BMARFRHITENM. HTFTE—TTTEERSHERNTE
M@ UIButton[1], UIButton2IIXM AR HITE D . AT HERSHNEHLY XM ANHIT TN,
XEMABREBRBEBHITNA.

BB, HIF, EXMTIOSTENAPITAMS, FANITHEEEITNUTILITASE:

ViewAppear&ViewDisappear
Action-Target

ReusecCells

Gestures

ApplicationStatus (#AppDidLaunch %)

BRI, BESX LA EEITRHITHook, EARBEIARIHIREARZEUTHRIENB,

FB=ERE, S WTRSEUEE, BMNETHEMBRRBERLTFTSE. AP T —EER,
REYEE A E A BREGSIRIBL R IZ RN — LA REER. XHE, WTFEMERmErI 8
HIBLERT . E—MEER, SDKRHETTERNZSHIIER, BRIRFCRET LXESH
AUBRRT{E, MIMARR—ERD XAFRIE)-E,

RMAENZE, SR Mo MIERENTRZLBOEZ MY E 7 B RELIE R EERFMAY, L
R FEF/NBHNSHE, INMRAIELEEFRES —EFINERT BERLET BN,

H T SHIENEMREMS, ESNNMEREEERRABIENTmETEE, MSTHERTT
27 EERIERBEIE S BMERNES!

0x03 £5i%

PEERSEAETEAE, AR, REBEFETEET, HNE2EEESHEER—~R, BE
t—R. TRETULNXF,

FAEANENEE AR — M EIZSDKEE R !



iR LLVM

fEZ: @Alone_Monkey

REMAREIIRE, 7TREFRNILERENREESILRSHELS, TeEoTER, T2ET
EEHCHEMNS, EERIIEMINES. BUAX, FHIRTHE LLVM, FHER LLVM $5ep—
LEHEENSEE,

—. 42 LLVM?

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

BN, LLVMIBR—RIDER, JEANRELAERE, SR T —FBES RFHNFERR
(IR), FAIMEANZMIESHGEIR, ERIBURHS BARIES TR 2 cou BIRIBLERLTD

AE.
FRET LLVM SR EZAMER S :

o Hilm: BImARREVEABAEBERTNEMPEIRTE, HI1TOEERENRIZESRKEN
LLVM B9RISs, @0 gcc, clang .

e Pass (BEENFN"MIE"): Pass ARGIEFNFERRZEEEETHR, —MRIERT, Pass AJLH
MRS, XEDBERBENIFXENEBD .

o [Sif: fEUmARAE R SEPRAINLERAS

BRMSKZHRFEMRABZXMEN, B2 LLVM RENHMEN FARENES EBRM TE—
MR, ERNREIRSROZREUT:

S&:’? Frontend Optimizer Backend Méc;r:jige
LLVM R9ZRHE0 T :
AArché64
 ——
C Frontend Backend
C++
Frontend B aé:ihgn d
target
» | Objective-C Common specific
Frontend Optimizer X86 Backend machine
code
s Swift Power PC
Frontend Backend
—




LEERFTEFZMREABMBEMEMEEN, ETLLVMIZRE, R THNEEREEEII—
WRRTIRAAT T, SHNERAEEREFELN—TINGERMT T . HELDTHAINER, M
ARBEMIT—RT,

—. BEREIFLLVM

XE{ER clang fERRIiR:

1.BIEMNEMN T &;:[http://releases.llvm.org/download.html
1(http://releases.llvm.org/download.html)

2.svn 3REX

svn co http://llvm.org/svn/llvm-project/llvm/trunk 1llvm

cd llvm/tools

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

cd ../projects

svn co http://llvm.org/svn/llvm-project/compiler-rt/trunk compiler-rt
cd ../tools/clang/tools

svn co http://llvm.org/svn/llvm-project/clang-tools-extra/trunk extra
3.git 3REX

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

cd llvm/tools

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

cd ../projects

git clone http://llvm.org/git/compiler-rt.git

cd ../tools/clang/tools

git clone http://llvm.org/git/clang-tools-extra.git

BT LLVM RX#F cmake SRRIFT, BEZEE cmake ,

brew install cmake

mkdir build
cmake /path/to/llvm/source

cmake --build .

RIFRELERK, MERFERSEM0GERN MG,
YRIESTANE, WBETE build/bin/ BR FHIKEEMWIAT.,

=. MEBRIAHRIT


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

HAEF ROIHRAIEHR, MRBEER—TEHRTXHENA, HlRE run MiTET, BAER
i run Z[ERIFERE XM T LS EE?

BANFR—T B F:
#import <Foundation/Foundation.h>
#define TEN 10

int main(){

@autoreleasepool {
int numberOne = TEN;
int numberTwo = 8;
NSString* name = [[NSString alloc] initWithUTF8String:"AloneMonkey"];
int age = numberOne + numberTwo;
NSLog(@"Hello, %@, Age: %d", name, age);

}

return 0;
EEXNMHE, BATINEE GRIITERFRE, AEHE:
xcrun -sdk iphoneos clang -arch armv7 -F Foundation -fobjc-arc -c main.m -o

main.o

xcrun -sdk iphoneos clang main.o -arch armv7 -fobjc-arc -framework Foundation

-0 main
¥ LR FANIBT:

monkeyde-iPhone:/tmp root# ./main
2016-12-19 17:16:34.654 main[2164:213100] Hello, AloneMonkey, Age: 18

ARTRUNMZEMETIB, SRTR, BOBMERNIIT.
3.1 Fii4t¥E (Preprocess)

X&) E1E macro BRRRFF, import/include SkXHERISN, UK #if H40E,

AILUBEHATUA T a2, K&K cdang RFUTEIFALMEIX—F
clang -E main.m

PAIRXTSLZE, BNRASATREAIMGAE,



# 1
"/System/Library/Frameworks/Foundation.framework/Headers/FoundationLegacySwif
tCompatibility.h" 1 3

# 185 "/System/Library/Frameworks/Foundation.framework/Headers/Foundation.h"
2 3

# 2 "main.m" 2

int main(){

@autoreleasepool {
int numberOne = 10;
int numberTwo = 8;
NSString* name = [[NSString alloc] initWithUTF8String:"AloneMonkey"];
int age = numberOne + numberTwo;
NSLog(@"Hello, %@, Age: %d", name, age);

}

return 0;

FIMNER EENFTMIEERELREHR T, HEASATAXMH. ERRXFNERIIARSIAIEENEN
ZREiELbIFoundation, FRLABT pch FigbIEX {4, RIDATEIXREASIAN—LBAERIA Y.

[E3kXcodefiZMIME BEZEE T pch X4, 5IANT moduels BIHR, 1B—LE@ABRIEITR
modules 2R, ARESA, BRIASIL -fmodules S,

clang -E -fmodules main.m
XHFRYTE, REE eimport — FRIBES AN EMIModulest&iR Y,

@import Foundation;
int main(){
@autoreleasepool {
int numberOne = 10;
int numberTwo = 8;
NSString* name = [[NSString alloc] initWithUTF8String:"AloneMonkey"];
int age = numberOne + numberTwo;
NSLog(@"Hello, %@, Age: %d", name, age);
}

return 0;

3.2 id@iE 2 (Lexical Analysis)

ARG, MBHTIEEDN T, BRI AMCRBEMAR—T1 Token, LEUERES. A
5. FT. FESBEFS.

clang -fmodules -fsyntax-only -Xclang -dump-tokens main.m



annot _module include '#import <F'

int 'int'

identifier
1 paren
r_paren
1 brace
at 'e’

identifier
1 brace

int 'int

identifier

equal '=

numeric_constant '10'

1 ( 1
1 ) ]
' { 1

|{|

Loc=<main.m:1:1>

[StartOfLine] Loc=<main.m:5:1>
'main’ [LeadingSpace] Loc=<main.m:5:5>
Loc=<main.m:5:9>
Loc=<main.m:5:10>
Loc=<main.m:5:11>
[StartOfLine] [LeadingSpace] Loc=<main.m:6:5>
"autoreleasepool’ Loc=<main.m:6:6>
[LeadingSpace] Loc=<main.m:6:22>
[StartOfLine] [LeadingSpace] Loc=<main.m:7:9>
'numberOne’ [LeadingSpace] Loc=<main.m:7:13>

[LeadingSpace] Loc=<main.m:7:23>

[LeadingSpace] Loc=<main.m:7:25

<Spelling=main.m:3:13>>

semi ';

int 'int'

identifier

equal '=

numeric_constant '8'

semi ';
identifier
star '*'

identifier
equal '='
1 square
1 square
identifier
identifier
r square
identifier

colon

string literal

r_square
) '

semi ';

int 'int
identifier
equal '='
identifier
plus '+'
identifier
semi ';'
identifier
1 paren

at '@’

string literal '"Hello, %@, Age: %d"'

comma ',
identifier
1

comma ',

identifier

l]l

|(|

Loc=<main.m:7:28>

[StartOfLine] [LeadingSpace] Loc=<main.m:8:9>

'numberTwo' [LeadingSpace] Loc=<main.m:8:13>
[LeadingSpace] Loc=<main.m:8:23>
[LeadingSpace] Loc=<main.m:8:25>

Loc=<main.m:8:26>

'NSString' [StartOfLine] [LeadingSpace] Loc=<main.m:9:9>
Loc=<main.m:9:17>
'name’ [LeadingSpace] Loc=<main.m:9:19>

[LeadingSpace] Loc=<main.m:9:24>

"' [LeadingSpace] Loc=<main.m:9:26>

o

Loc=<main.m:9:27>

'NSString' Loc=<main.m:9:28>

'alloc' [LeadingSpace] Loc=<main.m:9:37>
Loc=<main.m:9:42>

'initWithUTF8String' [LeadingSpace] Loc=<main.m:9:44>

Loc=<main.m:9:62>

AloneMonkey"' Loc=<main.m:9:63>

] Loc=<main.m:9:76>

Loc=<main.m:9:77>

[StartOfLine] [LeadingSpace] Loc=<main.m:10:9>
'age' [LeadingSpace] Loc=<main.m:10:13>
[LeadingSpace] Loc=<main.m:10:17>
'numberOne’ [LeadingSpace] Loc=<main.m:10:19>
[LeadingSpace] Loc=<main.m:10:29>
'numberTwo' [LeadingSpace] Loc=<main.m:10:31>
Loc=<main.m:10:40>
'NSLog' [StartOfLine] [LeadingSpace] Loc=<main.m:11:9>

Loc=<main.m:11:14>
Loc=<main.m:11:15>
Loc=<main.m:11:16>
Loc=<main.m:11:36>
'name’ [LeadingSpace] Loc=<main.m:11:38>
Loc=<main.m:11:42>

age [LeadingSpace] Loc=<main.m:11:44>



r paren ')’ Loc=<main.m:11:47>

semi ';' Loc=<main.m:11:48>

r brace '}' [StartOfLine] [LeadingSpace] Loc=<main.m:12:5>
return 'return' [StartOfLine] [LeadingSpace] Loc=<main.m:13:5>
numeric_constant '0' [LeadingSpace] Loc=<main.m:13:12>

semi ';' Loc=<main.m:13:13>

r brace '}' [StartOfLine] Loc=<main.m:14:1>

eof '' Loc=<main.m:14:2>

3.3 15:% 9t (Semantic Analysis)

RIFELSRESIEE, WIDEARSIER, FRAETRASHIMRIEEMN(AST)

clang -fmodules -fsyntax-only -Xclang -ast-dump main.m

"-FunctionDecl 0x7£f8661d8a370 <main.m:5:1, line:14:1> line:5:5 main 'int ()'
" —CompoundStmt 0x7£f8661d8aab0 <col:11, line:14:1>

| -ObjCAutoreleasePoolStmt 0x7£8661d8aa68 <line:6:5, line:12:5>

| ~-CompoundStmt 0x7f8661d8aa28 <line:6:22, line:12:5>

| | -Declstmt 0x7£8661d8adal <line:7:9, col:28>

| | ~-vVarDecl 0x7£8661d8a420 <col:9, line:3:13> line:7:13 used
numberOne 'int' cinit

| | “-IntegerLiteral 0x7£8661d8a480 <line:3:13> 'int' 10

| | -Declstmt 0x7£8661d8a550 <line:8:9, col:26>

| | ~-vVarDecl 0x7£8661d8a4d0 <col:9, col:25> col:13 used numberTwo
"int' cinit

| | “-IntegerLiteral 0x7£8661d8a530 <col:25> 'int' 8

| | -DeclStmt 0x7£8661d8a6c0 <line:9:9, col:77>

| | ~-varDecl 0x7£8661d8a580 <col:9, col:76> col:19 used name 'NSString
*' cinit

| | > -ObjCMessageExpr 0x7£8661d8a688 <col:26, col:76> 'NSString *
_Nullable':'NSString *' selector=initWithUTF8String:

| | | -ObjCMessageExpr 0x7£8661d8a5f0 <col:27, col:42> 'NSString *'
selector=alloc class='NSString'

| | “-ImplicitCastExpr 0x7£8661d8a670 <col:63> 'const char *
_Nonnull':'const char *' <BitCast>

| | “-ImplicitCastExpr 0x7f8661d8a658 <col:63> 'char *'
<ArrayToPointerDecay>

| | “-StringLiteral 0x7£8661d8a620 <col:63> 'char [12]' lvalue
"AloneMonkey"

| | -Declstmt 0x7£8661d8a7£f8 <line:10:9, col:40>

| | ~-varDecl 0x7£8661d8a6f0 <col:9, col:31> col:13 used age 'int'
cinit

| | *-BinaryOperator 0x7£8661d8a7d0 <col:19, col:31>

| | | -ImplicitCastExpr 0x7£8661d8a7a0 <col:19> 'int'

int' '+'

<LValueToRValue>
| | | ~-DeclRefExpr 0x7£8661d8a750 <col:19> 'int' lvalue Var



0x7f8661d8a420 'numberOne' 'int'

| | “-ImplicitCastExpr 0x7£8661d8a7b8 <col:31> 'int'
<LValueToRValue>

| | “-DeclRefExpr 0x7£8661d8a778 <col:31> 'int' lvalue Var
0x7£8661d8a4d0 'numberTwo' 'int'

| “-CallExpr 0x7£8661d8a9al0 <line:11:9, col:47> 'void'

| | -ImplicitCastExpr 0x7£8661d8a988 <col:9> 'void (*)(id, ...)'
<FunctionToPointerDecay>

| | ~-DeclRefExpr 0x7£8661d8a810 <col:9> 'void (id, ...)' Function
0x7£86618df0e0 'NSLog' 'void (id, ...)'

| | -ImplicitCastExpr 0x7£8661d8a9e0 <col:15, col:16> 'id':'id'
<BitCast>

| | ~-ObjCstringLiteral 0x7£8661d8a8b8 <col:15, col:16> 'NSString *'

| | “-StringLiteral 0x7£8661d8a878 <col:16> 'char [19]' lvalue
"Hello, %@, Age: %d"

| | -ImplicitCastExpr 0x7£8661d8a9f8 <col:38> 'NSString *'
<LValueToRValue>

| | ~-DeclRefExpr 0x7£8661d8a8d8 <col:38> 'NSString *' lvalue Var
0x7f8661d8a580 'name' 'NSString *'

| “-ImplicitCastExpr 0x7f8661d8aall <col:44> 'int' <LValueToRValue>

| " -DeclRefExpr 0x7f8661d8a900 <col:44> 'int' lvalue Var
0x7f8661d8a6f0 'age' 'int'

"-ReturnStmt 0x7f8661d8aa98 <line:13:5, col:12>

"-IntegerLiteral 0x7f8661d8aa78 <col:12> 'int' 0

[N
EENEME:
n
ObjC return m
¥ [Compoundsm
i umerone ] : [ integertiteral |
[ecstmt | [Decstmt | [ pedsme | [ Decistmt | ,
[ int numberTwo| | nsstring* name int age
[vardec | [varbed | [ varbed | Tmpl t"}'ﬁmw Tmpl :!kir astexp | [Tmp kﬁrki?ﬂxp lvv-p"cﬂlﬁr STEXp
I I . f I I
Ilnugerliteral “ lntegeaneraII ObjCMessageExpr +'ilWi"'UTF35"i"9 | BinaryOperator | | DeclRefExpr I l"g era I DeclRefExpr II DeclRefExpr |
10 8 NSLog name age
[ objcMessagetxpr | [ implicitCastexpr | [ implicitcastexpr | [ implicitcastexpr | | stringLiteral |
[NSString alloc] rT"TP“E“;tﬂEKT] [ DeclRefExpr I [ DeclRefExpr I Hello, %@, Age: %d

Aloneonkey” numberone numberTwo
3.4 IR (X184 Rk (CodeGen)

CodeGen ASISIEEMMINE FiEMA, EiEA LLVM IR, LLVM IR £ Frontend (94, 2 LLVM
Backerend BN, #iiZREIGIH.

AR EREBEREM AT IE, F1IE Xcode RIFIEEEMmBAIISEM TR -01 , -
03, -0s , BAINEE—LHH Pass, XBEFEMRBE— 4= Pass,

Pass #i2 LLVM AAHMAFMMANITEN— TR, BT HRM—ELTE, XETEMERMAKRT
LLVM BN R BRI FIEEL.

clang -S -fobjc-arc -emit-llvm main.m -o main.ll



; Function Attrs: ssp uwtable
define i32 @main() #0 {
entry:

¢retval = alloca i32, align 4

gnumberOne alloca i32, align 4

gnumberTwo alloca i32, align 4
¢name = alloca %0*, align 8
%age = alloca i32, align 4
store i32 0, i32* %retval, align 4
%0 = call i8* Qobjc_autoreleasePoolPush() #3
store 132 10, i32* %numberOne, align 4
store i32 8, i32* %numberTwo, align 4
%l = load %$struct. class_ t*, %struct. class t**
@"OBJC_CLASSLIST REFERENCES $ ", align 8
$2 = load i8*, i8** @OBJC_SELECTOR_REFERENCES , align 8, !invariant.load !7
%3 bitcast %$struct. class_t* %1 to i8*
$call = call i8* bitcast (i8* (i8*, i8*, ...)* @objc_msgSend to i8* (i8%,
i8*)*) (i8* %3, i8* %2)

%4 = bitcast i8* %call to %0*

$5 = load i8%*, i8** @OBJC_SELECTOR_REFERENCES .2, align 8, !invariant.load
17

%6 = bitcast %0* %4 to i8*

%calll = call i8* bitcast (i8* (i8*, i8*, ...)* Qobjc_msgSend to i8* (i8%,
i8*, i8*)*)(i8* %6, i8* %5, 18* getelementptr inbounds ([12 x i8], [12 x i8]*
@.str, i32 0, i32 0))

%7 = bitcast i8* %calll to %0*

store %0* %7, %$0** %name, align 8

$8 = load i32, i32* %numberOne, align 4

%9 = load i32, i32* %numberTwo, align 4

%10 = sub i32 0, %9

%11 = sub nsw i32 %8, %10

%add = add nsw i32 %8, %9

store i32 %11, i32* %age, align 4

%12 = load %0*, %0** %name, align 8

%13 = load i32, i32* %age, align 4

notail call void (i8*, ...) @NSLog(i8* bitcast
($struct. NSConstantString tag* @ unnamed cfstring to i8%*), %0* 212, i32
%13)

%14 = bitcast %0** %name to i8**

call void Qobjc_storeStrong(i8** %14, i8* null) #3

call void @objc_autoreleasePoolPop(i8* %0)

ret i32 0

declare i8* @objc_autoreleasePoolPush()

; Function Attrs: nonlazybind
declare i8* @objc _msgSend(i8*, i8%*, ...) #1



declare void @NSLog(i8%*, ...) #2
declare void @objc_storeStrong(i8**, 1i8%)
declare void @objc_autoreleasePoolPop(i8%*)

!6 = !{!"clang version 4.0.0 (trunk 289913) (llvm/trunk 289911)"}
17 = 1{}

3.5 £ =F 115 (LLVM Bitcode)
FA7E Xcode7 R ERIANE R bitcodeFi B2 XMEIFEF. X FE, FREB7T bitcode, BAEREFEEZEIN

MEXMAEE, ERAMUX bitcode M— M H—THIMA, WREFNEIHENAE, DATUEX
% bitcode E4H.

clang -emit-llvm -c main.m -o main.bc

A 4 Edit As: Hex « Run Script « Run Template «

0 1 2 3 4 5 6 7 8 9 A B C D E F 0123456789ABCDEF
0000h: DE CO 17 OB 00 00 00 00 14 00 00 00 DO 09 00 00 PA.......... a0 c
0010nh: 07 00 00 01 42 43 CO DE 35 14 00 00 05 00 00 0O ....BCAPS.......
0020h: 62 0C 30 24 4C 59 BE 26 EE D3 3E 2D 55 8D 10 05 b.0$LY%&iO>-U...
0030h: C8 14 00 00 21 0C 00 00 6A 02 00 00 0B 82 20 00 E...!...jeeu., .
0040h: 02 00 00 OO0 13 00 00 OO0 07 81 23 91 41 C8 04 49 .......... #AE.I
0050h: 06 10 32 39 92 01 84 0C 25 05 08 19 1E 04 8B 62 29 L, Feen. <b

0060h: 80 10 45 02 42 92 0B 42 84 10 32 14 38 08 18 4B €.E.B'.B,.2.8..K
0070h: OA 32 42 88 48 90 14 20 43 46 88 A5 00 19 32 42 .2B"H.. CF"¥..2B
0080h: E4 48 OE 90 11 22 C4 50 41 51 81 8C E1 83 E5 8A &H..."APAQ.G4faS3
0090h: 04 21 46 06 51 18 00 00 3C 01 00 00 1B 4A 27 F8 .!F.Q...<....J'®
00AQOh: FF FF FF FF 01 90 00 OD 08 03 62 1C DE 41 1E E4 $yyy...... b.PA.&
00BOh: Al 1C C6 81 1E D8 21 1F DA 40 1E DE Al 1E DC 81 ;.E..@!.0e.p;.U.
00COh: 1C CA 81 1C DA 80 1C D2 Cl1 1E D2 81 1C CA Al 0D .E..U0€.0A.0..E;.
00DOh: E6 21 1E E4 81 1E DA CO 1C EO0 Al 0D DA 21 1C E8 &!.4..0A.a;.0!.&

3.6 £ tEXCYR

clang -S -fobjc-arc main.m -o main.s

.section ___TEXT,_ _text,regular,pure_instructions
.macosx_version min 10, 12
.globl _main
.p2align 4, 0x90
_main: ## @main
.cfi_startproc
## BB#0: ## %entry
pushg 2rbp
LcfiO:



.cfi def cfa offset 16
Lefil:
.cfi offset %rbp, -16
movqg $rsp, %rbp
Lefi2:
.cfi def cfa register %rbp
subqg $48, %rsp
movl $0, -4(%rbp)
callg _objc_autoreleasePoolPush
movl $10, -8(%rbp)
movl $8, -12(%rbp)

movq L OBJC CLASSLIST REFERENCES $ (%rip), %rcx
movq L_OBJC_SELECTOR REFERENCES (%rip), $rsi
movqg $rcx, %rdi

movqg $rax, -40(%rbp) ## 8-byte Spill
callqg _objc_msgSend

leaq L .str(%rip), %rdx

movq L_OBJC_SELECTOR_REFERENCES .2(%rip), %rsi
movqg $rax, %rdi

callg _objc_msgSend
leaq L__unnamed_cfstring (%rip), %rcx
xorl $r8d, %r8d

movqg $rax, -24(%rbp)
movl -8(%rbp), %r9d
movl -12(%rbp), %rl0d

subl %rl0d, %r8d
subl $r8d, %r9d

movl $r9d, -28(%rbp)
movqg -24(%rbp), %rsi
movl -28(%rbp), %edx
movqg grcx, %rdi

movb $0, %al
callq _NSLog

xorl gedx, %$edx

movl %edx, %esi

leaq -24(%rbp), %rcx

movqg $rcx, %rdi

callg _objc_storeStrong

movqg -40(%rbp), %rdi ## 8-byte Reload
callg _objc_autoreleasePoolPop

xorl %eax, %eax

addg $48, %rsp
popq srbp
retq

.cfi_endproc

.section __DATA, objc_classrefs,regular,no_dead_ strip
.p2align 3 ## @"OBJC_CLASSLIST REFERENCES $ "
L_OBJC_CLASSLIST REFERENCES $ :



.quad _OBJC_CLASS_$ NSString

.section ___TEXT,_ objc_methname,cstring literals
L_OBJC_METH VAR NAME : ## QOBJC_METH VAR NAME

.asciz "alloc"

.section __ DATA,_ objc_selrefs,literal pointers,no_dead_strip

.p2align 3 ## @QOBJC_SELECTOR_REFERENCES
L_OBJC_SELECTOR REFERENCES :

.quad L OBJC_METH VAR NAME

.section __TEXT,_ cstring,cstring literals
L .str: ## Q@.str

.asciz "AloneMonkey"

.section ___TEXT, objc_methname,cstring literals
L OBJC_METH VAR NAME .1: ## @OBJC_METH VAR NAME .1
.asciz "initWithUTF8String:"

.section _ DATA, objc_selrefs,literal pointers,no_dead strip

.p2align 3 ## @OBJC_SELECTOR_REFERENCES_ .2
L_OBJC_SELECTOR REFERENCES .2:

.quad L OBJC_METH VAR NAME .1

.section _ TEXT,_cstring,cstring literals
L .str.3: ## @.str.3
.asciz "Hello, %@, Age: %d"

.section __DATA, cfstring

.p2align 3 ## @ _unnamed cfstring
L _unnamed cfstring :

.quad ____CFConstantStringClassReference

.long 1992 ## 0x7c8

.space 4

.quad L_.str.3
.quad 18 ## 0x12

.section __DATA, objc_imageinfo,regular,no_dead_strip
L_OBJC_IMAGE_ INFO:

.long 0
.long 64

.subsections via symbols

3.7 £ BIRX ¥

clang -fmodules -c main.m -o main.o



[ BN ] _ main.o

ORI . R Q

v ect A Offset Data Description Value
Object (X86_64)
00000000 FEEDFACF Magic Number MH_MAGIC_64
» Load Commands 00000004 01000007 CPU Type CPU_TYPE_X86_64
» Section64 (_TEXT,_text) 00000008 00000003 CPU SubType
> Section64 (_DATA,_objc_classrefs) 00000003 CPU_SUBTYPE_X86_64_ALL
> Section64 (_TEXT,_objc_methname) ' gpp0000c 00000001 File Type MH_OBJECT
> Section64 (_DATA,_objc_selrefs) 00000010 ©000QO0OF Number of Load Commands 15
> Section64 (_TEXT,_cstring) 00000014 00000530 Size of Load Commands 1328
> Section64 (_DATA,_cfstring) 00000018 00002000 Flags
> Section64 (_DATA,_objc_imageinfo) 00002000 MH_SUBSECTIONS_VIA_SYM..
Section64 (_LD,_compact_unwind)  93000p1C 00000000 Reserved )

» Section64 (_TEXT,_eh_frame)
» Relocations
» Symbol Table

String Table

3.8 &R AT MIT G

clang main.o -o main

./main

2016-12-20 15:25:42.299 main[8941:327306] Hello, AloneMonkey, Age: 18

3.9 Rz

GCC preprocessor, o LLVM integrated . .
lexer, and parser LLVM IR optimizer LLVM backend mbler GCC linker Program binary

M. "TBARAClangfifi{t4?

4.1 libclangi#1Ti&E D

A1 libclang EEIRMENS ANEXHTEASN, SFCHIBER, BHELN LENES—
A, ANBTREHEHE, NEMTYEENE.

SE— LB



void *hand =
dlopen("/Applications/Xcode.app/Contents/Developer/Toolchains/XcodeDefault.xc
toolchain/usr/lib/libclang.dylib",RTLD LAZY);

/1 IR R BB H
initlibfunclist(hand);

CXIndex cxindex = myclang createIndex(l, 1);
const char *filename = "/path/to/filename";
int index = 0;
const char ** new command = malloc(10240);
NSMutableString *mus = [NSMutableString
stringWithString:@"/Applications/Xcode.app/Contents/Developer/Toolchains/Xcod
eDefault.xctoolchain/usr/bin/clang -x objective-c -arch armv7 -isysroot
/Applications/Xcode.app/Contents/Developer/Platforms/iPhoneOS.platform/Develo
per/SDKs/iPhoneOS.sdk"];
NSArray *arr = [mus componentsSeparatedByString:@" "];
for (NSString *tmp in arr) {

new_command[index++] = [tmp UTF8String];

nameArr = [[NSMutableArray alloc] initWithCapacity:10];

TU = myclang parseTranslationUnit(cxindex, filename, new_command, index,

NULL, 0, myclang defaultEditingTranslationUnitOptions());
CXCursor rootCursor = myclang getTranslationUnitCursor(TU);
myclang_visitChildren(rootCursor, printVisitor, NULL);
myclang_disposeTranslationUnit(TU);

myclang disposeIndex(cxindex);

free(new command) ;

dlclose(hand);

REBATMAIATE printvisitor X TRMEEEBHEMANXHRITEEN T,

2016-12-20 16:25:44.006588 ParseClangLib[9525:368452] showString
int main(){
@autoreleasepool {

int numberOne = TEN;



int numberTwo = 8;
NSString* name = [[NSString alloc] initWithUTF8String:"AloneMonkey"];
int age = numberOne + numberTwo;
NSLog(@"Hello, %@, Age: %d", name, age);
}
return 0;
}
2016-12-20 16:25:44.007101 ParseClangLib[9525:368452] disname is main()
2016-12-20 16:25:44.007142 ParseClangLib[9525:368452] ccurkind is
=>FunctionDecl
2016-12-20 16:25:44.007180 ParseClangLib[9525:368452] H4ERHIZF T mmain()
2016-12-20 16:25:44.007236 ParseClangLib[9525:368452] showString
{

@autoreleasepool {

int numberOne TEN;
8;

NSString* name = [[NSString alloc] initWithUTF8String:"AloneMonkey"];

int numberTwo

int age = numberOne + numberTwo;
NSLog(@"Hello, %@, Age: %d", name, age);
}
return 0;
}
2016-12-20 16:25:44.007253 ParseClangLib[9525:368452] disname is
2016-12-20 16:25:44.007263 ParseClangLib[9525:368452] ccurkind is
=>CompoundStmt
2016-12-20 16:25:44.007274 ParseClangLib[9525:368452] HERHEF TS
2016-12-20 16:25:44.007309 ParseClangLib[9525:368452] showString

@autoreleasepool {

int numberOne TEN;
8;

NSString* name = [[NSString alloc] initWithUTF8String:"AloneMonkey"];

int numberTwo

int age = numberOne + numberTwo;
NSLog(@"Hello, %@, Age: %d", name, age);
}

2016-12-20 16:25:44.007424 ParseClangLib[9525:368452] disname is
2016-12-20 16:25:44.007442 ParseClangLib[9525:368452] ccurkind is
=>0bjCAutoreleasePoolStmt
2016-12-20 16:25:44.007455 ParseClangLib[9525:368452] HEERAZF T A
2016-12-20 16:25:44.007488 ParseClangLib[9525:368452] showString

{

int numberOne TEN;
8;

NSString* name = [[NSString alloc] initWithUTF8String:"AloneMonkey"];

int numberTwo

int age = numberOne + numberTwo;
NSLog(@"Hello, %@, Age: %d", name, age);
}
2016-12-20 16:25:44.007504 ParseClangLib[9525:368452] disname is
2016-12-20 16:25:44.007514 ParseClangLib[9525:368452] ccurkind is

=>CompoundStmt



2016-12-20 16:
2016-12-20 16:
int numberOne
16:
16:
16:
16:

2016-12-20
2016-12-20
2016-12-20
2016-12-20

int numberOne

2016-12-20 16:

25:44.007525

25:44.007553
= TEN;

25:44.007565

25:44.007574

25:44.013133

25:44.013206
= TEN

25:44.015848

=>0bjCStringLiteral

2016-12-20 16:
2016-12-20 16:

@"Hello, %@,

2016-12-20 16:

name

2016-12-20 16:
2016-12-20 16:

25:44.015858
25:44.015876
Age: %d"

25:44.015932

25:44.015973
25:44.015997

=>UnexposedExXpr

2016-12-20 16:
2016-12-20 16:

name

2016-12-20 16
2016-12-20 16
=>DeclRefExpr
2016-12-20 16

age

2016-12-20 16:
2016-12-20 16:

25:44.016013
25:44.016039

:25:44.016051
:25:44.016060

:25:44.016071
2016-12-20 16:

25:44.016137

25:44.016160
25:44.016170

=>UnexposedEXpr

2016-12-20 16:
2016-12-20 16:

age

2016-12-20 16:
:25:44.016279

2016-12-20 16
=>DeclRefExpr
2016-12-20 16
2016-12-20 16
return 0

2016-12-20 16

=>ReturnStmt
2016-12-20 16

0

2016-12-20 16:
2016-12-20 16:

25:44.016183
25:44.016213

25:44.016256

:25:44.016293
:25:44.016318

:25:44.016330
2016-12-20 16:

25:44.016339

:25:44.016350
2016-12-20 16:

25:44.016369

25:44.016408
25:44.016445

=>IntegerLiteral

ParseClangLib[9525:
ParseClangLib[9525:

ParseClangLib[9525:
ParseClangLib[9525:
ParseClangLib[9525:
ParseClangLib[9525:

ParseClangLib[9525:

ParseClangLib[9525:
ParseClangLib[9525:

ParseClangLib[9525:

ParseClangLib[9525:
ParseClangLib[9525:

ParseClangLib[9525:
ParseClangLib[9525:

ParseClangLib[9525:
ParseClangLib[9525:

ParseClangLib[9525:
ParseClangLib[9525:

ParseClangLib[9525:
ParseClangLib[9525:

ParseClangLib[9525:
ParseClangLib[9525:

ParseClangLib[9525:
ParseClangLib[9525:

ParseClangLib[9525:
ParseClangLib[9525:

ParseClangLib[9525:
ParseClangLib[9525:

ParseClangLib[9525:
ParseClangLib[9525:

ParseClangLib[9525:
ParseClangLib[9525:

368452]
368452

368452]

368452]

368452]

368452]

368452]

368452]
368452]

368452]

368452]
368452]

368452
368452]

368452]
368452]

368452]
368452

368452]
368452

368452]
368452]

368452
368452]

368452]
368452]

368452]
368452

368452]
368452

368452]
368452]

BREBEHZTF TR

showString

disname is

ccurkind is =>DeclStmt

BREBEHZT TR

showString

ccurkind is

oc FFH

showString

showString

disname is name

ccurkind is

REEHTZF T mname

showString

disname is name

ccurkind is

BREBEHZTF TR

showString

disname is age

ccurkind is

BEBHIZF TR

showString

disname is age

ccurkind is

BEBH % F T mage

showString

disname is

ccurkind is

BREBHZTF TR

showString

disname is

ccurkind is



2016-12-20 16:25:44.016461 ParseClangLib[9525:368452] HEEHZFT R

HMtb@d @ python EiEA clang:

pip install clang

#!/usr/bin/python

# vim: set fileencoding=utf-8

import clang.cindex
import asciitree

import sys

def node children(node):
return (¢ for c in node.get _children() if c.location.file ==

sys.argv[l])

def print node(node):
text
kind str(node.kind) [str(node.kind).index('."')+1l:]
return '{} {}'.format(kind, text)

node.spelling or node.displayname

if len(sys.argv) != 2:
print("Usage: dump ast.py [header file name]")

sys.exit()

clang.cindex.Config.set library file('/Applications/Xcode.app/Contents/Develo
per/Toolchains/XcodeDefault.xctoolchain/usr/lib/libclang.dylib')
index = clang.cindex.Index.create()

translation _unit = index.parse(sys.argv[l], ['-x', 'objective-c'])

print asciitree.draw_tree(translation_unit.cursor,

lambda n: list(n.get_children()),

lambda n: "%s (%s)" % (n.spelling or n.displayname,
str(n.kind).split(".")[1]))



+--main (FUNCTION DECL)
+-- (COMPOUND STMT)
+-— (OBJC_AUTORELEASE POOL_STMT)
+-- (COMPOUND_ STMT)
+-- (DECL_STMT)
| +--numberOne (VAR DECL)
| +-- (INTEGER LITERAL)
+-— (DECL_STMT)
| +--numberTwo (VAR DECL)
| +-- (INTEGER LITERAL)
+-— (DECL_STMT)
| +--name (VAR _DECL)
| +--NSString (OBJC_ CLASS REF)
| +--initWithUTF8String: (OBJC MESSAGE EXPR)
| +--alloc (OBJC_ MESSAGE EXPR)
| | +--NSString (OBJC_CLASS REF)
| +-— (UNEXPOSED_ EXPR)
| +-— (UNEXPOSED EXPR)
| +--"AloneMonkey" (STRING LITERAL)

+--age (VAR_DECL)
+-- (BINARY OPERATOR)
+--numberOne (UNEXPOSED_EXPR)
| +--numberOne (DECL_REF_ EXPR)
+--numberTwo (UNEXPOSED_EXPR)
+--numberTwo (DECL_REF_EXPR)
+--NSLog (CALL_EXPR)
+--NSLog (UNEXPOSED_EXPR)
| +--NSLog (DECL_REF EXPR)
+-- (UNEXPOSED_EXPR)
| +--"Hello, %@, Age: %d" (OBJC_STRING LITERAL)
| +--"Hello, %@, Age: %d" (STRING_LITERAL)
+--name (UNEXPOSED_ EXPR)
| +--name (DECL_REF EXPR)
+--age (UNEXPOSED_ EXPR)
+--age (DECL_REF EXPR)
+-- (RETURN_STMT)
+-- (INTEGER LITERAL)

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

| +-- (DECL_STMT)
| |
| |
| |
| |
| |
| |
|

|

|

|

|

|

|

|

|

|

MBAETIEENDHN, HAIAT AT FRFBMINE:



void —[ViewController viewDidLoad] (void % self, void x _cmd) {
var_10 = self;
var_C = x0x68f4;
[[var_10 super] viewDidLoad];

NSLog(@"%@", @'my account is AloneMonkey, my password is qwer");
eax = NSLog(@"%s", "my account is AloneMonkey, my password is qwe");

return; void ~[ViewController viewbidLoad] (void = self, void « _ond) {
el

} ar_10 = s

s var_C = thGBec
[[var_10 super] viewdidLoad];
esp = (esp - @xB) + @x19;

LOBYTE(edx) = »(intE_t «)(=0x6978 + »__7VSPHMAKSKBING + exffffffff);

esi = 9x@;

do
ecx = =__JVS@HMAKSKEINS3;
cax = »Bx697@;

*{intd t #)(ecx + esi) = =(intE t «)(ecx + esi) ~ LOBYTE(edx);

esi = esi + @x1;
} while (esi < eax);

esi = [INSString alloc] initWithBytesNoCopy:=__7VS@HMAKSKBING3 length:=0x6978 - Bx1 encoding:@x4 freeWhenDone:@xs];

NSLog{@"'wp"

meE

il

ecx = +0x6970;
eax = x__7VSBHMAKSKBING3;

LOBYTE(ecx) = w(intE_t w}{ecx + eax + Oxffffffff);

edx = 8x0;
do

esi);
esp = (lleso - OlB) + 0x10 - 0xB) + 9x28 - @xB) + €x19;

*{intd t *)(eax + edx) = =(intB t *)(eax + edx) ~ LOBYTE(ecx);

edx = edx + @x1

eax = = 7va81N!3
} while (edx < *8x6970);
cax = # 7““4!(5'(!1'4!3
Msl.ooig s, eax);
cax = [esi releasel;
return;

M7 L RHIBRS R R, MR T RN METF~
4.2 LibTooling

SHEEM AT EAEGIN, JEN—TRIRm<ER, -

clang-format main.m

BRI NBEE— 1 XENTAXERD. 5. BEEBSUEEN,

% 1lvm/tools/clang/tools

#include "clang/Driver/Options.h"

#include "clang/AST/AST.h"

#include "clang/AST/ASTContext.h"

#include "clang/AST/ASTConsumer.h"

#include "clang/AST/RecursiveASTVisitor.h"
#include "clang/Frontend/ASTConsumers.h"
#include "clang/Frontend/FrontendActions.h"
#include "clang/Frontend/CompilerInstance.h"
#include "clang/Tooling/CommonOptionsParser.h"
#include "clang/Tooling/Tooling.h"

#include "clang/Rewrite/Core/Rewriter.h"

using namespace std;

using namespace clang;

using namespace clang::driver;
using namespace clang::tooling;

using namespace llvm;

Rewriter rewriter;

int numFunctions = 0;

static llvm::cl::OptionCategory StatSampleCategory("Stat

clang-format

Sample");



class ExampleVisitor : public RecursiveASTVisitor<ExampleVisitor> {

private:
ASTContext *astContext; // used for getting additional AST info

public:
explicit ExampleVisitor(CompilerInstance *CI)
: astContext(&(CI->getASTContext())) // initialize private members
{
rewriter.setSourceMgr (astContext->getSourceManager(), astContext-
>getLangOpts());
}

virtual bool VisitFunctionDecl (FunctionDecl *func) {

numFunctions++;
string funcName = func->getNameInfo().getName().getAsString();

if (funcName == "do_math") {
rewriter.ReplaceText (func->getLocation(), funcName.length(),
"add5");
errs() << "** Rewrote function def: " << funcName << "\n";
}
return true;
}

virtual bool VisitStmt(Stmt *st) {

if (ReturnStmt *ret = dyn cast<ReturnStmt>(st)) {

rewriter.ReplaceText (ret->getRetValue()->getLocStart(), 6,
"val");

errs() << "** Rewrote ReturnStmt\n";

}

if (CallExpr *call = dyn cast<CallExpr>(st)) {
rewriter.ReplaceText(call->getLocStart(), 7, "add5");
errs() << "** Rewrote function call\n";

}

return true;

class ExampleASTConsumer : public ASTConsumer {

private:
ExampleVisitor *visitor; // doesn't have to be private

public:
// override the constructor in order to pass CI
explicit ExampleASTConsumer (CompilerInstance *CI)

visitor(new ExampleVisitor(CI)) // initialize the visitor

{1



// override this to call our ExampleVisitor on the entire source file
virtual void HandleTranslationUnit (ASTContext &Context) {

visitor->TraverseDecl (Context.getTranslationUnitDecl());

class ExampleFrontendAction : public ASTFrontendAction {
public:
virtual std::unique ptr<ASTConsumer> CreateASTConsumer (CompilerInstance
&CI, StringRef file) {
return llvm::make unique<ExampleASTConsumer>(&CI); // pass CI
pointer to ASTConsumer

}

int main(int argc, const char **argv) {
// parse the command-line args passed to your code
CommonOptionsParser op(argc, argv, StatSampleCategory);
// create a new Clang Tool instance (a LibTooling environment)

ClangTool Tool(op.getCompilations(), op.getSourcePathList());

// run the Clang Tool, creating a new FrontendAction (explained below)
int result = Tool.run(newFrontendActionFactory<ExampleFrontendAction>
().get());

errs() << "\nFound " << numFunctions << " functions.\n\n";

// print out the rewritten source code ("rewriter" is a global var.)
rewriter.getEditBuffer(rewriter.getSourceMgr().getMainFileID()).write(errs())

.
4

return result;

LFENREBETEHIEEN, FMEREENAERTNROTES:



before:
void do math(int *x) {

R o= B

int main(void) {
int result = -1, val = 4;
do_math(&val);

return result;

after:
** Rewrote function def: do_math
** Rewrote function call

** Rewrote ReturnStmt
Found 2 functions.

void add5(int *x) {

*xX += 5;

int main(void) {
int result = -1, val = 4;
add5 (&val);

return val;

B2, Bf1EBE LibTooling YRBINEENETEREF], BABMNTUETEENE GBI
B, BEM—MUEAEER, L IMOCH Swift,

4.3 ClangPlugin

MIEENBTEIEEIN, EABEEANRRZRER, JUEmbuldiREmFIRE. B
%. llvm/tools/clang/examples

#include "clang/Driver/Options.h"

#include "clang/AST/AST.h"

#include "clang/AST/ASTContext.h"

#include "clang/AST/ASTConsumer.h"

#include "clang/AST/RecursiveASTVisitor.h"
#include "clang/Frontend/ASTConsumers.h"

#include "clang/Frontend/FrontendActions.h"
#include "clang/Frontend/CompilerInstance.h"
#include "clang/Frontend/FrontendPluginRegistry.h"

#include "clang/Rewrite/Core/Rewriter.h"

using namespace std;



using namespace clang;

using namespace llvm;

Rewriter rewriter;

int numFunctions = 0;

class ExampleVisitor : public RecursiveASTVisitor<ExampleVisitor> {
private:
ASTContext *astContext; // used for getting additional AST info

public:
explicit ExampleVisitor(CompilerInstance *CI)
: astContext(&(CI->getASTContext())) // initialize private members
{
rewriter.setSourceMgr (astContext->getSourceManager(), astContext-
>getLangOpts());
}

virtual bool VisitFunctionDecl (FunctionDecl *func) {
numFunctions++;

string funcName = func->getNameInfo().getName().getAsString();

if (funcName == "do_math") {
rewriter.ReplaceText (func->getLocation(), funcName.length(),
"add5");
errs() << "** Rewrote function def: " << funcName << "\n";
}
return true;
}

virtual bool VisitStmt(Stmt *st) {

if (ReturnStmt *ret = dyn cast<ReturnStmt>(st)) {

rewriter.ReplaceText (ret->getRetValue()->getLocStart(), 6,
"val"');

errs() << "** Rewrote ReturnStmt\n";

}

if (CallExpr *call = dyn cast<CallExpr>(st)) {
rewriter.ReplaceText(call->getLocStart(), 7, "add5");
errs() << "** Rewrote function call\n";

}

return true;

class ExampleASTConsumer : public ASTConsumer {
private:

ExampleVisitor *visitor; // doesn't have to be private



public:
// override the constructor in order to pass CI
explicit ExampleASTConsumer (CompilerInstance *CI):

visitor(new ExampleVisitor(CI)) { } // initialize the visitor

// override this to call our ExampleVisitor on the entire source file
virtual void HandleTranslationUnit (ASTContext &Context) {
/* we can use ASTContext to get the TranslationUnitDecl, which is
a single Decl that collectively represents the entire source
file */

visitor->TraverseDecl (Context.getTranslationUnitDecl());

class PluginExampleAction : public PluginASTAction {
protected:

// this gets called by Clang when it invokes our Plugin

// Note that unique pointer is used here.

std::unique ptr<ASTConsumer> CreateASTConsumer (CompilerInstance &CI,
StringRef file) {

return llvm::make unique<ExampleASTConsumer>(&CI);

// implement this function if you want to parse custom cmd-line args
bool ParseArgs(const CompilerInstance &CI, const vector<string> &args) {

return true;

static FrontendPluginRegistry::Add<PluginExampleAction> X("-example-plugin",

"simple Plugin example");

clang -Xclang -load -Xclang ../build/lib/PluginExample.dylib -Xclang -plugin

-Xclang -example-plugin -c testPlugin.c

** Rewrote function def: do_math
** Rewrote function call

** Rewrote ReturnStmt

BATPIUET ClangPlugin MEEHH A S 1ENE? AT AANRE X —LREMTE, LANRBRERE,
wERNESFSE. TASRSHNFAMEXRIM T FEEAZEAGHSF, MRTERE. (HAXRZ—
MIFMmE. - . )



In file included from /Users/monkey/Desktop/test/test/ViewController.m:9:
/Users/monkey/Desktop/test/test/ViewController.h:11:12: error: ROINEXEREIE
@interface ViewController : UIViewController

1 error generated.
Command /Users/monkey/Documents/Lllvm/build/bin/clang failed with exit code 1

@ Command jUsers/monkey/Documents/llvm/build/bin/clang failed with exit code 1

fi. @hFE Pass

5.1 —"EEH Pass

BIEBATE, Pass FiZ LLVM RAERAHMAAN TN —TTR, SARFNBAIUE—MZFNT
REM—EECHNEIENERECHERE., TERINKE T TS Pass RS HRE:

1.8k XX 4

cd llvm/include/llvm/Transforms/
mkdir Obfuscation
cd Obfuscation

touch SimplePass.h

#include "llvm/IR/Function.h"

#include "llvm/Pass.h"

#include "llvm/Support/raw_ostream.h"
#include "l1llvm/IR/Intrinsics.h"
#include "llvm/IR/Instructions.h"
#include "llvm/IR/LegacyPassManager.h"

#include "llvm/Transforms/IPO/PassManagerBuilder.h"

// Namespace

using namespace std;

namespace llvm {

Pass *createSimplePass(bool flag);

2. B

cd llvm/lib/Transforms/
mkdir Obfuscation

cd Obfuscation

touch CMakeLists.txt
touch LLVMBuild.txt
touch SimplePass.cpp



CMakelists.txt:

add_1llvm loadable module(LLVMObfuscation
SimplePass.cpp

add_dependencies(LLVMObfuscation intrinsics_gen)

LLVMBuild.txt:

[component 0]

type = Library

name = Obfuscation
parent = Transforms

library name = Obfuscation

SimplePass.cpp:
#include "llvm/Transforms/Obfuscation/SimplePass.h"
using namespace llvm;

namespace {
struct SimplePass : public FunctionPass {
static char ID; // Pass identification, replacement for typeid

bool flag;
SimplePass() : FunctionPass(ID) {}
SimplePass(bool flag) : FunctionPass(ID) {

this->flag = flag;

bool runOnFunction(Function &F) override {
if(this->flag){
Function *tmp = &F;
/ BHEERFREEARIR
for (Function::iterator bb = tmp->begin(); bb != tmp->end();
++bb) {
/1 BHERRPHEERIES
for (BasicBlock::iterator inst = bb->begin(); inst != bb-
>end(); ++inst) {
/! EEEaddig®
if (inst->isBinaryOp()) {
if (inst->getOpcode() == Instruction::Add) {

ob_add(cast<BinaryOperator>(inst));



}
}
return false;
}
// atb === a-(-b)

void ob_add(BinaryOperator *bo) {
BinaryOperator *op = NULL;

if (bo->getOpcode() == Instruction::Add) {
/] %R (—Db)
op = BinaryOperator::CreateNeg(bo->getOperand(l), "", bo);
/] %X a-(-b)

op = BinaryOperator::Create(Instruction::Sub, bo-

>getOperand(0), op, "", bo);

op->setHasNoSignedWrap (bo->hasNoSignedWrap());
op->setHasNoUnsignedWrap (bo->hasNoUnsignedWrap());

// BIRERE HINZIEL WS
bo->replaceAllUsesWith(op);

char SimplePass::ID = 0;

// Fffpass WLITIRIMER Nsimplepass
static RegisterPass<SimplePass> X("simplepass", "this is a Simple Pass");

Pass *1llvm::createSimplePass() { return new SimplePass(); }

EI .../Transforms/LLVMBuild.txt , J1_ENINIERIEIR obfuscation

f

subdirectories = Coroutines IPO InstCombine Instrumentation Scalar Utils

Vectorize ObjCARC Obfuscation

SN .../Transforms/CMakeLists.txt , J1_ENINIEBYIEIR obfuscation

f

add_subdirectory(Obfuscation)

MRIZAER: LLVMSimplePass.dylib

&7 Pass BERTHIEMCES, FAMBATESRZEMR—PHERE:

clang -emit-llvm -c test.c -o test.bc



SRFEINE Pass fift:

../build/bin/opt -load ../build/lib/LLVMSimplePass.dylib -simplepass <
test.bc > after test.bc

XSEEAE D

llvm-dis test.bc -o test.ll
llvm-dis after test.bc -o after test.1ll

test.1ll
entry:
¢retval = alloca i32, align 4
%a = alloca i32, align 4
b = alloca i32, align 4
%c = alloca i32, align 4
store i32 0, i32* %retval, align 4
store i32 3, i32* %a, align 4
store i32 4, i32* %b, align 4
%0 = load i32, i32* %a, align 4
%1l = load i32, i32* %b, align 4
%add = add nsw i32 %0, %1
store i32 %add, i32* %c, align 4
%2 = load i32, i32* %c, align 4
%call = call i32 (i8*, ...) @printf(i8* getelementptr inbounds ([4 x i8],
[4 x i8]* @.str, i32 0, i32 0), i32 %2)
ret i32 0



after test.ll
entry:
¢retval = alloca i32, align 4
%a = alloca i32, align 4
b = alloca i32, align 4
%c = alloca i32, align 4
store i32 0, i32* %retval, align 4
store i32 3, i32* %a, align 4
store i32 4, i32* %b, align 4
%0 = load i32, i32* %a, align 4
%1l = load i32, i32* %b, align 4
%2 = sub i32 0, %1
%3 = sub nsw i32 %0, %2
%add = add nsw i32 %0, %1
store i32 %3, i32* %c, align 4
%4 = load i32, i32* %c, align 4
%call = call i32 (i8*, ...) @printf(i8* getelementptr inbounds ([4 x i8],
[4 x i8]* @.str, i32 0, 132 0), 132 %4)
ret i32 0

XEERPassRZCa+bEBHIBIRM T a-(-b), AZR—TER, BEAXEBHCHPass, ARERTH
650

5.2 1§ Pass B\ PassManager &Eif

EEBINSBEMEMEPassEhSE, XEHATIE Pass AN PassManager, XHEHNIM AN EIEET
clang IS EINEFA M Pass T,

BT llvm/lib/Transforms/IPO/PassManagerBuilder.cpp ANINSk S5,
#include "llvm/Transforms/Obfuscation/SimplePass.h"

%Eﬁj\\ﬂﬂyﬂ -F'I,E/EU :

static cl::opt<bool> SimplePass("simplepass", cl::init(false),

cl::desc("Enable simple pass"));
PAJRTE populateModulePassManager X EEARING RS :
MPM.add(createSimplePass(SimplePass));

R/E1E IPO X MERMY Livipuild. txt BIRNENESS, ZUEHZNRGERRTHESE, B4
RET:



required libraries = Analysis Core InstCombine IRReader Linker Object

ProfileData Scalar Support TransformUtils Vectorize Obfuscation
&2 Pass B CMakelLists.txt HEFSER:
add 1llvm library(LLVMObfuscation

SimplePass.cpp
)

add_dependencies(LLVMObfuscation intrinsics_gen)

REBREE—NX.

AALFATRI AR A KR
../build/bin/clang -mllvm -simplepass test.c -o after test

BT Pass, HATRIMMAA? BHAIRILARS BCRY Pass FZREND, DUEINb ARREIRERE,

>, _uI
void e +[TYBaseAnimation alertAnirationIsPresenting:)(void » self, void « _crd, char arg2) { E;ﬁ BI
@ - [self atteel:
= [r® initWithIsPresenting:r2];
Fopl);
ponts void = +[g3FbPOVAEIHQWZ gBEnD4sRas7rIISdgBHoPv y8H: ) (void = self, void = _cmd, char arg2) {
8 = _objc_sutorelesseReturn¥aluesshin(rd, @selector(initWithIsPresenting:), arg2l; re = self;
return ey r7 = Sarg_8;
} r5 = arg2;
asm{ snaul r2, r2, r3);
do {
do {
if (ox1 1= ox@) {
break;
}
asm{ vompe.f32 0, 52 };
asm{ vnrs APSR_nzcv, fpscr };

} while (CPU_FLAGS & NE);
if {ex1 = @x0) {
bresk;

}
if (Cpu_l FLAGS & NE) {
} while (8x1 != @x@);

}
3 r4 = (SAR(OXDS7edc60, x1d)) + OxbS7edcd;
BiER } while (rd 1= Bx071411b8); '

r@ = [rd alloc);
rl ? @selector (initLf6nOMrIPWS1Bg5it);
do
if (ex1 != @xe) {
break;

}
} while (CPU_FLAGS & NE)
rd = [ro muLanMrJMmgsx r2];
Popl);
Popl);
Pop();
Pop();
= loc _Bd2ac(re, r1, r5);
return r@;

}

BN EREE EANEF, TRATHENET, BEEEMER-

-f(\. ﬁg&éﬁg

FERT AN, KEE—
1.LLVM ZRiz—MREXX RS FE

FRALIE -> 1EA D4 -> Token -> 1BADHT -> AST -> fUEBAERL -> LLVM IR -> {618 -> R RTET ->
Link -> B4

22T LLVM, AR DA A2

. WMUBEM DT, LIIESHR OC % Swift, JSor HEIES, FRHME.
2. %55 ClangPlugin, @&FE, NEBASE, ¥ RINEE.



3. 4m5 Pass, KIBEAEMMN.
RRARAB—TRBENNING, BHEBRKANBITRNT &,



TCP / IP B3

fEZ': @mrriddler

TCP/IPREBAMBEMD N, EBFEAXRIVNLIT TN, NEXEEZDREIFMEHTTP, TCP,
P, BNEEFHNNBERZEEHELR, LhrE—RRIAN—HRBOEMAINT .

Application layer ->HTTP
""" S YU ——
_____ e ——
""" S

NRE. FHE. MifE. EkE, I—RELE, REAW, MEISEMR, BESEEHERE, X
fsmigEE. AT, FATMRTAERBMER-TXME, REMBEIMEEHEER, XD
B RBEENEMBRNAETN. NAEREENSATN, fHERMENFD(XARN, MR
BREEN_H#HITN, ERERMENESHEA(XEREBNEERENSKKEER D, BAEHNHM
EBESH), BER—TAEEZEHAMEREERN, FEXABNEMEGE—TRBAT,

FFEAEREBEIRAENRE, 82T -ESRBEIEENBody, Hil EX—ErIZFIEEMFER
header, MELXBRM/E, BXEINEN, SEFEENNheaderE, RELEZKS—T5KE
73 RIERN— R — 1R .

HTTP

HTTPERRENENAT, XRXEMAZIRT . (RPI—EIFHTTPIMNAVIERE, HTTPIMXAERSERR
LR, MINFRFHEBENER, HTTPIMXAF R SRZIUGEIRRT . BB ARIERIT/IBRAIT. 18K
k. EREMEENRY ., ATARSFHEMBITEIE? IARL, HKT. MET. headerBER DR
WR(CRLAES R F R, MbodyMEEUE, HEHTTPEAIENRAR XA MINERERIRE (text.

xml, jsonZ),

TCP

RBBEAMENXTTCPRIE—HEMETCPE T EBEEZARARMMIN (0 _0), FEEER—1 X
MERSBRIMN, TCPHRRZJNMARXAM, BENATHEFTERLENSLN'BEE", TCPETASE
RN, EALMZAERNENHRE, BERRX—KRAAES, TCPIRERSALHIHRERX—
Ro FoRII—TAEEREHIN.

FIEERMINER, WHRRS R (segment) M IERREFIRAVEA, FEH&RIXES RS &GRSR
IfFHFE—H, IR, BENERNESTELMR, TELHRTETEHRIRX., WIRRXZHRAE
RIEHRXBRIBARBEAZRRS, RELFEERE., WOUMERXRTKBEEZLRS? REHE
H—NITRER A A, TR S BRRUIANIRSOR BRI .



AEBRRECHBRRBAENRELHIA, BINGREDZ L, RERNWIAMUENE, —HK
FEIRXER, H—ABRE—TREBREEIAIRSER, EXFRRAT. T, FRIEZECHIRXEN
B, INERIATAHERZIRE. AT REZERINF, RXEEFTEERFSHEIMRINF. ML
WX LRAETCPIMNHER IR, EEIZHIETCP headerh AR,

TCPER—THERNEZMIN, BIEREEIRBRBRN=RETF, mEzBdllREF, XTE
EREEATEEYYE %R, MBBE LR TER, ERUMENE, KREFNEKSHEDR
LRSS ARIRER (track) &KX 72, BRIRTCPRNBRSHINY, ZRBEFMULEFEER
Hgﬂo

TCPIRRIRZIIRAIARSS, EREREINAREFMport, REFIPIRESRIIRMNRS, WRIEKIEBIEL
EEPEINE, IPRENRSME, REEBIGEEIRR, TCPRMHMRSZME, TUEENRR, &
IR R RIIRANF £,

TCPRR T ZWE TS, AERERBURKAMNNG SRR, XEFEFRESEHMNAELZS, £
HRAXENFIEXE—T—TH, WEHRE—TTCPAheader,

TCP Header

0 1 2 3

©12345678901234567890123456789601
—+—+—+—+—+—+—+—+—+—+—+—+—+—+—F—+—F+—+—+—+—F—F—+—+—+—+—F—F+—+—+—+—+
Source Port | Destination Port |
—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—F+—+—+—+—+—F+—+—+—+—+—F+—F+—+—+—+—+
Sequence Number |
—t—t—t—t—t—t—F—F—t—F—t—F—t—t—t—t—t—t—t—F—F—F—F—F—F—F—F—F—+—+—+—+
Acknowledgment Number |
—4—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—F—F—F—F—+—+—+—+—+—+
Data | [UJA|P|R|S|F]| |
Offset| Reserved |R|C|S|S|Y|I] Window |
I |GIK[H|TIN|N| |
—+—t+—+—+—+—+—+—+—F—F+—F+—F+—+—+—+—F—F+—F—F+—F+—+—+—F—F+—F—F+—+—+—+—+—+—+
Checksum | Urgent Pointer |
——t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—F—F—F—F—F—F—F—F—+—+—+—+—+
Options | Padding |
—+—+—+—+—+—t+—+—+—+—+—+—+—+—+—F—+—F+—+—+—+—F—F+—+—+—+—+—F—F+—+—+—+—+
data |
—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—F+—+—+—+—F—F+—+—+—+—+—F+—F+—+—+—+—+

t—+—F—F——— +— +— +— +

A ZF—HYE — T IXLEFES, Source PortflDestination Port{{Z BEIFRIR .

Sequence Numberf{ &I X EZHIF S KK TNZE . Acknowledgment Numberf{&R &% 1ERZUL

HEERIIRCER, FRIEREI T MEERNFIEFSIS ., TCPEM IS EEBIBRE MM EENTT
i, MAS— NN EIHAIRSCER, XmMSequence Numberffif]IME H, Sequence NumberlA{&ix
HFEHBIERNBNLL, MAIRERMNBEIE BN

Data OffsetfEAXFFHIZENL, ReservedERIREB{I, THEHREERFlaghi,

FlagEl#EUrgent, Ack. Push. Reset, Syn. FiniX6fi, UrgentfERNIkXERMNE2EUEIMR, (BEK
AMEIMIER LI T IRTE . ResetfE IR ERANERF B AR IR O SHIRVITIR, TACKERIA. Syn
B&. FNGEREZREFMOLEFHENXBITIRA, PushRERTCPABEFEREEE HMIRE
A, BERGB ERNAR.

WindowfufE it EEHIMEM, EESERRREH,



Check SUmfEARIAI, IR EEERIIFERZH., Urgent PointerfEUrgentiiA18Y, A&
HH, EOEIBENRE—TFT.

Options& MAYAKIRAENop. TS val(time stamp). ecr(echo reply). mss, noptriRFFSBIES—
BR, MELMUM, MTS valflecrp IR EAIES I EBFZK AT EE, ETFXM B
THEHRTTERETE (round-trip time) , HAREMNFEL, BEFHEMAZIRT, RITSEAREGS
BEEITATERBRATK, mss(Maximum Segment Size)fgfI2, EHIEES X ERNEUIEE MR ARSI
MTU(Maximum Transmission Unit), —f&21500tt4%, BERXPMEED S MRXER, mssllZiX
P ERABREIHETCPHIheader, FREEMAVEIBIIA/N, —i871460EE4F,

ZIRIEF

=REF, REREFmORSmARL. F—XEFPImKAIZSYNAT, FiSseqhREFIS, RRE
Finf8ER2IERE, ERRSBIHIREIACK, SYNEA1, RISseqhiERINS, RIANSHERNF
SIS, REBIARSIROBERIIER, BXREPRAFACKAT, BIASHAEKFESISM,
BRIIA, REERE,

REAEHITREF? RHTBHLERBEIREXEA T RSIHTEHR. RIR, FFHAIZNE—D
WX ERIERSRIA T IRSSIR, X MMRXNBINNRR, BRSIFRANEF HEER— &R, M
RETHIA, EREBIXMABEIEER, RSEMEREEILE—TER,

WMR=ZXEF, BZREKWT ZELD? W, RJBFEHFZDLEF, RSHEEZZLEMNAEH
A, BUARWSR, BIRMIBTTRE, EREXZ—RN2ME. SREWE, RRMWBFEE.
PR EF

MX#EF, EFPmMRSHBAINARE, BRRIEDREFINGT, ACKH1, FIISHEFIIS, &
MRIZEABERERE., EREBERAKRIZACKAT, BIASHERKFIISIN, REBRTEEESITE
RiER, BERRAGREFINRGT, ACKA1, FIISAERIIS, RRRCRESFERERT., B
PR&RIETS, KIFACKRT, BIASAMZRWFESISIT, RRBIA, SRER,

FKH]
FEIXEFHEM L, REHRMERIE RRWRA RIZACKE, AJMFERARIED B RERX
ER, (BINAERBERIKRTS RERIRXERRIXMINR ., ZRMAZR T FXH.

—F8, BXTCP/IP—SREARE, XBLEECH., XEPEMS, KUIFE, TE1FLL, 7
SEERNMS, WEtcpdumpI B, tcpdumplfa{EFFH A, TEESHBtcpdumpEii/ L MR
&,

16:26:13.702723 IP 10.174.73.57.65133 > 120.92.234.238.http: Flags [S], seq 3723337069, win 65535, options [mss 1460@,nop,wscale 5,nop,nop,TS val 1021470802 ecr @,sackOK,eol], lengt

HaoFenShu. .. ...iuiiiiiiiiiiiiiiiiiiiiiiaiiiiiiieeniannniannes dX..

> 120.92.234.238.http: Flags [S], seq 357835024, win 65535, options [mss 146@,nop,wscale 5,nop,nop,TS val 1021470803 ecr @,sackOK,eol], lengti

HaoFenShu. .. ...iuiiiiiiiiiiiiiiiiiiiiiieiiiiiiieaniaaiiiannas dX..

seq 4155833482, win 65535, options [mss 1460,nop,wscale 5,nop,nop,TS val 1021470804 ecr 0,sackOK,eol], lengd

HaoFenShu. .. ...ouiiiiiiiiiiiiiiiiiiiiiiaiiiiiiiniiaatiiannas dX..

.238.http > 10.174.73.57.65133: Flags [S.], seq 3120957296, ack 3723337070, win 14480, options [mss 1380,sackOK,TS val 2506431537 ecr 1021470802 ,nop,wg

HaoFenShu. .. ...ouiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieeniaaiiiannes - E..<.. @.0...x\..

ack 1, win 4104, options [nop,nop,TS val 1021470859 ecr 2506431537], length @



http://mrpeak.cn/blog/tutorial-tcpdump/

tcpdumpE—{TE IS B BHE:

16:26:13.702723 IP 10.174.73.57.65133 > 120.92.234.238.http: Flags[S], seq
37233370769, win 65535,

N J N N J A A
N
&RiZRSE  IPHMY JEIP.port g2l BRIP.port httpih¥ Flagsfi seqgffiih
= winK/\

options [mss 1460,nop,wscale 5,nop,nop,TS val 1021470802 ecr 0, sackOK,
eol], length 0

optionsfi 1574
B B RheaderfIKE

SEfr b, BPRMNAETMRXE, ERFN=TRXEBERTCP=/MEFNTR, EEIUZRK—TH=7"
Eo
BB —KTCPIRIEFHIEE:

11:25:15.963050 IP bogon.62076 > 14.17.42.58.http: Flags , seq 1049, ack 241, win 4096, options [nop,nop,TS val 614699808 ecr 1091620488], length @
e PAP_IP0. e e & HAOFENSNU. ¢ttt e et e e L PP E..4..@.0...
I.Po=s.........r Nevon.s

.140844 IP 14.17.42.58.http > bogon.62076: Flags |[Iglll, seq 241, ack 1050, win 114, options [nop,nop,TS val 1091620923 ecr 614699808], length @

e Pdp_ip@. s e & . HAOFENSNU. .« e L3 E..4*B@.3..... *|
=s

TCPRIERIAR X

PrE, TCPEMAAIEFEMMNERESHIAT , EXREFIEMYEREB CHRXERRIIE, 7]
DA ERRIA TATZZ IR X ER, TCPHZXFEMIA, UETTCPIBINRTER, ZFHELBMIERLR
%, IHRSCERIE BN, SEIR—ARA2002),

EEAR TCPERRERIAAG . TCPER T RittiA, KA N TRV ENAEERNIGT, RAEINFE
RIIRXBRSHWIRIAMARR M R LB, REBMRKE TERIRGNETRIAS, EMEXTHIAS U]
AR EOR A REIRIAS L S RIAY IEFRIRIL,

TCPAS{ER IR IA(selective acknowledgement), {Ri&, RIZEHKZET S MIRNER, FBHIRX
ERHIL T [BR, S&EAEKS .. REBRUUARZ M RIR LR T, MEAENILTRX
EEREIA TS . 2R, ERENIRNEBARERVEIEZENIA, MAERRFMENH
INT ], BRA B ERENKFIRERTBRANE B (buffer), XHMETCPER H BAMRIFH
F. BB Z—RESFMBEDIRNER, MAREII—KFIREER,

ET FEMRNZITTIALERRIA, SRRERRR, REFEZEEIZRSTE—THRXERRITT
RN, BERKET ZRURAIA, AR TRERRRT, TCPASFFITHEBINBER, TCP
ZEIZEMREEE(fast retransmit), HEIZEL. X—KR, ZrLMEANENSTEEM T ERERN
HEEENRMG.



G, FERIAEIK—TEER—m, HEFEEHAWireShark, WireSharkgSFilterJEEsg kK, 7Ei#1T
WEIZRIRORTIRIEE B A, WireShark&1R#ETCP headerdidSequence Number, 947 IRACK,
RIFBEEFNR, BRI, WireSharkfEFiltersh#i Atcp.analysis.fast_retransmission, #ieJEA
HIREREBERIIRER.

Retransmission] GET /mobilecms/s152x152_jfs/t3232/117/3571568298/20047
Retransmission] GET /mobilecms/s152x152_jfs/t2827/322/2934854637/125904
Retransmission] Application Data
Retransmission] [TCP segment of
Retransmission] [TCP segment of
Retransmission] [TCP segment of
Retransmission] [TCP segment of
Retransmission] [TCP segment of
Retransmission] [TCP segment of
Retransmission] [TCP segment of
Retransmission] [TCP segment of
Retransmission] [TCP segment of a reassembled PDU]

Retransmission] [TCP segment of a reassembled PDU]

Retransmission] [TCP segment of a reassembled PDU]

Retransmission] 80-64819 [FIN, ACK] Seq=16109 Ack=366 Win=15744 Len=0
Retransmission] 80-64819 [FIN, ACK] Seq=16109 Ack=366 Win=15744 Len=0

reassembled PDU]
reassembled PDU]
reassembled PDU]
reassembled PDU]
reassembled PDU]
reassembled PDU]
reassembled PDU]
reassembled PDU]

a
a
a
a
]
a
a
a
a
a

MR HISERR £ R IE 7 RIEARUL 5 A IR E LA AT A2

TCPEEIRRIZRIRCER, RN LXMRNETHSGNAEFRE . UR—IFHFELERIER, »
—in— BB RNMEEHEEMEIRE, MeaEiE it . X, MEEHITRGRRELL
fo, HTREEH ., BERAZEECHEPRRZEwWndEIFRIES, REHNTEGEE, REEH
RIEFMSEINRIRZ Erwnd B EMIRXER, AT EXAMRTCPREIMIAG X, REHEIXT
rwndBENRHEERIEMAGEMIANIRIER, XERXERRAIECSLAERKRGNETFT, RR
B E R IERIRSCER .

BERBIBEHEERE, AN EEMGENRSEAREERIER LEEHEDO—, RS
ZREENO, MFARZErwnd, HFEEZETCP headersafwindowdiz,

REXBNEE, MR—-HEKETEMRZEER, ZAMBETRIERXTIE? T2, TCPARNY
RMERZBE ISR (persist timer), HIIXMIFAMFILITITERCH, HitiIRR, XHRKRIE
PRIR T EERNFR X Ex(window probe), BAIZ S FTMEFH A XK., WR—ERBHRTIE,
HEKIZAZELE, MEWECH. BRTRE.,

FEWireSharkda] LA@d tcp.analysis.zero_window_probe. tcp.analysis.window_fulltk i FIR = 8]
PR S ER AN AN & % 1200 = 8 E s AR SR,

HZEz#(Congestion-Control)

HERHIRITFIER, TCPURARBEME DAL, —BRMIEEIUENIE, ERENNEIMETRS
EHEN, TUAERERNE ., MEEBBERINVOIEXRERDFIRATRZR. A, HESHIRN

BT ISFERNERE., BEZHEGEME—TH=ZDRSERNERRIRSHL(FSM), X=TRE2
12 Z5h(slow start), HEE % (congestion avoid). RIRVRE (fast recovery),

Bt BX=MIREZBSH—TTCPXAZEAIIAIR,

o TCPAMIIRIEE CRBIRERHENZMAE? RELIMBIIEEMIRTURACKS [ EAIRREER
INIMERET .
o MEBMEMBREENXS, TCPUTHERENRZRE? BNEEFRIANNAERER, REEEW


https://wiki.wireshark.org/TCP_Analyze_Sequence_Numbers

INRIRERESS,

A THHZE, TCPUMTHIMTMATAZE? REWE TIETURIIACK, TCPHUIAA—LIIRF, REH
=,

TCPAIIAIHTIREIRE T? TCPRAEBXKRERER, ICR TSR ERENRERIAEN—
F, BTN T2RA(Mss)IRNER, XTMEMAKEE TRESRERE,

| THE | IRERZE | RERESS | HERERE |
T T T 1
| ERWEIACK | BT ERAE—FHE| REREE | BNERE |

TCPATXIMAR, FATLAIRIE RN S ER T . TCPMcwndimRBESS RIEMIR X BRIV E,
TRZER, AEEFHIENIRUGEESERLBED, MAEIRERO.

B, 18850,

FIEEEIHER, TCPcwnd A MENWIRE, REBMWIA—TIRXE, #EIowndinl, X, MR

TCP—ERIBFRARENAERNE, 83— RTT, TCPRZIRXEREMSEE. I, EI8E5)
MER, TCPRIBMUEKR. BEMMEXE, MANNERTETZRFE, SRIZIRNETE, —L%D
RIER, REZR[OVRMEIRRT.

HR, REER,

Howndif KEREHENHBESRSTRIHERER ., EXREINITEREREREIP—NME
ssthresh(slow start threshold), HcwndXFE&Fssthresh, 1€BoTRBEIAZEBGRINS., HAHE
KSR, BEIA—TIRXER, #alowndinl/cwnd, X, MRTCP—ERIFEARENKRIZIRX
B¢, 83— RTT, TCPRIEMIRNEEST. N, FEHEEBRRIRS, TCPRAMIEK., HEERESR
FIENE, REHE, D —=,

Rha, RERE,

WREMTREERELN? FEREEHERRAERSR, MIVIIRERE. RAHERES, B
FIE LA cwnd, HEcwndBR2, HEHPssthreshicRAENE, BowndiENRLEssthresh, &
FREREFITIFLIN T IRTTRACK, TCPETEEZEMIA, IANASIEIRTURACKIIIR S ERIRFEE,
Fowndin E3 T BI(mss)BIE ., ARBIRELX MR ERAITTRACK, Howndint, F0RUET IERXD
WIERAITTRACK, RI|XPMRXERIEWENAT, Rssthreshlifsacwnd, AERIRERE, TB3H
BRRINE, AN, ERBEMERTS, TCPEKNERTABBRNIERNZE, REMERIEZ,
BT RNEF, RiEER—R, BERENLERE, BRETRNEF, BUAEMINO—R.

&E, KSET.

MECAHET HRREAENLE, BENEEEAN? MBLIVEINES, TLEM  RSHEBE
185, BovndEER . XK, X PRSWIUAAEIGTRE. TCPRABREIMETBRES
R,

RENRE, L£E.



new ACK new ACK
duplicate ACK cwnd =cwnd +MSS cwnd =cwnd +MSS e (MSS/cwndl)
dupACKcount ++ dupACKeount=0 dupACKcount =0
o transmit new segment(s), as allowed transmit new segment(s), as allowed
{ T
A ‘ < /
cwnd=1 MSS N\ cwnd > ssthresh
ssthresh=64 KB __ _—A—
dupACKcount=0 ~A Slow » Congestion —
start — avoidance "
timeout ’ timeout \) duplicate ACK
ssthresh = cwnd/2 ( ssthresh=cwnd/2 dupACKcount ++
cwnd = 1 MSS N cwnd=1 MSS
dupACKecount = 0 dupACKcount=0

retransmit missing segment

\ \

\ \
dupACKeount = =3 \
ssthresh = cwndf2
cwnd = ssthresh + 3

timeout

ssthresh=cwnd /2

cwnd=1

\ dupACKcount=0
%, retransmit missing segment

K 9

A

retransmit missing segment

new ACK
cwnd =ssthresh
dupACKcount =0

dupACKcount = =
ssthresh = cwnd/2
cwnd = ssthresh + 3

retransmit missing segment N\ \“\ retransmit missing segment
NN
"‘_ \-
NS
e Ny Fast
" recovery
duplicate ACK U

cwnd = cwnd + MSS
transmit new segment(s), as allowed

Figure 2. FSM description of TCP congestion control
B Z a9 (0]

Zr EEIXE, TCPRROLELW=TT. BE. . &1, RIRE

== L

5fs, TCPEBEZHLA,

¥R E O RS RE(Silly-Window-Syndrome) 5 Nagle &%

MEBREIRIFERE 7K, BEHSPRTEA, REWA—EHFRESNRRZErwndR
N BBARERE—BERZEABR/NGIRIER, 1B FTCP header20F 1, MRBRASRBEMIEK
FH, PBXFENEZEAR LT EERERER, NEEREMART. SMERTHREORSTE.

M HELXARIEI & XS MR T B A hERE B SRR XA,

TG —Rr={EMDavid D Clark'shskEs, MR &KX, NREFRZERNGER, Tie
MBESREDHRZEZE, IFEREAMASHBRIZNART .. FHMRZEBI1RUHERRE
BB 4RI — RO R, B HRIR&RIETT.

NFREH=ERANagle&iE, MEN T/ NABTHNESZNIN, IRSNDATHIE, BEEERSMECDA
ERVNABHERBIA, BEHIATBERIE, XK T X/ NABNE LR IEFFHIAITNIN,
Naglei\ A/ hNABE/NF1EBA(mss)IE.

SR ENagleBIER R RBRRELHMIRE OLEM, EXRRETHE, EAMESTEFEFN
INABEHB—TEHIRIREE . XEEBNEBDBIEROESE, MMRE THE.

TCP{Ri&E(Keep-Alive)



TCPHRIESHTTPIKEEARAZE—TER, HTTPHKEEE EATCPER, HEENTE, MTCPHY
REENEERNNHREEMA, —RERS[/IFNEFIHILITRE, WREFLHAMN, RS
IRMARBRIR, BrisdEk, TCPEARZERITISREIMRE, BRI ERARNM/N, MRS
RN, SR7SHEELIR. BlIE, URNHERTHERBREXRET, WHREIRFHENR
XEREAIRERST flag(EM)REILRZET, ARERELRRHZERE,

BE

TCPIMNZENTHEMN, BEFS. RN, BERE. REERE. BIASKEIEIXR. FETERDIR
AN DRIRR, ERAIEREEFNAEES, EXRTIBILERNMIN, FEAENAIC
F—ERSERFEMIRE. FRERDIHRS .

IP

IPINEGRARESMETE, HERETENNERARRETE, BHME2RIPHINER" REIR"HIR
5. IPIYXA R REHINN, RERDBEERdigram)&ER B, XAKRE, BUBRMEE
BZEZMIH, RERS, EYSTCPHGEIEEE, IPHIXIERERAIERE. EhrL, IPH
WIRSRM BN RE, B,

IPN T35

FTWI—TIPIMXANAEI T, IPHCRAIEE—RITSEREIR A EEIB R, DRI S ks, RE
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Widths 4|
UITableViewDefaultRowHeigh Tab indent
_UITableViewDefaultRowHeight = 43; e

»

UITableview {
_needsReload;
*_selectedRow;
*_highlightedRow;
*_cachedCells;
*_reusableCells;
*_sections;

{
heightForRowatIndexBath

0D{den

didEndEditingRowAtIndexPath : 1;
titleForDeleteConfirmationButtonForRowAtIndexPath: 1;
} _delegateHas;
{
nunber0fSectionsInTableview : 1;
/Users/Desgard_Duan/Desktop/huoshui/Chameleon/UIKit/Classes/UITableView.n

UlTableView B9#0I81¢ 5%

HEMNEX— ulTableview MWRIINR, FTEXNXMNRH#THNIEN. REBNWAEELT -
(id)initWithFrame: (CGRect)frame style: (UITableViewStyle)theStyle , I HEIREIXTH]

IAtEAD, FEHED A
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- (id)initWithFrame: (CGRect)frame style: (UITableViewStyle)theStyle {
if ((self=[super initWithFrame:frame])) {
// HE TablevView HJ Style
_style = theStyle;
/] BR—: cell E£FFH
_cachedCells = [[NSMutableDictionary alloc] init];
// BE: Section %£fF Mutable Array

_sections = [[NSMutableArray alloc] init];
// BR=: €F Ccell Mutable Set
_reusableCells = [[NSMutableSet alloc] init];

// —YXTF Table View HIEMIRE

self.separatorColor = [UIColor colorWithRed:.88f green:.88f
blue:.88f alpha:1];

self.separatorStyle = UITableViewCellSeparatorStyleSingleLine;

self.showsHorizontalScrollIndicator = NO;

self.allowsSelection = YES;

self.allowsSelectionDuringEditing = NO;

self.sectionHeaderHeight = self.sectionFooterHeight = 22;

self.alwaysBounceVertical = YES;

if (_style == UITableViewStylePlain) ({
self.backgroundColor = [UIColor whiteColor];

}
// PN Layout #Fic, #HTFHMAHRHIRE
[self setNeedsReload];

}

return self;

R TMESRITERS, cachedCells . sections ] reusablecells Fitae=Z2HAM
DR .

RIBERER
BN RKEE—T setNeedsReload FHIEFMITHA:

- (void)_setNeedsReload {
_needsReload = YES;
[self setNeedsLayout];

Ehmnd) _needsReload #HiTtme, Z2BEABRT setNeedsLayout i, F viview By
setNeedsLayout /7%, TEVERE Runloop STEENIERIRAIEHEF RGN displayIfNeeded #h
1B, WRA vEs MRHIT drawrect MEIEL:. FF Apple UlKit EHEERE Class, R4
E#e# T AMEELZNERE. XTEHIENECEIANRIRENBENRFEREERE, X
2B B XA The Runtime Interaction Model,



https://developer.apple.com/library/content/documentation/WindowsViews/Conceptual/ViewPG_iPhoneOS/WindowsandViews/WindowsandViews.html#//apple_ref/doc/uid/TP40009503-CH2-SW42

iOS Your Application

Touch Framework

UIKit — setNeedsLayout

setNeedsDisplay
REFH

layoutSubviews
L
_

Graphlcs hardware

2 Runloop ?'HEHT FEELTFZENEAR layoutSubviews %, £ UITableview HIXNFED
ZWEFIT

- (void)layoutSubviews {
/! REMIBHHAREFIRRESIE
// #B UlTableView 2 UIScrollView HIME, RIEZFH
// FRMATEIBE) vulTableview MIRHRtLRIER
_backgroundvView.frame = self.bounds;
// RIERICHE R DHITEIRETIRIE
[self _reloadDataIfNeeded];
// wWEBAO
[self layoutTableView];

[super layoutSubviews];

B TIERBNFIBESE reloadDatalfNeeded LDAK reloadpata Fik:



- (void)_reloadDataIfNeeded ({
// &if] needsReload #RiC
if (_needsReload) {

[self reloadData];

- (void)reloadData {
// BEMRZBINEFHMIER cell
// makeObjectsPerformSelector FEEEHITRABENHE
[[_cachedCells allvalues]
makeObjectsPerformSelector:@selector (removeFromSuperview) ];
// EF cell set thi#EH{THIBRIRME
[ _reusableCells
makeObjectsPerformSelector:@selector (removeFromSuperview) ];
[_reusableCells removeAllObjects];

[ _cachedCells removeAllObjects];

// MIBRIEERY cell
_selectedRow = nil;

// MRS =M cell
_highlightedRow = nil;

/] BFEFPRS
[self updateSectionsCache];
// IXE Size

[self setContentSize];

_needsReload = NO;

Y reloadData A EMHAEARY, UITableview BAIANTEX UITableview HHIEIBKSEIIA
AT, MK ZANER THEFIIRMARERIIREEEBERTAAME., AT ERHIMBEEHNE
S (BRIBEE cell HEMMMEHATTTSIA) , RINFTEXNES cell #1T removeFromSuperview
IR, XPAIEENE I FEER vlTableview , XXNEMAIS|BMERIE. ARERNEHHE
tableView R NETZES2S, reusableCells 1 cachedcells , UREMEBEESEENMRRE
.



Objects

UITableView —-

subViews

R RPIE R X R

RABIOMAET, EFINSHEFNSE  updateSectionsCache , HAH LEIFIBRUNAEFAME. A
I8 FRRIRIE:

- (void) updateSectionsCache {
// 1A dataSource FREIEEEFEES
// JREZE datasSource MMFERIRME
[/ ERTERIRERHRBEY header HITEFHRF, ER Apple BY UIRit F—EHMHE]

// BIERY UIKit PROZERIESHBIEHRITEME, FLIMT Tableview FAAMENE

// HRERE Section B Header # Footer tHE
for (UITableViewSection *previousSectionRecord in _sections) {
[previousSectionRecord.headerView removeFromSuperview];

[previousSectionRecord. footerView removeFromSuperview];

// BRRIBERE, NBEIAITIANEE

[ _sections removeAllObjects];

if (_dataSource) {
// 1RIE datasource ITESEMNRE=E
const CGFloat defaultRowHeight = _rowHeight ?:
_UITableViewDefaultRowHeight;
// 3REX section #XH
const NSInteger numberOfSections = [self numberOfSections];

for (NSInteger section=0; section<numberOfSections; section++) {



const NSInteger numberOfRowsInSection = [self

numberOfRowsInSection:section];

UITableViewSection *sectionRecord = [[UITableViewSection alloc]
init];

sectionRecord.headerTitle =
_dataSourceHas.titleForHeaderInSection? [self.dataSource tableView:self
titleForHeaderInSection:section] : nil;

sectionRecord. footerTitle =
_dataSourceHas.titleForFooterInSection? [self.dataSource tableView:self

titleForFooterInSection:section] : nil;

sectionRecord.headerHeight =
_delegateHas.heightForHeaderInSection? [self.delegate tableView:self
heightForHeaderInSection:section] : _sectionHeaderHeight;

sectionRecord. footerHeight =
_delegateHas.heightForFooterInSection ? [self.delegate tableView:self

heightForFooterInSection:section] : _sectionFooterHeight;

sectionRecord.headerView = (sectionRecord.headerHeight > 0 &&
_delegateHas.viewForHeaderInSection)? [self.delegate tableView:self
viewForHeaderInSection:section] : nil;

sectionRecord.footerView = (sectionRecord.footerHeight > 0 &&
_delegateHas.viewForFooterInSection)? [self.delegate tableView:self

viewForFooterInSection:section] : nil;

/] TR —TEAR headerview , MIREBEEHIZFIRE headerview MEIEE
HRATRR
if (!sectionRecord.headerView && sectionRecord.headerHeight > 0
&& sectionRecord.headerTitle) {
sectionRecord.headerView = [UITableViewSectionLabel

sectionLabelWithTitle:sectionRecord.headerTitle];

}

// Footer WhHIHREIAILLIE
if (!sectionRecord.footerView && sectionRecord.footerHeight > 0
&& sectionRecord.footerTitle) {
sectionRecord.footerView = [UITableViewSectionLabel

sectionLabelWithTitle:sectionRecord.footerTitle];

}

if (sectionRecord.headerView) {
[self addSubview:sectionRecord.headerView];
} else {

sectionRecord.headerHeight = 0;

if (sectionRecord.footerView) {

[self addSubview:sectionRecord.footerView];



} else {

sectionRecord. footerHeight = 0;

// NEEBANSHEF=E

CGFloat *rowHeights = malloc (numberOfRowsInSection *
sizeof (CGFloat));

/! A tEEE

CGFloat totalRowsHeight = 0;

for (NSInteger row=0; row<numberOfRowsInSection; row++) {

// KB cell B, RREWEARIASE

const CGFloat rowHeight =
_delegateHas.heightForRowAtIndexPath? [self.delegate tableView:self
heightForRowAtIndexPath:[NSIndexPath indexPathForRow:row inSection:section]]

defaultRowHeight;

// iEEEE

rowHeights[row] = rowHeight;

/! BREEST

totalRowsHeight += rowHeight;

sectionRecord.rowsHeight = totalRowsHeight;
[sectionRecord setNumberOfRows:numberOfRowsInSection
withHeights:rowHeights];

free(rowHeights);

/! BEFSEICR

[ _sections addObject:sectionRecord];

HAVLIMAE _updatesectionsCache BFIEFINSHITIZRIT _sections HHIHIEEERERR. <
BEET EFERETE Section #E. BAXLEIIEEMTAFBMER? R KERBDEMRIE.

- (void)_layoutTableView {
/] EREERNHNEFTEN Header 1 cell
// BEFRBELIMNETE, FRANEEREESE
// ZEBERERMEZELZLEMM cell BEWKER

// FREB B MEREN T REMERIR T KRR
const CGSize boundsSize = self.bounds.size;
// R E T BHREEE
const CGFloat contentOffset = self.contentOffset.y;
// SREXPIREERARRIR T
const CGRect visibleBounds =
CGRectMake (0,contentOffset,boundsSize.width,boundsSize.height);
/] RELEE



CGFloat tableHeight = 0;

// WMRE header NEEBHIMNTE

if (_tableHeaderView) {
CGRect tableHeaderFrame = tableHeaderView.frame;
tableHeaderFrame.origin = CGPointZero;
tableHeaderFrame.size.width = boundsSize.width;
_tableHeaderView.frame = tableHeaderFrame;

tableHeight += tableHeaderFrame.size.height;

// availableCell IEEFHBILEEERH cell

/! EREETRXZERAINE _reusableCells

NSMutableDictionary *availableCells = [_cachedCells mutableCopy];
const NSInteger numberOfSections = [_sections count];

[_cachedCells removeAllObjects];

// BHIIR, EIEAIERER
for (NSInteger section=0; section<numberOfSections; section++) {
CGRect sectionRect = [self rectForSection:section];
tableHeight += sectionRect.size.height;
if (CGRectIntersectsRect(sectionRect, visibleBounds)) {
const CGRect headerRect = [self rectForHeaderInSection:section];
const CGRect footerRect = [self rectForFooterInSection:section];
UITableViewSection *sectionRecord = [_sections
objectAtIndex:section];

const NSInteger numberOfRows = sectionRecord.numberOfRows;

if (sectionRecord.headerView) {

headerRect;

sectionRecord.headerView. frame

if (sectionRecord.footerView) {

sectionRecord. footerView.frame = footerRect;

for (NSInteger row=0; row<numberOfRows; row++) {
// M)i& indexPath ARIEHEER
NSIndexPath *indexPath = [NSIndexPath indexPathForRow:row
inSection:section];
// ZRENE row TAIMIE
CGRect rowRect = [self rectForRowAtIndexPath:indexPath];
// FIETHE] cell BES5ERXKEER
if (CGRectIntersectsRect(rowRect,visibleBounds) &&
rowRect.size.height > 0) {
// B%EE availableCells FEBEERE T HEI cell MITE(E
// WNR&HE, MIEKR tableview HIKIEESIAIAEX cell
UITableViewCell *cell = [availableCells
objectForKey:indexPath] ?: [self.dataSource tableView:self

cellForRowAtIndexPath:indexPath];



// BTFREIEANAER, MRREPEFERERN availableCells Fi
if (cell) {
// REYE cell [, WBHEHITEFRE
[ _cachedCells setObject:cell forKey:indexPath];
[availableCells removeObjectForKey:indexPath];
cell.highlighted = [_highlightedRow
isEqual:indexPath];
cell.selected = [_selectedRow isEqual:indexPath];
cell.frame = rowRect;
cell.backgroundColor = self.backgroundColor;
[cell _setSeparatorStyle: separatorStyle
color:_ separatorColor];
[self addSubview:cell];

// BERBREREHENX reuseldentifier MY cell NMAFRER cell BF&EH
for (UITableViewCell *cell in [availableCells allvalues]) {
if (cell.reuseIdentifier) {
[_reusableCells addObject:cell];
} else {

[cell removeFromSuperview];

// FEEERM cell REIZHER, FIEMAM cell RFfEE _reusableCells

// HRFIEMNAER GREIERSL) NERSRTRAE availableCells H

// EHEEENENZ —ZRERDENRE Y. EaiEm EHESNEREoHTAE, EMitE
Al cell,

// MRBEEZERFREFAEREMERS LRRTIR, EMNR ESMEREIRAERIENE

/7 BiksE AB KR EE R

// BEAUEXHN cell (EXREREREL) ELKEIHRIERR cell MAEFZER
NSArray* allCachedCells = [_cachedCells allValues];
for (UITableViewCell *cell in _reusableCells) ({
if (CGRectIntersectsRect(cell.frame,visibleBounds) && !
[allCachedCells containsObject: cell]) {

[cell removeFromSuperview];

if (_tableFooterView) {
CGRect tableFooterFrame

_tableFooterView. frame;
tableFooterFrame.origin = CGPointMake(0,tableHeight);

tableFooterFrame.size.width = boundsSize.width;



_tableFooterView.frame = tableFooterFrame;
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layoutSubviews
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_reloadDataIfNeeded
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217 Cell SEEEME
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_sections &4

g UITableViewSection

rowsHeight
headerHeight
footerHeight

NSMutableArray numberOfRows

_sections rowHeights
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footerView
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footerTitle
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® NSMutableDictionary ZE! cachedCells: FXREFMEYBIEE FATA Cell 5SEINEY
indexPath, ASB{EXHIXRHFAITFE.

® NSMutableDictionary ZEH! availableCells: 5K A4 BENOME, 39 Cell NBEFRS
H, XTEEEN _cachedcells #H1THEN, AERKESE LI Cell 2E83ER. BIRERL
FrERERER Cell,

® NSMutableset ZEE! reusableCells: ARINEZZBINI R REIERRE LM Cell, HE
Hﬂfﬁ')\ﬁfﬁ%ﬁj, J'lUE#%ﬁﬁ%EEPE’xJN%E?E CGRectIntersectsRect Rect ﬁﬂﬂi'ﬁt—qﬁﬁﬁg
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Mpg, B O ATERNBANNER, B Q NAFETBH— T RTEIfaRE:
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_cachedCells _cachedCells
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reusableCells _reusableCells

HEPRES @ BIRHR, HATRI _reusablecells FEEH, ERLHM TS O FELKBRERERN
Cell 0, MEBAIEFIE Cell 0 BAFREMNIR, ERY addview EFRME, STEHIEE
_reusablecells FRY Cell 0 ZBNEHITIES, MMABECIRMAISTHIFTHITER, BT
514%8E ERIFFEE,

UlTableView F9E{th AT 1L

EHT R EEZXRE! NSMutableSet

E="TEEMNBHRHP, RE _reusablecells {FAT NsMutableset , XEENENEE RN TF
_cachedcells Hfy Cell #TIBAHERS LB, #HHEEME _reusablecells #HIT—/XIF
W, MEBEE—"TIHERENLTBES, reusablecells WINERERERBIEARN, N THFREX
—IER T BmREYE, Apple BIRITIIAENENRERER/IVE. HEXTEREEZIFREN
B, FEELIARIIER A ARIIATRE .

£ C++ B9 STLAREEFHAE multiset FIERE, HAIINAEARBEIMRLBMEII, BN

EMEASVRENMR, XtWE set W—TEE R, tLIFE NsMutableset 7@ Foundation
EZREIESN, MEEFEEMNERN T BIRIEE ., FTL NSMutableset HIEEIHISBEMRIE

w, MERNIEA Hash XL, M Core Foundation F89 CFSet.c RILATEMMIE R EREXZM, 7
RA ZHIA Cocoa Dev RYR[EIEPHEERINE R,

SEEFEEE sections

EZXRAEMANE, BT Cell WIRSRETEMN, EX Cell ERARENZEI, BFREMEAY
—ER A Section HERUNIFAIER Cell #ITEEFSE. MXERMEY ulTableview RITIMAIA
T, Cell USEHE UlTableview FRHETHDEENAE, — NMIREFEEASENTE:

® _ (CGFloat) offsetForSection:(NSInteger)index : iTEI8E Cell HIBINRIGE.
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® _ (CGRect)rectForSection: (NSInteger)section : JR[EIE Section BIEE{K Rect,

® _ (CGRect)rectForHeaderInSection: (NSInteger)section - IR[EIFE Header HJ Rect,

® _ (CGRect)rectForFooterInSection: (NSInteger)section - IR[EIE Footer A Rect,

® _ (CGRect)rectForRowAtIndexPath: (NSIndexPath *)indexPath :@ IR[EFE Cell B
Rect,

® _ (NSArray *)indexPathsForRowsInRect: (CGRect)rect : iX[E] Rect 7&K,

® _ (void)_ setContentSize : RIESEITE ulTableview HXLFRAZTHI Size,

— XBEHRERBHRER

EEIE5E Chameleon TFEHAY uiTableview 58, #H—FrINEEZE FDTemplateLayoutCell
MR, Apple WIFEMN FHTOMBEN A RESHFUALEHMAINR, ZIRK. ZHEIEUE
HEMENRE. @
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2. {BZH9 HTTP2 + SSL + TCP X% HLe ik sx

3. Aft4 Google ES I, EF UDP &M
X="a) H#T\?E_L FAIMEASHORBEEMA], BRFEMN—LEBIRANTF, FINRNIKEHAT . &
B EERTEOAEEIHRAZRREHENER,

RTT

FZIERP—TELRIEZE RTT(Round Trip Time), RREFFImMAL—TMIEKREWE, FIZKEINN
Fé&?EZIEﬂIEﬂBnE’]HTIEﬂo

EFim P
E
| v}
00:00:01
RTT =4 #
00:00:05

RTT AJ AT A2 Ak AR \QHEAZ —BP D REWIRRMARRSI, LA EFRIEERMFAESEERE, Mk
BIAR/NERATEE PMREFIR. RS URKGESEHIX SLIERITIE, —ARIER
T, RTT j(é’\J?‘j‘:)'L-I-aéi"‘EE, T 1E§¥E’J%/R"F_JLXJ$§UALT§&, THMENRE TRELEZVH
BAIEE

RIEFT—IER SSUEIRE ZX? —XHHINITE, BPHEXIER, — RTT AAOFE 22ms, &
L SSLIBFH=" RTT MALEFET 64ms,



http://www.ruanyifeng.com/blog/2014/09/ssl-latency.html

A ETE KA BB N2 R BRRFEEFRUANERX AE R, RTT EMEIEKER PR 2R —E
2, MUXREFMERFE="" RTT, ELMRMEIERP, TEAERNEBFEBAMmMEIMEN
RTT, HELEE—TEEMD RTT WERAEBEFINEZR, EROIIEEESE EERFEMESIEKEN,

QUIC Xk
THEANES, AXHEH, QUICTHXEEZERERZSUTHA:
1. ZRER, BRALEZE

2. W RTT, EHRERE
3. BREIE, [z

ZEH, HRIAKIEE

XOERERRE S, BEBERATHBLER, BERIEHE QUIC MNBIRM T 4 ERIX A AT
2%, BEERMREMMRY HTTP 1.0 Bl EE,

Pipiline
RIEATIIEE, HEER—WE, FOPRI 80 MR, 30 2MEE. ZRBRENIER, &

BER—TRBEHMBEZI—IRTCPIEKR, BAARTIESZ, HTTP MYFE T —1FEX Cconnection ,
AEEINER close , WFERFTE.

B 1999 FiRHBAI HTTP 1.1 7Y R connection BIEKIAMEINK T Keep-Alive , XHE[E—
MIBTHZN HTTP BRI AEBRE—1 TCP &EiZ., XMEUEHIRI HTTP Pipeline, R2EE
ENRD T BIERNRE, MEXEBERDT RTT, MEEMEIERS], R 80 MEFHEE—
RHTTP 1.0, BBATEEIL 80 > TCP &, #EF 80k, thuiE 80 T RTT, WIRRKAT HTTP 1.1
19 Pipeline, RFZEEIL 30 1> TCP &, tEIE 30 T RTT, 57 62.5% HIZE,

Pipeline f#JR Y TCP EIZRFEMNE, (BEEBCEFE—ETEZL, WMEMEEEREAMMELIE
FBIPASKBEZE )R,

BASKBEZE

BABEENEEmMBEEMNLF, BIgmE—"" HTML —HEIEK 10 MR, BABEKNSEEZ
BT REFBKREENEM, RENNARMKE, MERERIEKFERE, AMURE—THREE
SKHPHZE T (EE20 SQLIEHNITIER18). BT EFinkinfiE EErERBE L MEKEZE,

EFim
ARS5 =5

Al 2 «—3] . [4]«——7>—5] [6] [i0]
\

J

Internet C J

BASKBEZE(Head of line blocking, T3 @EFR HOCRIIZ HA ST HTERNTH, MRE—TBERAR
W75, EERNBERIMITERIT. L EES, MREOTFFENERE TR, EENTRHBSS
&, FTERETRZHNE, FRBZBFATIFA.


https://www.ietf.org/rfc/rfc2616.txt

EtE, HTTP MY AFEFIRAR S T HTIER, WNMEZEENNS LRSI THRBER, HERIE
KREBEZATERARHOC B/, HBE=1"HRIEKRE, BRETMXEF:

EF i
AR5 28
1] [F2}«—Ai8]< {141 t15] [16]  [20]
mE-—E . B BEE @
[21][22]«—z3]~ (24 [25] [26]  [80]\
Internet § J

AREAEON A ROEREIEET, ERRMNTRERATELBEE, KHEBIFRRELN
ORISR TR

SEFHRBERZBAER HOC BFEN—MA R, XOELEHE, ERRMNEERD FHRIERAHIER
E#EMART HOC I, MERAIAEmD> HOCIERRIFZIN", M EENBI, HOC RB)ERATFHE,
REFTEXRETEMS. AREBVIRIES, ATARSHIVTFHRN HTTP iEKE? RINNEEE
ENBERRZXE 6 THARBER, BRNGZXMIXIN, 6L 10, REERWIAET=FZ TN,
RIMFIDFES B RATIEINT 5% £hH. XERA—RERTRGERER, BZHFHE HTTPE
RATEEZRSFTRIBER, RMEHEFELRE.

SPDY

BIRBANEBRAKIEER, ZEREEEMN. SPDY MNMHIEZRESES, EXATSRER
(Multiplexing) %K, RIFZDT HTTP BERHEZE—1 TCP EiR., BAURREB TR RO NS EE
B, £ HTTP 1.1 ARARE—THRNAMALEE N TEERER RN EFIREIEHOC 8
&), T SPDY AARRXAER, AKAIU—EiEH,

- / 8] o —..
see SPDY l.lIIIK o o 4------ SPDY [ aen

f
/

AN BHERESBHME LR, 8- TR ENLEEHET Lirc, RAXERESETH
#BR, XEFEEF KA EEMNERNPHZENR, FRNMCHNMNERNERAENER, 58—
INFIERI RN EIRNE T8,

BLERETS SPDY MY ATREAK T A2, HLIEE S HTTP2 RIS AN mAter. S HTTP2.0 &9
PFAMER A IEIXLE, BT MBS SMET HTTP2.0 TIMKEE, MUFHNIEEREARHRERR
B TCP, BAR(ERS HTTP F4RAY Web Socket ti%, ITE HTTP hXNEEIT T KEER, WFR
EMSWIR—AAF, ZRIFEXEEZERITE QUIC AR, FIAXS HTTP 2.0 MUFH D
I

REVNG
RIRIBIZEI T = MEREE, Pipeline, #RBKASHER, FATERERT.



Pipeline A 7BV AMNER TCP &R, (ERAFAEMLMEERMHOONRR, —IPRRTEENBH
RERHDE—T HOCHEM, Z—TERAZ(CEIRSERNKE) TCP iz, HiZE% HOC [
RE.

TCP B[O

ETENE SPDY NZREAEXRBFEET, BRTIKEEDR? RERNZ, HixE, MEARKA
MIREEMNIR, REBIREEA TCP %, HOC BN EMNEY, NMSHNHKESF TCP RUSTINA

-.I-j.-O

BAIZDE TCP X SRIEEIER A, MRERETEEHERE, BEMEHKERE. TREBE

T, IR—TEET, BLAEENEMEE TREFXTEERSEH, WMERETAKEE, 52
TCP XAt B MR, #I1&ATBEORIEE:

1~1000 | e
1001 ~ 2000 | =~

2001 ~ 3000
3001 ~ 4000

. [F—/N21001

T—/N22001

T—23001
e —— = [F— oo
ool 2000 | = —~ | F—4N25001
==

—/N 27001
et

- I'F—4~J&8001

8001 ~ 9000

« RYRE O 24000 AR B BRI E, T—Hlk %
XAMERE K4000NF5S 0 1EROBEE . X ERATHE B
BRHIANE U EEER — B HEAHL, B
18 A 8] R AR S5 i ) 4% B Bt 1

REFNFLRES —TEIEE(1-1000) RiHfE, THFR ACKIREIFAI MM ZIRIEE _TEIEE. 7
MELEFR TCP EOKRNE 4, FINBENMEAEEMETTIASES, BERF—TEMACKIERME, X
HEONEEEN—U, FATERKRIE.

WRE—. = ZTHEPERTRREXRR, SREZKIEDNTEN, EAMBE-—ER="
ACKETMAZEIEEET, BUASULE 4001 B9 ACK, FRLAKRIEA AT AARRERIEEOR/GEEEN

(V%

BIEONBEANIBERS T TCP RHEURINMTIMNEEN, —MREX—MT ACKIREFIRXR, B
RERZNEER, SELE, BOMLERREE, HIMTAKEENINR.



QUIC ZREMRSYUE

FLAIR HOC AMIUNTE HTTP B7FEHE, 7 TCP BfFEE, XMIER QUIC MYE ARG, B
SPDY 2u{alfZ/R HOC B, %58, ZEM(Multiplex), QUIC MY tERE T ZEERAIAK,

o o
\\‘ -------- . ----- b .---- '—’
"R E—QuiCc[ e S QUK [
am am
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1. QUIC MXEEREMSITZRER, #% TAKEEQRE,
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3. QUIC THUEL T TFO B, XIFRIELTXER, HEE, BESLI 0-RTT HIRTAE

2. {EZRY HTTP2 + SSL + TCP XAk B WLE RS

1. SSL IRIEMEMRATE— RTT, MEAMLAESHE TCP B
2. TCP HYBmhE O1F7ER\LPHZE o) /R
3. TCP MEZUESIRE —TRTT

3. At Google ER#CF4L, EF UDP X#?
1. TCP HIRERSIEM, REEF
2. UDPIFESH, JLFREERERE
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AFNetworking JRi39H

1E&: @FIEE

o ERN—IOSH K, HIFIRAZIE NSUrlRequest . ANEIIE NSUrlConnection . tHANA
1B NSURLSession , , {BR{R—EXNE AFNetworking .

o AZBAIRT REZIERNEHFHAF, ERREMNFBAFME T HA1B? ATARINAREE
#Y NSURLSession TMi%$E AFNetworking ?

o AEMEBHNBEEEDHT aFr NEIMEA, IFERXREXE, MLERE—IEE,
—. A3 XA EZiFK ERIE

B, BMM—EDT—TIZAERNAR. BAFFTHHSATRRRG, TENIESRRBENSEM:

B2 QA © = o 8 |8 < & Pods ) | Pods AFNetworking ) h AFNetworking.h ) No Selection <A> a
¥ || AFNetworking 12 // The above copyright notice and this permission notice shall be included in
2 13 // all copies or substantial portions of the Software.
D) AEnetworking.h
= w //

v NSURLSession 15 // THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR

. 16 // IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
hERRLITRSessionManagerly 17 // FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE

‘ m AFHTTPSessionManager.m 18 // AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
19 // LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,

h BEURLSessionManager.h 20 // OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN
m AFURLSessionManager.m 21 // THE SOFTWARE.
o 2
¥ [ Reachability 23 #import <Foundation/Foundation.h>
h AFNetworkR...ilityManager.h 2. #import <Availability.h>
; 25 #import <TargetConditionals.h>
m AFNetworkRe...ityManager.m 2%
v [ Security 27 #ifndef _AFNETWORKING_
5 . 28 #define _AFNETWORKING_
h AFSecurityPolicy.h 29
m AFSecurityPolicy.m 30 #import "AFURLRequestSerialization.h"
AL 31 #import "AFURLResponseSerialization.h"
v Serialization 32 #import "AFSecurityPolicy.h"

3

FURLReque...erialization.h
hiQgYRReque...enialization 3. #if ITARGET_OS_WATCH

m AFURLReque...erialization.m 35 #import "AFNetworkReachabilityManager.h"
h AFURLRespo...erialization.h jg dandap
m AFURLRespo...erialization.m 38 #import "AFURLSessionManager.h"

39 #import "AFHTTPSessionManager.h"

v Support Files W

7 AFNetworking.xcconfig 41 #endif /* _AFNETWORKING_ %/
[

m AFNetworking-dummy.m

h AFNetworking-prefix.pch =

> UIKit

BRZSupport Files, FIAEZIAFS R TS5 INRERIR:

WL E{SHER(AFURLSessionManager, AFHTTPSessionManger)
W 4IRS M I i 3R (Reachability)

WM& IBER T HRIRIR(Security)

WEBEE BRI/ RFIICELR(Serialization)

XFFi0S UIKitEERIY B (UIKit)

Hizib MK B{SIEIRAFURLSessionManager,

RREBENE, AF3.XEET NSURLSession EFZEMY, FILUX N EESENSURLSessionfl 7 — R FIHY
LEFR, MERNDEOMER, 928 THE S AFURLSessionManager ERIWEZBEM—LEnERIL
BT, EMXAZENTRR:



AFURLSessionManager

/

AFNetworkReachabilit
: yManager

& 55 4

AFHTTPSessionManager

HAAFHTTPSessionManager2 44 & FAFURLSessionManagerfy, FHAT—RARMM LS RER 2R
%, EREAEGRREMEEN, RERMT —LEHPNHE, BEREBEDRERE
AFURLSessionManagerZfifl,

EERIWERNOAE— M MERERETHOER:
1.334M&O2: AFHTTPSessionManager

XTERHTINARRED, SBAWIRNAFLHIRME, MRERXMENXLTAE:

+ (instancetype)manager;
- (instancetype)initWithBaseURL: (nullable NSURL *)url;
- (instancetype)initWithBaseURL: (nullable NSURL *)url

sessionConfiguration: (nullable NSURLSessionConfiguration

*)configuration;

MAEMBIFR, HEEAZENTHAE:



- (nullable NSURLSessionDataTask *)GET: (NSString *)URLString
parameters: (nullable id)parameters
success: (nullable void (") (NSURLSessionDataTask *task,
id Nullable responseObject))success
failure: (nullable void (") (NSURLSessionDataTask *
_Nullable task, NSError *error))failure DEPRECATED ATTRIBUTE;
- (nullable NSURLSessionDataTask *)POST:(NSString *)URLString
parameters: (nullable id)parameters
success: (nullable void (") (NSURLSessionDataTask *task,
id Nullable responseObject))success
failure: (nullable void (") (NSURLSessionDataTask *
_Nullable task, NSError *error))failure DEPRECATED ATTRIBUTE;

/I EBEMEF VT AE, A——%HT ...

BATZBRT T X PEMEEE, RBRMEXIINEO, RIEMMIANL, URMEER, HEREAK

% AFURLSessionManager A9,

o KR AIES:

- (instancetype)initWithBaseURL: (NSURL *)url

sessionConfiguration: (NSURLSessionConfiguration *)configuration

{
self = [super initWithSessionConfiguration:configuration];
if (!self) {
return nil;
}
I oococ
return self;
}

o EUMZIBERGER, FARELEZE task , XTEMNZIERFEIN task , resume B
\l:



dataTask = [self dataTaskWithRequest:request
uploadProgress:uploadProgress
downloadProgress:downloadProgress
completionHandler:” (NSURLResponse * _ unused response,
id responseObject, NSError *error) {
if (error) {
if (failure) {
failure(dataTask, error);
}
} else {
if (success) {

success (dataTask, responseObject);

HARAXNEREMT —HREENSE, MBIEEIRNSE, REBMBENIBERNFERL request , FH

W

AR EEMWEIFK:
NSError *serializationError = nil;

//IBSE, SBEEMARAENLN— T request

NSMutableURLRequest *request = [self.requestSerializer
requestWithMethod:method URLString:[[NSURL URLWithString:URLString
relativeToURL:self.baseURL] absoluteString] parameters:parameters

error:&serializationError];
BEBRNEEEX requestserializer FIBER UG SRR request A,

2.5 RS EEITZ: AFHTTPRequestSerializer

TERXNEMR XL NI IE:



- (NSMutableURLRequest *)requestWithMethod: (NSString *)method
URLString: (NSString *)URLString
parameters: (id)parameters

error: (NSError * autoreleasing *)error

//BIE, debugRAF, WRMDASE, crash
NSParameterAssert (method) ;
NSParameterAssert (URLString);

NSURL *url = [NSURL URLWithString:URLString];
NSParameterAssert(url);

NSMutableURLRequest *mutableRequest = [[NSMutableURLRequest alloc]
initWithURL:url];
mutableRequest.HTTPMethod = method;

/ I request &R ILEINED
for (NSString *keyPath in AFHTTPRequestSerializerObservedKeyPaths()) {
//AIRECURINREZHNEY, EXERER
if ([self.mutableObservedChangedKeyPaths containsObject:keyPath]) {
//IBEEEIRENE Y ArequestiZE
[mutableRequest setValue:[self valueForKeyPath:keyPath]
forKey:keyPath];

}
}
/ /'8 ENHparameters #1748, HiAINEIrequestH
mutableRequest = [[self requestBySerializingRequest:mutableRequest

withParameters:parameters error:error] mutableCopy];

return mutableRequest;

I

AILAMRIE—TNUrFISE, EMEFEMN request , ITERIEECH—LEHFEFBEXRE)S

o, MEESPET,
HPEZF D 2SHNENE, TEETTE=STRT —1FHFH:



e{

@"name" : @"bang",

@"phone": @{@"mobile": @"xx", @"home": @"xx"},
@"families": @[@"father", @"mother"],

@"nums": [NSSet setWithObjects:@"1", @"2", nil]
}
=

er

field: @"name", value: @"bang",

field: @"phone[mobile]", value: @"xx",

field: @"phone[home]", value: Q"xx",

field: @"families[]", value: @"father",

field: @"families[]", value: @"mother",

field: @"nums", value: @"1",

field: @"nums", value: @"2",

]

=
name=bang&phone[mobile |=xx&phone[home |=xx&families[ ]=father&families[ ]=mother

&nums=1&num=2

AREIRIEMLEIEKZE GET . HEAD . DELETE . PUT . POST RAESHFEREENMIZNIE vrl 5
EE 2 HTTP 1EXRIK Body H,

:Zéltt—ﬁ\%gﬂ’q NSURLRequest EE*#?%;TEE)ZTO

BRERNBEINEERNERET TE, 1 ZA] AFHTTPSessionManager FKFA TR
X AFURLSessionManager XA—NHERER task :

dataTask = [self dataTaskWithRequest:request ...]

3.AFiE K&\ Z: AFURLSessionManager

HANRE LREZRKEXNHENIZI 28], TEEXTERNBMNAE, EHEEANZBRH
AFHTTPSessionManager EPf4¥&, FTLA AFHTTPSessionManager HU#IAMLALA TIXMNERFTEY]
tatt:

- (instancetype)initWithSessionConfiguration: (NSURLSessionConfiguration
*)configuration {

self = [super init];

if (!self) {

return nil;

if (!configuration) {
configuration = [NSURLSessionConfiguration

defaultSessionConfiguration];

}



self.sessionConfiguration = configuration;

self.operationQueue = [[NSOperationQueue alloc] init];
//queveH K& N1, XTEAEEENqueue

self.operationQueue.maxConcurrentOperationCount = 1;

/ERRE, REEMYE, XfrENsuRLsessionZ#IM T, MM TN AESEREA, B8FF
RIERHIE!

self.session = [NSURLSession
sessionWithConfiguration:self.sessionConfiguration delegate:self

delegateQueue:self.operationQueue];

/ / EFRIMNFERS

self.responseSerializer = [AFJSONResponseSerializer serializer];

//ssEH, BIIBES, T2, TE2TH
self.securityPolicy = [AFSecurityPolicy defaultPolicy];

#if !TARGET OS WATCH
self.reachabilityManager = [AFNetworkReachabilityManager sharedManager];
#endif

// IRETFHENSURL task5AFURLSessionManagerTaskDelegatefJiaEl (ZF| &, 7£AFNet
i, 5—PtaskBISRCE— P AFURLSessionManagerTaskDelegate EffitaskfdelegateZHft
LhIE)

self.mutableTaskDelegatesKeyedByTaskIdentifier = [[NSMutableDictionary
alloc] init];

// = & BAFURLSessionManagerTaskDelegate 1aEp%i, HA{RIGHES
LR NEREL E=======

self.lock = [[NSLock alloc] init];

self.lock.name = AFURLSessionManagerLockName;

// = NFFEENsessionfIiA taskiBEFTMIR, WA ENEMsessionZfg
WA
[self.session getTasksWithCompletionHandler:" (NSArray *dataTasks, NSArray

*uploadTasks, NSArray *downloadTasks) {
/ 1 FHRRIRHER R IZAT A #B3R
for (NSURLSessionDataTask *task in dataTasks) {
[self addDelegateForDataTask:task uploadProgress:nil
downloadProgress:nil completionHandler:nil];

}

for (NSURLSessionUploadTask *uploadTask in uploadTasks) {
[self addDelegateForUploadTask:uploadTask progress:nil

completionHandler:nil];



for (NSURLSessionDownloadTask *downloadTask in downloadTasks) {
[self addDelegateForDownloadTask:downloadTask progress:nil

destination:nil completionHandler:nil];

}
Y1s

return self;

RTAEMAN T —EHNEEFTERINELE, HMEONEHBRES, H—EREENMARTER:

self.operationQueue.maxConcurrentOperationCount = 1;

[self.session getTasksWithCompletionHandler:” (NSArray *dataTasks, NSArray
*uploadTasks, NSArray *downloadTasks) {

/BT AIE
Y1s

BATEFRAHZ T RIERIER:
o F—FILEIFINIE queve BHTHI, BMERTHM task REE—TTHKIEINE,

o FT2ETT session PAIAE task ,

ZFRAEAZRRRYE, RAMBBEXEMNA? F—TENEMNEETE, HNBEIXELEERK.
M=, HKNMEXERVAMNSE, HEIE session FARBEM task . BEXZENARR
ME—, FME—MEE session , HMEFEEEKRNI{R, RIF—NID, MAIUNEFHREX

™ session , XREHAFEE ZBIRTHE task T,
MmiXEXAMNBRMER Lt —E£ZRINERIERIES, SBIEFR crash , 1L
github:https://github.com/AFNetworking/AFNetworking/issues/3499

EEFAICEIR ZBIH) dataTaskWwithRequest IR[Eltaskig k!


https://github.com/AFNetworking/AFNetworking/issues/3499

- (NSURLSessionDataTask *)dataTaskWithRequest:(NSURLRequest *)request
uploadProgress: (nullable void (") (NSProgress
*uploadProgress)) uploadProgressBlock
downloadProgress: (nullable void (") (NSProgress
*downloadProgress)) downloadProgressBlock
completionHandler: (nullable void (")
(NSURLResponse *response, id Nullable responseObject, NSError * Nullable

error) )completionHandler {

_ block NSURLSessionDataTask *dataTask = nil;

//E—1%, BlENSURLSessionDataTask, EBHEIERL 7 Ios8A FtaskIdentifiers, BRI
EtaskW R,

//HEHMNIZZRANi0s 8. 0N TRAFEHAMEEZ M taskNR, MEASHERBMIY, SH
taskIdentifiers AME—. XD T —1THITLIE

url session manager create task safely("{

dataTask = [self.session dataTaskWithRequest:request];

})i

[self addDelegateForDataTask:dataTask uploadProgress:uploadProgressBlock

downloadProgress:downloadProgressBlock completionHandler:completionHandler];

return dataTask;

SR, XTERBEITERUNTG AL T:

m -dataTaskWithRequest:completionHandler:
m -dataTaskWithRequest:uploadProgress:downloadProgress:completionHandler:

m -uploadTaskWithRequest:fromFile:progress:completionHandler:
m -uploadTaskWithRequest:fromData:progress:completionHandler:
m -uploadTaskWithStreamedRequest:progress:completionHandler:

m -downloadTaskWithRequest:progress:destination:completionHandler:

m -downloadTaskWithResumeData:progress:destination:completionHandler:

RXEFAMNBER—F, METEXMMG:

(1). BF session BYF5IE, 1% request TEEER task , FEXEBFRT
url session manager create task safely FREIEMITH Block XM ERENSCINAIT:

static void url_session_manager create task safely(dispatch block t block) {
if (NSFoundationVersionNumber <
NSFoundationVersionNumber With Fixed 5871104061079552_ bug) {
dispatch_sync(url_ session_manager_ creation_queue(), block);
} else {
block();



BERIHEN TIER i0os8 LA task B3, HMA taskIdentifiers BMAE—, MEXTEMER
BAIZEARMRIEN key , ELTAEH—,

FRAX BT — 1 #llr, SRZE ioss U, MABTEAFTHARNENITEN Block , HZEIE
session , BMEZENIT,

2). GEB task BIEAXNN—TAFRRENR, XEREEXTERZOMET, XTREXNRA
HI N task MEIEH1ZRALINEE,

BNREEZXTTHE:

- (void)addDelegateForDataTask: (NSURLSessionDataTask *)dataTask
uploadProgress: (nullable void (") (NSProgress
*uploadProgress)) uploadProgressBlock
downloadProgress: (nullable void (") (NSProgress
*downloadProgress)) downloadProgressBlock
completionHandler: (void (") (NSURLResponse *response, id
responseObject, NSError *error))completionHandler
{
AFURLSessionManagerTaskDelegate *delegate =
[ [AFURLSessionManagerTaskDelegate alloc] init];

// AFURLSessionManagerTaskDelegate5AFURLSessionManagerZiIiHE X #&
delegate.manager = self;

delegate.completionHandler = completionHandler;

/ /X PtaskDescriptionForSessionTasksAR&AXEFIAFELEBHNMESAR, ME2EXD
{ERPosti@Al, RME N

dataTask.taskDescription = self.taskDescriptionForSessionTasks;

// **xxx JEAF delegate¥IHRS dataTaskEIIXZHR
[self setDelegate:delegate forTask:dataTask];

// REAF delegatefy L1E#HE, TEHER,
delegate.uploadProgressBlock = uploadProgressBlock;

delegate.downloadProgressBlock = downloadProgressBlock;



- (void)setDelegate: (AFURLSessionManagerTaskDelegate *)delegate
forTask: (NSURLSessionTask *)task

//HE, MREEXTSE, debug FerashfEiX
NSParameterAssert(task);

NSParameterAssert (delegate);

//MNSURIEFHREREZ S
[self.lock lock];

// JBAF delegatef{ A\lAtaskIdentifiertrichIiaEeA ([E—NSURLSessionHH
taskIdentifier2ME—HY)

self.mutableTaskDelegatesKeyedByTaskIdentifier[@(task.taskIdentifier)] =
delegate;

// FAF delegate i&XEtask Hprogressizif

[delegate setupProgressForTask:task];

/ /A Iitask A E SR AN
[self addNotificationObserverForTask:task];
[self.lock unlock];

XA T EBIE T — AFURLSessionManagerTaskDelegate HICIE, IEXMMLIEF] task Y
taskIdentifier —— XN, MERNEEVIBHNTFHE, EIRIRET,

FRUEZSN, AR T —Ltaskd BRI, FtaskFFIaFEEAIER],

S, RERESERN—FaFRNDiRHT, BEELTEN.,

MIFXE 7 E, BIFMENESHBRIMNREMTER T, EERIIEICHE
7 AFHTTPSessionManager FE%| TiREMtask, @A T :

[dataTask resume];

FRETES, 1EEtaskfifFaERNE T, TCFRNVBHHEES:

self.session = [NSURLSession
sessionWithConfiguration:self.sessionConfiguration delegate:self

delegateQueue:self.operationQueue];

A B AFUrlsessionManager {ENTFIBH) task B delegate , HIANERMEZHIATR, XL
BHRIERT:



(Z) NSURLSessionDelegate

[ -URLSession:didBecomelnvalidWithError:

m -URLSession:didReceiveChallenge:completionHandler:
[ -URLSessionDidFinishEventsForBackgroundURLSession:

(] NSURLSessionTaskDelegate

m -URLSession:task:willPerformHT TPRedirection:newRequest:completionHandler:
[ -URLSession:task:didReceiveChallenge:completionHandler:

[@ -URLSession:task:needNewBodyStream:

m -URLSession:task:didSendBodyData:totalBytesSent:totalBytesExpectedToSend:
[@ -URLSession:task:didCompleteWithError:

(Z) NSURLSessionDataDelegate

m -URLSession:dataTask:didReceiveResponse:completionHandler:

[ -URLSession:dataTask:didBecomeDownloadTask:

[ -URLSession:dataTask:didReceiveData: L

m -URLSession:dataTask:willCacheResponse:completionHandler:

(Z) NSURLSessionDownloadDelegate

[ -URLSession:downloadTask:didFinishDownloadingToURL:

m -URLSession:downloadTask:didWriteData:totalBytesWritten:totalBytesExpected ToWrite:
m -URLSession:downloadTask:didResumeAtOffset:expectedTotalBytes:

® AFUrlSessionManager —3tSLI} T4 EEFRIXA—AKHE NSUrlSession HHXAMKIE, ()
RENBOIRNF T gEA—HE, BERBEREREEFNHIF T —T)
R¥ER T HA3IFIIAFEE X Hdelegated

[Z) NSURLSessionTaskDelegate
m -URLSession:task:didCompleteWithError:

(£) NSURLSessionDataTaskDelegate
[ -URLSession:dataTask:didReceiveData:

[Z] NSURLSessionDownloadTaskDelegate
[ -URLSession:downloadTask:didFinishDownloadingToURL:

X Z A1 —FFIAIEA), AFUrlsessionManager 3 IX—AMERIRM T —LLAHAILNIE, AL RZIAF
BEXAIERI3SK, MRFEESD task WNHAEIREEIFLE,

EFTXERBFAERNIMATEMA—HIR, BB AMREESZIIXRXEFREE
&' http://www.jianshu.com/p/856f0e26279d

BE—T, REREEEEMT —LHIMLIE, ARERTENEM Block !


http://www.jianshu.com/p/856f0e26279d

@property (readwrite, nonatomic, copy) AFURLSessionDidBecomeInvalidBlock
sessionDidBecomeInvalid;

@property (readwrite, nonatomic, copy)
AFURLSessionDidReceiveAuthenticationChallengeBlock
sessionDidReceiveAuthenticationChallenge;

@property (readwrite, nonatomic, copy)
AFURLSessionDidFinishEventsForBackgroundURLSessionBlock
didFinishEventsForBackgroundURLSession;

@property (readwrite, nonatomic, copy)
AFURLSessionTaskWillPerformHTTPRedirectionBlock
taskWillPerformHTTPRedirection;

@property (readwrite, nonatomic, copy)
AFURLSessionTaskDidReceiveAuthenticationChallengeBlock
taskDidReceiveAuthenticationChallenge;

@property (readwrite, nonatomic, copy) AFURLSessionTaskNeedNewBodyStreamBlock
taskNeedNewBodyStream;

@property (readwrite, nonatomic, copy) AFURLSessionTaskDidSendBodyDataBlock
taskDidSendBodyData;

@property (readwrite, nonatomic, copy) AFURLSessionTaskDidCompleteBlock
taskDidComplete;

@property (readwrite, nonatomic, copy)
AFURLSessionDataTaskDidReceiveResponseBlock dataTaskDidReceiveResponse;
@property (readwrite, nonatomic, copy)
AFURLSessionDataTaskDidBecomeDownloadTaskBlock dataTaskDidBecomeDownloadTask;
@property (readwrite, nonatomic, copy)
AFURLSessionDataTaskDidReceiveDataBlock dataTaskDidReceiveData;

@property (readwrite, nonatomic, copy)
AFURLSessionDataTaskWillCacheResponseBlock dataTaskWillCacheResponse;
@property (readwrite, nonatomic, copy)
AFURLSessionDownloadTaskDidFinishDownloadingBlock
downloadTaskDidFinishDownloading;

@property (readwrite, nonatomic, copy)
AFURLSessionDownloadTaskDidWriteDataBlock downloadTaskDidWriteData;
@property (readwrite, nonatomic, copy) AFURLSessionDownloadTaskDidResumeBlock

downloadTaskDidResume;
HATTLAF)FIXLE Block , M—LEHEXINIE, Block RMEEMRIEEAMKIAR, XLEAEERK
I T —ELRMUEBIED H. BTBLEEE. https INEFTE,

BRItbZ5h, B3 MMUELGA@ME T BAIHN task NAFME, SiEERTHONE, KAEBENNAE, U
BT HEMANIE, UE—DHH:



- (void)URLSession: (NSURLSession *)session
task: (NSURLSessionTask *)task

didCompleteWithError: (NSError *)error

{
/ /1 RIBtaskERF 1 —FALIES I ERNdelegate
AFURLSessionManagerTaskDelegate *delegate = [self delegateForTask:task];
// delegate may be nil when completing a task in the background
if (delegate) {
/ IEREERETHANHEN delegate
[delegate URLSession:session task:task didCompleteWithError:error];
/ 1R 58 FRdelegate
[self removeDelegateForTask:task];
}
/ //AFiBlock[E]liF
if (self.taskDidComplete) {
self.taskDidComplete(session, task, error);
}
}

BEHFATZANREN task M ar ARG, XEA ar B, HEEXT task MBREIFHPIZER,
EEMIERT ar AIE:
/ /AFSEPRIARIE! #HMurlsessionBBik&EIX
- (void)URLSession:(___unused NSURLSession *)session
task: (NSURLSessionTask *)task

didCompleteWithError: (NSError *)error

{

#pragma clang diagnostic push

#pragma clang diagnostic ignored "-Wgnu"
//1) 5@5|fself.manager, PHLEHIRBIEER; ENself.managerFEiANweak, £Block

___strong AFURLSessionManager *manager = self.manager;

__Dblock id responseObject = nil;

/I RREFE—EEXER, RAEBAAN
_ _block NSMutableDictionary *userInfo
//1#fresponseSerializer i EHTITR

userInfo[AFNetworkingTaskDidCompleteResponseSerializerKey] =

[NSMutableDictionary dictionary];

manager.responseSerializer;

//Performance Improvement from #2672



[ EBXATRBNAE, RSN RNice. . . BIFKANEIEdatatZEE, RAEMAEIMETRE
RAE
NSData *data = nil;
if (self.mutableData) {
data = [self.mutableData copy];

//We no longer need the reference, so nil it out to gain back some

memory.

self.mutableData = nil;

/ /R userinfotEEIE

if (self.downloadFileURL) {
userInfo[AFNetworkingTaskDidCompleteAssetPathKey] =

self.downloadFileURL;

} else if (data) {
userInfo[AFNetworkingTaskDidCompleteResponseDataKey] = data;

}

/ /ERALIE

if (error) {

userInfo[AFNetworkingTaskDidCompleteErrorKey] = error;

/BB BEXERAE MBEEXFTMqueue, SeAEIE
dispatch group async(manager.completionGroup ?:
url session manager completion group(), manager.completionQueue ?:
dispatch get main queue(), "{
if (self.completionHandler) {
self.completionHandler (task.response, responseObject, error);
}
/ | ELFERRIXTTHIER]
dispatch _async(dispatch _get main queue(), “{
[[NSNotificationCenter defaultCenter]
postNotificationName:AFNetworkingTaskDidCompleteNotification object:task
userInfo:userInfo];
})i
)i
} else {
//url_session_manager processing queue AFHJFH1TRAZI
dispatch _async(url_session_manager processing queue(), "{

NSError *serializationError = nil;

/ 1 REATER AR

responseObject = [manager.responseSerializer

responseObjectForResponse:task.response data:data error:&serializationError];

/IR EBTE X, BiAresponseObiject N FERIEETR
if (self.downloadFileURL) {
responseObject = self.downloadFileURL;



//BE ANuserInfo
if (responseObject) {
userInfo[AFNetworkingTaskDidCompleteSerializedResponseKey] =
responseObject;

}

/ I ANRERITERIR
if (serializationError) {
userInfo[AFNetworkingTaskDidCompleteErrorKey] =
serializationError;
}
/ /B4R
dispatch group async(manager.completionGroup ?:
url session manager_ completion group(), manager.completionQueue ?:
dispatch _get main queue(), "{
if (self.completionHandler) {
self.completionHandler (task.response, responseObject,

serializationError);

}

dispatch_async(dispatch_get main queue(), "{
[[NSNotificationCenter defaultCenter]
postNotificationName:AFNetworkingTaskDidCompleteNotification object:task

userInfo:userInfo];

)i
})i
})i
}
#pragma clang diagnostic pop

}

ERBZTHEERK, EREEEMTMGSE:

. VA responseserializer B NKEIIET, BITIEKEIAIEIE.
2. F completionHandler EBEIEEIAHZE, ELEHIERZEITAHAFPFH,

FXE, ar WENEEREMT T, A, BB TRZBETZEWH, b
responseSerializer MIBMIEXAVEEITIEFE, BBEN TN task FIATIIERE@A, FRHARY
method swizzling , XEX ios7 MFRFOIFAVLME, BEEREIEBET

. AF3XMZLHEE.

AFIZRERIEEEMH https RRIE, BAMTAR https [E?

XERNERAVIERE Thttps: httpsTEhttpiERIE EZ 07T —MERIAERTRE. IAEETZ
&, BIRERESSINEZHITH,

KX FhttpstIEZ MR, BMAERT, MEBARENXE, IMAFIIRIAETER. EXEARBMAIH
WhttpsAOIAIEI 2B, W TFEAR:



Client Server

S0 ST
request https://www.domain.com/
crt private @
response with crt public
validate | [ po P crt public
( et | [*
valid NO » | display https warning
YES
v
generate
random
key
v L decrypt
L ) transfer crypted random key = wi?r',p
crypt with - e :
ot > private
crt
get key
g . Y
decrypt response crypted content with clinet key crypt
content - content J
with key g with key
: —_—

E N httpsIQIERRIZE T . EERESE—

e MEAFKREIEK, RSB[MN/FRE—MES, EHPES—LEREFRMLH,

e AFPZINEHE, ZRIEXMERRERE, 784E, MIEREL,

o SIEMEM—TRENER, FRXNTRINZENER, RRSIFBEERAFEXZTEIENE, REER

[E145ARSS5 2% .

o RE[EINMHENIMENL, FIRNRARE, AEERABREENEING IHREH) , EFTER
ERIEIEINE, MNETTREEIEERRSLRI.

o SERFPEIMZEIE, B—ITRUA T REE (IFMER) , HITEERR., BIEES
o

SARXXZ—TREINE, httpsEEBREIALE, BEXNTFREIMEBRER., (XXZ T RSIHILIE
ERmX—%, SREE—R—1%.

B 2B EBNRME, BXT https IAERIIE, ar M7 TRE:

\

- (void)URLSession: (NSURLSession *)session
didReceiveChallenge: (NSURLAuthenticationChallenge *)challenge
completionHandler: (void (") (NSURLSessionAuthChallengeDisposition
disposition, NSURLCredential *credential))completionHandler
{

/I HRER AL IR ALYy BRIA

/*



NSURLSessionAuthChallengePerformDefaultHandling: ERIASTNLLIE
NSURLSessionAuthChallengeUseCredential: {EFEI8ERIILEP
NSURLSessionAuthChallengeCancelAuthenticationChallenge: BUH#KAX
*/
NSURLSessionAuthChallengeDisposition disposition =
NSURLSessionAuthChallengePerformDefaultHandling;
__block NSURLCredential *credential = nil;

// sessionDidReceiveAuthenticationChallenge@BENX AL, MU TR S 23IHAT
INTERE X

if (self.sessionDidReceiveAuthenticationChallenge) {
disposition = self.sessionDidReceiveAuthenticationChallenge(session,
challenge, &credential);
} else {
// LAARSS B ERE P IRAYEIKOAERE 77752
NSURLAuthenticationMethodServerTrust
// B RIRARS SRR R B S P imRE— MRIEINER R RIF = B R EAEE (B
challenge.protectionSpace.serverTrust) FARHKEIED,

// T MNEBMEEF B credentialForTrust : KEIE—NSURLCredential ¥R
if ([challenge.protectionSpace.authenticationMethod

isEqualToString:NSURLAuthenticationMethodServerTrust]) {

// BEFEFPIENEZERBRRERSETZRSEE, MEENE, BrigoEMN kL
if ([self.securityPolicy
evaluateServerTrust:challenge.protectionSpace.serverTrust
forDomain:challenge.protectionSpace.host]) {
/7 BIEHEEIED (OF: BkikA X AUsecredentialill
PerformDefaultHandling#EEHEMKEILT)
credential = [NSURLCredential
credentialForTrust:challenge.protectionSpace.serverTrust];
// MEREER A
if (credential) {
/EBkEE  i%itpolicy,none, MIFEEIXE
disposition = NSURLSessionAuthChallengeUseCredential;
} else {

disposition =

NSURLSessionAuthChallengePerformDefaultHandling;

}
} else {
/ /BUEHk X
disposition =
NSURLSessionAuthChallengeCancelAuthenticationChallenge;
}
} else {
/1 BIABEER AT

disposition = NSURLSessionAuthChallengePerformDefaultHandling;



}
/ 1 STk
if (completionHandler) {

completionHandler (disposition, credential);

ERXEBATAMAOHHARX T EMT 4

o HIIETE T https AEARIIAIES R .

o FIRFERB HEXBlock: sessionDidReceiveAuthenticationChallenge , BHIE, FAHK
TIBEXBlock A —"MAIEAT, HERPALE credential THE, BIEANIFEIZZIAIERIIE
B, AEEEZEA completionHandler , BRBXATSE, WITRFANIANLE. ETXTRS
FPAERIRM T 4, PIMEXERE, XBEEHRT.,

o MRTHBETENXBlock, FHAIFIMTUNRARSIHAVIAIUES EEK
72 NSURLAuthenticationMethodServerTrust JIRBERIFRSJIHIPEERE (Blhttpshy
BEANE, XEAFRRIALGEBRINES R, HEMAIAMEA, REEAFKIIEE X BlockfILHR)

o EEBAIMMITT AFSecurityPolicy HHXI—TFAE, #T —TAFRERAI—ThttpsiAiE:

[self.securityPolicy
evaluateServerTrust:challenge.protectionSpace.serverTrust

forDomain:challenge.protectionSpace.host])

AFERIARIAMIEZE, ANRIXITIREINO. RBBAFAERIAIERY, MBUEhttpsIAIE, BEIBUEIEK, R[E
YESMHNIfIR, FARSZZRIREIN— serverTrust EAER T —MABESR., (OF: X

1 servertrust RRFBHFEIRN, BEEHES TRSHFOIEBER, BRARRNAMEFIHEIIE
ZEPEEEEAN, EESEFANEHXTZSH) ABUREBIUH, WAIERINEAR, TUSE
=FREIANIEIE AN, &G completionHandler EFBINEARFEINERIER, EMARIRILE
PIRILE,

BEE—T: X2 securitypPolicy FHMNIFAME, EFERAKREECERIEZA, AFAJMREERR
IEARSSIRAVIER . MRBAY, NWEZBZRFRIIE, BUBhttpshINEZIERK, S, BEXERS
ARIEPBRVIRIIE,

T (1EE AFSecurityPolicy W%E%ﬁﬂ%{ﬁ&httpsi}\iﬁﬁ’\]:
WMTFAN, FNIRIUBIE— securityPolicy :

AFSecurityPolicy *policy = [AFSecurityPolicy defaultPolicy];
REREIE:

+ (instancetype)defaultPolicy {
AFSecurityPolicy *securityPolicy = [[self alloc] init];
securityPolicy.SSLPinningMode = AFSSLPinningModeNone;

return securityPolicy;



ZRINFEE 7 —" ssLPinningMode {2\ AFSSLPinningModeNone ,
JFAFSecurityPolicy, —HB4NEBNEE:

/ /httpsKIEETR

@property (readonly, nonatomic, assign) AFSSLPinningMode SSLPinningMode;

/ /P AE LR AR S Im I IIEATIE S

@property (nonatomic, strong, nullable) NSSet <NSData *> *pinnedCertificates;
// REXFFIRENIES (BB ERIED)

@property (nonatomic, assign) BOOL allowInvalidCertificates;

// REERILEB R E ST

@property (nonatomic, assign) BOOL validatesDomainName;
EMNERRARANEIRET, F£—%FM2 AFSSLPinningMode , IR T 3FMIGIES I :

typedef NS ENUM(NSUInteger, AFSSLPinningMode) {
/ 1 NEIE
AFSSLPinningModeNone,
/1 RENIE AR
AFSSLPinningModePublicKey,
/ /BIEIES
AFSSLPinningModeCertificate,
}i

Bl 12E O EIAEhttpsIAERTIXITRAS £

[self.securityPolicy
evaluateServerTrust:challenge.protectionSpace.serverTrust

forDomain:challenge.protectionSpace.host]

o BIMETHMISEHIH#E, — TR secTrustrRef KBserverTrust, XZTAMR? HIBEEER
AISA MBI T :

CFType used for performing X.509 certificate trust evaluations.

ABEERBZATHRITX, SONEREEHE BHEER, EXME—1F%H, R TRSH[InFRILIER
IEBMEREE. APFSF, MU, ©XFREE—ETERE, TEEFPRNEQILES, XTF
FimaSIES, PIBARKRAARSSIRAVIES A AR,

o [RILZIMNTIERSS 2T RAE T I A,
BABREXNE, RIEAT:
/ /BIERRS IR R B ESEE

- (BOOL)evaluateServerTrust: (SecTrustRef)serverTrust

forDomain: (NSString *)domain

/ 1 FI P B RO
//AEER, BRATERIET, FERIEER,
/TERNEENEER, PANATTEERGE M AFSSLPinningModeNoneZE RINEIIE EAILE



FRoM,

if (domain && self.allowInvalidCertificates && self.validatesDomainName
&& (self.SSLPinningMode == AFSSLPinningModeNone || [self.pinnedCertificates
count] == 0)) {

return NO;

/ 1 FAREIIE R
NSMutableArray *policies = [NSMutableArray array];
e LoanscE

if (self.validatesDomainName) {

// MRFBEEIFdomain, IBAM{EASecPolicyCreateSSLREIBIZEIGIIHRES, HPsE—
DS trueRNEIEE N SSLIEHHE, FZ1MSEHENdomain, FHFHIBEMEPRE LEHFHRER
9B domain@E B FILLAME Ndomain—2E]

/ /AR INBEIE SRR
[policies addObject:(__bridge transfer id)SecPolicyCreateSSL(true,
(__bridge CFStringRef)domain)];
} else {
/! MRAFERIFdomain, FMERAEIARIBasicx509IESREE
[policies addObject:(__bridge transfer

id)SecPolicyCreateBasicX509()];
}

//serverTrust: X, 509fRS5EIHVIERIEE.
// HNserverTrustiRBINIIHKE, EIEIFEFiH{EiifserverTrust

SecTrustSetPolicies(serverTrust, (__ bridge CFArrayRef)policies);

//BRIEREE T, AIUEIGIET . MR EAFSSLPinningModeNone, ®BHE®, HIZREOE(E
f, SNAZEEZNMERJRIEPEERES B LEIES,
if (self.sSSLPinningMode == AFSSLPinningModeNone) {
/IR ERER, BIZIREYES, ARATFA EHIMEZ MY, #lMiserverTrust@HEY
return self.allowInvalidCertificates ||
AFServerTrustIsValid(serverTrust);
}
/ /BRI AFServerTrustIsvalid, MHBallowInvalidCertificatesARIFEE, R
[ElNO
else if (!AFServerTrustIsValid(serverTrust) &&
!self.allowInvalidCertificates) {

return NO;

//##rssLPinningMode
switch (self.SSLPinningMode) {
// Bigt, FEBTMEHDELEIRT self.sSLPinningMode) B
AFSSLPinningModeNone) & I&R, FiMALLANEIBER], MEEKREINO
case AFSSLPinningModeNone:
default:



return NO;

/ /BREH A
case AFSSLPinningModeCertificate: {

NSMutableArray *pinnedCertificates = [NSMutableArray array];

//iBiEPdata, RS apiiER SecCertificateRef ZEEIFGEY
&, secCertificateCreateWithDataREX/RcHpinnedCertificatesfii—LE4ME, {RIEIR[EIRY
IEF# ZDERIRIZHIX . 509IEFH

for (NSData *certificateData in self.pinnedCertificates) {
[pinnedCertificates addObject:(_ bridge transfer

id)SecCertificateCreateWithData(NULL, (_ bridge CFDataRef)certificateData)];

}

// Y¥pinnedcertificatesiRBEMEES S5INIAIAnchor Certificate (fAsil
F, Bi¥SecTrustSetAnchorCertificatesiRBE TS 5REHMRIIBZE, RUKIEANEFIEP EX
THAIEPNFH R, BIEGIENRFIEREHERIERNCAS FCAK AN, RZERAT, MEEZ
W#H) , B EIAHEsSecTrustEvaluate L,

//serverTrustZRFZERRMKIE, BREHINIAIIES,

SecTrustSetAnchorCertificates(serverTrust, (_ bridge

CFArrayRef)pinnedCertificates);

//BEEZARRIEBEARTH, £X—%, ERMNBCREMEPINAEZE, MAEEKR
WERRINT .

//BEEARZAINserverTrust RMIBZIE P EL AN, BHEE: EIXTHETIE
f&, serverTrustBEMpinnedCertificatest#iFmiAZ REEFENE—IER
if (!AFServerTrustIsValid(serverTrust)) {

return NO;

// obtain the chain after being validated, which #*should* contain
the pinned certificate in the last position (if it's the Root CA)

/ER, BOAENENZANERIEERXRT, BEMNENFERILIERIARSIFIE
B, EFIUEPH,

// BRSSERIRAVIETBE, JERUALRERVIERHEIRFEMH T RERT =

NSArray *serverCertificates =

AFCertificateTrustChainForServerTrust (serverTrust);

//reverseObj ectEnumeratori¥/F
for (NSData *trustChainCertificate in [serverCertificates

reverseObjectEnumerator]) {

//AMRBENERHR, E—THEIEPEPIER TR, MREYES
if ([self.pinnedCertificates
containsObject:trustChainCertificate]) {

return YES;



}
/3% B AR

return NO;

///~N5A3F AFSSLPinningModePublicKeyiR =\ [E£ R AIEPYE (SSL Pinning)
AREIE, EFRIHEERIIHOIEREN, RN REBERENLH, FRIBEBNEREERE
. RENBAREHN, MERIEBEEASEGENT, BANPEANLSETLE, TEETEDAHAMEBENE
17,

case AFSSLPinningModePublicKey: {
NSUInteger trustedPublicKeyCount = 0;

// MserverTrust BN IRSBFIRETROME T RES, FHHORSEIBRAI A
NSArray *publicKeys =

AFPublicKeyTrustChainForServerTrust (serverTrust);

/ 1B RRSS IR ER
for (id trustChainPublicKey in publicKeys) {
/ 1 BAASH/A R
for (id pinnedPublicKey in self.pinnedPublicKeys) {
//#IBTANRMEE trustedPublicKeyCount+1
if (AFSecKeyIsEqualToKey((__ bridge
SecKeyRef)trustChainPublicKey, (__ bridge SecKeyRef)pinnedPublicKey)) {
trustedPublicKeyCount += 1;

}

return trustedPublicKeyCount > 0;

return NO;

RBIERRS, X—IRBILEAE, ARANSRERE—EE, IRER.

R75AR AFSecurityPolicy &IZIOMITNE, EMHNEEN TREXTAE. XTTATTH TR
SimANEBOEETE. BIOBE—TXIAEE T2 (ATHUETR) -

(1) . #R¥EEX, WRI ArssLPinningModeNone , MEERZRMEYES, FiLEBERZNENA
HYIES.

(2) IRE AFSSLPinningModeCertificate , JUIPSN serverTrust‘EPEE%%HXﬂEq@ﬁE, R
IT—FFE VB HIZENIEPES self.pinnedCertificates EMLHD, WMRB—IFBELEKINE,
IREYES, ZMNO,

BIXFRAIMAHEL T, FARLERHE? TAXREERMER LR

IERERARTHANAR—EEHE (CALER) FPHEERIEDBHT. BERERZERNE—
KON RKE—EEHEATMEEERILERES.



BRI, EHEMEMESRILIE, MRERIIPERIRLSIER.

(3) . WNER R aArssLPinningModePublicKey A(AUE, MFIE L —HIEZM serverTrust ,
3%HXﬂfq§ﬁ§§§‘—4\ﬂfqgEQQQ%H, BEEEH, T self.pinnedPublicKeys , 2&@3%?, Y=
— BRI, FREIYES, TMNO, EFIiX self.pinnedPublicKeys ¥R AT :

/ EBEIEREA

- (void)setPinnedCertificates: (NSSet *)pinnedCertificates {

_pinnedCertificates = pinnedCertificates;

/ RN AREE
if (self.pinnedCertificates) {
/1B AAERS
NSMutableSet *mutablePinnedPublicKeys = [NSMutableSet

setWithCapacity:[self.pinnedCertificates count]];
// MIEBHRZZI N,
for (NSData *certificate in self.pinnedCertificates) {
id publicKey = AFPublicKeyForCertificate(certificate);
if (!publicKey) {

continue;
}
[mutablePinnedPublicKeys addObject:publicKey];
}
self.pinnedPublicKeys = [NSSet setWithSet:mutablePinnedPublicKeys];
} else {

self.pinnedPublicKeys nil;

AFEE TIREBIEHBMset5iE, HREMEIERBFRE N LAHIET self.pinnedPublickeysH,

BNAERREK T —RIMERE, BEXDRBARBINF——IHR (BLERRAARE, TEXES
i, S FXERERER)

F ¥ —: AFServerTrustlsValid



/ /¥ #iserverTrust @ BB N
static BOOL AFServerTrustIsValid(SecTrustRef serverTrust) {

/ 1 BRINTEER
BOOL isValid = NO;
//FIRERIIES R, M

SecTrustResultType result;

//__Require noErr_Quiet FARFIKTRIEE0LEIF0, WRONFRIZE, MHMEEEHNRTRIA
XAMEMEERNIT, BURTEEMBEE THIT.

//SecTrustEvaluate AR IHHIEBHE S AEHRE, ZRARRERK, RAEEERMES
result, THMhZERITE, RElo, ZNHEREIFE0
//do while 0 ,RHIT—IX, ABEEXHEES....

_Require_noErr_Quiet(SecTrustEvaluate(serverTrust, &result), _out);

/ /TR EEEREX, SEMMEREIRENER, isvalid= 1

//Hresult JkSecTrustResultUnspecified (ttinERTserverTrustiftipIh, Lt
WEEREET, ERAPHSEERMREGETZLED) .

//FEHresult NkSecTrustResultProceed (IIRERMIHEATI, M EEABNEIZEEHES
ETHEPIAE) , XAERE—MAIIARN serverTrustiFEKIN

isvalid = (result == kSecTrustResultUnspecified || result ==

kSecTrustResultProceed);

//outREIR, R SecTrustEvaluate, R[EIAE0, MITEHHE, MisvalidANo

out:

return isValid;

o XMAEARKIEserverTruste BB N, HEPFERIHASIAPI secTrustEvaluate RHIIE
1, ERIEEZESIRE— SecTrustResultType ML B result, AREERIRIEXD
result IR BT IEPBEEE X,

o HALERAETRME, BRBAT —TRAREXNMNERE _ Require noErr Quiet , REE XU
T



#ifndef _ Require noErr_ Quiet
#define _ Require noErr Quiet(errorCode, exceptionLabel)

\
do

if ( _ builtin expect(0 != (errorCode), 0) )
{

goto exceptionLabel;

}

} while ( 0 )
#endif

EPMRBMEEERAME, Fl#ferrorCode2&T N0, AHO0M, F2FHA goto BkF exceptionLabel fiI
BEEWIT. X exceptionLabel Bi@—TBUEMR, XMLEEE out .,

HEEERMMTEET, BT —1do.whileOfER, BIREMN0, hile NG —RIEFRLE
. HEAMNEER, BEEERMEER. ERAAR AP ESSREN. SKEAMIIEE, XA
2N T BRI API 2

RE . = (M REEEM, FRATE—#E) : jXEYserverTrust
WEBHEEH, KENserverTrustiFH 1§/, 4



/ /3RBRIEF 5%
static NSArray * AFCertificateTrustChainForServerTrust(SecTrustRef

serverTrust) {

//{EFSecTrustGetCertificateCount REFRENZserverTrust FEE LT P EEFHRIIED
e, HREFHcertificateCount

CFIndex certificateCount = SecTrustGetCertificateCount(serverTrust);

/ /1 BIEE A

NSMutableArray *trustChain = [NSMutableArray arrayWithCapacity:
(NSUInteger)certificateCount];

//// {EPSecTrustGetCertificateAtIndexREGKINZNER RIS MNED, HHNZE
trustChain®, &/FiR[EltrustChain
for (CFIndex i = 0; i < certificateCount; i++) {
SecCertificateRef certificate =
SecTrustGetCertificateAtIndex(serverTrust, 1i);
[trustChain addObject:(__ bridge transfer NSData

*)SecCertificateCopyData(certificate)];

}

return [NSArray arrayWithArray:trustChain];

// MserverTrust FERHARS SR Im(E T RAVFAE FTAANLES, HRORSEIENAAH

static NSArray * AFPublicKeyTrustChainForServerTrust(SecTrustRef serverTrust)

{

// ETR—NEERIBH L EAFCertificateTrustChainForServerTrustFEEREA—
W, #MENTIHKBEserverTrustFIEFHE LRIFRFIES, HUORER, BHEAH.
/ I BRERE
SecPolicyRef policy = SecPolicyCreateBasicX509();
CFIndex certificateCount = SecTrustGetCertificateCount(serverTrust);
NSMutableArray *trustChain = [NSMutableArray arrayWithCapacity:
(NSUInteger)certificateCount];
//iE[HserverTrust BIFHHYIFFEE,
for (CFIndex i = 0; i < certificateCount; i++) {
// MIEBEEBIET
SecCertificateRef certificate =
SecTrustGetCertificateAtIndex(serverTrust, i);
/1884
SecCertificateRef someCertificates[] = {certificate};
//CFEA
CFArrayRef certificates = CFArrayCreate(NULL, (const void

**)someCertificates, 1, NULL);

SecTrustRef trust;

// WBRIBLTENcertificatesMlpolicyRAEM—TtrustTHR
[/ ARRINEEE] _out,



_ _Require noErr Quiet(SecTrustCreateWithCertificates(certificates,

policy, &trust), _out);
SecTrustResultType result;

// {EfSecTrustEvaluate i FEIEMNtrust
[/ THERMERE]  out

__Require noErr Quiet(SecTrustEvaluate(trust, &result), _out);

// WRZtrustHEX.509IFEPHE, BBATK{FRSecTrustCopyPublicKeyiREXEtrust
A, BRI RNl trustChain

[trustChain addObject:(__ bridge transfer
id)SecTrustCopyPublicKey(trust)];

_out:
/ I B TR
if (trust) {
CFRelease(trust);

if (certificates) {

CFRelease(certificates);

continue;

}
CFRelease(policy);

/7 REIFSRE—H 4R

return [NSArray arrayWithArray:trustChain];

M RENRER N, HMERA T —LRSRAPI, MAForfER, REUERH# EES—MEPHELH,
BEATERIDRFIER., B—FEIENE, XTRBNIESHEF, BMERP#NNHTR, 2R
=Y:

REPY: FlEFAAESHERE

/ PRI AR S EE
static BOOL AFSecKeyIsEqualToKey(SecKeyRef keyl, SecKeyRef key2) {

#if TARGET OS_IOS || TARGET OS WATCH || TARGET OS_ TV
//ios Fl#r—E it
return [(_ bridge id)keyl isEqual:(__bridge id)key2];
#else

return [AFSecKeyGetData(keyl) isEqual:AFSecKeyGetData(key2)];
#endif
}



RIEEER T &MTITIE, 7 LEAIFIRT,

ETRI BB R RABRIERSFEER:
//1.BIE—PINESSLAYREE, MM, £— 1S truellRTIIEE NI 5E
/BN ZEUE Ndomain, ATHIERRMERHE LHFTRKRTIB T domainE BHUILAME Ndomain
—
SecPolicyCreateSSL(<#Boolean server#>, <#CFStringRef Nullable hostname#>)
SecPolicyCreateBasicX509();
/72 . BRiIAIBasicX5093IESREE , ANIIEE & .
SecPolicyCreateBasicX509();
//3.RserverTrustiZ B, BIHFFEFIREHIEserverTrust
SecTrustSetPolicies (<#SecTrustRef Nonnull trust#>, <#CFTypeRef Nonnull
policies#>)
//4. % FserverTrust, F B IBRIFERIREAE S8 result
SecTrustEvaluate (<#SecTrustRef Nonnull trust#>, <#SecTrustResultType *
_Nullable result#>)
/75 . #l#figiEerrorcode@E N0, HONBkZElexceptionLabel AT
___Require noErr (<#errorCode#>, <#exceptionLabel#>)
//6 . RIEIIHdata, BEBliESecCertificateRe fERAIENIE,
SecCertificateCreateWithData (<#CFAllocatorRef Nullable allocator#>,
<#CFDataRef _Nonnull data#>)
//7.48serverTrustiRBHW A, BINRUEHRERIEserverTrust, SMHRIERERES
Bc.
SecTrustSetAnchorCertificates(serverTrust, (__ bridge
CFArrayRef)pinnedCertificates);
//8 . ZEIEPHBERAER T
CFIndex certificateCount = SecTrustGetCertificateCount(serverTrust);
/79 . EBUSIER pEP XS ARAYIES
SecTrustGetCertificateAtIndex(serverTrust, i)
//10 ARAEIERIRER A EA
SecTrustCopyPublicKey(trust)

HINBEAER, ARAINLEEIRG, ENAIEERE~

AREERIX, XBL/MRAEERT, #HTXAZ, BUREhttpsiER, HEFERIBCHNIIES
tale? XERBEE—T, DAUNTRIE

1. MRMRANEN BN AENMTLRNLES, nERhtps, BATIEMANZAFERE
NSUrlSession,{t 287 RA#, REFEHBFBRIN. MAMZIERMELET
2. RMANEBERMES:

o BNRFEEplistXH, REFATMREAFAZEZMIER (RAZERBRIATS)
o H)X, MIRZ Nsurlsesion , AREENIEL AL T:



- (void)URLSession: (NSURLSession *)session
didReceiveChallenge: (NSURLAuthenticationChallenge *)challenge
completionHandler: (void (") (NSURLSessionAuthChallengeDisposition
disposition, NSURLCredential *credential))completionHandler

{
_ block NSURLCredential *credential = nil;

credential = [NSURLCredential
credentialForTrust:challenge.protectionSpace.serverTrust];
// PEHER AT
if (credential) {
/ETHkE NREEIXE
disposition = NSURLSessionAuthChallengeUseCredential;
}
/ 1 TERHkER
if (completionHandler) {
completionHandler (disposition, credential);

HL FAMEAFIEXS T B EE P RISEIMAYRIhR.

NRZAF, (RNFEEIREpolicy:

/I AFEREZIES, DI
policy.allowInvalidCertificates = YES;
/ /R EIIEERRICNFER

/I AR, BRMREYES, MHASNIEH,

policy.validatesDomainName = NO;

SAREALMRIER X, RANUERIDEFNELH, piiReE, MEBSRSIHES, HEBZNCA

m

RIEBSNFIRE F:
v [ ReadAF
V | ReadAF
| AFUse_server.cer

h| AppDelegate.h
HEMTRBIES:

NSString *certFilePath = [[NSBundle mainBundle]
pathForResource:@"AFUse server.cer" ofType:nil];
NSData *certData = [NSData dataWithContentsOfFile:certFilePath];
NSSet *certSet = [NSSet setWithObjects:certData,certData, nil];

policy.pinnedCertificates = certSet;

M




XAERF T LAME AR AFAYAN[E] AFSsLPinningMode EIWIET ,
RERBE—T, AFZFhttpsEIRMTH4:

o AFAMLHRAERSRWILERZEI, MEBERIE, ARUNRECRIENER, BERIVEMEKIE
Ko BMILUEE T NIRRT RFIUIE,
° HEIX, IER—T, RIWILAIRIE:

o RZWIE, BFNREASIRIENKX, ERESHELERSZBIHAVIES, WRITH, MIEIE
EIh, iR[EhttpsBIZEEIE.

o JIRAILECNEFIBTATSEE XM, MMRXKHF, MIREIhttps AR EERNEIE, MRFFBATS,
MFELEXMER, BREW,

B2Z—a1E: AFNIESIEAR AR, BRNBHEHRIGIEERAFREVERN,
=. AF3.X8JUIKit¥ R,

XTENERBSESR, MEIMBIEROE, RS2 LA/ NEEMS TR
It v T IVO 1V.U 194094 09)

Carrier = =

1N
SENKBOERER, RFEMFECHMUEF (ttilAppDelegate) SN, HiN—17RABENA:

#import "AFNetworkActivityIndicatorManager.h"

[ [AFNetworkActivityIndicatorManager sharedManager] setEnabled:YES];

R TRBA BRI EASEI :

1. XPTENIIMBIERE R, ICBEHRN ZBIHAIAFY NSURLSessionTask It 7 —"Method
Swizzlingl3? KERIEEM resume F suspend FIAM T — &, EEREETIAVEM LN
T BANAIE,

2. IPMEMBET XM N BARIFtaskSE A AIRSLHRY

BRENREBEENDIRNLSA:



+ (instancetype)sharedManager {
static AFNetworkActivityIndicatorManager * sharedManager = nil;

static dispatch_once_t oncePredicate;
dispatch _once(&oncePredicate, "{

_sharedManager = [[self alloc] init];

})i

return _sharedManager;

- (instancetype)init {

self = [super init];

if (!self) {

return nil;

}

/ EBEIRESRIZ B requestiEik

self.currentState = AFNetworkActivityManagerStateNotActive;

// FHA T HuRAl

[[NSNotificationCenter defaultCenter] addObserver:self
selector:@selector (networkRequestDidStart:)
name:AFNetworkingTaskDidResumeNotification object:nil];

/ /¥EREIBAN

[[NSNotificationCenter defaultCenter] addObserver:self
selector:@selector (networkRequestDidFinishz:)
name:AFNetworkingTaskDidSuspendNotification object:nil];

/ / SERLIBAN

[[NSNotificationCenter defaultCenter] addObserver:self
selector:@selector (networkRequestDidFinish:)
name:AFNetworkingTaskDidCompleteNotification object:nil];

/ / FHAIER

self.activationDelay

/1 ERIEIR

self.completionDelay = kDefaultAFNetworkActivityManagerCompletionDelay;

kDefaultAFNetworkActivityManagerActivationDelay;

return self;

A £, B8 T —state, X PstateB—

typedef NS ENUM(NSInteger, AFNetworkActivityManagerState) ({
/ 13%BIFK
AFNetworkActivityManagerStateNotActive,
/ 1 VERIEIRFHA
AFNetworkActivityManagerStateDelayingStart,
/1 VER#HITH
AFNetworkActivityManagerStateActive,
/ 1 IERIEBLER
AFNetworkActivityManagerStateDelayingEnd



X state—HU EAMIRT, HEPPMEIZRIFIER, MERFIAMEREREAEREE?

o FRZXZAFIERBEETME—MIALIE, WEMR—MBEREEIRE, BARERAIEERN
—TMERT . WRRZBERIRK, BARERSNMENAMNE, XEAAFAZHIVEENBR.
o FINZ T XM TS

1) E—TERITIENRER, BEE—SAEERR®E, NREXERNERN, BRERT, Ba
BMARERRRLT .

2) ER—EREFREMR, WAREBKMERT, HNEREEZER—THEBEER, XiTE
IR 4 RAVAT(E],

o ZREERAMNEITT =&, AREITHEIEERTHNE BRIV,

o REIRE T HATRIEREFZ MER LR IAER LSRN E), X TEOMELT:

static NSTimeInterval const kDefaultAFNetworkActivityManagerActivationDelay
1.0
static NSTimeInterval const kDefaultAFNetworkActivityManagerCompletionDelay
0.17;

BEBIIREE=TBNMRBRNGE:

/ 13ERFFIA

- (void)networkRequestDidStart: (NSNotification *)notification {

if ([AFNetworkRequestFromNotification(notification) URL]) {
/ 3BINEKIEIRE

[self incrementActivityCount];

}
/ 1TERE
- (void)networkRequestDidFinish: (NSNotification *)notification {
//AFNetworkRequestFromNotification(notification)iREIX MBI request, FAEH
#irequest @ BB XM
if ([AFNetworkRequestFromNotification(notification) URL]) {
/1B HKIEIREL

[self decrementActivityCount];

HERER, MEMRNEREN TIEKERE, SRWED . BR TN TENEEEI TR



/ /BIMEKIEERER

- (void)incrementActivityCount {

//TEBRBINEE+1, FHFENRIERVO
[self willChangeValueForKey:@"activityCount"];
@synchronized(self) {

_activityCount++;

}
[self didChangeValueForKey:@"activityCount"];

/1 EEFREM
dispatch async(dispatch get main queue(), “{

[self updateCurrentStateForNetworkActivityChange];
})i

/ 1B KIEEREL
- (void)decrementActivityCount {
[self willChangeValueForKey:@"activityCount"];
@synchronized(self) {
#pragma clang diagnostic push
#pragma clang diagnostic ignored "-Wgnu"
_activityCount = MAX(_activityCount - 1, 0);
#pragma clang diagnostic pop
}
[self didChangeValueForKey:@"activityCount"];

dispatch async(dispatch _get main queue(), “{
[self updateCurrentStateForNetworkActivityChange];
})i

REMTHANZREZERD, XEFEIENRE, taskBI/IMRSHERM, RESESERENIME
TRIEIHKE ., FADOX B TEIREEINNIMN, #AT esynchronized XM7ITVAYM, #1T 7 LAz (xR

P, REERIFZEZFIZHA T updateCurrentStateForNetworkActivityChange

BNREREER N LA



- (void)updateCurrentStateForNetworkActivityChange {
/ INRBRFNETE
if (self.enabled) {
switch (self.currentState) {
/1 RNEER
case AFNetworkActivityManagerStateNotActive:
//FIHEERER, KF0ANYES
if (self.isNetworkActivityOccurring) {
/ NRERS IR R
[self
setCurrentState:AFNetworkActivityManagerStateDelayingStart];
}

break;

case AFNetworkActivityManagerStateDelayingStart:
//No op. Let the delay timer finish out.
break;
case AFNetworkActivityManagerStateActive:
if (!self.isNetworkActivityOccurring) {
[self
setCurrentState:AFNetworkActivityManagerStateDelayingEnd];
}
break;
case AFNetworkActivityManagerStateDelayingEnd:
if (self.isNetworkActivityOccurring) {
[self
setCurrentState:AFNetworkActivityManagerStateActive];
}

break;

o XNHIEFRFIM T BATTTIRIRER SR ERM self.enabled , MRFE, THAT.
o XEFEEMBIARMRE, KA T —IRENZEFL. HFERLA—TE

% self.isNetworkActivityOccurring :

/ IR B &EER
- (BOOL)isNetworkActivityOccurring {
@synchronized(self) {

return self.activityCount > 0;

AR FIEN A EIRER T .

XTEEEF T currentStatelJset57%, AT X Tstate, Meikset5iE, MEAXEHRE
ARG AR



/ 1REHRINEIIRS
- (void)setCurrentState: (AFNetworkActivityManagerState)currentState {
@synchronized(self) {
if (_currentState != currentState) {
/ /RVO
[self willChangeValueForKey:Q@"currentState"];
_currentState = currentState;
switch (currentState) {
/ IR R EER
case AFNetworkActivityManagerStateNotActive:
//BUBR TR At imer
[self cancelActivationDelayTimer];
[self cancelCompletionDelayTimer];
/ RENHEAA T
[self setNetworkActivityIndicatorVisible:NO];
break;
case AFNetworkActivityManagerStateDelayingStart:
/R T EN ST RERHL
[self startActivationDelayTimer];
break;
/ /AR TERINS
case AFNetworkActivityManagerStateActive:
//BUHREIRFER At imer
[self cancelCompletionDelayTimer];
// FHRRRH T
[self setNetworkActivityIndicatorVisible:YES];
break;
/ 1 IERFERCRTS
case AFNetworkActivityManagerStateDelayingEnd:
//FHEREIR e timer
[self startCompletionDelayTimer];

break;

}
[self didChangeValueForKey:@"currentState"];

X setHEMERX TN ERERONAET . ERNERUT:

o XEMRFJRIAS, BEFEFRMT —TEEFARELRTH, XNERSHFEZBHXMAT
IR,
o AT, EEFERERINSENSE, AT setNetworkActivityIndicatorVisible: /5

A



- (void)setNetworkActivityIndicatorVisible:
(BOOL)networkActivityIndicatorVisible {

if (_networkActivityIndicatorVisible != networkActivityIndicatorVisible)

[self willChangeValueForKey:@"networkActivityIndicatorVisible"];
@synchronized(self) {
_networkActivityIndicatorVisible =
networkActivityIndicatorVisible;

}
[self didChangeValueForKey:@"networkActivityIndicatorVisible"];

//ZEBEXMBlock, EECEHINETE
if (self.networkActivityActionBlock) {
self.networkActivityActionBlock(networkActivityIndicatorVisible);
} else {
/1 BMEIAAFIRIEIZBooL, EEFIREEZNHERESETR
[[UIApplication sharedApplication]
setNetworkActivityIndicatorVisible:networkActivityIndicatorVisible];

}

o XTHEMEMREHHERDE. FEXIF—TBEEXMBlockFHNAIMBEEZRXTHE
EENIZFERSE, ZM—EEEXNLIE,
o IRFAVRBLIXTBlock, MIEAA:

[[UIApplication sharedApplication]

setNetworkActivityIndicatorVisible:networkActivityIndicatorVisible];

ERHE.
[EFstateRyset7 AR, FARTIEGIREEE, TEABTUT4TEE:



/I THRESRIZERNEE, BIARIY, RIVDMER, BBATERL, LEREFRE
- (void)startActivationDelayTimer {

/1 RPAT—IR

self.activationDelayTimer = [NSTimer

timerWithTimeInterval:self.activationDelay

target:self selector:@selector(activationDelayTimerFired) userInfo:nil
repeats:NO];

//NNEIE & ErunloopEft &

[ [NSRunLoop mainRunLoop] addTimer:self.activationDelayTimer

forMode : NSRunLoopCommonModes ] ;

}

//FTERESEI T —MES TR, BiAR0.178, WR0.17WHMART—T, BATE LRELERTE
¥
- (void)startCompletionDelayTimer {

/1 FBUH Z A

[self.completionDelayTimer invalidate];

/1 TERPATIL AR

self.completionDelayTimer = [NSTimer
timerWithTimeInterval:self.completionDelay target:self
selector:@selector(completionDelayTimerFired) userInfo:nil repeats:NO];

[ [NSRunLoop mainRunLoop] addTimer:self.completionDelayTimer

forMode : NSRunLoopCommonModes | ;

}

- (void)cancelActivationDelayTimer {
[self.activationDelayTimer invalidate];

}

- (void)cancelCompletionDelayTimer {
[self.completionDelayTimer invalidate];

}

AT HEDARTHEEIRAIT—T A, MERNIMERERRIT—T7E, XN 75 A5
H. BIEM, ERNZREZER,
BMNBEETE, XM PMERBERNEIKZTA:

- (void)activationDelayTimerFired {
//ERRRS, BIVERREIAT 1%
if (self.networkActivityOccurring) {
[self setCurrentState:AFNetworkActivityManagerStateActive];
} else {
[self setCurrentState:AFNetworkActivityManagerStateNotActive];

}

- (void)completionDelayTimerFired {

[self setCurrentState:AFNetworkActivityManagerStateNotActive];



—NFE, — MR, HISBET AEMcurrentStatefd{E, XEIZIZH] state B set FER T,

Z X AFNetworkActivityIndicatorManager AT 7, KIBAEHEYEEETH.,

M. aF2.x BIMEIEKERTE:

BRBAIREBAF2 XA B %:

¥ | AFNetworking 50 @Eproperty (readonly, nonatomic, strong) id responseObject;
— 51
m AFHTTPRequestOperation.h 52 ///
m AFHTTPRequestOperation.m 53 /// @name Setting Completion Block Success / Failure Callbacks
56 ///
h AFHTTPRequestOperationManager.h 55
g 56 /%%
AFHTTPRequestOperationManager.m g 5 . z g ke
m a P 9 57 Sets the ‘completionBlock' property with a block that executes either the specified success
h AFHTTPSessionManager.h or failure block, depending on the state of the request on completion. If ‘error’
: returns a value, which can be caused by an unacceptable status code or content type,
mAELIESEsslonkanagarm then “failure' is executed. Otherwise, ‘success’ is executed.
h AFNetworking.h 58

59 This method should be overridden in subclasses in order to specify the response object
passed into the success block.

AFNetworkReachabilityManager.h

m AFNetworkReachabilityManager.m 60
2 A 61 @param success The block to be executed on the completion of a successful request. This
AFSecurityPolicy.h block has no return value and takes two arguments: the receiver operation and the
AFSecurityPolicy.m object constructed from the response data of the request.

62 @param failure The block to be executed on the completion of an unsuccessful request. This

=,

3

h AFURLConnectionOperation.h block has no return value and takes two arguments: the receiver operation and the error
m AFURLConnectionOperation.m 7 that occurred during the request.
63 x
h | AFURLRequestSerialization.h 64 - (void)setCompletionBlockWithSuccess: (void (A)(AFHTTPRequestOperation *operation, id
m AFURLRequestSerialization.m responseObject))success . . ) .
65 failure:(void (*)(AFHTTPRequestOperation *operation, NSError *
h AFURLResponseSerialization.h error))failure;
nseSerialization. oo
m AFURLResp.o seSerialization.m | & @end
h AFURLSessionManager.h = »
m AFURLSessionManager.m
h ' DownLoadOperation.h
m DownLoadOperation.m

» | UIKit+AFNetworking

BRT UKt RS, ABME LRARXAZE, HPREENF3TE:

1) AFURLConnectionOperation
2) AFHTTPRequestOperation

3) AFHTTPRequestOperationManager

o KEE4NE, AF2.XxEET NSURLConnection EEIZERY, 1M NSURLConnection HIBIZELAKER
EIEK, FMAEEIZETE AFURLConnectionOperation X PEH, FRLUXPMEREAR FZAF2 X&HIEK
Bt R &% 0O,

® || AFHTTPRequestOperation =REE AFURLConnectionOperation , ITERLE—LEFIEM
TR,

® AFHTTPRequestOperationManager M @—1PEZXK, EEIBIXLIXLE operation ,

BAHE T RIZBNEZIERRIEEFEAF2 XHTH

I ANEWK—L NSoperationQueue . NSOperation FEMIENR, MR XAEHNABTATE
MiE, AIAGEESHEENXRE:

[i0S H & 4wFE < Operation Queues
1(http://blog.leichunfeng.com/blog/2015/07/29/ios-concurrency-programming-operation-
gueues/)

B, BAIRE—getd&EpostizK:



http://blog.leichunfeng.com/blog/2015/07/29/ios-concurrency-programming-operation-queues/

AFHTTPRequestOperationManager *manager = [AFHTTPRequestOperationManager
manager];
[manager GET:url parameters:params

success:” (AFHTTPRequestOperation *operation, id responseObject) {

} failure:” (AFHTTPRequestOperation *operation, NSError *error) {
1

MIXABERNATRE, TR T —TNEIES
EEF (13X EE AFHTTPRequestOperationManager BI¥JIBH %!

+ (instancetype)manager ({
return [[self alloc] initWithBaseURL:nil];

(instancetype)init ({

return [self initWithBaseURL:nil];

- (instancetype)initWithBaseURL: (NSURL *)url {
self = [super init];
if (!self) {
return nil;
}
// Ensure terminal slash for baseURL path, so that NSURL
+URLWithString:relativeToURL: works as expected

if ([[url path] length] > 0 && ![[url absoluteString] hasSuffix:@"/"]) {
url = [url URLByAppendingPathComponent:@""];

}

self.baseURL = url;

self.requestSerializer = [AFHTTPRequestSerializer serializer];

self.responseSerializer = [AFJSONResponseSerializer serializer];

self.securityPolicy = [AFSecurityPolicy defaultPolicy];

self.reachabilityManager = [AFNetworkReachabilityManager sharedManager];

/1 BFRBEMRBIFE KN queue

self.operationQueue = [[NSOperationQueue alloc] init];

// BB IERIIE

self.shouldUseCredentialStorage = YES;

return self;

It AERE R, BEARMARXEM, BT —TRR:

(1) IRE T —" operationgueue , X BT, FARIFAEEBEFIEH) operation , FEAF2.XH, B—
™ operation MaE—TMNEIEK,

(Z)iQEE shouldUseCredentialStorage NYES, X NEERIEL operation , operation RIRIE
XME, ZREIBHIE, RAESMhttpsAIIERIGIIE,



REHNRERgetHE:

- (AFHTTPRequestOperation *)GET: (NSString *)URLString
parameters: (id)parameters
success: (void (") (AFHTTPRequestOperation *operation,
id responseObject) )success
failure: (void (") (AFHTTPRequestOperation *operation,

NSError *error))failure

{

//ZEFrequest

NSMutableURLRequest *request = [self.requestSerializer
requestWithMethod:@"GET" URLString:[[NSURL URLWithString:URLString

relativeToURL:self.baseURL] absoluteString] parameters:parameters error:nil];

AFHTTPRequestOperation *operation = [self

HTTPRequestOperationWithRequest:request success:success failure:failure];

[self.operationQueue addOperation:operation];

return operation;

FERER, T

(1) FA self.requestSerializer 4T —"request, Z2FUMER, AIUSEZHINXE, X2
MAZERT

(2) &R T —" AFHTTPRequestOperation , SAFIEIX operation MENIFANT—FFIAEIERN
queue H1,

Hr gl AFHTTPRequestOperation iAW T:



- (AFHTTPRequestOperation *)HTTPRequestOperationWithRequest: (NSURLRequest
*)request
success: (void (%)
(AFHTTPRequestOperation *operation, id responseObject))success
failure: (void (")
(AFHTTPRequestOperation *operation, NSError *error))failure
{
/ /B2 B E X HAFHTTPRequestOperation
AFHTTPRequestOperation *operation = [[AFHTTPRequestOperation alloc]
initWithRequest:request];
operation.responseSerializer = self.responseSerializer;
operation.shouldUseCredentialStorage = self.shouldUseCredentialStorage;
operation.credential = self.credential;
/REBEXNRZ RS

operation.securityPolicy = self.securityPolicy;

[operation setCompletionBlockWithSuccess:success failure:failure];
operation.completionQueue = self.completionQueue;
operation.completionGroup = self.completionGroup;

return operation;

FiEBI##2 T —> AFHTTPRequestOperation , FHIEHCHI—LLESERLE T IX operation 4ME,

BETEE:

- (instancetype)initWithRequest: (NSURLRequest *)urlRequest {
self = [super initWithRequest:urlRequest];
if (!self) {

return nil;

self.responseSerializer = [AFHTTPResponseSerializer serializer];

return self;

FRTIRE T —" self.responseSerializer , Efr ERIFATARE, HERIIZZOH
2 AFURLConnectionOperation BY#IIAHL 7574, BABNERRIXITEZ Y FENSOperationhl,
AREHRINIEEETTE:



/ 11

- (instancetype)initWithRequest: (NSURLRequest

NSParameterAssert (urlRequest);

self =
if (!self) {

return nil;

[super init];

}

/ /R E Nready

_state = AFOperationReadyState;

/ /&Y

self.lock = [[NSRecursiveLock alloc] init];
self.lock.name = kAFNetworkingLockName;
self.runLoopModes =

self.request = urlRequest;

B BNIZEWIERFMEERER

self.shouldUseCredentialStorage

/ /httpsiAIESERS

self.securityPolicy =

return self;

= YES;

M HES, Mt T —EEE, TERINREFRNTE—

1.

EIEE:

typedef NS ENUM(NSInteger, AFOperationState) {

AFOperationPausedState

AFOperationReadyState =
AFOperationExecutingState =
AFOperationFinishedState
}i
X _state ANGEEXTMBZIFRIVAE, —

AOIRTS

_]_,

1,
2,

=3,

//1B1E

/R
// EfE#ITH

/ /78R

Han EAFIRTS,

*)urlRequest {

[NSSet setWithObject:NSRunLoopCommonModes];

[AFSecurityPolicy defaultPolicy];

XEER

_state iX B AFOperationReadyState EFMEBIRS

XERSEH IS NE operation AT



/ /BB X MNoperationfIE IR
static inline NSString * AFKeyPathFromOperationState(AFOperationState state)
{
switch (state) {
case AFOperationReadyState:
return @"isReady";
case AFOperationExecutingState:
return @"isExecuting";
case AFOperationFinishedState:
return @"isFinished";
case AFOperationPausedState:
return Q@"isPaused";
default: {
#pragma clang diagnostic push
#pragma clang diagnostic ignored "-Wunreachable-code"
return @"state";
#pragma clang diagnostic pop

}

HEREEE 7 XLEREERgetHA, FARMEE X Hstate——IF [ :

/1 EEXERE, SECHNEXNstatelIN
- (BOOL)isReady {

return self.state == AFOperationReadyState && [super isReady];
}
- (BOOL)isExecuting {
return self.state == AFOperationExecutingState;
}
- (BOOL)isFinished {
return self.state == AFOperationFinishedState;
}

2. self.lock i
Llﬂm%ﬂkum$x—&@ﬁ$¢m%F§@,5?%#&%%%%%,%5%%&%%7%%
BIEBTERNER, fNELESHIS AT ESTE— N ANIRMERS, T RE)d. MAMERTE
35, BWRT WF&T%%M&E

3. {3817 self.runLoopModes , EKIA
79 NSRunLoopCommonModes ,

4. £/ T —1EA self.securityPolicy,



XPMEATEEX operation E’\J%ﬂ’ﬂﬁﬁﬁ, ﬁ'ﬁﬂ%ﬁ?ﬂ"]%?ﬁ??ﬂ'\]iﬁ%ﬁﬁ, E57 operation 5]
start /575K, HIX operation HE—THMIEEMIEAEHITHIRNME, BEMBAANXT start HiE
R, ETREMNENIMES:

- (void)start {
[self.lock lock];

/ /ANRHEEUH T #UARBUBER A
if ([self isCancelled]) {

/ /TEAF B RS RRPERNT

[self performSelector:@selector(cancelConnection) onThread:[[self
class] networkRequestThread] withObject:nil waitUntilDone:NO modes:
[self.runLoopModes allObjects]];

}
/1ERET, A
else if ([self isReady]) {

/BRI, FHEaRAT

self.state = AFOperationExecutingState;

[self performSelector:@selector(operationDidStart) onThread:[[self
class] networkRequestThread] withObject:nil waitUntilDone:NO modes:
[self.runLoopModes allObjects]];

}
/ER, REBEKNEUEIEREBZER— 1! | SEOESREE—1T%E

[self.lock unlock];

REFM T SRTRIRES, RRUEERESEME, REXRATZEENNNTGIE,
o IRRXELEHMZERIM—TEREREREAN, BNREBXTLRE:



+ (void)networkRequestThreadEntryPoint:(id)_unused object ({
@autoreleasepool ({

[[NSThread currentThread] setName:@"AFNetworking"];

NSRunLoop *runLoop = [NSRunLoop currentRunLoop];
/ /%R E, BhlbrunloopEHNRME
[runLoop addPort:[NSMachPort port] forMode:NSDefaultRunLoopMode];

[runLoop run];

}
+ (NSThread *)networkRequestThread {
static NSThread *_ networkRequestThread = nil;
static dispatch_once_t oncePredicate;
dispatch_once(&oncePredicate, "{
_networkRequestThread = [[NSThread alloc] initWithTarget:self
selector:@selector (networkRequestThreadEntryPoint:) object:nil];
[ _networkRequestThread start];

)i

return networkRequestThread;

RRNHEER LRRIF S AEPIBAETEORT ...

o XE— 1 8%l, A NSThread BIET—1T%%, HFEARXTEEZRIMT — runloop , HENM
T—" NSMachPort , KBAlE runloop HIFERL,

o XFETEMBAFARAEMNRZIFR, HEESMBZIFTKRERFNERE, (MXHRX—FE&E BI&E
BAVRHATLAEZXAH) . BN ZENHAFXARIER, FHZEZIEKREIRERLIES
I, &R,

BAHEERBUNREETNE, startAANAGE:

/BRI, FHaRAT

self.state = AFOperationExecutingState;

[self performSelector:@selector(operationDidStart) onThread:[[self class]
networkRequestThread] withObject:nil waitUntilDone:NO modes:

[self.runLoopModes allObjects]];

T%%E*%“EI@&EEP,#H*BEEE’\]EEC, =387 self.runLoopModes IR NIER



- (void)operationDidStart ({
[self.lock lock];
/ /NS BUH
if (![self isCancelled]) {
//&ENstartImmediately YES IERAH, EARMAZIELTEN Runloop T,
RunloopMode &ZKIAH NSDefaultRunLoopMode
self.connection = [[NSURLConnection alloc]

initWithRequest:self.request delegate:self startImmediately:NO];

NSRunLoop *runLoop = [NSRunLoop currentRunLoop];
for (NSString *runLoopMode in self.runLoopModes) {
//$BconnectionfloutputStreamiFMEIHFIZFErunloopFE, REXEE, THEE
X2 A2 O]
[self.connection scheduleInRunLoop:runLoop forMode:runLoopMode];
[self.outputStream scheduleInRunLoop:runLoop
forMode:runLoopMode];

}

/ ETFH R
[self.outputStream open];
/1 FRIER

[self.connection start];

}
[self.lock unlock];

dispatch async(dispatch get main queue(), ~{
[[NSNotificationCenter defaultCenter]
postNotificationName:AFNetworkingOperationDidStartNotification object:self];

)i

BTAEMT ATUHS:

(). BEXTAELIET —1 NSURLConnection , IREMNIENEC, startimmediatelyANO, EF
RS 2BN, BIIREEEAXHE:

startimmediately

YES if the connection should begin loading data immediately, otherwise NO. If you pass
NO, the connection is not scheduled with a run loop. You can then schedule the
connection in the run loop and mode of your choice by calling
schedulelnRunLoop:forMode: .

B2, X MERIANVES, MEESTRNERREELENunloophER, WRHINEER
NO, MBEBAHAT TEEI:

[self.connection scheduleInRunLoop:runLoop forMode:runLoopMode];

EiFMR—"runloopfimode, ERERINFEENIX T runloopFiERLIZFEIALER.
2). BEF—RNEXEREAT:



[self.outputStream scheduleInRunLoop:runLoop forMode:runLoopMode];

X outputStream TEget/T AR MEHIANL T ¢

- (NSOutputStream *)outputStream {
if (! outputStream) {

=5

//—PBANEIAEFEFRR, AILABIINSStreamDataWrittenToMemoryStreamkKey 225
NERIEE

self.outputStream = [NSOutputStream outputStreamToMemory];
}

return _outputStream;

XEBEIEERMEZHREA NsMutablebata , MEM T outputStream , MEEEANEYE, WK
FAFH,

o HSLHBIENI outputstream MMBAET FHAXEHMIIR, AJLAMRNEN, BXHEZRR
FEIAM, ZFETUABENTERSNAE, BROTHERE

[NSOutputStream outputStreamToFileAtPath:@"filePath" append:YES];

o BEXEZEREAAFH, XFEIXITHERAFNEXELNFET . BATLAEERNE?
REHFVNEMERN TRERXTHEMEE—T runloop E’\HEE mode T, Z|ARAMERX
" outputStream BHEAXTERAETR, FELREZENNE, EREIREEWMFH
f£.hhRy:

@property (nonatomic, strong) NSOutputStream *outputStream;

S(’Eﬁé?I\ﬁWFAT" HAhZ 2 XX MR A5 E, FIMLERXT NsMutablebata fERIRUAILLSFE
T, MEHAMNEINEE l:%’%%zqﬂfi MEE, BARBELREREMEE.

(3). X connection FFIEHITT .

(4). BIELAE R E—TMESTHRRATHIER,
ETRMBERFTIEHRITT, BMFFIBMA connection FIIESIET !

(=] NSURLConnectionDelegate

[ -connection:willSendRequestForAuthenticationChallenge:

[@ -connectionShouldUseCredentialStorage:

m -connection:willSendRequest:redirectResponse:

m -connection:didSendBodyData:totalBytesWritten:totalBytesExpectedToWrite:
[@ -connection:didReceiveResponse:

@ -connection:didReceiveData:

[@ -connectionDidFinishLoading:

[@ -connection:didFailWithError:

[ -connection:willCacheResponse:



AR Xx—HIEM T EXAZRIBRZE, XERERE, FAREDMBATLZAIHRY NSURLSession
BOCEETASRM, BRIV EH, WRFBETHEEMNTSAER, AIUSEREZHNXE,

ERATEXOMMUE:

R, B—aEERE, BEi1ZaiRiEconnectionsTMERNIEIFLENrunloop® T, FRIAA TR
BNRERSZE, FREXNEN—FEHEEEPENR,

F—TRE

/ /WREINERL, DBz Sk SR bR KL
- (void)connection: (NSURLConnection __ unused *)connection

didReceiveResponse: (NSURLResponse *)response

{

self.response = response;

It aFREy, MEWEIRNE, Eresponseliiia B CRIEMR.

EME

/ 1 HHEIREREIRERE
- (void)connection: (NSURLConnection __ unused *)connection

didReceiveData: (NSData *)data

NSUInteger length = [data length];
while (YES) {
NSInteger totalNumberOfBytesWritten = 0;
/ /8RR outputStream BHTRZT(H
if ([self.outputStream hasSpaceAvailable]) {

/ /BB —TbufferfBEHPX, K/ AdataliFTHER
const uint8 t *dataBuffer = (uint8 t *)[data bytes];

NSInteger numberOfBytesWritten = 0;

/I HENRKENTFHEENKE, EETE
while (totalNumberOfBytesWritten < (NSInteger)length) {
//{FoutputstreamBHIE, RANSGE, —RKME—H7, BEAS
numberOfBytesWritten = [self.outputStream
write:&dataBuffer[ (NSUInteger)totalNumberOfBytesWritten] maxLength: (length -
(NSUInteger)totalNumberOfBytesWritten) ];
//918R numberofBytesWrittenBEANKIK T, HEHEIR

if (numberOfBytesWritten == -1) {
break;

}

/IMEBRENKE

totalNumberOfBytesWritten += numberOfBytesWritten;



break;

/B
if (self.outputStream.streamError) {
//B;Hconnection
[self.connection cancel];
/ /BRI E
[self performSelector:@selector(connection:didFailWithError:)
withObject:self.connection withObject:self.outputStream.streamError];

return;

/ / ELFEEVE T HEUEAN
dispatch async(dispatch get main queue(), "{

self.totalBytesRead += (long long)length;

if (self.downloadProgress) {
self.downloadProgress(length, self.totalBytesRead,

self.response.expectedContentLength);

}
})i

REPMBEEEFRK, HXFZERMERESR, ERM T3NS

1. 4§ outputStream HHEEIE, BAUNRHHE, AFRTULOLIEEITERT.

2. WNREEEMIFAE: connection:didFailWithError: HIEIERMBIEREMNVKIE, HI1—=T
HISH.

3. ELEPLEFETHHE.,

B=MCE



/ /5ER T R

- (void)connectionDidFinishLoading: (NSURLConnection __ unused *)connection {

//MoutputStreamPZF#HFE NSStreamDataWrittenToMemoryStreamKeyE5 A\EINTFHH]

self.responseData = [self.outputStream

propertyForKey:NSStreamDataWrittenToMemoryStreamKey];

//*FoutputStream

[self.outputStream close];

/ /RN EIEEEE T, MoutputStream&E Hnil
if (self.responseData) {

self.outputStream = nil;

}
//i&%E connection
self.connection = nil;

[self finish];

MR ES TR ZEER, F{IM outputstream EZ| T HRETHEUE, ARXFAETT

outputStream , FHBEZ T connection ., AT finish :

- (void)finish {
[self.lock lock];
/ MEBUIRTS
self.state = AFOperationFinishedState;
[self.lock unlock];

/1 BIEST R BB A
dispatch async(dispatch get main queue(), "{
[[NSNotificationCenter defaultCenter]

postNotificationName:AFNetworkingOperationDidFinishNotification object:self];

})i

EHRIESKEHNETM, HARAELELREESTMNBA. XERITRERTHETM. HX
ARTHENAXEENsettAE RIEERT, EXEHRT)



- (void)setState: (AFOperationState)state {

/ THIEMNERIRSEI S —IIREEARGE, ENEINERSEE, . KHIERMERM, X#)

HiER., . —BE

if (!AFStateTransitionIsValid(self.state, state, [self isCancelled])) {

return;

[self.lock lock];

/1 ZEIN R K EE SR A TE B AR key

NSString *oldStateKey = AFKeyPathFromOperationState(self.state);

NSString *newStateKey = AFKeyPathFromOperationState(state);

/ /& HRVO

[self willChangeValueForKey:newStateKey];
[self willChangeValueForKey:oldStateKey];
_state = state;

[self didChangeValueForKey:oldStateKey];
[self didChangeValueForKey:newStateKey];
[self.lock unlock];

BENHENLE state ISR, FHEEZET xvo . KEK T #E NSoperationQueue FMAIE, WRIINAY
operationfJ/E 4 finnished #HIRENYES, MARZHFE] operatlon ZRT, 28 operation MEA

ShFEks, HEIEAR operation Y completionBlock , XMEEE, EAFKNNES

BNBEME

MZ completionBlock FFEMAER (TEIZRFHXT5TMBlock, MEEMXENZLET) .

SO

//TEREKMEIEIE, f£cancel connectionfIitE, B EREART

- (void)connection: (NSURLConnection __ unused *)connection

didFailWithError: (NSError *)error

{
//Z%lerror
self.error = error;
//*FoutputStream
[self.outputStream close];
/RN EIEEZRET, MoutputStream&E Anil
if (self.responseData) {

self.outputStream = nil;

}
self.connection = nil;
[self finish];

}

W—REIR—THMEXEL self.error IH, Z/E5HBlocCkSRIEX

=RINEEERM,

“Nerror,

EHIEHXORIER



ZItbF A2 AFURLConnectionOperation BOM/SEF AT T,

B RBIE KT T s PURTE self. responseData =8 , ETRBNIREEREBALEIENFE
1,

F{1E12l AFURLConnectionOperation F3 AFHTTPRequestOperation , BIXA—1 k!

- (void)setCompletionBlockWithSuccess: (void (") (AFHTTPRequestOperation
*operation, id responseObject))success
failure: (void (") (AFHTTPRequestOperation
*operation, NSError *error))failure
{
// completionBlock is manually nilled out in AFURLConnectionOperation to
break the retain cycle.
#pragma clang diagnostic push
#pragma clang diagnostic ignored "-Warc-retain-cycles"
#pragma clang diagnostic ignored "-Wgnu"
self.completionBlock = "{
if (self.completionGroup) {

dispatch group enter(self.completionGroup);

dispatch async(http request operation processing queue(), "{
if (self.error) {
if (failure) {
dispatch group async(self.completionGroup ?:
http request operation completion group(), self.completionQueue ?:
dispatch get main queue(), "{
failure(self, self.error);
)i
}
} else {
id responseObject = self.responseObject;
if (self.error) {
if (failure) {
dispatch group async(self.completionGroup ?:
http request operation completion group(), self.completionQueue ?:
dispatch get main queue(), "{
failure(self, self.error);
})i
}
} else {
if (success) {
dispatch group async(self.completionGroup ?:
http request operation completion group(), self.completionQueue ?:
dispatch get main queue(), "{

success(self, responseObject);



if (self.completionGroup) {

dispatch _group leave(self.completionGroup);

})i
i
#pragma clang diagnostic pop

}

— 83K {17E AFHTTPRequestOperationManager F 2T IXNAIERN:

[operation setCompletionBlockWithSuccess:success failure:failure];

o FAEEMINFIKMAIBlOCKIZLR T XM HA.
o XTHALRIFIER, MEBIREH(ZAIREITS completionBlock , HHCHIEFERTM,
?JtAiﬁﬁﬁiz’PBlocko ARREANEX T Block AR EI R MKINE KMAIBlock, ZNRerror
V=, RBRERAIN, EREELE, SNAKY, EerrorfERIER,
o XEMEMAF.X, FIMBEX—5TRAMTTMIAG., EHEF AERA]B E X 95T A RBAS
PEIEHE.
o [RILZI, TE—TEEEBAIMT:

#pragma clang diagnostic push
#pragma clang diagnostic ignored "-Warc-retain-cycles"
#pragma clang diagnostic ignored "-Wgnu"

#pragma clang diagnostic pop

ZATEANRY, XEEBERFERN—L

e _wgnu MiRNIRT, SREE? :

o {HISIE FMZE -Warc-retain-cycles , XERBTREASIBNES. B(UFHEFMNA
& self #FH T completionBlock , ﬁ'ﬁ completionBlock AERIEH self , XEMHSLIFIAS|
7T . BAAFRUERRIRXEIRS | FBRIIE?

IS

=
Mo

#{1#E[E1F] AFURLConnectionOperation , ME—NEHRNIZENEHE, EEET
setCompletionBlockiX N34,



//E5setCompletionBlock
- (void)setCompletionBlock: (void (") (void))block {
[self.lock lock];
if (!block) {
[super setCompletionBlock:nil];
} else {
__weak _ typeof(self)weakSelf = self;
[super setCompletionBlock:" {
__strong __ typeof (weakSelf)strongSelf = weakSelf;

#pragma clang diagnostic push
#pragma clang diagnostic ignored "-Wgnu"

//1BBRBEEXNSTRA, SNAAFA

dispatch group t group = strongSelf.completionGroup ?:
url request operation completion group();

/1 BERBEBEEXNTMqueue, SMAETY

dispatch queue t queue = strongSelf.completionQueue ?:
dispatch get main queue();

#pragma clang diagnostic pop

/ /BRI EMBlock, TEXMAFIFAZI A
dispatch group async(group, queue, ~{

block();
})i

//EREEnil, BHIETEIAS|A
dispatch group notify(group,
url request operation completion queue(), “{
[strongSelf setCompletionBlock:nil];
})i
i

}
[self.lock unlock];

AR, BERIMIREMNblockigA%SRMNEE, EaIrIEMA:
[strongSelf setCompletionBlock:nil];

iEBlock&Z, RXEBENSIBAEFET .

FREANEER T —TRA, MESRENZIEGRENET., EXTERRRENE IR —RA—
REY, AR XBEABRIEXFETN. . SRMUNEBEXN3. KR, AFNetworkingRZFIBRE, U
REMBREZBIBARSHAFIELRST. . B—REBEER.
BARIZEBELURBN AN A S HERRYIE:



- (id)responseObject {
[self.lock lock];
if (! _responseObject && [self isFinished] && !self.error) {

NSError *error = nil;

/ 1 ES AR R AT

self.responseObject = [self.responseSerializer
responseObjectForResponse:self.response data:self.responseData error:&error];

if (error) {

self.responseSerializationError = error;

}
[self.lock unlock];

return _responseObject;

AFHTTPRequestOperation ©5 7 responseObject HigetFi%,
HEBHIBEZBERNBENEE (json. xmlEE) #H1THEIT. ETNCRENT, TUSEEE ZRIAF
RIMNE, XEMAERT.,

HLEMNETTRERR, MEMMETRZIE aAFSecurityPolicy A% T, HIHSH, ©HE
AFURLConnectionOperation HhttpsIAIERIIER#FIAA, HNZBIRIINXECEHIEE$H
T, BRAMBHBARANHERNENXERESE.

Elt, ARXBTWSREMERT .

BETR, BIIREEREAR2XEMSERNTE:

[ENEELES
n¥

AFHTTPRequestOperation

AFURLConnectionOperation

NEE, FARFE—TBRE:



Jagkaray

o K FEHRE AFHTTPRequestOperationManager FfI 1A E#HTget. postHFHFZMEEAIK
KIEK

o JAIE'EZXIEAA AFURLRequestSerialization 1Eﬂrequest%§ﬂ#”z§c REERT —
™ AFHTTPRequestOperation L, HirequestRR{AE., A AFHTTPRequestOperation
AWINZE]— NSoperationQueue HA,

e }%%E AFHTTPRequestOperation EZlrequestfz, SXFHEMNR
*7&AFURLConnectionOperation E'L]?‘}Jyﬁ’ftﬁlf, #ETE*Q?&%?&%?@E, B/%Jttzli'l‘, HAREE
FEHEIE KRG, EIMAT AFURLResponseSerialization EEIEMENTAIEIIEEME

(json. XMLEEE) .

o SEMEHNIAFRIEEZE AFURLConnectionOperation , EEHIEIAEK, HEUWRZEhttps
BXR, SEBRNIBXKIES, AF arFsecurityPolicy fhttpsiAiE, REIEKREIIEIER
[=l,

XA BAF2 XB MM BRI S RTE.
BAIRERRBRR ZANER TRNEM: AT AARXFEE—FERETE?
BCARHEAIA nsuRLConnection , AT TIREUEKRERE U T =FhiksE:

1. EELERERSEO
2. B—MEKRA—T%E, XN —"runloop, AEHFEFEREIA,
3. REA—%4%E, —runloop, FRIBEEREIATEXMEEL.,

REAARZENZEIMAN, CIRT —FKERLRELZNMIEMABERNEIESEMS, X MERR
nodejs HREM, HABKITIRIHENEZFESINRIARRE:

RE—:

WERMRBAIFMBENERBEZLETRLEE, FERTATETMN? BBATAAFTNXAMIE.. EX
EAMRRE (BEPTABLEN, EFEER, WEITE) :

B2, URBNBEIELEEM, BULEXALE:

[ [NSURLConnection alloc] initWithRequest:request delegate:self
startImmediately:YES]

XPENSURLConnectiontEES# AL E 2F2H NSDefaultRunLoopMode 1, XHEHAIEHEZE
fi{ uITrackingRunLoopMode EILT, HIEEARNNEZIBEKRNERN, XEARESHIEERN, B0
LBANBEVNFERA:

[connection scheduleInRunLoop:[NSRunLoop currentRunLoop]

forMode :NSRunLoopCommonModes ] ;

TEE?]D)\ “NSRunLoopCommonModes ':F', ﬁi@ﬁﬂ%ﬁﬁ%ﬂ’ﬂlﬂ%ﬁ?, ﬁﬂq@ﬁ@ﬂ%, ?)E'%E;ﬂﬁ]ﬁﬂ]
NUMRER T,

RE—:



AH—RIERZE, WRBANERBIERE, BHOEHITEIEREN, BARERNFBENEIN, BLXL
FRATETE ELAZ P, LELRIBINTMIMISIE,

XETA BB AT RF— MBI ZMEIERNT, BANBEnTIERERFTRENZ LR HRAE
BEfiFE, ARGRREIMRERNGFE, BT —EEANTHE,

PINGRMRRE, EMATEESEELEZTEE.
BAI—FHEM RN R LR EMIBER, AEIRErunloopRiEELTRRE, FHEREA.

HIBIX, ARBBMRGXTHERER, NTHESTHENBRER, HEELRE, BARENF
SAERTTHH,

LR, XMEAFRZXBE—FERELRENERERET.

EFANEAR2 XD RIED T T .
h. AN B4 AFNetworkingZlIEM T +4?

BENRMEEIENMAE, ODEHFET —TETHCHNER. EXEFRELE, HAFEBEN—F
ZWEBLEE, EN AFNetworking FAR T AZSAFRIBRE, RATEET/LIBRIBAMEERBGLR.,
BEREBBHLIE, MRFBEALE, EHHBLEIXNARRANOEE. FAANBEZHLEF LR, K

B4 4 4 4

U= = Pran—u] o

1. BRENFERR—<SNE:

183+ FAFNetworking2.x, AFNetworking3.x#3LiSHABAT . AFNetworking 2 BIRIRZOMERRL
ENTEBNEFREMBNIEKR, BERZOMSAEERN NsSuRLsession BRI ET, B.2
B, XEERITERE, WESTEH NSURLSession AT, AFNetworking3.xBOfEFR#AKAIEIZE
TO

2. BERRIELZS, HXEEREREAHN:

o BEREERINMTZMEKRARrequestiIBtiE, BBUNREIFE NSURLSession , BIIEMIB
K, BTERSECEZREMERANT, HHESHER,

o EXREHNMT —LLABSE (sessionBHHy) , M—LEFLESE (taskRF) HNEE. E
FABlockt9fezt, IFHAIBEN —LERESE, NRREIMAVE, AFBEIRNIMT —L2A
AILRLEE, AR NSuRLSession MIE, EBESRBAFXA—EREBERANEMENEH

AE
a3

o EEBENMT BEXMhttpsiAiELIE, &7 ZEIHNAFNLZ2RIRNBERMANE, NMRHENS
O nsuRLsession TR/ BEESGALE, FEZE5Z /M.

o JHTFIERENGIEIE, AFBERIINT ZMEXNOEBURREN, HAXISERIMREBEXMcodelE
E, BEXWEEAN., MIRAEXETESF, WEZERKMblock, W3R NSURLSession
B? XLEHESESIE... ((REZMHIEEMERjsonI N EthaOEUERIT A MBEXEENE 2
)

o JHFRINFIKMAIEIRLIE, AFERNEREERE, JEALEFZE, M7 SMERNH
W, fRIET RINFIKRWAIENRE, FREREM . EXTREAR, AFERIIMT KZNEELE,
ifl NSURLSession I8? REAT—5EMMEE, HIVESZMS O, THEZI—MHRERELERE
TREIEIE?



o NERLEMBIERNWSZEE, AFBERINBIMAZ RS, SRTETHMITLL, ERRRETS
RENZWH, BHRAEBLELEFMT RMAEE, MBI ZAREN, EEEERIRER
TRV BHNGT TRZNM, LLWMRGARHTEIE task SR RE—FF...

3. MARFEMNBE—LUIKItAI R, AFREHRTRIRE, MARK
fiesEMmMA:

LA Z BN BT BB TIREAZ N E, MREBNBECEM, §Z5Z0MUE, MESSINERE
AFBRERES.

X3 #& AFImageDownloader , EXTHER ZEMNTENE, UAKEFEBNZELERE. XT
%Fz, B, URMEESHAENE, HERMATCHLELSR, o/ XE#EIIBSETF NsurRLsession &
B, geEM/1o

FAS/ERI4E1EE: AFNetworking@&R¥E55 T, (EREERRAEAN, AERENTUIEIMR, m
ERANEBIBHNE TS,



SpriteKit \[]5 &k

rEE: Z505

ER—1I0S TR, {RMZFE— app @ EHEMTEE, EXNFHEMINF—E, AR HERT
R TT & S ERIADIR,

At 4= SpriteKit

8%, BNEETRENFNEFARNINK. BRIFHENSIZERRITHZ Cocos2d-x fl Unity,
ENHEREFAMNEIE, AMXAENTYEERRE, FEFIIFINRAKRS,

SpriteKit 2 Apple £ WWDC 2013 &% 2D #3512, BH#EIrTATF i0S, macOs, tvOS 1
watchOS, EAERIFHIRIT. EESH. APIF Cocos2D EEE. MFELHE i0S FAMAR
W, HEREM UKt ZE4%, MHE, thHIERBERARA LK. AXEEMSA SpriteKit SLHLZEAN
iTunes Music BIXAEIEIERE Ul,

SpriteKit Framework 1143

BERHARE SpriteKit FELLEM,

SKScene
SKView
SKSpriteNode
SKCameraNode
SKPhysicBody . '
SpriteKit
SKTexture
SKAction

® skview FAREIEMEZ skscene , #FEKB ulview , IEZEAMUE skview 5 vulkit
BREM view HEEEM, LEWTEHEZ EIN— ulButton ,

® SKNode EEMMZE, ] vikit Y, spritekit B node trees HIMEZ, SEFRP—ARFIE
FEITRIE, SKNode E)‘(T—ggﬁ&“ﬁ'ﬁ*ﬂﬁ%, un position , frame , alpha,
physicBody , addChild() , runAction() =

® SKAction FARLINMIFE. FEHERMR, A skNode.runAction() 4§ Action HKINZE!
Node , AJIMEHAE Action EIMEHRWRE.



® SKPhysicBody ENXT—" Node B9¥I2E 4, 1&E node.physicBody f5 node FLe] LT
EItE. fiiEN, SKPhysicBody BIE TRE. REE. 8%, BEHZERM.

® SKScene s root node , EXT SKView B RHIEMARNZE, physicsWorld BHAIREENSE
EEM, @iF SKPhysicsContactDelegate SRSAIIZEEAN, MilEKIR, HENBEHSTML
89, FrA SKScene H— rendering loop (I T &)

Figure 1 Frame processing in a scene

Each frame

—-update:
SKView

renders the scene SKScene

evaluates actions

-didEvaluateActions

——

-didFinishUpdate ——

\ SKScene

imulat hysic
-didApplyConstraints simuiates pysics

SKScene -didSimulatePhysics
applies constraints

B—MHSHITE T loop, loop HATTEZERNENAE T SEMEH. FEM SKScene FIAJIAE
5 update(_:) M didxxx JF5iE3R1EMEIA,

Ny

\

&8 Magnetic # 1T IDiH R

FENET SpriteKit —LEEARS, TEKNTBI—PREERNBUCEEE app PES
SpriteKit S —LEA AR E . LRHIZ Github £ Magnetic Magnetic IEfE%&, F SpriteKit 52
I iTunes Music B T"NAZEWFEHIL IHEE, SREBI https://github.com/iblacksun/Artists, fREXER

o
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$—%, {#F Xcode FiE— Game XAIMIFE, Game Technology i SpriteKit, BE#EN, 18X
Deployment Info, {#ER#F iPhone 1 Portrait /5@, Build & Run ZE{REERIFAIHEM
Hello World,

—cllo, VWorld

nodes:2 60.0 fps

Hello World INE PR ZERECBERNMBEHPHAFE, MR GameScene.sks, Actions.sks,
GameScene.swift JL X4 ; 82X Main.storyboard 3§ SKView B backgroudColor 124 A E; &
2 GameViewController el T :



class GameViewController: UIViewController {

override func viewDidLoad() {

super.viewDidLoad ()

guard let skView = self.view as? SKView else({

return

}

skView.ignoresSiblingOrder = true

skView.showsFPS = true

skView.showsNodeCount

R R TR B ME MR — MR B AR,
33 Node

MEZERIEIS T, i ArtistsScene.swift ArtistNode.swift , 9 HI44F SKScene #
SKShapeNode , f&I{ GameViewController B viewDidLoad /%, TEREIMAKLG:

let scene = ArtistsScene(size: skView.

skView.presentScene(scene)

A presentScene(

HEIAE R

= true

[RERE /R T nodes 1 EH fps.

bounds.size)

:) AEZW Scene, LAY ArtistsScene FiiE root node, SKScene

EERE, AMEETIENESER— T EBEeEERHE.
ETRFELIINGE, S ArtistsScene B didMove(to:) HIAIE, UL IETE Scene 4%
present B & FA:



override func didMove(to view: SKView) {

super.didMove(to: view)
//1.BREN
physicsWorld.gravity = CGVector.zero

backgroundColor = .white

let viewWidth = view.frame.size.width
let viewHeight = view.frame.size.height

let radius = max(viewWidth, viewHeight)

/72 SRIN—TEBEO NI SKFieldNode.

let fieldNode = SKFieldNode.radialGravityField()
fieldNode.region = SKRegion(radius: Float(radius))
fieldNode.minimumRadius = Float(radius)
fieldNode.strength = 50

addChild(fieldNode)

//3 AZRAEITR R
anchorPoint = CGPoint(x: 0.5, y: 0.5)

//4. FHIFRE Artist nodes, #MIRMENAEALZARMM, ZROHIER, SBICRE

FOR
for (index, artistName) in artists.enumerated() {
let x = (index % 2 == 0) ? -viewWidth/2 : viewWidth/2
let y = CGFloat.random(-viewHeight/2, viewHeight/2)
let node = ArtistNode(circleOfRadius: 40)
node.fillColor = .red
node.position = CGPoint(x: X, y: V)
addChild(node)
}
}

1.

physicsWorld.gravity = CGVector.zero ZRENER, BNMABIREID physicBody £
node o= E N MBI TE;

. NII— T EBRIOAYTK skFieldNode , f£H region MHRJFFA node LM, Bxf

A OS] ;

. SpriteKit AR REL A, XK UKt ~—#, 188 anchorPoint = (0.5, 0.5) , A

{@tEEE ArtistNode AY position;

. fEIRRIN ArtistNode , IREEH position, EH x FHHERIZLAFM, v NIBLTERHIESRE 6

BEHL{E,

LR RIBITRIES A UFTE ArtistNode #HEBERBMMHAASEHROER, BRERH?
}JH ArtistNode , EI— convenience init Ji%, fEA artistName

convenience init(artistName :String) {



self.init()
self.init(circleOfRadius: 40)
fillColor = .red

physicsBody = SKPhysicsBody(circleOfRadius: frame.size.width / 2)
physicsBody?.allowsRotation = false

physicsBody?.friction = 0

physicsBody?.linearDamping = 3

addMultilineTextNode(artistName, radius: 40)

}
£ init HEIE—DHEFH 40 WA node, EREBRLE; SIB—MANIBESBENER
physicsBody,

BRI ENMENE artistName ZHH0E] ArtistNode? SpriteKit 18f£7T skLabelNode , B
EAZIENFRT, addMultilineTextNode(artistName, radius: 40) BRBEEEXE
HIRRE F, ARG ArtistNode 70— SKSpriteNode,

if let image = UlGraphicsGetlmageFromCurrentimageContext()X{

let texture = SKTexture(image: image)
let spriteNode = SKSpriteNode(texture: texture)
addChild(spriteNode)

}
UlGraphicsEndimageContext()

w3z E

S EERBHIEITZE, BB ArtistNode SBIMNEGRMEEMRAOER, BHFEEERIR
EO

SKNode 4% H UlResponder (NSResponder), EHE44MEF] UlView —#%: 1B1d touchesBegan
touchesMoved touchesEnded touchesCancelled JL TN/ IEZME,

EFAI8 root node & ArtistsScene , FRIAFAIAIIAETS AaArtistsScene HBIXJLNAIEFLANIENE
HIRESEH.



override func touchesMoved(_ touches: Set<UITouch>, with event: UIEvent?) {
guard let touch = touches.first else {

return

}

let previous

touch.previousLocation(in: self)

touch.location(in: self)

let location

if location.distance(from: previous) == 0{
return

}

isMoving = true

let x = location.x - previous.x

let y

for node in children{

location.y - previous.y

let distance = node.position.distance(from: location)
let acceleration: CGFloat = 3 * pow(distance, 1/2)
let direction = CGVector(dx: x * acceleration, dy: y *

acceleration)
node.physicsBody?.applyForce(direction)

override func touchesEnded(_ touches: Set<UITouch>, with event: UIEvent?) ({
guard let touch = touches.first, !isMoving else {
isMoving = false
return

}

isMoving = false

let location = touch.location(in: self)

guard let artistNode = artistNodeAt(location) else({

return

}

artistNode.isSelected = l!artistNode.isSelected

override func touchesCancelled(_ touches: Set<UITouch>, with event: UIEvent?)

{

isMoving = false

1. touchesMoved A EHAMBHIREM, MRKEIEE, WEATAE node fE—MERH, EZ
BEEFIEAIE—#Boh;

2. touchesEnded HAMELHEMH, BT isMoving XOXNMEBHEHEEARRT, RENEE
WM ATEH) ArtistNode , IREH isselected B4,
ETREZE ArtistNode.isSelected HYSCIN:
var isSelected = false{



didset{
guard oldvValue != isSelected else {

return

}

removeAction(forKey: "scale")

let scaleAction = SKAction.scale(to: (isSelected ? 1.5 : 1.0),
duration: 0.2)

run(scaleAction, withKey: "scale")

}
didSet 5921%15152%5"]@1@, B run(_ action:) , ﬁq:'éﬁﬁﬁg'].i BUHEIFARRE
1.0,

SE 1t

e SpriteKit Tutorial: Create an Interactive Children’s Book with SpriteKit and Swift 3
e 2D Apple Games by Tutorials



https://developer.apple.com/spritekit/
https://www.raywenderlich.com/148670/spritekit-tutorial-create-interactive-childrens-book-sprite-kit-swift-3
https://store.raywenderlich.com/products/2d-apple-games-by-tutorials

ET Rx UM B ELEE

fFE: FE#&

HEF&H, APIERNEEZBHMNTAMEN— TR, HEXTweb, EFIHINIMEZBERGEEE
%, HlNRS. BASH. BURRIENL, BRWIRGE. FJEUE, BEs—L£NAFPFRERE, &
FHERFRIERE, BEAMEEMRELR, JBMBRBAIEMNEZIE KOS TIRSHIEELEIFE T
&, BMEE—TIFERESNNERREIE.

PR HESS

Apple 7£ i0S SDK 2R EA1RMH T HTTP MAZIEKRIEORY, M CFNetwork Z| NSURLConnection,

MK EIEH) NSURLSession, {BiXLEAERFARVEREEER. ARNE A SDK RZH T SEAtAHEE
O, MENIFULSFES, REEFERMHEZNINEE, TeERSWSHLRME, TEHERZE/LD
BIlFiHBA— T AT ABEIELR,

E—, HTTP SHHILIE, FIANGETHIERSEELZT URL Encoding Z /&N URL 89 query &,
POST BRI BMRLAR( multi-part 3¢& form ), #ZEREBUEZEXERAVEEE, XLHNIZER
FBRGEZE, iLWSERIUTREMhEER,

$£, ROEIERLE, FIA0, BHAHEERSEFIRE JSON £iE, ERFIEXLESLIFRME HTTP
X, EMNOWUSEEEMFRER, REUUFIICHNREREEZRE.

E£=, BRINSHELE, flW, REEKRSRAHEER. MEIEFKRNEUESE, NRER
NSURLConnection , B —LERREZEAYRB, F2E NSURLConnection FE runloop HlHIAYSZ 35
ZTeEAN B[O, MRIRBEI—1 %12, ERZBABMER runloop, RTEXMEIEH LRMEZIFKI
&, IMERASFELRE, NRFAVEFRBER NSURLConnection #MEIE&EHR LR, X4
— P HEAMEO@, tbiFELENRETE,

AT XLEFERNEE, 0S AEFIRE T/ FEEREIIMENMEIELR, FHIR ASIHTTPRequest, X
MMEREET CFNetwok HIELIIN, BHEIFEER, MNBEARERIERER, LRAZEETAM
B4, (BERMAT—ERBERNRR. ASI FRERARNGFAETHENRRS, 83T
AFNetworking , ASI 12T B ZHIHEES IS, BIMIANXHTH. BF1EKR. BEERAEE B,
BIRNREH T —E220M, AR AFNetworking BiR1T, 12 AKRMABERT .. Objective-C i
X, AFNetworking L F2E X FHINKIELZESDK, BMARR, RETBENEEZENEE, AFN 2.x
f1 NSURLConnection + runloop. NSOperation, HTTP S4iI4 B, EEIEE MBI, BN
81 i0S AEAREBINIZEE.

B L EIRFIN— LML EMER, AFNetworking #REEFA1#4T 7418, (BR—ARkR, £
AFNetworking XEMWEERWEM £, ARFELEBH—EHER, —HFEENBSHWISEK,
SHh—FHHEEREIEEERNTTMIREREMNEESR, bl AFNetworking M 2.x £l 3.x 9ZEE
%, BPANHEEALZEX— Request £, FEHEEK/ZER NSURLSessionTask &
NSOperation, f5la0:



class CusomRequest {
var task: URLSessionTask?

let url: URL
init(method: Method, url: URL, parameters: [String: Any]? = nil,

headers: [String: Any]? = nil) {
/0 coo

func start(callback: CompletionClosure) {

70 coo
}
func cancel() {
}

RX

LSwift BE—IRARFRIRNMR, HIREZST—T, BRIEERE, BRXE—¥Mm, RSELXN
BUETTES IS, SEMITEES T —8/ )R, Swift 3.0 2, KFRGLERBH, A RERRIIR
B, BTEMERK. BAXNIRIZERRE, —BIEXE Swift . B2 R night job EAR LD
TE(ER Swift, EM/NERAENZRED, WBEERITMNERE, HEREREMNIE, KIT RxAlamofire X
MR SHINELE, 1B RxSwift F1 Alamofire £& %I T —#E,

BN B—THEXS Reactive Programming HIEfR, BRFFIBIEANLXMEZZ MReactiveCocoa FFA
0, REtLZEERE, BRIEEHE. R4 ReactiveCocoa thA Swift lRA, EBRHFKFFEEIE R E
ANXEZfE, FRETIEET RxSwift B ReactiveCocoa, T ARIEBE=FH:

o H%, HIAN RKHIXHEREIFEMT, 5% ReactiveCocoa NEREZFMEFIAIIEE, AKX
SREEEE MM EE RS IEREFER .,

o DR, FiAF RxSwift IS _EE 78RR, Observable 5 Observer Bk RIEE EM,
Obervable 4= data flow, i3 & Operators LY, RZRMELEObserver JHEE, EMNI—ER
J&: In ReactiveX an observer subscribes to an Observable. ,

e RfE, RXxXIHFRZES, HEMI LHAE Y, 1LFENIAIAME] Learn once, write
Everywhere , B ST Rxjava, BRT —EEBELA—, HitfiSERERELESE, B
Z RXJS ERIm I BERIRIT, X MERRNGHY.

HIAAXT Rx 11T BREARIFHIEREE Rx EM (http://reactivex.io/) B9—EX1E: ReactiveX is a
combination of the best ideas from the Observer pattern, the Iterator pattern,

and functional programming , —FZITRILIEBIE, WREFER, ELBEX, RBMARRE.

3 Rx, HTAMNMRE rRx HETHEAED , TIERHTNEZEK, BABEM, BZE UI T,
FETBERZETRAPINEMBARLN, RERSEIRIMU, WUSEMS, RAKE—

Observable ZMEENA], XMEFEIANNEANME, Bl LEE@AMR Operators, BEEEMNEF
ImE ZMEIERIRIE, 2 TEBENGF, EUTKZE, REZSTMEIFEKR, ERESHKINIZE, T
HEHEZTEER, PEEEA—ITREMERLHM, WRER R, FEAIIXLE R AAKE


http://reactivex.io/

ft, MERRIOE, SFEIFESNTENRMENTIE,

M=
g IR EY () 3

RERBIER /G, MEEEREECTENNEEIM. ENEENEL L, BITZMANTBEFIR
E—TMEE, BFRTHERNZERINEBEEMNSERBT 2N, TEENTRRILTEE-, B,
BASE, flgEE—IRR. ERXAF token FR. RIEBHEER., RENEREERE,

HOR, SRR, PIEERE HTTP REHIE. JSON BIFSESIRELEHRE, B
A5 PM WEBHAS RIFNRT, ENEEA—LE, SNLSEELERESRONHEES
WERKHIBE, BEROARIZITEXM copy-paste HRNESRE,

&E, MW SEIELE, —MRkiR, APIARSSEHREIR JSON BUEE A BB, B4l

{
"code": 200,
"message": "IEXREHINER",
"data": {
"id": 111,
"nick name": "K3®",
"avatar": "http://xxx.png"
}
I3

RIgMiRARSS 25 TP IHAE, code FF200RTSAIERIN, HEERTHEIRID, BBAIRAIN
EMEZEHIET code 8, WRAFTIERE, HIZRE error, WSENESZEMEBRED, E
i, ARSERIREIMEIEETE data FE,, 7ERAIA code EF200, EMSAMERINZIE, FATATIAIEE
BAZEOAENZES—OE, 2EXMMEENLE, WSENSEH—FEMN, KBURE error,
FUINIR B HEREL

S8

BMNRLNENRUSEEORER S, WRNZERAED, FEERIIREERTNRREMN
2, TAETUERAPER, BEEREERFARKE RER—TXRAR:



/1] WMEE

extension Network({

func userDetail(userid: Int) -> Observable<User> {
let url = URL(string: baseUrl + "/user/detail.do")!

let parameters: [String: Any] = ["userid": userid]

return rx_json(.get, url, parameters: parameters).data()

/11 BB
Network.default.userDetail (userid: self.userId)
.subscribe(

onNext:{ [weak self] (user) in

/77 SLEIEERERILSSEE

guard let “self” = self else {return}

self.user = user

self.refreshUI()
o

onError: { [weak self] (error) in

/717 LIBEHIRIER

Toast(text: error.localizedDescription).show()

self?.navigationController?.popViewController (animated: true)

}
)

/77 RIRMEIERFE, MAFLRRETTE, XTBRIEERKcancel, BRMEZZRIVR

.addDisposableTo(disposeBag)

BT TREYR, BAITREMENNETREIESR, 576E Network HR, BT EEMBITKIE

B R, TEIXERCEBHERRT EERRIMNNERENE - EE,

class Network {

/// Bl
static let “default™: Network = {

return Network()

PO
// FEALE
let baseUrl = "http://example.com"

/// JSONfENTHYEAkey E
static let ok = 200

static let codeKey = "code"
static let messageKey = "message"
static let dataKey = "data"

static let cursorKey = "cursor"

BASHILE,



/17 WINBASE

func commonParameters (parameters:
var newParameters: [String: Any] =

= nil {

newParameters =

if parameters

parameters!

/// //J\\jJDLEH;%%(
/// FFtoken%
if let token =

4

newParameters["token"] = token

}
/// BpphRZAEE
if let version =

"CFBundleShortVersionString") {

newParameters[ "app version"] =

}

return newParameters

/// Gi—HIAPTIERAO
func rx_ json(_
_ url: URLConvertible,

parameters: [String: Any]?

encoding: ParameterEncoding

headers: [String:

-> Observable<JSON> {

String]?

return string(
method,
url,
parameters:
encoding: encoding,
headers: headers

)

.common ()

X ENZEREMNRE, FTNEARER
5.

[String: Any]?)
:]

method: Alamofire.HTTPMethod,

-> [String: Any] {

AccountCenter.default.user?.token {

Bundle.main.object(forInfoDictionaryKey:

version

nil,

URLEncoding.default,

nil)

commonParameters (parameters:

parameters),

T= rx_json =E—171%
Observable<String>.common() /%, TE string RRFUR[EIR) oObservable<String>

=S

¥30/9T Observable<JSoN> ZEE! X REIEIT N observable 7wl extension SLIMHY, XEBERX

NEEENERRG, RS T RN ZBIMRAERMLE
BENX—TEXRMNWNEEIRETIRRE:

REEIR

S032, ERASZIZEL, AT AE



enum ErrorCode: Int {

case “default® = -1212
case json = -1213
case parameter = -1214

enum ErrorMessage: String {
case “default™ = "REREHE, BEHEEBIK!"
case json = "RRSG|EUEMBTEIR!"

Y= =]

case parameter = "SEIR, BEHEERBIL!"

extension NSError ({
class func network(reason: String, code: Int) -> NSError {
let userInfo = [NSLocalizedDescriptionKey: reason.localized,
NSLocalizedFailureReasonErrorKey: reason.localized]
return NSError(domain: "com.example.networkerror", code: code,

userInfo: userInfo)

}

TERZ common AN, BESENRBERS, IAFIFMARXERNAD:

/*

XERBZFANXAE, fERswiftd, HSBRMRNEDNEZENERMextensionlt, FXFHFREZE
NUERBENE, Bla:

extension Observable where Element == String {}

XERBRRE, BABRINTAREELlement#E B stringsifi@String®, {EEPUREELement
I T EPprotocol, FTAFTAI LB protocol extensionfyAFRETER, &
http://www.marisibrothers.com/2016/03/extending-swift-generic-types.html,

*/

protocol StringProtocol {}

extension String : StringProtocol {}

extension Observable where Element: StringProtocol {
func common() -> Observable<JSON> {
return self

.catchError({ (error) -> Observable<Element> in

/11 RBEHF—IEENMNKRENNEZEIR, LEUARSEE4045E5005FE W
R

/1] BRENZERERENEIRRER, EXERRANEMRFOAFRER, &
[EIEERM AW SR HITLIE,

return Observable<Element>.create({ (observer) -> Disposable

in

observer.on(.error (NSError.network(reason:
ErrorMessage.default.rawValue, code: ErrorCode.default.rawValue)))

return Disposables.create()

})



})
.flatMap { (element) -> Observable<JSON> in

let string = element as! String
/77 BRNLSHIELNIEIZE, KRS 2HREINFT S H TR
/// 3RERISONEITEH M codeF R, FIMNIISZEREEMIN, Blcode@EHFET200
return Observable<JSON>.create({ (observer) -> Disposable in
/// BEHTISON
let json = JSON.parse(string)
if let code = json[Network.codeKey].int, code ==
Network.ok {
/77 WBIERMT, EETERNIsSONEIREZIETE
observer.on(.next(Jjson))
observer.on(.completed)
} else {
/77 MRWBIFEKREK, MMREFRERG, EERMBIWSEL
H
var reason = ErrorMessage.default.rawValue
if let message = json[Network.messageKey].string {

reason = message

}

var code = ErrorCode.default.rawValue

if let ¢ = json[Network.codeKey].int ({
code = ¢

}

observer.on(.error (NSError.network(reason: reason,

code: code)))

}
return Disposables.create()
})
}
.observeOn (MainScheduler.instance) /// WEWEZEMITEREELTAIE,
B REFLEIZRIEUT

}

2T EEALE, BTMETREREEIRULEARNSERENLE, KBRS T BT ZEN
JSON &, BR—AKIR, HANSEEMETEREEMNZENEE, &£ OCHN, XTREMLE
BB, EXRLRENNEFTREFTEEXTEEEE—E, FTHEHAE Swift FRIZHL, [F
#, BRI ARERNS NN ARERZERNE:

/// KIBR EENERE, BIEERNISONEN —Tprotocol, FAZIREZEAIERHISONEMEN
protocol JSONProtocol {}
extension JSON: JSONProtocol({}

extension Observable where Element: JSONProtocol {

/77 MRREEBERIIRER, EXNAERBRITIIREE, HRBIIRMBEE M HREEA, X
BER v AKRERE,

typealias ListType<T> = ([T], String?)

/// PBRETEREESIT oObjectMapper HfY BaseMappable protocol, Bid X1



protocol MEEEIZHITRELUY
func 1list<T: BaseMappable>(callback: ((T) -> Void)? = nil) ->
Observable<ListType<T>> {
return self.flatMap{ (element) -> Observable<ListType<T>> in
let json = element as! JSON
return Observable<ListType<T>>.create { (observer) -> Disposable
in
/17 Mison¥iERIdataFEERENHTIRENE, HEMObjectMapperfIFiA
IEEUEREM
if let data = Jjson[Network.dataKey].arrayObject, let array =
Mapper<T>() .mapArray(JSONObject: data) {
/77 IREEERZEEA MR ARSSZFIREIRIA T2 Tkcursor
observer.on(.next((array,
json[Network.cursorKey].string)))
observer.on(.completed)
} else {
/77 FEMTEEIR, ELSEMEERN]sonf# TR
observer.on(.error (NSError.network(reason:
ErrorMessage.json.rawValue, code: ErrorCode.json.rawValue)))

}

return Disposables.create()

/// WMRIRSZFRENEIEF, datalNANEENEERE, BRBARAXTAEREREGEE T Z
[EROEHE
func data<T: BaseMappable>(callback: ((T) -> Void)? = nil) ->
Observable<T> {
return self.flatMap { (element) -> Observable<T> in
let json = element as! JSON
return Observable<T>.create { (observer) -> Disposable in
if let data = json[Network.dataKey].dictionaryObject, let
object = Mapper<T>().map(JSON: data) {
if let callback = callback {
callback(object)
}
observer.on(.next(object))
observer.on(.completed)
} else {
/// BRITERIR, [ESSEMHER]sonf#iTHEIR
observer.on(.error (NSError.network(reason:
ErrorMessage.json.rawvValue, code: ErrorCode.json.rawValue)))

}

return Disposables.create()



/77 3 RLBIRSIBANREIEIE, FRXTbool () FiELE, REMboolER Btrue, HAIE
IER BRI
func bool(callback: (() -> Void)? = nil) -> Observable<Bool> {
return self.flatMap { (element) -> Observable<Bool> in
return Observable<Bool>.create { (observer) -> Disposable in
if let callback = callback {
callback()
}
observer.on(.next(true))
observer.on(.completed)

return Disposables.create()

TEMRE, HFBEEMNAPI, BREET—1NREEARS
2, https://github.com/lihei12345/tuchongapp.

Q:I:

TS = |

2 FESE, HEIMNEBT UIKit IREASDKIE = MEIELR, EFMM], REFNZTMT—TN
ZE, HAXBEREHMHINEZE., SFHERER ﬂkWMNmﬁn,m AIREITIAS | EiX e, @i
RX, BN AEEHIIR customRequest NWR, NEBEWSEES —HFIENSIE, Rx IBHIERE
SEEFW - WSHIEREIR, XRXE, BEFEBRNAFERT Swift f9EE T RAIFTAIRTREM,
HAIE B R (ER Objective-C BIBHTE Swift, ZEEEIEKIZE Swift XPIIBSHRMME .,


https://github.com/lihei12345/tuchongapp

i0S AL s IR B o

1FE: @—#%Gaitls+LkE

BEERFPNERERES, X App WAFARBTNERBEES, BT BIFHONYEMER, FK
ARMRGTIZEBE, 1§ App RMHARKERER MVC ZRL MVVM, VIPER FE R, BRES
WSSHIZRM, BRT RHRREEFRIAIT A,

BREAFPKIBTHRE, BENFRAGRETESESHER, MIFESRENALFR, TEK
RIFEN, REF—RE—TMINEE, MERPEERAEFMERIRIFHINE. N THERPER,

TRIAKARFMA H5, ReactNative, Weex FRANEANIBHITHIE, HBRWBIERFEMN
E&, NHITOE, WEE, Ul R, BiEFAER. 8S—EEONEIREWSHITARL. R
BT WERILFRBEINERER, EMiFES, ERANMUREEE, BRI TREMS AN,

BRRETEMZENEEE, NEURUIETRAFEFNESLERNER THERTBAR, MBS 1%
R? X—RINEBERFEF LA RER], BEFHR, SREFKIREBRZ B —LLE .

—. 5lF

ARG RBZAZET, BEL—EZEZBRCMEE, TME SPA RRRERIE, React # Vue —
BELATRORK, BENMEEMITZ2ANQTLIRFX—E)EH,

£ SPA BRTTEN A, HHERTRXENIER. BHAENERAEIEZMRIEAEMN URLBIEY . HERIiRE
REE¥, NERKENERRN—ITRI. SHPENESHTEREN, NASESETITRERS
ik, BENFLICR TREEENRE, LEURAFPEE— TN, BREEER. EihBMIGHY
B—TTE. MXEBMRFSBICRENRRNHLER, AP AETN R, ERIZHEY)
BIRS. SRR, BPAIMNBIFMARE S TEHTRENRNE URL, REELELHERS
AN ERSIHAZERIANEIR, MNEEMSH U, RENTEAMR:

P url

%FEﬁ@&é//
u §E Resource
Render

react-router BiFEANHY location BIFRZEZRFEI UI, RN T:



click l l click
Back / Forward

trigger l
hashchange / popstate
A url l

location = getCurj'entLocation(L.rl)

\fcation

transitionTo(location);

l location

R outer U R L saveState

l location

SR window.location.hash = path (or)
window.history.pushState(state, path)

l location

nextState = matchRoutes();
| state

U | setState(state)

l render
<Router/>

location BYSEG 2, —FE N EEIELEFAIH, BI—FEREEZESR T — 1R, #H9 location 33
%5, BHEAZA matchRoutes AiESITEZE Route AW S LAT location X HRITEN—NF
£, #B{B3I7T nextState, 7E this.setState(nextState) ASFABI LASLII EFTE 4 Router B4,

KBIHAIMUE AR IXAER, BT B L BARMEEE i0S Xk, EEHRY Back / Forward 7£
iIOSIXIBR Z 18R TERRI LA UINavgation FREIE, FLA iOS B9 Router = ELMBEZREAIB—IR,

—. App IS EHEERFRIFPLE (6]

BRPARIIRAETE SPA EAZIR URL # Ul OB IEIRE, ARiIXFHEARFIDATE App EARIRIPLE (6] RRNE?
BENMTRERE, FRBEANFREPZNEARNHENERN:
1.3D-Touch IhEEE RLIEXHE, ERINBBEE] App AE—MRIREXEI— 1T 5RH.

EEANiR{ERY 3D-Touch PIAE R BRAREI TR — 403", "B _ 40" REERNEENE =LA HE. =
EBNIGE—R, FRERAETEMESHTR, ERHIER App AEFE+ENTRE, BALE?

2.BRI—RTI App ZEJUNaI+E B BkEL?
RBC App BT, HEZEEEHEEREE, BEALE?
3. A0 RS App At 2B App TUE Z BRI S 1E?

BEIRERREZR, SMAN, STTNHZBNHEZERKIEEAELS, WARMHENERST
PAHNTTEZ ERREEE?

4.30{agE4— i0S H Android MimAYTTEBEA%1Z58? B ZWIRER —=iRfNEKRFRIIA?

INME BEEmELEREIRS ReactNative, Weex, H5 FH, XLEREATRSIER Native BFEE, UK
Native B94BH. B4, F{ABELE— Web i%F0 Native ifig R E B A R?



S5.ARER TS TREEXHREE App HIBLEIZEE, BIAMRMEME] i0S 1 Android M REHA
—EREXH?

6.4905R App H¥l bug T, WfaIARA JSPatch , FRBEMEIE RAVRIEEINGEE?

EEan App E£5RAIBEI T £ 2 bug, BEDIETIEIISMEAAL H5, ReactNative, Weex? SEREE
R — AR IR R E?

7RI EES A BRI EERN I HTIERSIT? 81T hENt A HFEABIER? A
Runtime AOP ?

8IS MAMENERRERET, MARBREENE, SEIEG, BeREHTRIZIEHE?

9.901a]7E App EAIFREE A NARR—TREHER—1THHE? REETE AppDelegate BEEIEAMEFIR
SCIR?

Eban App HEREIRR T, AP RIREE(EE R E, W{aIRERBERIEA PRI EE? & RFIEHEEEIRE
— N error FRE? SEBEEEIMENAY HS, ReactNative, Weex SRE? a1t EF a5 E,
BERTFEHRAY5E H— 1 View ?

I X L S L ST AR AT SIS 7E App B — MEEFRIR, BARAVE AR — S EIR?
=. App ZIEJEkE 5L

7Ei% App IERIIBSEI 2 B, SERIKIATE 105 KA, R App 2S5 4 STHIBKEEHY,

1. URL Scheme/ 1

i0S R 2BRIALIF URL Scheme 89, BIRILE 7304,
EEaniz, 7E iPhone B9 Safari T8 FEMAN TGS, SBNFTH—L App:

// ¥TFFHEBFE
mailto://

// YR1103k3TEEIE
tel://110

£ 10S 9 ZBIRETE App B info.plist BRI URL types - URL Schemes, @1 TE:

Key Type Value
Bundle name { String ${PRODUCT_NAME}
Bundle OS Type code { String APPL
Bundle versions string, short { String VERSION
Bundle creator OS Type code { String ???7?
CFBundleURLSchemes {  String com.quatanium.ios.homer
URL types 00 Array £ (2items)
v Item 0 (Editor) Dictionary (3 items)
Document Role { String Editor &
URL identifier { String com.quatanium.ios.homer
¥ URL Schemes $  Array (1 item)
Iltem O String com.ios.Qhomer
» Item 1 (Editor) Dictionary (3 items)

Bundle version

<>

String BUILD


https://developer.apple.com/library/content/featuredarticles/iPhoneURLScheme_Reference/Introduction/Introduction.html#//apple_ref/doc/uid/TP40007899

BRI T — com.ios.Qhomer B9 Scheme, X#Hi ] ATE iPhone B9 Safari X523 _EEIA :

com.ios.Qhomer://

SR AEAZFT T App T

XTHEHM—LEEIA App, BIBAM iTunes EE FHEIEN ipa X4, BE, EREASEEATUKE
info.plist X1, I E, EEBEMATMUENE URL Scheme,

/7 FHoo
mqq://

/1 WE

weixin://

/1 FRHE

sinaweibo://

/1 BTN

eleme://

eecoo HEFSE) =T @ 7 9 % 100% W ¢

7 “HRE” rhiT A e 42057




HRT, FL App XTI URL Scheme LEBEUR, ENRFEEMR App lEERFIBEAEC.

- (BOOL)application: (UIApplication *)application
openURL: (NSURL *)url
sourceApplication: (NSString *)sourceApplication

annotation: (id)annotation

NSLog(@"sourceApplication: %@", sourceApplication);
NSLog(@"URL scheme:%@", [url scheme]);
NSLog(@"URL query: %@", [url query]);

if ([sourceApplication isEqualToString:@"com.tencent.weixin"]){
/] SYFTFE
return YES;

}else{

return NO;



IRTTRMN App ELIBITT, IPAEREBEHAINT:

[ User taps app icon ]

Launch Time 1

UIApplicationMain()
Your code
Load the main Ul file
S application:
AT E [ willFinishLaunchingWithOptions: ]

Restore Ul state G Various methods )

application: ]

Final initialization didFinishLaunchingWithOptions:

)

M application:openURL
Gz UAL [ sourceApplication:annotation:
Activate the app M{ applicationDidBecomeActive:

L]

L

[ |
v

[ Switch to a different app ]

ARTFTEMN App /a8, BAENEGERUT:



[ URL arrives }

e A e
Background
L Wake up app ]
e N
Running
[ Open URL }
L Activate the app ]
Event
Loop
A\ J .

Your code

[ applicationWillEnterForeground: ]

application:openURL:
sourceApplication:annotation:

|

[ applicationDidBecomeActive: ]

Handle events

BRE T LENESEBZE, B EEE

Flapplication:openURL:sourceApplication:annotation: i XN 753%, EFEIE—LE App BIFEEIER .

eleme://

URL Scheme  URLRequest

Router URL Matcher

| Eume, %'éfti#ﬂﬂki’é@

l

s
i

QQ



https://developer.apple.com/reference/uikit/uiapplicationdelegate/1623073-application

maqq://
l

URL Scheme URL quue“

Router URL Matcher
| Eumm gEnEms @

r®
&S A LY
DAE] QQ

e W 4

NEE, W74 App VBT URL Scheme 18H3, AAFATRIDATE Safari EEEREIMH 74 App.
FHN QQ ARVFAM, A& SafariBEtRIZEMFET A,

XxF App [E)89kEE R, REMBEIIIAEERE X HMinter-App Communication,

App LE2FI BRI RAIREN . LUALEERERDNBFEREFEELERFNR, MRK
BAEMBIERT, REEEMNRHEREIARARREEEYNIRESE.

i0S 10 x#h@it URL Scheme BKHEEI R 4515

iOS10BkEE R ATIR B RYIF BB

*F i0S RZINEER URL L E51%E
2. Universal Links A%

BAEMEASAMIISZEIEFIER Scheme, {B:2 i0S 9.0 Fi&HN T —INIHEER Universal Links,
{FRIX N INEERT LAMERA 189 App BT HTTP §HERE5) App.

1 WRLZET App, AEERMEEME http $HZILZ1E Safari Wi, TEHEMEBE=N"2E, #AIA
FTF App.

2 MRRBRET App, MEITHANT,

BMREREID:

1.App BEFF S Associated Domains BR35, FHiX& Domains, EEMIE applinks: 73k,

v @ Associated Domains m

Domains: applinks:www.ele.me/home/

+7

Steps: ¥ Add the Associated Domains entitlement to your entitlements file
© Add the Associated Domains feature to your App ID.


https://developer.apple.com/library/content/documentation/iPhone/Conceptual/iPhoneOSProgrammingGuide/Inter-AppCommunication/Inter-AppCommunication.html#//apple_ref/doc/uid/TP40007072-CH6-SW2
https://www.zhihu.com/question/50635906/answer/125195317
http://www.jianshu.com/p/bb3f42fdbc31
http://www.jianshu.com/p/32ca4bcda3d1

2 PRANFEXFF HTTPS,

3. LERBZE Json A, XERH apple-app-site-association BB SEHRZMNEERE T, HE
well-known BE T, i0S BEISHIZEUX XM, EFNXGEATEEEE .

applinks:www.jianshu.com

URL Request ‘
KEERE ‘
3 . v apple-app-site-association3 {4 @
U A I LI L kS Check File < \»—kgzm B3 /well-known A T
R o ute r apple-app-site-association 324
URL Matcher @
® ©
1

\IK

e/ —4\
Jianshu.com IE_I_%
Jianshu.com

A EH

g05R App 32457 Universal Links A3, BRARIIATEEAM: App EEEZHHEEIFAIE SR App £E.
TE, REHE, BTZEHESR Matcher BIBANIRENEE, AMNZREESERATAIR App T
FO



https://developer.apple.com/library/content/documentation/General/Conceptual/AppSearch/UniversalLinks.html

http://www.jianshu.com/u/12201cdd5d7a

1£ Safari HFTFF

T EB R

IIPNENERTIES

=N

e
[—]
SN

ENRREMBE—HNIRR, WRIZFIFT Universal Links A=, THEMERE URL, SBARRERI
R, MTE:



@ {5 eeeee = TF1:22 @ 7 9 % 100% I # eecoo IEREE) = FF1:23 @ 79 % 72% >
jianshu.com © jianshu.com ©

g BB - THEECHNTREINEHTEX TFF -

— EHE SRR B FNNESIEMIZAPP RETH
B FNNESEEEAPP RETH

%“ — SRR 0K TR
ey
‘ KEE S 7RI Wiy 57176870 F, KB T 7084 MEMR
LS SRR NIk TE ™

' OSE BTN, BMmIE, ERMmELR
Wy BT 176870 F, RBT 7062 MEW

¢ .

xE
= § —SIHTIaRKE 0212 23:04
i ) hegan
§ — RO 02122304 :a“"’ec““ hEPTLLH R R

ReactiveCocoa #1 P FLbiI“ 5" B
&

9 2686 W4 17 45

o 2773 W17 50

G —STHMAEENKTE 01.0816:51
ReactiveCocoa # RACCommandJ&
BZUMoF

D 1674 P17 @20 ©1

G —BRAEENIKE 01,08 16:51
ReactiveCocoa H# RACCommand/i&
B

1660 B4 17 20 ©1

M m il
Z#Universal Links A 3Z#Universal Links

M ERZIOSRLH App BRI A,

M iOS REEEZH5HY URL Scheme A, FHATAIMEL, XMF—THREOIAE, FRMEZEMR URIK
H AR,

Z—FEFIRF (FiB: Uniform Resource Identifier, S{URNE—MAFIMRE—HEEBEMERE
BMOERMS., ZMMRRATFRAPIMEF (—HRIEA4ER) NS REIRENIDIGHITRE
B1E, VRINRELNFERRE—EREMTE (URL) ,

HE6F:

Scheme user information host port path query fragment
XE—ER URl, 8—BREARTRNNEN, WHERETXE—SFRE, REAMNBTEE, #
BEIRREIMBENERER.

XM EELABATIRIT App AU ENEREFTR—LEBEA? URBAEEEX—"=ix (i0S, Android,
H5) MZ—IhEFEIRAAT, 8EM URI BIXMANEIA?

9. App AAHERRHIRTT


https://zh.wikipedia.org/wiki/%E6%A0%87%E8%AF%86
https://zh.wikipedia.org/wiki/%E4%BA%92%E8%81%94%E7%BD%91
https://zh.wikipedia.org/wiki/%E8%B5%84%E6%BA%90
https://zh.wikipedia.org/wiki/%E5%AD%97%E7%AC%A6%E4%B8%B2
https://zh.wikipedia.org/wiki/%E4%B8%87%E7%BB%B4%E7%BD%91
https://zh.wikipedia.org/wiki/%E5%8D%8F%E8%AE%AE
https://zh.wikipedia.org/wiki/%E7%BB%9F%E4%B8%80%E8%B5%84%E6%BA%90%E5%AE%9A%E4%BD%8D%E7%AC%A6

E—ETHRENNAT i0S REHR, REZWAEIRNLIE App EBHZZEN, I—EDHRNEET
IB—T, App AER, & MAEMGZENEANIZEAIRIT, XT App AEIEHIRIT, TEFERIR2

NE):

1.8 TTE A G Z B aIB e,
2ETEHZEEEEA,

TR DT — T X E)RE,

1. X T IUEHEA

View
Controller
A

£ i0S FERMEfES, RFE2BFINTHNIES, SRk Push BB —1RE, FEST—T
cell Present — N EifViewController, £ MVC &&=, —RREFEFE—1 VC, #A/5Push / Present
B T—1PVC, BEE MWM 1, £F5—SEFRE8ENIERT.



Model View Controller View

T N N
( [ [
[ [
[ [
[ [
I [
[ [
N 1 J1 J
I |
4 \I 4 I N\
I |
i |
I |
I
i
1\ VAN 1 J
Model View-Model View

REFREIAI, MVVM E MVC #7557 EEVERAIFEF, [R3K View X RNAYS BHRE KA IBEZE
ViewModel /1, 1HNH) CthEIET, BT T M-VM-C-V M, XEN C EENAIEBE MU RETHT
EPFEIERANEE ., WRAABRTME TERXEF:

Rix—MRHBVHATEE#EZRMA T command,

@weakify(self);
[[[_viewModel.someCommand executionSignals] flatten] subscribeNext:" (id

x) |
@strongify(self);

/] HRERIEEE
[self.navigationController pushViewController:targetViewController
animated:YES];

Y1

EANRIBASRIEDR, EEFERHET MWM ERN—TEZEER.
MVVM 1EZRRY B RUBRERERE NS, ER2MREEZENEMN:

1. RiEEERX
2. HfEHTHEITME

MBEEENL—PMISESIER, RIIREX ViewModel #4T7HTMXENE] . BIEE2BRERIEH
ReactiveCocoa i#17 Ul AAEI R &I, BRIFEZERN., FAUENREESHE
ViewModel BN A] 52\l BB AT

HEBERE T SEE, FIUANIZMTE ViewModel F—EETME, RIEWLSZSEENIXNERE,



IETTEBKAEILE] ViewModel 1, B2MECE, F—MHERBERIM, FMATHREREX
Z, FIMZEMAZ @R, BHBAIAAEIpd-myvm-kitiX X T TTE PREERI R RSCHL,

TEMREEERBE It M AI T :

1.8F pushViewController & presentViewController, FH#EET—MFHRIEN
ViewController, BBARMMMES|INIZZE, import kXXEHFSIATHBE M.
2.HATHEXESIE T AL IRIE, IRL%E E—BHIT bug, XBEAZHINNZHIA,
X B EE Z 3D-Touch TR, BEREEMIEZIAZE10RAHE, BLAMBES — T AOBEES
EESHE.

2. XTAMKENRA

props / state

Timer
Component

Map

Component
Result

ATAGENER, BREEMEE, BEUSEREBE R, HNFRNAGERES, EZIRNNUE
ZENE, MHRAERHZEBEESHNEE, BHNNERIMEEWSHERE, REFRREAE
HHERSRRYN D . (BERAMGZENERKIEARTESR, HEERNAAGRENEZD, NEURDSTE
HZENBEE, B—TIRITASEEHENERSRMAE.

3. Wizt —1 B&H

AR — T EESTERMRAR IR EIEAVERH, 1EEA1FREE GitHub EMBHRENIRITHERE, X
TRIEM Github FEHMN—LERALE, 1R Star MSEURH, HOXRDH—TEMNS BRI
I@‘%O


https://github.com/LPD-iOS/lpd-mvvm-kit

(1) JLRoutes Star 3189

JLRoutes 7 Github Lt Star &%, BHMEMERS O ENRRIZITE

B 5% JLRoutes &% URL Scheme BRAIE

BRAE—

T NSURLComponent #&

FE:

ol . EIEMENRERINERENRE—

™ URI,

hitps « johnny - password @ IBREMBIEIEON [ABI/SCHDt ext el ? NN !

Scheme

Note

user

password

host

The URLs employed by the NSURL
class are described in RFC 1808, RFC 1738, and RFC 2732.

port

path

query

fragment

JLRoutes REEANBTFH, #HIRR EENFFHTIIOLIE, S3RE RFCIREENX, BBEED
NSURLComponent,
key value |
scharia routesé)rontroll ...... N roues S
............ NSMutableArray *routes | -« -« >
............ NSString *scheme route """>
""""""""" NSString *pattern
route NSString *scheme
route NSUlnteger priority
""" NSArray *patternComponents
route BOOL (~handlerBlock)
(NSDictionary *parameters)
JLRoutes EBRMREF— Map, X Map &4 scheme 7 Key, JLRoutes 3 Value, FLATE

routeControllerMap EE® scheme #E2MHE—HY,

ETHEUARAZFIER, £EINN, NREHRRWSLHTUNDENE, S8TWSEAIESETE
BEsE, EMEs T SEARNAHRFIRERER, ERATWSEAE, SBEERIREEAN,

EM0F MRHERBE DT EWSHITARCHED, BABTHHMNNEXENET
scheme, 8 MEHRITEWSHBEIZE, K. HlS5, TE BT S MRmRIth S AN AER, Ff
MXEAHEMERFHER, ERERMNINERIFTEN. MAXEXDHT 21 route, tBRIIUAIEE
ANAENBRZE,

£81 JLRoutes BEEERTF T — T HAE, XTMAEEERRE TETHAMN JLRRouteDefinition B
SRFINBERRM block T, pattern, FiFH Z/EH pattern,


https://github.com/joeldev/JLRoutes
https://tools.ietf.org/html/rfc1808
https://tools.ietf.org/html/rfc1738
https://tools.ietf.org/html/rfc2732

8 JLRoutes FEAEE, SIRBEANMITRATHS, AEARSHNEIIERNE.,

- (void) registerRoute: (NSString *)routePattern priority:
(NSUInteger)priority handler: (BOOL (") (NSDictionary
*parameters) )handlerBlock
{

JLRRouteDefinition *route = [[JLRRouteDefinition alloc]
initWithScheme:self.scheme pattern:routePattern priority:priority

handlerBlock:handlerBlock];

if (priority == | | self.routes.count == 0) {
[self.routes addObject:route];

} else {
NSUInteger index = 0;
BOOL addedRoute = NO;

// HEIHRIELFEN—FMARESREFEANEBRENERER
for (JLRRouteDefinition *existingRoute in [self.routes copy]) {
if (existingRoute.priority < priority) {
// WIRIE, FIBEANEA
[self.routes insertObject:route atIndex:index];
addedRoute = YES;

break;

}

index++;

// MEEHEHREEA—KXEALE SFIFEANERBHENEREH, SE&RE—SBRERLRTNH
RIESH—, BARMRBERBAIRE.
if (!addedRoute) {

[self.routes addObject:route];

AT XM HEEENEHRE—TRIENY, RUERMLRNHERRMNSEEERE,
BAEHEANIRENT:



NSMutableArray

JLRRouteRequest route | i JLRRouteDefinition
JLRRouteResponse

NSURL *URL NSString *pattern

route ) BOOL match
e NSString *scheme | e—]s--

NSArray *pathComponents

NSDictionary *parameters

route o
NSDictionary *queryParams NSUInteger priority
""" NSArray *patternComponents
route BOOL (AhandlerBlock)

(NSDictionary *parameters)

B SARIBIMRE HRAURLFIGA L — JLRRouteRequest, #AfFFIX™ JLRRouteRequest 7 XA
HEHEEEAOR request, B TINESAER— response, (BERBEREFRMM response &
match, &EEVHITECAY JLRRouteResponse EHEFEL parameters EEN NS HMANT .. &
WA SRR EENRBUT:

- (BOOL)_ routeURL: (NSURL *)URL withParameters: (NSDictionary *)parameters
executeRouteBlock: (BOOL)executeRouteBlock
{

if (!URL) {

return NO;

[self verboselLog:@"Trying to route URL %@", URL];

BOOL didRoute = NO;
JLRRouteRequest *request = [[JLRRouteRequest alloc] initWithURL:URL];

for (JLRRouteDefinition *route in [self.routes copy]) {
// MBS —Proute, £ Mresponse
JLRRouteResponse *response = [route routeResponseForRequest:request
decodePlusSymbols:shouldDecodePlusSymbols];
if (!response.isMatch) {

continue;

[self verboseLog:@"Successfully matched %Q@", route];



if (!executeRouteBlock) {
/7 MRBAMEZERARITFRT, BEXH T LR HAresponse,

return YES;

/] KRRENSE
NSMutableDictionary *finalParameters = [NSMutableDictionary

dictionary];
[finalParameters addEntriesFromDictionary:response.parameters];
[finalParameters addEntriesFromDictionary:parameters];

[self verboselog:@"Final parameters are %@", finalParameters];
didRoute = [route callHandlerBlockWithParameters:finalParameters];

if (didRoute) {
// JAFHandlerf{If

break;

if (!didRoute) {
[self verboseLog:@"Could not find a matching route"];

// MRESHMEENNEEREHEICRNIRE, SRMEAZEglobal B, HERIFRERE
global BEEEEH, BAFKNUEEglobal BN EEEEK.
if (!didRoute && self.shouldFallbackToGlobalRoutes && ![self
_isGlobalRoutesController]) {
[self verboselog:@"Falling back to global routes..."];
didRoute = [[JLRoutes globalRoutes] _routeURL:URL
withParameters:parameters executeRouteBlock:executeRouteBlock];

}

// &fE, IKIBSBEKRENEAIEELEKR, MRBunmatched URL handler, TEAXTHIE#1T
RENAE,

if, after everything, we did not route anything and we have an unmatched URL

handler, then call it
if (!didRoute && executeRouteBlock && self.unmatchedURLHandler) {
[self verboselLog:@"Falling back to the unmatched URL handler"];
self.unmatchedURLHandler (self, URL, parameters);

return didRoute;

AT



A EA—1 Router, FMMENT:

[[JLRoutes globalRoutes] addRoute:@"/:object/:action"
handler:"BOOL (NSDictionary *parameters) {

NSString *object = parameters[Q@"object"];

NSString *action = parameters[@"action"];

// stuff

return YES;

Y1

EMMEAN—" URL, it Router #H1T4ME,

NSURL *editPost = [NSURL URLWithString:@"ele://post/halfrost?
debug=true&foo=bar"];

[[UIApplication sharedApplication] openURL:editPost];

CECAINZ fE, BB TERE—FH:

"object": "post",

"action": "halfrost",

"debug": "true",

"foo": "bar",

"JLRouteURL": "ele://post/halfrost?debug=true&foo=bar",
"JLRoutePattern": "/:object/:action",

"JLRouteScheme": "JLRoutesGlobalRoutesScheme"

ELRIRRERELR, TTE:

IR



ele://post/halfrost?debug=true&foo=bar

l JLRRouteRequest
URL Request

JLRO utes l JLRRouteDefinition @"/:object/:action"

URL Matcher
l JLRRouteResponse
]

{
"object": "post", @

"action": "halfrost",

"debug": "true",

Ilfooll: Ilba rll,

"JLRouteURL": "ele://post/halfrost?debug=true&foo=bar",
"JLRoutePattern": "/:object/:action",

"JLRouteScheme": "JLRoutesGlobalRoutesScheme"

JLRoutes X RJ A3 #5 Optional BIEREIALN, {RRANGE X —FREEEHN -

/the(/foo/:a) (/bar/:b)

JLRoutes = HAVRINEM A T4FEE BN :

/the/foo/:a/bar/:b
/the/foo/:a
/the/bar/:b

/the

(2) routable-ios Star 1415

Routable ¥&HZF7E in-app native I#AY URL router, B8] LAFRTE i0S LRI IMA#EANdroid k.,



https://github.com/clayallsopp/routable-ios
https://github.com/usepropeller/routable-android

UPRouter
NSMutableDictionary *routes

"""""" % NSMutableDictionary

NSMutableDictionary
*cachedRoutes key value
URL format | RouterOptions | “****** 4 UPRouterOptions

5 | |
A E TR I Class openClass

NSMutabIeDiCtionary RouterOpenCallback callback

key value BOOL modal
final URL RouterParams

"""" g RouterParams
UPRouterOptions *routerOptions N UPRouterO ptions

NSDictionary *openParams

NSDictionary *extraParams

NSDictionary *controllerParams

Class openClass

RouterOpenCallback callback

BOOL modal

UPRouter BEIRTE T2 7F8, routes FHEEEZFERY Key SEEBEMN, Value ZEHNZE
UPRouterOptions, cachedRoutes BEIZEHI Key B&RZ&H URL, HESHI, Value FFEHIRE
RouterParams, RouterParams BEISEETE routes [LEAYEIAY UPRouterOptions, A BEZSMIFT
FZ#8 openParams F—LEENSMS £ extraParams,

- (RouterParams *)routerParamsForUrl: (NSString *)url extraParams:
(NSDictionary *)extraParams {
if (lurl) {
//if we wait, caching this as key would throw an exception
if (_ignoresExceptions) {

return nil;

}

@throw [NSException exceptionWithName:@"RouteNotFoundException"

reason: [NSString

stringWithFormat :ROUTE_NOT FOUND_ FORMAT, url]
userInfo:nil];

if ([self.cachedRoutes objectForKey:url] && !extraParams) {

return [self.cachedRoutes objectForKey:url];

// EEXturl@Ed/ 98l 2 EHSE T BflpathComponent s MBS —HF



NSArray *givenParts = url.pathComponents;
NSArray *legacyParts = [url componentsSeparatedByString:@"/"];
if ([legacyParts count] != [givenParts count]) {
NSLog(@"Routable Warning - your URL %@ has empty path components -
this will throw an error in an upcoming release", url);

givenParts = legacyParts;

__Dblock RouterParams *openParams = nil;
[self.routes enumerateKeysAndObjectsUsingBlock:

" (NSString *routerUrl, UPRouterOptions *routerOptions, BOOL *stop) {

NSArray *routerParts = [routerUrl pathComponents];
if ([routerParts count] == [givenParts count]) {
NSDictionary *givenParams = [self

paramsForUrlComponents:givenParts routerUrlComponents:routerParts];
if (givenParams) {
openParams = [[RouterParams alloc]
initWithRouterOptions:routerOptions openParams:givenParams extraParams:
extraParams];

*stop = YES;

if (!openParams) {
if (_ignoresExceptions) {
return nil;
}
@throw [NSException exceptionWithName:@"RouteNotFoundException"
reason: [NSString
stringWithFormat:ROUTE_NOT_ FOUND_ FORMAT, url]
userInfo:nil];
}
[self.cachedRoutes setObject:openParams forKey:url];

return openParams;

X—EREERESET—HE1E, B routes FH, ARKIISHITENFTE, FHE
RouterParams R[],



- (NSDictionary *)paramsForUrlComponents: (NSArray *)givenUrlComponents

routerUrlComponents: (NSArray *)routerUrlComponents {

__block NSMutableDictionary *params = [NSMutableDictionary dictionary];
[routerUrlComponents enumerateObjectsUsingBlock:

~(NSString *routerComponent, NSUInteger idx, BOOL *stop) {

NSString *givenComponent = givenUrlComponents[idx];
if ([routerComponent hasPrefix:@":"]) {
NSString *key = [routerComponent substringFromIndex:1];

[params setObject:givenComponent forKey:key];

}

else if (![routerComponent isEqualToString:givenComponent]) {
params = nil;
*stop = YES;

}

1

return params;

FEXEZRER, F—MSEEIINBEHEK URL HFEE T ASHNDEIRA. E-1MSHEREMN D E
FFEOER4E, routerComponent HTFMIE: SREEAES4L, AT routerComponent RIS 1 MIEB T
BN NS EE, params FHEEIUSEEZN Key, SEN Value,

NSDictionary *givenParams = [self paramsForUrlComponents:givenParts
routerUrlComponents:routerParts];
if (givenParams) {

openParams = [[RouterParams alloc]
initWithRouterOptions:routerOptions openParams:givenParams extraParams:
extraParams];

*stop = YES;

E/E@1E RouterParams BIFIRHL /50E, IEEEAEFNSINAY UPRouterOptions, E—H 3R 1FISER
FH# givenParams, &8

routerParamsForUrl: extraParams: FEME_PAS, X3MSEHERDIBMLSE, £RT7T—
RouterParams,

[self.cachedRoutes setObject:openParams forKey:url];



mfg—% self.cachedRoutes FIFHEH Key AFHSEHEY URL, Value Z RouterParams,

NSMutableDictionary

key value

URL format | RouterOptions

NSURL *URL e . RouterParams
UPRouterOptions *routerOptions |- - « « - - - > UPRouterOptions

NSDictionary *openParams Class openClass
NSDictionary *extraParams RouterOpenCallback callback
NSDictionary *controllerParams BOOL modal

XESHTSBNTE, RELEMRouterParams

B EIE AR $Y3E 1 3-89 RouterParams #3337 AY Controller,



- (UIViewController *)controllerForRouterParams:(RouterParams *)params {
SEL CONTROLLER CLASS SELECTOR =

sel registerName("allocWithRouterParams:");
SEL CONTROLLER_SELECTOR = sel registerName("initWithRouterParams:");
UIViewController *controller = nil;
Class controllerClass = params.routerOptions.openClass;

#pragma clang diagnostic push

#pragma clang diagnostic ignored "-Warc-performSelector-leaks"
if ([controllerClass respondsToSelector:CONTROLLER CLASS SELECTOR]) {
controller = [controllerClass
performSelector :CONTROLLER CLASS SELECTOR withObject:[params
controllerParams]];
}
else if ([params.routerOptions.openClass
instancesRespondToSelector :CONTROLLER SELECTOR]) {
controller = [[params.routerOptions.openClass alloc]
performSelector :CONTROLLER SELECTOR withObject:[params controllerParams]];
}
#pragma clang diagnostic pop
if (!controller) {
if (_ignoresExceptions) {
return controller;
}
@throw [NSException exceptionWithName:@"RoutableInitializerNotFound"
reason: [NSString
stringWithFormat:INVALID CONTROLLER FORMAT,
NSStringFromClass(controllerClass),
NSStringFromSelector (CONTROLLER CLASS SELECTOR),
NSStringFromSelector (CONTROLLER SELECTOR) ]

userInfo:nil];

controller.modalTransitionStyle = params.routerOptions.transitionStyle;
controller.modalPresentationStyle =
params.routerOptions.presentationStyle;

return controller;

R Controller 2—1N %, IB4AHIER allocWithRouterParams: A3EEEM. TR Controller B2
ZE2—1XBIT, BBAFIAA initWithRouterParams: FiEEMIAL .,

J& Routable I ARBURIZEIfRIN T :



ele/halfrost

l UPRouterOptions  @"ele/:id"
URL Matcher
Routable l RouterParams

convert
controllerForRouterParams

©

UlViewController

(3) HHRouter Star 1277
X2 T shER— Router, REE¥HTF ABRouter #] Routable iOS,
%3k E & HHRouter B9 Api, BIRHEHVEIEIET B,

ViewController 217215 7E, mapeARIZERBFMN, matchController 2R ILECEE AN
89, CEEEZERERIRNAY UlViewController,

- (void)map: (NSString *)route toControllerClass:(Class)controllerClass;

- (UIViewController *)matchController: (NSString *)route;

block AIBRHET =M%, map L2IRBWHAMN, matchBlock: 2RARICEIRE, HIIEEMN
block, {EEARE1ERZ block, callBlock: 2 ZIEERY block, ¥ EIAGEFIZENAR.

- (void)map: (NSString *)route toBlock:(HHRouterBlock)block;

- (HHRouterBlock)matchBlock: (NSString *)route;
- (id)callBlock: (NSString *)route;

matchBlock: # callBlock: IXFIFMETFRIZEA=BNABAE. FA matchBlock: A KEIF MY
block 25, WMRBER, FEEFHAR—R,

PRELENXEESIE, HHRouter RAFARME T — MGG A,


https://github.com/lightory/HHRouter
https://github.com/aaronbrethorst/ABRouter
https://github.com/usepropeller/routable-ios

- (HHRouteType)canRoute: (NSString *)route;

RN A EMERFRLE R TEBEMMIINE RouteType, RouteType &S 374!

typedef NS ENUM (NSInteger, HHRouteType) {
HHRouteTypeNone = 0,
HHRouteTypeViewController = 1,
HHRouteTypeBlock = 2

}i

HkE&%& HHRouter SWAIEIREANNAY, D HHRouter FiZ2H—"1 NSMutableDictionary
*routes =AY,

@interface HHRouter ()
@property (strong, nonatomic) NSMutableDictionary *routes;
@end

NSMutableDictionary *routes

AERERX—TEMNER"NFHEIESM, EF HHRouter IEHIRITRIEZRBELE.



- (void)map: (NSString *)route toBlock: (HHRouterBlock)block

{
NSMutableDictionary *subRoutes = [self subRoutesToRoute:route];
subRoutes[@" "] = [block copyl;
}
- (void)map: (NSString *)route toControllerClass:(Class)controllerClass
{
NSMutableDictionary *subRoutes = [self subRoutesToRoute:route];
subRoutes[@" "] = controllerClass;
}

FEAEDHEDFZ block F & ViewController BB HAMMERANEELHR, FER

ViewController &2 block (183, &EMNAIRTEE=EF subRoutesToRoute: /i,

- (NSMutableDictionary *)subRoutesToRoute: (NSString *)route

{
NSArray *pathComponents = [self pathComponentsFromRoute:route];
NSInteger index = 0;
NSMutableDictionary *subRoutes = self.routes;
while (index < pathComponents.count) {
NSString *pathComponent = pathComponents[index];
if (![subRoutes objectForKey:pathComponent]) {
subRoutes|[pathComponent] = [[NSMutableDictionary alloc]
}
subRoutes = subRoutes[pathComponent];
index++;
}
return subRoutes;
}

X ER PR R R SA IS % R PLEC L B9 = 8
HE6F:

init];



[ [HHRouter shared] map:@"/user/:userId/"
toControllerClass: [UserViewController class]];
[ [HHRouter shared] map:Q@"/story/:storyId/"
toControllerClass:[StoryViewController class]];
[ [HHRouter shared] map:@"/user/:userId/story/?a=0"

toControllerClass:[StoryListViewController class]];

RESFMNNfGE, RIREEDEHRATCEAMNNTFRNTE, ZEERNFEREZRZMEF:

{
story = {
":storyId" = {
" " = StoryViewController;
}i
}i
user = {
":userId" = {
" " = UserViewController;
story = {
" " = StoryListViewController;
}i
}i
}i
}

BEMIFIERY S, SRRNRRAEHX T,
RIS IHRE — SRR AT

[[ [HHRouter shared] matchController:@"hhrouter20://user/1/"] class],

HHRouter XX B HAMIES K 2L LERIERM scheme, R E scheme FAREMRINIE, SHIE
SHEEITELMK,

REBHTHRELE, SEEMNSHRFHRNT:

"controller class" = UserViewController;
route = "/user/1/";

userId = 1;



BAREE S LRI R ERTE

- (NSDictionary *)paramsInRoute: (NSString *)route

XTAEREETIN. XPMHEMSERIEE TR, BEHRNURLIIS HRE——RET LK,
#w? SHNBBTBINFR, XTHERTLEE, MAEERT,

ViewController = B EEIAE S0 E2I0:

"controller class" =

route =

route EEISRFETIRMTERN URL,
MREHKNEREETIHOFERNBR? BENIBREE:

[ [HHRouter shared] matchController:@"/user/1l/?a=b&c=d"]

BLBTEAENSHFHETE TEHEF:

{
a = b;
c = d;
"controller class" = UserViewController;
route = "/user/1l/?a=b&c=d4d";
userId = 1;
}

B3, MRZF— block HERIERIE?
TEBFTARIN—5 block FEIRIEE AN :

[ [HHRouter shared] map:@"/user/add/"
toBlock:"id(NSDictionary* params) {

Y1s

XN N S A AL — T S R ALA B,



story = {
":storyId" = {
" " = StoryViewController;
}i
}i
user = {
":userId" = {
" " = UserViewController;
story = {
" " = StoryListViewController;
}i
add = {
" " = "< NSMallocBlock : 0x600000240480>";
}i
}i

AR EEIRER— block,
PLEC block HIBIAIAXNE M,

// 1. B—MARCERNMblockZ G, REEFHAR—XHNE,

HHRouterBlock block = [[HHRouter shared] matchBlock:@"/user/add/?
a=1&b=2"1;

block(nil);

/] 2. B_MAERCEblockZ EERARRAL.
[ [HHRouter shared] callBlock:@"/user/add/?a=1&b=2"];

LR RS HFHRZNT:

block = "<_NSMallocBlock : 0x600000056b90>";
"/user/add/?a=1&b=2";

H
o
[«
o
(0]
1



block FHEEESEIANN_E FEIX2I0:

block

route

route EEHZRFETRNTER URL,

LRSS MR RS SIES) ViewController B Associated Object ZEAII5:

- (void)setParams: (NSDictionary *)paramsDictionary
{

objc_setAssociatedObject(self, &kAssociatedParamsObjectKey,
paramsDictionary, OBJC_ASSOCIATION RETAIN NONATOMIC);

}
- (NSDictionary *)params
{
return objc_getAssociatedObject(self, &kAssociatedParamsObjectKey);
}

XMERITFZZE match ILESERAAIRMRETTHY,

- (UIViewController *)matchController:(NSString *)route

{
NSDictionary *params = [self paramsInRoute:route];

Class controllerClass = params[@"controller class"];
UIViewController *viewController = [[controllerClass alloc] init];

if ([viewController respondsToSelector:@selector(setParams:)]) {
[viewController performSelector:@selector(setParams:)

withObject: [params copy]];
}

return viewController;

BR185/Y ViewController B2 EATEEN, HNAISIEETHTEH params BHAFHER.
% LRI RREmMR LS, M



/user/halfrost/?7age=20&IQ=Ilow

l paramsinRoute: @"/user/:userld/"
URL Matcher

HHRouter l params
objc_setAssociatedObject
controller

v

UserViewController objc_getAssociatedObject

: age = 20; @

1Q = low;
"controller_class" = UserViewController;
route = "/user/halfrost/?age=20&IQ=low";
userld = halfrost;

}

(4) MGJRouter Star 633

REEHEN— N RENEE.

XA BRI SR :

JLRoutes MIEAEBET&H URL WTHIABEY, EIEHMAZLE. TEMENEERS.

HHRouter B URL B 2 E T ITE, FAASESM, MGJRouter hERBRIXFNSE, EEIR
ViewController ZiE Y FEZ, —ERE LRBRET M.

F2#ET MGJRouter,

MEUEEMFE, MGJRouter 2] HHRouter —#&—#£A9,

@interface MGJRouter ()

@property (nonatomic) NSMutableDictionary *routes;
@end


https://github.com/mogujie/MGJRouter

NSMutableDictionary *routes

BLAFKANHREBEX HHRouter 87 LA B .

1.MGJRouter 3735 openURL iF, AJLAfE—LE userinfo d&

[MGJRouter openURL:@"mgj://category/travel” withUserInfo:@{@"user id":
@1900} completion:nil];

XL HHRouter, {YXRREELN—MEENE, £ HHRouter REARKIFHFFHINSEL, B
=EURLFE R AR URL Query Parameter S&5R4h,

if (parameters) {
MGJRouterHandler handler = parameters[@"block"];
if (completion) {
parameters[MGJRouterParameterCompletion] = completion;
}
if (userInfo) {
parameters[MGJRouterParameterUserInfo] = userInfo;
}
if (handler) {
[parameters removeObjectForKey:@"block"];

handler (parameters);



MGJRouter 33 userinfo F94bIE R HIFIEE T2 F Key = MGJRouterParameterUserinfo X3 [z# Value
2m|.

2.7 XHIURL

[parameters enumerateKeysAndObjectsUsingBlock:" (id key, NSString *obj,
BOOL *stop) {
if ([obj isKindOfClass:[NSString class]]) {
parameters[key] = [obj
stringByReplacingPercentEscapesUsingEncoding:NSUTF8StringEncoding];
}
1

XEMEEEIE— TR,
3.EX—T2FEH URL Pattern {fEX Fallback
s

X—REE(BR JLRoutes HIILEC A ZI= B i E global #9848,

if (parameters) {
MGJRouterHandler handler = parameters[@"block"];
if (handler) {
[parameters removeObjectForKey:@"block"];

handler (parameters);

parameters %ﬁEEAﬁET—ﬁ%T—AEﬁEE%U”U 77t block AEH, ECRNRMEZEHZ
handler, FFRICECEIXMHAEH, HITHRENLE,

4.3 OpenURL £55RAY, AJIAHL4T Completion Block

7£ MGJRouter BE, EEXNERA HHRouter FEL B ETZAERIEE AN NIAO 31T 7 S0E .,

NSString *const MGJRouterParameterURL = @"MGJRouterParameterURL";
NSString *const MGJRouterParameterCompletion =
@"MGJRouterParameterCompletion";

NSString *const MGJRouterParameterUserInfo = @"MGJRouterParameterUserInfo";

§3/\ key =27 \%U1%ﬁ_ﬂ:b1;,u\

MGJRouterParameterURL {RTFAIEFHRAVTERN URL 2.
MGJRouterParameterCompletion {R7Zf9:2 completion FE,
MGJRouterParameterUserinfo {RZHJZE Userinfo FFEE,



E0F:

[MGJRouter registerURLPattern:@"ele://name/:name"
toHandler: " (NSDictionary *routerParameters) {
void (“completion) (NSString *) =
routerParameters[MGJRouterParameterCompletion];
if (completion) {
completion(@"SERLT");

1

[MGJRouter openURL:Q@"ele://name/halfrost/?age=20"
withUserInfo:@{@"user id": @1900} completion:”(id result) {
NSLog(@"result = %@",result);

1

LER URL REEATI, BRAEMBNSHFHREMUT:

MGJRouterParameterCompletion = "< NSGlobalBlock : 0x107ffe680>";
MGJRouterParameterURL = "ele://name/halfrost/?age=20";
MGJRouterParameterUserInfo = {

"user_id" = 1900;
}i
age = 20;
block = "< NSMallocBlock : 0x608000252120>";

name = halfrost;

5.°] A% —E I URL
X1 IheEIEEE A,

URL B9 EB—F/ D, MBSECEENENS T A%, 1558, LLUEMETH pattern &
mgj://beauty/:id, #RIS open BIFEE mgj://beauty/123, XHERIIHE url Bz, LIEEFRH SRR
M, TFHE—EE,

FfiA MGJRouter $@f#t 7 — N7 ERLIERX M-,



#define TEMPLATE URL @"gq://name/:name"

[MGJRouter registerURLPattern:TEMPLATE URL toHandler:” (NSDictionary

*routerParameters) {

NSLog(@"routerParameters[name]:%@", routerParameters[@"name"]); //
halfrost

1

[MGJRouter openURL:[MGJRouter generateURLWithPattern:TEMPLATE URL
parameters:@[@"halfrost"]]1];

}

generateURLWithPattern: RE S EATE XA BEMNAAENHTER, BRAEENFRHEH
H, HOREE.

¥ BRI IEERR LS, T

ele://name/halfrost/?age=20

l extractParametersFromURL:
@"ele://name/:name"

URL Matcher
MGJRouter l parameters

handler()

v

MGJRouterParameterCompletion = "<__NSGlobalBlock__: >";
MGJRouterParameterURL = "ele://name/halfrost/?age=20";

MGJRouterParameterUserinfo= {
"user_id" = 1900; @
Y N N

age = 20;
block ="<__NSMallocBlock__: 0x608000252120>";
name = halfrost;

}

B T XA TEERBMNAGERAE, TREBLE T —Mii7A. A Protocol BI7ENRAITA
HiErviEA.

BNAKZBHEE— Entry, X Entry, TEMT =%

1. JEMZ M AMROE URL
2. SEMX P BHREB ORI E/ R
3. 7£ App £ BIEARA BB ER AN B RO MA

T1HEIE)AY openURL AR 20 FHIFEF:



ModuleA

ModuleAEntry PageA-1 PageA-2

registerURL:toHandler:  openURL:

v
%
MGJRouter pEE—— openURL: —{ ELfth App
3

registerURL:toHandler:  openURL:

ModuleB

ModuleBEntry PageB-1 PageB-2

BT AMEE =@ MGRouter i1, A EEEEAINEZEMA App #FIMEE openURL: 753k
IA— T REREFR—T4AHME,
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ModuleA

ModuleAEntry PageA-1 PageA-2

Imp = classForProtocol:

registerCIassl:forProtocoI: result = [Imp doSomething]
ModuleManager public
protocol.h

A

registerClass:forProtocol:

ModuleB

ModuleBEntry PageB-1 PageB-2

[ModuleManager registerClass:ClassA forProtocol:ProtocolA] BIZE R 27E MM RERAEFH dict
BT —THEXA,

[ModuleManager classForProtocol:ProtocolA] BIR[EI4E R E Z BITE MM AEB dict 2 protocol 3F
RZf) class, ERARREXROIXN class B MTAKRK, RIESEIT ProtocolA X, EXRAFMAT.

XEBEZEEE—NAFHMM S KBMIXLE public protocl, tBFZEFH PublicProtocl.h,

BN, AESLHATRER TEMEFT:

@interface ModuleProtocolManager : NSObject

+ (void)registServiceProvide: (id)provide forProtocol: (Protocol*)protocol;

+ (id)serviceProvideForProtocol: (Protocol *)protocol;

@end

REZXTE—T86, EEmEMS TN



@interface ModuleProtocolManager ()

@property (nonatomic, strong) NSMutableDictionary *serviceProvideSource;
@end

@implementation ModuleProtocolManager

+ (ModuleProtocolManager *)sharedInstance

{
static ModuleProtocolManager * instance;
static dispatch once t onceToken;
dispatch_once(&onceToken, *{
instance = [[self alloc] init];
)i
return instance;
}
- (instancetype)init
{
self = [super init];
if (self) {
_serviceProvideSource = [[NSMutableDictionary alloc] init];
}
return self;
}

+ (void)registServiceProvide: (id)provide forProtocol: (Protocol*)protocol

{
if (provide == nil || protocol == nil)
return;
[[self sharedInstance].serviceProvideSource setObject:provide

forKey:NSStringFromProtocol (protocol)];
}

+ (id)serviceProvideForProtocol: (Protocol *)protocol

{

return [[self sharedInstance].serviceProvideSource

objectForKey:NSStringFromProtocol (protocol) ];
}

#£ ModuleProtocolManager i — M FEREFEMIEMEY protocol, MMAEFEFRIEIE ModuleEntry B
SEH,



#import <Foundation/Foundation.h>

#import <UIKit/UIKit.h>

@protocol DetailModuleEntryProtocol <NSObject>

@required;

- (UIViewController *)detailViewControllerWithId:(NSString*)Id Name:

(NSString *)name;
@end

REETRRABE—THREZINENMEERN X",

#import <Foundation/Foundation.h>

@interface DetailModuleEntry : NSObject
@end

HEENIIG, FES|IAIMIMBXXE, — =2 ModuleProtocolManager, —1N 2
DetailModuleEntryProtocol, sfa— 1" RFIEEREEEIERARNAHGHETH.



#import "DetailModuleEntry.h"

#import <DetailModuleEntryProtocol/DetailModuleEntryProtocol.h>
#import <ModuleProtocolManager/ModuleProtocolManager.h>

#import "DetailViewController.h"

@interface DetailModuleEntry()<DetailModuleEntryProtocol>
@end

@implementation DetailModuleEntry

+ (void)load
{

[ModuleProtocolManager registServiceProvide:[[self alloc] init]
forProtocol:@protocol (DetailModuleEntryProtocol) ];

}

- (UIViewController *)detailViewControllerWithId: (NSString*)Id Name:
(NSString *)name
{

DetailviewController *detailVC = [[DetailViewController alloc]
initWithId:id Name:name];

return detailVC;

@end

ZEIETF Protocol WARMTER T . IRFERAEMAGHEREE T TIEH, RERMN
ModuleProtocolManager #)5# EB ERIEXT Y ModuleEntryProtocol #E53 KA
DetailModuleEntry, #%I7 DetailModuleEntry fi2# 2 T HGHETIEN ANOD"T ., BIESEUEH
ZE0H],



- (void)didClickDetailButton: (UIButton *)button
{
id< DetailModuleEntryProtocol > DetailModuleEntry =
[ModuleProtocolManager
serviceProvideForProtocol:@protocol (DetailModuleEntryProtocol) ];
UIViewController *detailVC = [DetailModuleEntry
detailviewControllerWithId:@“i¥IEFME"” Name:e“FHHNMWIZE";

[self.navigationController pushViewController:detailVC animated:YES];

REMA AR AHRERE T .

MRAMZEEERREO, BARAINE—SHEXEROEME LR, XEMmE HREOE
RTtiRO”, ENR A MEBSIEEE MG —EN.

(5) CTMediator Star 803

BRiRIE @casatwy AR, XHEREET Mediator By,
4B A Mediator FIRED 2 IXHER:


https://github.com/casatwy/CTMediator

&l S 1 v
Controllel

View
Controller
A

XfEX S TTENE AU RETEE, STAGZEERTEMKRE, AEERRASTEE
Mediator, Mediator R@&MBEMAL., BAXEREHFRTA?

FE @casatwy B EABEMRY,
FEBBZEMNAT Target-Action B EERABAR, FIA Runtime BRRARFEAVE)E,

- (id)performTarget: (NSString *)targetName action: (NSString *)actionName

params: (NSDictionary *)params shouldCacheTarget: (BOOL)shouldCacheTarget
{

NSString *targetClassString = [NSString stringWithFormat:@"Target %@",
targetName];

NSString *actionString = [NSString stringWithFormat:@"Action %@:",
actionName];

Class targetClass;

NSObject *target = self.cachedTarget[targetClassString];
if (target == nil) {
targetClass = NSClassFromString(targetClassString);
target = [[targetClass alloc] init];



SEL action = NSSelectorFromString(actionString);

if (target == nil) {
// RERLELIMNIERNMS 22—, XM demoffSLERE R, WRIZHE AN
target, MEEreturnT., LFFAIREFRAIMERE— T EENtarget B[ TRFEXMIHMEIR
+, AEHEXFIERE

return nil;

if (shouldCacheTarget) {
self.cachedTarget|[targetClassString] = target;

if ([target respondsToSelector:action]) {
#pragma clang diagnostic push
#pragma clang diagnostic ignored "-Warc-performSelector-leaks"
return [target performSelector:action withObject:params];

#pragma clang diagnostic pop

} else {
// BrgEtargetZSwiftIIR
actionString = [NSString stringWithFormat:Q@"Action %$@WithParams:",
actionName];

action = NSSelectorFromString(actionString);
if ([target respondsToSelector:action]) {
#pragma clang diagnostic push
#pragma clang diagnostic ignored "-Warc-performSelector-leaks"
return [target performSelector:action withObject:params];
#pragma clang diagnostic pop
} else {
// XBEIEBETMAERAM T, WMRTML, WX FHRN N targetinotFound
RiEG—AE
SEL action = NSSelectorFromString(@"notFound:");
if ([target respondsToSelector:action]) {
#pragma clang diagnostic push
#pragma clang diagnostic ignored "-Warc-performSelector-leaks"
return [target performSelector:action withObject:params];
#pragma clang diagnostic pop
} else {
// REHZGEBIINIERMT, EnotFound#PiZBRIEHR, X demodE
¥return7, EfRARERED, FJUANERINEENtargetl LM,
[self.cachedTarget removeObjectForKey:targetClassString];

return nil;



targetName Ft2i1BAEOR Object, actionName FiE2HMA A SEL, params 224,
shouldCacheTarget R REEHTEETF, NRFEEGFMIE target FEER, Key 2
targetClassString, Value =& target,

BEXMANHTIEN, SMEERNA ARSI —, #21EA performTarget: action: params:
shouldCacheTarget:, E=TSHE—1"FH, XTFHEAAMUERZSE, RE Key-Value E4F
FATIAT . IBEIRNARNA—E—MbA T, targeti&F, SER target TTEMNABRN A,
# B ATE Mediator iXE#HITH—HEELMIE,

BREIMARIREFR, FE2REAEB, A4EER, £ Mediator FEEENRZSHE., TE2EE
RA8H T EINFAA Category H953%, I Mediator BIFRE HE#1TIFYD, XHEMMAIMULAESEH
Mediator XTEITFEKT



- (UIViewController *)CTMediator viewControllerForDetail
{
UIViewController *viewController = [self

performTarget:kCTMediatorTargetA

action:kCTMediatorActionNativFetchDetailViewController

params:@{@"key":@"value"}
shouldCacheTarget :NO
1i
if ([viewController isKindOfClass:[UIViewController class]]) {
// view controller X fFTHEZE, FILAHIMNRIEE EpushifZpresent
return viewController;
} else {
// XBELBREGSR, BERMEMEERRAT A

return [[UIViewController alloc] init];

}
}
- (void)CTMediator presentImage:(UIImage *)image
{

if (image) {

[self performTarget:kCTMediatorTargetA
action:kCTMediatorActionNativePresentImage
params:@{@"image" : image}

shouldCacheTarget:NO];
} else {

// ZXBIEimageAnilMNigR, MEMEBUR T M

[self performTarget:kCTMediatorTargetA
action:kCTMediatorActionNativeNoImage
params:@{@"image" : [UIImage imageNamed:@"noImage"]}

shouldCacheTarget:NO];
}
}

IEXLERFNAE—TTHE S Category BEEMF T, WANANBIEFEN—I, H2EA
performTarget: action: params: shouldCacheTarget: /5%,

BRAXE T hEE Mediator }ABAIKRER, ZNEGZBEEAEKE, AEEHER RS EE
Mediator, Mediator AMXERE B E{RIE 1,
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PRENMESHHEAZEM App TR, METHOER, Torls LEXHELT.
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BAIFREE T, FRNZEAPP, EAMITITEK:
1. RREAFBREIERRSSE, INEERZRIIFI L, WRMREZE— APP 2| FHBIZESTEER
ERIRSHRER, XEARETHEEZ,
2. ERDFIREBENLRBIEGMN, B1F
ARTERATA I AR LK.
b. ANEEH AR S AR Rapp B AER LK.

RNTEPHRLEFR, 10S HERNEREHLHARIEMT .,

FRXBLHNARZEATREER, SRS, REABEXEN:
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1. EREY Mac FFRSSER I ATEE, XEFRA QAL #AL. LiLlocal

2. ERBCHBEEN—X AT, IRLEE AppStore flF—#, FAREERER, QHESTI0S
R&E L, XEMBINHAA, TATHA. AApple

3. BAPALEIERESR, AEREEENMAAXRZERAB L, SE—HEEESTAH LUK
HER, EXMpEUERNILESR.

4. EFTRN, RWiFT—1 APP [, AAMAFAGA L XX APP #1TER, BNEE=SS2IR0LE
F—iEetTa APP B, ZREIFHIL.

5. AREHN, i0S RGNFILES, BERAZAENLHAA, ERIDEPNAFERZSIER.

6. WIBEPRERET A L 2ERINEIR, AR L ERIEAPP NER, XEREHZIIET X
N APP RERTARBEATEREL AW, (RERWIELRRITH, FRIEAPP 2E#MeAs), EX
TR ER APP AR B2 TR, ERTEEE. )

=R

ERRERBAT LFEE—THER, BMEFELTERATAAIMRER, ERBRAE T BRE R
RREE, BARRIE? ERBMTMTRE, —REEEREEIMIMRETTNRER, —2
PR#IZE & RBEFH I R —TBREY APP,

BAMK? EERE=S, ERAMNAA ZRBANAMREA LK, EREFTERZQA L TN
ETRZEE, XEHEHRAIURIERZTFRESDINEN, T2BREAIRTEE,
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ApplD
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FIEEIE RIFREMIRE ID JUK M App IRy ApplD FHUE, HEE=FSXERAAL—EHMN
IEH, BRERMAANZIMERER, £R/E% 5 TRIENMAINUZERRE ID JIR, HEEHmRE
EENEER, RENFERNRE, REHFER[BIWIE, 5 55 XErVIRE IDs/ ApplD / 218
L ME R 2T FRINER, TTEMIER, FERMAIMREIFI LRAIREN APP, Bi%RA.
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BREXMNIBELTRRERT, BREFUYMEE, THFLMT 8% ID/ApplD, FEEMEEE
TEEXBATRES, BX APP B iCloud / push / EAIE(T SAURE REERS, T RIDXLE
ARFF S5 —HA Entitlements, THETBBIEEEEN.

SRR E—MIER"ARKMEMENBIIE, LEBIESMIIMEEZENLTIPEZRTEEN, T2F
BRBIMETA&RA, M Provisioning Profile, — Provisioning Profile EffiE& 7IEPB UKk EiRiRE
HEREEIMEE, URMEBEENER.
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1% %IDs
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@ e % Entitlements
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RALTBRENER), XRERNAFHFBIREFRHFI—BETRRE:

1. EIREY Mac FFRNZRER—AFEE, XEFRALEL, FA%AL, LiLocal

2. FRECHBEEN—XAFAEE, IREME AppStore 5l F—#%, FASAEERER, QHPAEEDI0S
wE L, XBEMALNHEA, FAHA. AApple

3. BRALEIERER, BERERBEMNIAEZEZLNH L, BA—mEEESTAHL MUK
HEFR, EXMEIEFRAIES.

4. EERGEHIE AppID, ELEIFIRE ID FIRF APP a{ERAAINER, BN LEQSHIES, AR
MEIERTAE A R, IBFUEMEZ R —AM— Provisioning Profile X, THEIAH Mac
FF &,

5. TEFFAR, wmIFZ— APP G, FAAMAIFALE L XX APP #1785 %, EREEOFSEEIR
Provisioning Profile X{4$T&i# APP BB, X{4# embedded.mobileprovision , £ APP %
RKEIFHM L.

6. ELER, i0S RLEEVFIED, BERARNBENAHA, ERIE embedded.mobileprovision
MNHFEBEREEN, EHMNEPERSBER—E.

7. #fRT embedded.mobileprovision BIEIEHEERIZNAG, AL EEAIEIE,
HMEMIGE, BIEAAH LIRIFAPPE R, WIFRE ID B51E ID XKL, ApplD 2EXNEF
L, PERAXZTIR APP Ay Entitlements X5,

FREFLEBMNERINTNIRLERRBORAEARERE, TF—EETGIIBERALIBEESEM
BT .

RS HERIE
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1. 81 SHNAIZE keychain BAY “MIEBMENADEKIER", XEMAMER T —HEATLH, &
789 CertificateSigningRequest MELH, LWPAREERIMBMNE,

2. B2 HERNE, FHE.

3. B3 MM certificatesigningRequest BEIERFEAMIES, HTHBIARM, XA
WERMNES, —T2% 1 TEMN, —TEXETHERM, keychain RIEXFMIER KEXE
K, ERMINIATAARIINAY, FEXCodeiZiE FHEIRIIEREY, SEfF_ESKE] keychain B3}
NMHFBEERER. XERBERBARENXA MacE, WRA Mac thBRFZZXD App B
2? BREIEAASHLAEM Mac B, 7£ keychain BESHF05A, MeEM .p12 X4, H
ftt Mac sTHEMSNT X TFAH.

4. BB A SHREERWIG LIRE, BE ApplD / R /&%=, &G T & Provisioning Profile 3
.

5. 8 5% XCode RBIE 3 & THERMIED (FEAHH) , EARMKIINNNIGE (B—F4%
BRRY) , FAAHFATAEER App, FIE Provisioning Profile X4 ar &R
embedded.mobileprovision —iEiJE#HZE, XEX App WEBIIEREDFMERD, Mach-O
AHITXHSIEEREREARXTXXHE, EEREXHNSIRTFE _codesignature BHE
T

55 6 - 7 FRITEIFNLIEETZE Xcode 1 I0S RETANHMIE.
XEBRE—TREHE:

IEH: NERAHSTA, HEMNMNERSZERNEEE .,

Entitlements: €187 App S RFXTIZE.

CertificateSigningRequest: 7ith/\4A,

p12: Zithh5H, FILASAEIE MR,

Provisioning Profile: &5 7 if$ / Entitlements F#iE, HHERGEALBEINLBIEL.

Hit&HAD

RIEIATF & 8106 Fin 7 R MINIERYATE, SN In-House RIS AD-Hoc itz th @&
AEH, RRBWEANREZENIEN, HHIFEAFEIOS ARRE LFIREEEX TR
7 BEIBILIRIIE

il AppStore IEZBRIEA R BLELR—H, FERKIRIEFEENEZAN, FREEEEZANLE

ZFH App MBI T, SEFREERMSEXFMAY, WRETH T AppStore WLEE, 2RUEER
HEE®E embedded.mobileprovision N{&H), IR EZEMBIRESE MREIXNXHE, 169
BRI BRI BN —HE T,

BB, FA_LEER AppStore WBERSEMXNABNE, FERNAMIMBEZMEZERT, BE
BEER, M AppStore THHNBERBHNTEZHENER, F1HEERNE—
embedded.mobileprovision AR, BEIFAERABEENFAAERS, i0S RRINAARMA
SAIRIE App BERFAILAT .

LA

BB R4 &% AppStore BRZERRF & R—EFEEMIEFH Provisioning Profile? EMERNFER
B —EE, Provisioning Profile EEIE&—LEANRIZHI, ApplD M, ERABELE
AppStore BRIV EHTF B —F M —&E X LIRIE, MAMA—IBIXEBDFLFE Provisioning Profile
B, £ AppStore it REREHARIZIQIULX T Provisioning Profile @ E&EM AT .



FTLA App 1£%! AppStore f&, FER{REY IES / Provisioning Profile #38BX R T, TiLMIIZ2ET
HASRIERR, #AS00 AppStore FHIREEE,

FXE oS FRMAIMFRBMNEREARINT Y, HEENEREREZNHAEHEERBBAE
B,

P.S.—LE£E|o)
BEXEER— FRATE LRI,
EAlIEFH

AR ERR RS, EERHE ZATMRANER, firim/SBEARENEFEE BT EWIE
BoKk, ER—EMHE PP EF, ZEERBF, —HoTEFREEEIRWIIPESER., BIRUIE
PERBLRKN App, BIINHRINEERHNERH, FETERBERERRSHBEILPEEHDHE,
FOTHEEME, METERE App. NTEXMEIFNEMRZEFER, FREBITERE—TTHHE
TAAES, FHRBERFNE,

XEBRRREZE, FRMT AL ZERMIDIENHIERFIAE i0S 3 App, AT AXELZE—TIR
HIRDEATVILEREEFIE? EEZEWAIRARES L AppStore, th5EEFILATE AppStore FHE¥
—NNIFAERRIR, 2T AppStore ERE, MARBX MU T .

AppStore 0%

H—NEBEBANE App &£ L AppStore 7, ERTXS App #HITINE, T App FFRIBAARD, X
MINELRR LRI AR, RRULBBNAZZH—TSR, 1B1T App ERTF dump ERIHATXET
B, ZTEEFENE, MAIUAZMARNELNZRIAATRITIME . XN AZEREFRINERTE? 8
REIBH 2074,

Z1thFhEH

BEMNBNEHRNEZREREERES, RFELIMEM O, A Provisioning Profile SHBIEH X
X, AMBRAELENIBEFER, FERFRENELTRESS, BNEOE, XEAN T4
TEEELIR? TEMUARIER G, AtLA—EERAM Mac ERHNFLBAERER? ERENRAZA U
BH, WA —EREAMERMN, ERETUBSER—AFEALFK(], L Provisioning
Profile 2, BABEEMNABENEREMITT, XEMAIE certificateSigningRequest
pl2 BOMEE, ERZAHE keychain iRBXAR, FHFEEXMNMER, REH Provisioning Profile FigEE R,
nEREY, ZAMSRERE, ENERBENIZH—REHBIAaD, BT ALE0EE, Mta
TIXHFIRITIE?

BERB BB — R EZ Provisioning Profile 7£3F AppStore RERSITE#HLZEE, F=HZ23XH

Provisioning Profile X #igEEIZREFRGMME K App R T . BXMEIMBRFHRR, REEH
BN EIEXHENFABRMIT T, FIAMDTRBARATARXERIT,



BE&EXxTF Storyboard iJ—LEFHi

1F&: I#

M i0S 5 BIBSE Apple #EiH Storyboard (AR &J#R SB) f&, XTEMXFMANME Ul (IFIEHMAE
Cocoa AREHRE—BRES, BHE 2013 FET—RRXTHREEES Ul,_xib 71 SB Z [BIFIENERIS
B, ANAFENSX, SBRETZXREN, ARERBTRZIT(ER SB #ITHARKNEZLR, i)
NMEBEAEEISVNME, HES SB FARKNIVR, RREI—LEMMERMBIANNERIFIIEE,
REXESERNGEH SB AN~ (REEEX) MEL, BNEPHRIBEAET-LETENE
B, AEENMRERXEERERE—ERME, MAIZER&RESECHERAIN, MUAEBNEREE R
1BH TP , BREMBRECHIRERABINGLS, ACKRERNEIRENLMERE
o, RENE-LHECEBEER SB HNZRMLH,

(RIEXTF Storyboard & Interface Builder EZW THAZET, WAEFZXA—FE-. -)

[R5
Storyboard ;Hh3& K EEFIANEL

EXHE—TIEEFHHENN S, ABFE:
81 SB ERB— UlViewController

BIEBEIX MR, SIREI0S 3 HE 4 A xib FRERNARERFE, XEARMENE SB £l
EBE xib (IAE. EXPRIXAMHNREEEFT=R"

o TN ERERIFF ALK — View Controller BF#Y git /HIZR
e JNiE storyboard Nk, ERNRFEIME— UlViewController
e DM initial view controller FLEILAM SB FNEAEER] View Controller

7£ Xcode 7 5|\ 7 SB reference LAfG, TSBBZHR) BELMETHERGRA T, B3 SEEHIH
BERRIRAE T EERRNED, HITTUTEER SB IEBRURR, R =FURXIHK117ELFRINE
AT SB RRIIER,

55, BME SB X BHCRE, #IathErliEr., E8 18 SB XHH, 81 View Controller B&H
SEE, FELtEMEFAERRFALAERNEF— SB XEHMNIER, REMIIAEREXRE—" View
Controller AR, tBHFETE View Controller EF=4H5R, 7& SB X4 HsE{ZE— L FHAOER
7, LB 1B BIbRAS, RAMRRASE, (BEMHAEMEERMN U, mETUEITR—F &R RNITFESR
BRAR, ALt, —1 SB B2 VC FI—1 SB H—1 VC, HIMHRAPRXEF 22—,

KT SBHIMNE, FIABHREEFTREHEERE Ul INERMNBEDRE, TRERMIAK SB X4
View Controller #Z pn# bt E#, BELHIENL, AONEZE HEMERERZ SB XHHIE
2) 2Kk, ERFNITE Xcode H—> Compiling Storyboard files i #2:

Compiling 18 of 33 Storyboard files
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FIER, MEEARIN SB XMHthamE, HIA storyboarde A RBEBRFERLEMN app €
Ao XPXHH .bundle ZFE .framework KM, LfFLR— PR, BEEFMET — MR
MIFEMI SBE2M Info.plist X, MUR—FRFI .nib X, [REHN SB FESTHR EE
W, —RxEEET View Controller) BB HFN—TEMA .nib , M .nib PEE T HEBEFRIXS
RN RER . FEINHE— SB, FMHIZEE View Controller i, BERARKIRERN
.storyboardc M4, M Info.plist APIREXFREERY View Controller ZREF] nib BIX R, 5
UIStoryboard HI#JIATL., 3ETIIZENSNAIE nib, FH{FEFR viNibDecoder #H1THENS, & nib
THEIRRAIRINS, REABIZNERM initwithCoder: RS NBIMEMERIE, ESTMIXLE
TEfE, awakeFromNib fHIFR, RBHIFAEM nib BIINEEETE,

WMRFIBFRXNIIFE, MAIUEL, MRBEEA View Controller 9 SB HiN&EX1D VC, 5MZHD
View Controller & —TIIER, TEEREE LHASBETAKS, BEIRE, MREFEAKZ SBX
%, RMSEIA vistoryboard FIFREIEENEZM Info.plist , RIMIEMMEEE TFF (1BXTith
AT LAMER View Controller By storyboard [EIMRIRENZHAT VC FT/@HY UIstoryboard , MM
B Z /B E—" Storyboard, T XAMHREMELEI TR EE),

ATHE=R, RIFEFERT —RUBRBRIMTBI R FN S EREZRE R MR

let feed = FeedViewController.instance()

// ~feed® is of type " FeedViewController"

RAMENEIR, BREEEIRE View Controller £EIZFRAIEE SB X, HRXEEEN
UIViewController RIERIRALRZF I SB XHMHENFE., BHAR—IRIBENMSR, EE
EA5IN\ NsstringFromClass XMmISHIZRA, MEEHIKMNBRZEFHNAREELERZEN
View Controller, EAREE D NMB—LEHXNNE.,

Segue HI{EF
BXHENEENRE:
TE(FF Segue

Segue MEAREARZ RIAARER View Controller, FERE VC HEBHEALAR, EE— TSR (— D
SBXHREE—1 VO WAIR T, TMEMA Segue EEAMANHILE, ARNE— SB HgEZT VC
MXRBEAL, segue MIEAEAKEMR, ERIFEERT — T T2RIFIGFEERITIRIAER
segue L‘,{& prepare(for:sender:) E{Jﬂ;ﬁo TE%EXE‘:E"]—EQZT'\@M%ﬁ@



class UsersViewController: UIViewController, UITableViewDelegate {

private enum SegueIdentifier {

static let showUserDetails = "showUserDetails"

var usernames: [String] = ["Marin"]

func tableView(_ tableView: UITableView, didSelectRowAt indexPath:

IndexPath) {
usernameToSend = usernames[indexPath.row]

performSegue (withIdentifier: Segueldentifier.showUserDetails, sender:
nil)
}

private var usernameToSend: String?
override func prepare(for segue: UIStoryboardSegue, sender: Any?) {

switch segue.identifier {

case Segueldentifier.showUserDetails?:

guard let usernameToSend = usernameToSend else {
assertionFailure("No username provided!")

return

let destination = segue.destination as! UserDetailViewController

destination.username = usernameToSend

default:

break

B, XM TR P S table view REA cell BIRHR, EaBlRSRER View
Controller 9— P RALTE usernameToSend H, ARG

performSegue (withIdentifier:sender:) ., & N3, £ prepare(for:sender:) KRBV RTF
X T ATE, FRIREL BT View Controller, 337 table view i, — P ARLERIS
B. BNTEUERN cell B3 segue E#EIB 4R View Controller L, %FT

prepare (for:sender:) HI{$ table view Y indexPathForSelectedRow IRENEEAIEUE, H
3B #x View Controller #1TiRE ., FIREREEAKNBR UlTableview BIXA—TAPI, FIMBTH

Rara9fl+



A4 segue BlE@IG? HNEEER, BRERIAAK, LRARFPHEFENDEMUREERHZINIE
2, BERGEUET prepare(for:sender:) H{EIELEEHR View Controller, A XMIBERAVEIER
ZIMEE 217 E T 81 View Controller 1 (EEUMNFEERBENAEFRRANNXF, & [ VCHY
model ENEMS), BLETETEME, segue FHRIE RMPELTET View Controller Z[83F#5
RER, MARMNATLABERIE#H1T451%9 ( pushviewController(:animated) &

present (:animated:completion) ), tAIDA{#FER SB B R R4 segue, EEXAUAMARIBH
W performsegue , EARMNMMAHITEEILABEEERMENER, FIBEIITEREZEN
ANEFHHFRAHITEE, objc.io B9 Swift Talk B9 A EALIST - Connecting View Controllers (T B2
FBEH) WX N EIRAFHIT T —LEERIY, HLEHE T —MEPREE View Controller Z[EEBMNAH, HF
FREENAERMMES, BEERTANBINEBERCHAEXIMNBEFERE, ARBABIENSE
THR.

BR T BEEFEIHIN, segue MEETZIRMES(ER Container View B embed X &, teILAEFRGE
UIPageViewController X#FHIZ VC XARINR, ASEM—ERARIZTHNE, XSE
2R unwind 7 ESCI dismiss, XL THEAN MINREERILEMN D BRZMEE, FRMERFEIR
7t, AEEMERRIER IRZEH S,

2%, 1214 GUI

RXFENRE—TEREURZ:
BN RIEEHERBHRIRE

EERERX—FiamiiREl, AMEMRY, A SB N—AKBinmMSENMtIRERE, #d SB Efh
BATRT ARIRIRISE #1TFF A MY View Controller BIER, XELEFNEABERESZ., (BE, WRMER
MEERBPHTIRENE, X—MBERZDE?

EERINTE SB X AN View 8% ViewController (REBFIEZINEE (EZE L view N =HE,
& label XF%F), ARFERABNENHTRE. EX—xRL, EXEENBEENT Ul TEHER
NEN., (FERFEBIFER—LEERREFEEFTMR, HE%E, HEREPREENSBIMES Ul T
=, XHEFEEMEANZITER RE—HITE AT AR,

XMEUE R RORAEHBE, BBMENTIREXLEREMY, MEERSZH IBOUtlet, UKREZEIIMNG
TEE, BENE, WTBREREHERFRTSHRENNES, RFRE[EMA SB BR#TIRE, Ul
— label EMIXF, BRIEXENFHIFTENT (LLNETRNEAFE, SELSIITHCHRZE), SN
STERABVERN erBoutlet , HIZFIRE text REEFZ, HMMER vlscrollview B
Cancellable Content Touches % &, WRAIHFEEREFPRIEEFRASHTRE, URIFERE
B B8, (FEEREXERE, “BEEFEAERIK view WEMELLTE storyboard H3HEH—142S
RNBE", XTFEX—=, BIANNEIREHSETAARE. 2605Ki%, BT IBYF viscrollview K
Cancellable Content Touches i&X false , fEX[ZAY SB XA scroll view BE&nE
canCancelContentTouches="N0" X#FHEM., BEIE/FERNARKIXTEMHLEEMSE
1, BEE{RATUERZEN SB RIBAZIEN, MIRARNEELTH Xcode 5(F 1B, ETEHAIFTEE
M, HENBERNEMSERRERZELHER., FAFFERERBEESSHILEXMIER.

AEEEERIZ, SB PHEMTE Xcode WEHLERPEZHRIIE, FRHIMAY, AARIRERERE
REMMHNX A REREEREN .

AT ERFRHBHEXIFN view H3, (FERNBUSFINER, 1B IARZ RIFNEHFINTGE, X
BERARIREARIEE, £ Font IEIFHFTE style BEIR, 1EFHATAIUM Body, Headline 22/
E R #ATIERR, BERRET:
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EEXUXREAN T Dynamic Type, REXLEMIEA viront Y

preferredFont (forTextStyle:) S%E)lﬁE?{ZK%—HE’\JO FAVHAEE 1?E2ﬂ%${$7f¥ft, el
TEEHITAM. BNEHL—, Xcode HZBERM—1MEMAINUTE B BEEANNBEMEHRNENELEE
&

KT view 1, RENMEERERERTEABRE M,

F—MBEREEXNTE, R REFAYEMEILEY. (LMRENIEEAUEE
HeaderLabel , S{#& BodyLable iX#H ulLabel HIFZE, ABREFREBERMNMAETIRETF
K, XFMAXKEERERE, (RAULUETEN IB BHY label ZRSGERFR, BE2REETHNEET
APAIE, FJEE label MEBRTERZ, B, WFIEZF/UHMMBEN, LEMRETE—TIEE label 18
BRMMESLERMM, RAEMSBRESI MM REE, MAREITARMIBEREILIRNTE,
MEXMAREFEFRILRZEIN T H—HEX M N2 —IE,

BI—TANZ R BN view FIERBIRINER style &M, AEfEA runtime attribute RiRE ., &
BREAREL R, EaH K-



extension UIFont {

enum Style: String {
case p = "p"
case hl = "hl"

case defalt =

static func font(forStyle string: String?) -> UIFont {
guard let fontStyle = Style(rawValue: string ?? "") else {

fatalError("Unrecognized font style.")

switch fontStyle {
case .p: return .systemFont(ofSize: 14)
case .hl: return .boldSystemFont(ofSize: 22)

case .defalt: return .systemFont(ofSize: 17)

}

XERNABA uTFont MY —TERSHIE, BERANTFRHIRMARELNFR,
RE, BMNAREFEENSISHERERINEE style Y&, LEWX ulrabel :
extension UILabel ({
var style: String {

get { fatalError("Getting the label style is not permitted.") }
set { font = UIFont.font(forStyle: newValue) }

E(EANRMR, FA17E 1B BAEEFEAEERXA uviLabel A0 runtime attribute FRAILAT :

Identity

Restoration 1D

‘il E] User Defined Runtime Attributes
Key Path Type Value
style String < hl
W) Cr n)
dabeb
=) O a
+

Document

1 ahel

FIITIEMFEE, RAMLBA A 1B FEMMES) label KT, U7, FLUBLNEELH
UILabel FZE3XI] e@IBDesignable XFHARX MRS, TUXFBEIINNITIEE, FE2FE

Xcode ] 1B BEG#HY, [RESIFEMAOBERARARNIE, TIMALKMFEEERB T Ul WES,
ReBLT TEHH,



EXFBNEXNETIRBLRE THRNRE, THENRXEERERNIE, MAIZEFIRE
CHERNE, FHREZEWMEDER Storyboard,

It's not all or nothing.

[RX{EE T R4S 1B # Storyboard fER—M&E view BRFRMN layout AR T E, XHESLE SB
RISRINFRTE, (ERFIANEMINEEZEIRLLLIX8RMNZ ., [EMtIER SB gt BRBME S, EMitER
EEEARER SB, MTFAIEXTTARNEN, MTHE—PTRESHRNE, BRTEREFL,

AT B BREENBILMER SB K,
L2

PAZRBIZ 2R TU{ER Storyboard

BEXEEREIFER B VC B Storyboard AJLALAR BRI Z 2 A #HTEIE, HIXHATENESLMY,
BEEHTEI RS XIS ELF, 7 Cocoa HEZRH, NT REM, MIBRZETENSBMN

APl, XS T —TERENARZE, Apple HCAT API BRMNFEEM, FTRAEXNIMARIEER
TEH AP HITRIBENR, Ti@EE—EE8ENEE, BIMRATMUILEAPI BNgE., AERETA
MIREREASININE, HLHEFEREGE Rowift XIEMNTE, XPMBE@EIIERNEHET =R
EmBNER (B K&, View Controller #] segue B identifier &), Bl — MEARERIRENE
BRI, BLESEEBNRBTZE2NFE XEAR—MERANTENH.

EEANRSRFA TR AE R X AR M SB B3REX View Controller:

let myImage = UIImage(names: "myImage")
let viewController = UIStoryboard(name: "Main", bundle:
nil).instantiateViewController (withIdentifier: "myViewController") as!

MyViewController
£ Roswift FEBST, FAVKEAIDAMER TERIRS:

let myImage = R.image.myImage()

// myImage: UIImage?

let viewController = R.storyboard.main.myViewController()

// viewController: MyViewController?

XA RIER B ZE2NERN, B UERFRNMEIAMEN ZRNEFEE. EE2REIT SB A View
Controller #9 identifier, BB BB EHNE, (RaBR— 1 RmFHEIR.

R.swift & 7 AT LAST 3T E /5 #1 View Controller 4b, BRI LABEARMMAFRFE . Segue, nib XHE
cell E—RIIEZHEFRH identifier BUth5, BIEMBE S| Rswift HITERE, ENEFLPER
TRZSENERER LRER bug, thEBMIINENE T TR T LETE, mGER
Storyboard FMHEIZ View Controller XM TEtHTERERE—IRT .,

FIFH @IBInspectable JF/MLIBIZE


https://github.com/mac-cain13/R.swift

B IBiRE view NEME—TRER, BHMEE—LEHRKERERE IBNIREERT, HEZIREN
MERBRIREEH-TE", 2R IBERFEZEST/\NRELEERANEY, ERERSE TRNZ
&) . HNEIEIBEPREBEINELAEMMN: H—TERXFR view REARMAFNFSH, URA

—~ image view R EEA.

XA N RAEAVEBEREX LAY view HRIN eIBInspectable HY extension 75iERMRR, LIS T
RN FAFEEE, HZHRMOXEFR extension:

extension UILabel {
@IBInspectable var localizedKey: String? ({
set {
guard let newValue = newValue else { return }
text = NSLocalizedString(newValue, comment: "")

}
get { return text }

extension UIButton {
@IBInspectable var localizedKey: String? ({
set {
guard let newValue = newValue else { return }
setTitle(NSLocalizedString(newValue, comment: ""), for: .normal)

}
get { return titleLabel?.text }

extension UITextField {
@IBInspectable var localizedKey: String? ({
set {
guard let newValue = newValue else { return }
placeholder = NSLocalizedString(newValue, comment: "")

}
get { return placeholder }

XA¥, £ 1B REATH AT AFI AT N LB Localized Key SRE#ISEAMNFRE T

Label
our mai addressg Localized Key mailAddress.input.title
T H - View

RERMAEEM, A vliimageview (FEER ulview ) SINXEFNY R, HEIETE IB P#HTIR
g, NSRS ERE:



@IBInspectable var cornerRadius: CGFloat ({

get {
return layer.cornerRadius

}
set {
layer.cornerRadius = newValue
layer.masksToBounds = newValue > 0
}

@IBInspectable EFR EF EEIREIA urnabel K style 5iE—#E, BAIEMERT runtime
attribute, B8R, REATAE ulnabel style ER{—"> @IBInspectable , RF{EFE IB PEIFIX
EEFR,

@IBOutlet By didSet

SRXMNITHARY 1B 5#E SB ERFMRIMIENNE, BEERRFERES—E. WREAN
AFEMERE, BXFEEAEFIRE—L view WEM, &% e1Boutlet 5, TOARERIR
¥ viewpidLoad FHITIRE. EXTAINN—ITESENM X eIBoutlet HJ didset
1T, eIBoutlet FRBIARIBE—TENME, XTXRBIEMMAMNAZEREIEREL 1B, FIAERY
BEMEMMEE (willset , didset F)WSWIEFEM, b, TEBHALREEPHN—EKA
ts:

@IBOutlet var myTextField: UITextField! {
didSet {
// Workaround for https://openradar.appspot.com/28751703
myTextField.layer.borderWidth = 1.0

myTextField.layer.borderColor = UIColor.lineGreen.cgColor

XAMALAERE view BINESH] view AEMEXIER, WAIMUE viewdidLoad EMTFIF,

4k 1 E AR (o)

£ 7 Storyboard X4 %, HARRBRERBIRR., BLAXILL, SB EBRZRZAIUNERM
7, HA, {£A SB RELIMUAENERZ REIERIMT

Storyboard AR E BIRA view, PTLAMIRBEET 1B KL view NEMARIE, HIFELER
B xib X4, BNME0LL, BEE SB B View Controller ¥R — BT xib MNEAY view thHAE—
HRBEZGNEIR, — R TXMEKR, BIRIEEFERE init(coder:) HHIIFEH BT nib ARKEEERN
subview JRINEI B4R view . BMIRFEZEFLEX nib iNE view # View Controller B 2HELE
WERBN TR, BAZMNZE Apple BEXTIREFSELER, FINERZHAREHIRO. BAER
BREXNERE, MIANXZEAEIEER,



T view R AANIEERE—L, KAZHT Z#H nib B IRBNANHITER, FIUERER
RXNBEMERNFERIER. B, FERO U ZENIZET I xib #HITHE, TN ZETKE
ERER Ul INZIFE E, BREREANEE, Bk, ERREHIT view NEANERAMES S
8%, HALRBRES.

A2 EIMH view, SB 1 View Controller 94t &FME A EHIGEREHFAEIE, View Controller &
FAtEXIE 8, @IT storyboard ¥IIAMIINIAY View Controller, & BT segue MATLAT . 4kHENE
G, T IFAEELLAES view BO4%7, View Controller B4 E X R HATRIERIE L, 7E UIKit FxdTF
UIViewController M4t &REFAINERDR

UITableViewController , UICollectionViewController , MIENRZXRBRERFH view 1§
EEAEKR, WRMEFEMR—TELSELTH, HEM 1B 9E89 View Controller, WIR{RTEIR
B HIXMAERNT R, BRNEENHDELHITEREEAENLE, MRTNESITENER
ERBEAM View Controller, BBAIRER MkEy AIEER2—TMAIFE K.

AEWE, TEEDIA, EAME Ul WAEXEN xml XEHHNmIEHIESE, HIEER T RENERNE
M, X2 IB & SB HERAKRIRER,
=

A5 = |

AXEFENB—LERE O Storyboard (0B, MIREREFRPMEMAHR., HFRERMA TRIZ
BB S TRESHRAMLIRG . (RS ERARE0R U, {BRE Apple 1A
(THRA T EBRERY 1B 7 Storyboard BT, FERIXA/VENEREWNE, SB MRTIHEERAT
$#, TELTRIERREEE xib (955, NENFASHTLNEENTIES. AASRES
CHBEREEY TRRFEE, SIANEENERNSISSEEsE, AEREHETL, B
FRRMIFOEY, HMPRISEECHAR, BAERHARNSRASETELENAEET,

RE, BIRBRARBRRH, BIRAEEATEL L.



Swift ABIf2E 4ix

e Authors: Michael llseman (compiled through conversations with many others)
e {E&: Michael llseman (HPEETRIFSARZRMEGR)

IR

HEl, SWItREENTHEZ—, MEAS TRAZEFRGFREME. MMENGZREE, NWEEAERBIU
RZ#HEIRRE, 23ARENSENER:

1. ERABRAEMRE, BMEILMRANTR ISR R EZRANSWIftUID, XATIABREF A
EHETRBEISWIftIThR AT IR . RBEBRRBRERNGZRS, BSwifthSIEMRESUE
&, B RENRREBNERNERELIERE—ThRASWIUES . MM 7TREEBERX
RS, BREENEEMAINETENSWIfthRAREF—ERE, HEIIRRENEREER
ERTARASAISwift;

2. iEFEMGITRE S LOREFENLE (BETRAREN) 2FEESTARISWIfthRZA
E#HITHRMAETRE, JHFINRREES T —TSwift module file, BIRMH T XT2FEAPIR
RBRANES: MR—THENEFEXY, EESTHEGTRNESNRREZEHRE.
Itt, LI HBNFREEFETAM BN

e BHI%, Swift moduletSNNREMEFI IR IZFZRBEENHANRAREFENAHZRO, Xtz
Swift module fileR9R3E %, XEIE TAPINERURABES AT MinlinelREHN, FHiEHFE
Z{EAmodule fileTTAIEZMERNTIE, FlMl, HHFEFENZTFIFERN, NEFITEEME
BEURERBERRE.

o ERX, ABINFREMN ANERARMRASWItHIFNEFENNBEFRHETHEE, XXM
HIE TR RENAST, XOSERRFEE T+ AZSwift ABI, HZTITEFRSwift ABIE
RENEHTIEAEURSTRNER. EASWItEXKN—R IR, XH XAt ASwift ABIRIAR
1EEIRT 751,

XA, SA"SR-xxxx"BIFeR, 3|ASwift issue tracking systemFPRIAS ., XERNBIDE T
Swift ABItEXH) TIEFIZITHES,

T4 2ABI?

EiTfThY, BESwiftR S N _#HIRE R @I ABIN MR 7 sl B #H1TR A, ABI:ZApplication

Binary InterfacefV%E, EE—THVE, BERXMHUE, FRBHIRIIYIRIFA —#HISTIATT gEfR iHRTE
—EFNIT, REZHFISTELTE—LEREENMAT LAK—E, fIa0: WMEERRE, EaER
FRERTSEEZERNMQFMEUKLISEmMetadata,

ABIZFAEXN, ANEXRINXEREATEIIRENEERGURBRERFNOZIE, KED
BTFaHEX T — A MATCARGES RFIBAY FR/EABI", BSwift@—HCEBATRLNIES,
ERENE—MTAEXBCHABI, MXDXEFRNEREIABEHEHTFEaTXRN, NELKFS
BXRNZESTMEISwWift ABIBNIRITASZMAT . MRIFET BARFE LA INEABI, AJIXSEH
EFHRE,

H4EABIFAE?



https://github.com/milseman
https://github.com/milseman
https://github.com/apple/swift/blob/master/docs/ABIStabilityManifesto.md
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ABIRRERIEIEABIBIEEREMEZI, UETARKAGRIFIZE A DAL B MSZMAZ A T FISZE (7]
NEREFE, ANRNAER) . —BABIRET, MEKREEZHERXTFaN—4—t, EEH
IR REMRBR RILEERRT,

ABIFNRRE XS0 R SMERR] WA AHIBOMF SRS, MASERNTS. HRAEMRAEF
BEIER LMERMASBIFABIAE, B0, RFRATRIFRTE R AEREINMZOREFRAE
AIREIRY, EZEAERREEVERLTE.

SNABUSRIE— T REHMZNRFRIES T ERENTI, BEESHN—IREBIESERRAINRRNHE
RZEE, SWIftRRMRAIEESEESEE TR AABIRINGFE, BREFPETENFENABIER
E, BAEEERRUARREE L EEFZIRITEIGSKEHEX T FaFE.

JIABITEE IR IIFEVF ENMMABIFR R ER (ABl-additive changes) . BEXFRXMFERY
SwifthRAIA R R/ BMERET R, SR MERX MFHEMANREMEE R, IMARNAFRNELST B
DIEABIRIIAZR . BI40, 1EABISISEZ45E, SEREARRNEIEHRANEF., EXMHXHEE

H, BIIZEBERSZXFNMF,

ABIRRE T = EH?

ABIRREZ /G, OSKRITEIM FIMESWIfAEREFIGITIREARERGN—EoIRAN, AT XEIRERE
MEITR A U5 R EEZN ERMRASWIt 2N AR, XitF, FREMILTHED KNBNER,
EE® L— B CMENBRERNITEENGITIHE N, XESTENREARAFAINBFIHEITE
o

MG ZRREIN—1, W HABIRFENRR, ABIRERVEEATIN, BRHEANREEHLE
MRS, BRXBH T X XEITIeHE.

EFERNRL

BE, MR—FERFESERNOMEELRNRYE, AETRMT —#HEIZRO, EMREZIRIN
AR CRAESSMBRE., WTFRARXMESRENEFERAMKR, BEILRAFERERREFRG
&G TERMRANEFESREN. a1, SwWiftEEZNENA S aRILEENHT, BRAMBLF
REEGF _HHFRSEXT ) LB S HIBNTE, RS LNZESNHEXIABIRIRIT AR
I8

FHit, RERBEFERABIREN—TEEEN, MENEFENHEMARBRBNRESE, MAKTEFR
EMBTABINREMMREIRIT= R, BFEEAC LNEERETEE—T2RNETFER, B
ENERN— T AHURUZ2EERTADNIERBRE TR,

Swift ABIEY¥I R

EZESF, ABIXINANBREAEREE—EN. B, FA—THZEE, RERTEECD M6 T

MHYSER:

1. MEBBAXRE, FIA0: FAAENEHNEN RN ZERENAENE. B TER_HEIER LR
B (XENMZIENEARRASWIftRIZESFERNEREAS LFRE) , SN IAHZHEE[M
B, XEoATZEREMBNETHITITE.

2. SwiftRIHATRER, 1E1THY. REIE]. i3 AR M4 TRE#BHKE N metadata 8 RHEX.
FtE, metadataizBE —MBEREMZNA N, EANNEENmetadataiRITHRENAEFN R,



https://en.wikipedia.org/wiki/Fragile_binary_interface_problem
https://github.com/apple/swift/blob/master/docs/LibraryEvolution.rst

ERRHRIEE M metadataiR HE—EREMNAPIs, XEBHABTRELE M metadataE T RELT
o

3. BERERE— HSHIKEIIMINTSHBRTE—TH—NEMR, XTBIRIRBINZTEFTE R
THBIR 2 BIARL—ER . BT SwiftiR T REBEH UK L TXEXNEFTE (XERIZIEN
ElBidmodule5| \WIR&F=E) , Fib, ERBFLINEAZRAELSTIEEEE—M. A
TIBEMNREAB—T2BE—MNEEF, SwiftEFR 7 —MIUfname manglingf9fAR., BFHY
name manglingZs E&EManglingE T Hitie,

4. REHFENEEERB, AEENEELSTARRERNGFETRNMCGEN, MESFESRSE
TAEIHRRE . XERABTHMARMVBAANE. XEBH NS =ECalling ConventionE 7 Hit
o

5. SWift RFHIRHMRE® 7 — BT E, BARGEBMISEREMR,. SR, RREREEHEX
BTIME, Swifti2FaERmIFNIHMESERXLIZTIIFRIAPI, EIt, SwifizfTHFAPItZSwift
ABIFN—EB 7 . IBITITAPINRREMSEETRINET FITE,

6. BREEZAh, SwiftRB® T —MMRERE, HPFEX TRZAHEER . SMMNETXELEMNS
. AT X BENINEED B ARERASWItRENEFIAR, mEELEENINRE—
MIRERAPI, Ft, MEEPEXNWEETEBHENAEFEME—F, SwifthnEENAPItEZE
Swift ABIfJ—E5 . X FHnEEABIIEE S EMMVEENE T PHITITE,

iR A

E1-y=—}
B>

B, BAREX—ERIE,

o IR (object) BIEENMLEMNEFMIMEK, EFUERERNGFETNENMIE, HEMHEESFS
B, WRAILAR struct / enum EBIHE. class BISEHI. class SEHINS|IA. protocol
KRIPNE, EERclosures, MAEILM class ALHLHEBNRRERIEST, WRNHEHRE
B class BI—3EfB, XZESwiftGRIF 18t ;

o NRNEIEKSR (data member) RIEEAERFEGFHNELXNERNEFEMERNNE, BIEMRGZEHE
T —1 I &ERBRIstored propertiesflassociated values;

o [HEfL (sparebit) REMEENR (WREFHREF) B, REREHENHD . XLEHBOBEESN
TXFFREFI MR AL B, e, SERNTHEXMER;

o EXRMMBHR, RTPLERTNREMDItZIN, BTE—XKbitHRBEXZRNEX., Flw, ST
— M EE3N case WELRCKME enum K%, ERNERMTDItMAIUERSTT (8F0, 1, 255!
MR =" case, EAIXIN Z#FIFI00, 01F110) . XA, XF T bite] LARSRIIEINMES, BN
THEIRTPHE—MMELXEX;

LEME, BERERERR, EXT —TXNRNEEEAFRNNRE. XEETIRERFFIR
I, WERAXTT (HEEEX) URAGENRPHIE—TEIERA.

MRFFHRAIUNERFRRE—THNENTE, XTHRNHEMEFSH, IRNENHRRAEE
BITRERMBE, XENRNTEMETERN (opaque layout) . Ffl&fEopaque layoutETS
FRATIEX LR,

RMERENENE
ESWiftR, MFS—PHSHBIKET, ABIEETIHENTRBMNR:
o XTHEBIMONFT: MTF x: 1K, WR x MERIARIIT SEEA T ANAENFTERE—ER
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0 (Bt BiREERTZHU ST BEFFE) ;

o XTEBNRT: —PERENRNA/N, BURHANFHEHITE (FIME0) , ERTESE
RENRERNTT;

o XTEMUENGNERE (WRITT) : 8—THIERANML, #HMEMYRERIHEFIGTE
1

ENBEXNFHNENNIARESE—E, MEXTRENNREBAFNNSHETESR, ESFT
ENRERTREAFYFIOAN G LB S (K218, FlI, WREOKNET, AFE
REFTXNTT, BANZEANAEME LIFERG) , XMItEARN FEELAFI I = B FHEF
& (Blan: #E) RRBEER,

—EXBFUTHMABRNENE:
an

R—PEEUNEBRFMREEIE CE: BZ struct MWL, EXRZREER) , TN, Brhg

HEXENRE, MASBIIIMIERIEN., BINEXMERNMPOD (Plain of Data) , thil
fiftrivial type, XFEBNIREZ NN, BZEHIEERR, #HERN, TUEREIKDELS
ENEFERIR. RSEE—TEENMBEIER R rivial typelt, XMEEA Z—trivial
type.
o WR—PMWRINMIESBERECHZITIRSEN (F: XBENZEEN T I RMA/MSIA
BRSNS ) SIH, XMERNNRHME R IR EIN (bitwise ovable) , H—PXHR
BN HUEE R S5 — bk, HERUNSNREZTBFENMME, e UEBREtbLERY
S RIZAIFE MEIFithhE, AEIERERIEX RIMC AR T RAPRS ., R —1RERB IR AED
& A DRI mR, MXPERBNNRE ] MIRMUBEIN, HEB, FiE/trivial typefIxd 5EB
& A BRIy,

g, —1 struct Point , ERM Double HEWEM x M y , RRFE XYL,
LERT, Point FiR—Mtrivial type., &l Point WRAAHE, HAIRBIRMIEN N RMABHAT
X, HERAURHRIA B AT MEQT I TIE,

BRE- T RUBIIEPODEENAF, MEESRNRSIME struct . EEIXEWR
i, BAIRBERZBEBIEN struct MRMNME, TE retain HEZHERWR, MAEHRX

% struct WRAVAHE, FHIEE release HI|ANEXNR, BR, XENRAZFUERENAE
it [ERB IRy, REEREMGE, BNEHERBITNNSIMCARTR, REEESNENREES]
R EMETF T,

&E, RE— "I HRAIBINIEPODEEMEIF, ME—1TEE weak 5| struct ., FIER
weak 5|AEEEIT —MHEIRSEIFN, B, HENSI BN RIFHROME, XL veak
referencesZ B AMMFIRE R nil ., SRNXENRNR, DNEEFHRIEFI weak reference,
LES|IREIFRIS Rttt

NERTRH

S—TNERNTERBIABAESTHZ AIMBEN, XEXNRNHBEMIUEAEAN, flal, —MZEx
&, BMITEERZPHAENROME. BH, ME—TEEENEMEE (resilient type) ,
MNEET—THERX TR,

HF—PEERNERABHXRENR, BRI, 55, BER—1PODXEIE T A IR

MBI E R ERvalue witness tablesRIBER . Fi1aEvalue witness tableiX—FHHIRANITIEIXD
ER, BB GANREEEEIEIIEE N metadata’BEIM, 1S value metadatafiZ T HiTiE,

HERNEPRAMBNNRUNIUE BEN A ER, BRINSERIUEEZE (Function Signature.
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Lowering) BIETHIFIE, SwiftizfThy, BE—LiEHNRENERMBNNSRIITRE, EIt, X
EXNFRATE P IABIEE) . B NS AR PR NS T RH—S#HI TR,

AELES, miFSFIUERZENMEEEONTE, FlW, JWF TERHL struct :

struct Type<T> {
var number: Int

var object: T

EXMIERT, REFENTREZE, B number WMBMUKERE struct MFANIBEEZ AT
BEN, B, REBMNEMASTERME, Eit, B1MEMNA/NINTTHRETHERN. il
EERAERESME A B FER A G SR-3722, XIRFIBESSHIEERNED
BEBRREURIEFREFSH RS D ATNEEITE RS,

2R R

REFENRL, NREAHEENNRIASINTERENERMEAN ., AR THRNERES
N, AMATHEMRFEGRNREE. —TEREENMENHEA BT LN RNM N ERLE
RTRZTHAFIEOS SRR R . EREN MRS VR UE B BRHTERNEX TS
WA HEINFRE S, BNTUERZRAHRBIERRERBFNIME. SR / MIFRA KRR
A (A—"getter/setterit ERMRENE) . MIMAEESVRMTHFIEXLERTFENEED, X
BIARN R EHRENBAR, DRIBNRERRSROERE,

RTE—RD AWmodulesZ B{EREmModulefdifitt, XBH—MEMNIE (resilience domain) B
B, —NEMNEFE—EBBEE S EARANmodules, Et, XfmodulestZ N AERAZ B, 2
SE _HHIFSMA, EResilience DomainiX—iEMAITIE T X MES

S—TRSENMHRANNEEBRAENENEZE, ZMERNRNHREL MM IZETER
B9, ME—TENMERR, XPERMAFET, NRNHREAAATMBEREBTIEE, FSHNEAR
BIRNER (KU TERAERTE) .

#EY) SERA AR RERKSWIfNERERRE E, B, BN XLEEESIANRFCER, BE
HEEFERER ATIFREN., ZMTABABIEARNIBEREHRSR-3911,

HESAE]

Swift RFTA LB S EEEFES TTHRES, H1E, —1 nt NER—TARNEE, FEAGET
FirafEEaRl, B2, AFNERAINMMESS—MZERE, WS r hREMENERN.
NFXMER, SRLTETERNAIVERALRE, TEXTEREMLTEERRHIRTE
B, WRFAR—TIRINEE. Fib, S—MENEXZEEE © IR, MEEER—TBHENETE
SHMERAH ., EZTHRRAZEZE, 2E8ET—TIUHreabstractionfyIF2TTALAT.
FFSwift RRIR ZEEIRIN, reabstractionfUNZIEEE NFANFRUAELEAUAT ., EXTIEL

tuples#high-order function3gi%, reabstractionfiE8ZM%. B 1aTEtuplestn EMREUEM % H
THITIE D ARRXFIER .

15
SR
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https://bugs.swift.org/browse/SR-3911
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BTRUADS, SSwWIfthEFRRREFENGE, SERHE—SPR,
Structs

struct XBENMBEEN XD BEMZE, HIEERTINAIRIBEEE A 04K A BR R ROk
MRAXNRSR-3727, BATAIERFE-—"TSFRINFTEXRNEE, EAEA_HFIFRSIERIRT,
EffmBIRREHNEBIEMASR-3724, BATEFTEER, MAMERT, HNEE—EREILL
struct PREIER AR FIFUN (EMERFHXFTN) , E2ENT AT MES M EBIER R ER
BERVIER THITIRUSH AT EZ B ELFSR-3725,

RE— struct WAMBBIERATEBERsub-struct AR AM struct MRAPFIFHR, B
A, —1TO0FTH struct NREFLBEATE, BITTEFEREZ—TIL struct XERITTIRS!
EE—PEENHEL (Fla: LASEFEAL, struct WREFIRI6FHXTT) , EFALATESwIft
RISEHIAR, HRE ZIFLASR-3912,

Tuples

TupleFIEB &M struct BRMAY, BRtupler] UEMEEMNEMHRIREBERSFE: Fl, —P%
BIZ (Bool, Bool) MtuplerJIAEE @ AER (T, v) XMEXLYERZRIZER, BZ (T, U)
Et (Bool, Bool) BESMMRRSI, ALL, MNRtupleHBRETENHANGEAR, Mam
I&EE NN & Safdreabstraction A, XBIFIEE— PR YTIEIESRHINITIR AR A IR I UERIRR G .

*xTFtupletf @, BESBI—HMEE, MEEEEMN, ZEBINFHZIN, HENUFHRHBEAIITTH
WREE. TuplesBEHATERNENBHEE, N EATEUMEEXRAEBMFHTEHAMN
f£t. #B, ESWIift®, GESPREIEANIEEDZ U tuplestfIFERSIAR, X EENHERHBE
F&MtuplestTI A X EMN—EK,

Eitb, AfittreabstractionfIBAN KA, HBtuplefhfR struct BARNEMEHAIRAITE (bit-
pack ) ERZSES, BEAINZ#H—LEMANEIESR-3726,

N FEAERERMEHNtupleski, MREEHEabel RRZEMtupled R0~ HHIHEME.,
Enums

— enum RN EATNUESHAENER, BMERIIEXKN case . REERMBZEMT case &
H—MRCEMAY, BEXTMRCE— B, BRRRNZNEIEESR] enum FFHEVE, AT
TAZEE, XMMRCEUEFREREN, s@dextra inhabitants3k&RR,

@closed enums RNAPLEANBEFEB RNINcaseftzs, BIRAILAD BATLE:

® Degenerate - EZHF—" case , HHAEBEXKEMN enunm ;
Trivial - &5 X<EX{EM enum ;

Single payload - RE— case HXEXEM enum ;
Multi-payload - BZ" case BXEX{EN enum ;

Hrr, degenerate enumsf G#ETFAE=IE], Trivial enums R SEENNRICERNZIE.,
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XJFsingle payload enumsKii, EEMMB NS, —#DEHHKIKERN case , enum EF—T

BIMNXEEFMEXEE, WUpayload; WX FHEAEHEXEKERN case , SwWiftREEIMIEX 7iXLE

case WItRICIFTEpayloadiiextra inhabitants®, WRAF1T, MICtiRiCttFeTEpayload/aE, 1BfF
A XERCH AR B EER T payload#y case ., XY, payloadiyfmFBHRRAFIBLEATEpayload$

{E£MAextra inhabitantsiy enum 2FABM, HH, EpayloudEEFMIRICERIEER T FHER, 1F
155 enum WREEHMEE PN, ERESRNHEHR.

fimulti-payload enumsiIHmEEEZEERNZ, HEMIBEEH—FFASR-3727, XTEEFIRER
BRI EMTHpayload, UHMEZ M case . MAEFMTE. RESMBHITRERSPBEHEABEIR, B
o, fRpayloadd, FABEHKARCIEERIE D EMER—TXE, EWNE ILXFRIRIEM AT LB
B, MAHEIEEMIFTEME Z [EFHTIHR,

Enum raw valuesH A ETABIN—& 7, ERNE(IRBEIgetterfsetter XM M ITEE4ESZIN
B, eobjc enumsZHCESRH, fhf1EEEtrivial enum,

FEFERARETH A | AR eopen enums (BERRATEREENMHNFEAR)  EATFEFENE
EEMHEAZHBBIMNEZET, 4 enun RIFTH case HFEBEE case Wi, ZFEAED
SSMARNERBE.

Classes

HBANTIERN R BNIER, ZPREMTRS —TEENR, EDEERAHEATFR, RRY
SHE;, —TEENZRNGIA, EREIS|IAITHRNANERNIE.

KR

XN RMBAARE DB NERN, XEBEZARBR _AGIEOS ZRERINABRE, Bl eSS
ROEREA (fragile base class problem) ", $ERIRIERB U KB ENER = I IR SEH9 — 2l
RENE.

— P non-finalZEXI R af E class existential G TN LR B /AERZFPHTEN . B TETFHRITHESE
B, S NRBONFHE—MEQEREEERIEH, UM isa 8. isa IBHEREMESR
N RUHHRBONME ., ZETFRBEERNEARTN, URNIZESHLLEFENAclass metadataR
E, BflaEmetadatafIETH—FHITIE. EKMAY, —Tnon-final classHENERLRTIETERIF
HIHER, XHEEERBEGTRNNERERHETHSKE. AIENKASKEEANETHENTE,

KXRIEN, (FAABIRREMN—ED, SRIUEE isa FREE, B—MEEF A/ (word-size)
EREUE, HTRI#ITSIRITEL. BR, AT HSWIESE B SRMHEANRIEEURALIR
BEZRM, XTAEREENEANERANENEFZEABIN—&7 . BRHN, 25 —LETH
AT ARSI R, AR, X AERMENEFRINBETESIEE—TEEN
KpipEARNLE, BN, EHEFENABIRN—ITRZEEER (ABl-additive change) .

51F

class E5IAEE, XEWRESWIftPEIBMENRITREN B ET S| ATMN, m3IAX
B, EHFIXTREKRE, MEiEtt. FH, XEEHA—BARCGHITEHE,

Objective-CHEBHIZEINZR (lEN: FFLEObjective-CEEAYIRA 252 MObjective-C3| NBYZE) HISIF
WNIRIEFIObjective-CGEfT Z#FIFRSE . At, XHENSIBENEREN, ENIRTRIEFOR
T nil ARAE{EAextra inhabitantsZ 4, SEEETAEEAE.


https://bugs.swift.org/browse/SR-3727
https://en.wikipedia.org/wiki/Fragile_binary_interface_problem
https://github.com/apple/swift/blob/master/docs/ABIStabilityManifesto.md#class-metadata
https://github.com/apple/swift/blob/master/docs/ABIStabilityManifesto.md#method-dispatch
https://en.wikipedia.org/wiki/Automatic_Reference_Counting

MR4ER), IEObjective-CRERISWItZEIIRAISIAHZEX TR, SWIft REENRINTHAZ
ABIFS—E8%, MIET REN—TEZ2ES|BMlower bitsd, MR EHER, At UASIBE
upper bitsFEXRNENI, EMiRIEILTE Xextra inhabitants,

RNT BRBREINIT—LEARCERME, BATAIBEEMR—TESIANAEMPFHERES| BT (local
reference counts) SR-3728, H3|AARLERIREAMAISIAITE V0N, XENTHNIZEER,
IR XEEARNS | ARSI M S FEBABILTR, XA EIFATINABI ZIREFAYHMRLM, FH3¢
SENZAT R BARAR A A TINE

Existential Containers

MRBIRBABE—LEEINARIE, EAXTFexistentiaITCHSTHBELHARE. A, 1EHITES

existential values, extential containersflwitnessEir—LE2s = 40iH,

FEHEBIRILHR, —Pexistential typetil T —MARKZEAYIZ O, Existential typedJ{E, MUK
existential value, ZSwift, NHRAEEE protocol B, MSHAEIXMEZ, ZiESiEE—

™ protocol XEMWRERENREIZITIINESLREZNERN (WMEmIFHA TN, Eit
BIBIEREXRNROME) . BR, XENSPENXZEBEHENZD, RATCINIEEN T
EHY protocol ,

—MEMTHE protocol MER—FEBZHATNMBERHE, ERXLERENMURITEERIFEH
WBEN, BABINRBEGTH, 7THMREIXD protocol MRAESLER, XFERFMnon-final
class5IFAREMAY, Ft, MER T EUMRAFERBR, Protocol PHENE—MEEMN S %
Austt, EHRFEwitness tableR, BAIEEEENETHEITE,

Existential containersfZfi## protocol 8% protocol AEHE—HEAE, UKRNTEMNES—
N protocol M3 NHwitness table, R protocol FHAFE WM class LI, containersFfiz
ZEENTAS:

o WHRMELRT, X MERIIUTFEMAEcontainersAE value bufferB, thATBETZERIERIIN ECHY
REH;

o I5MZEE metadatabFgst;

e IEM@E—witness tablefJigst;

T BRLIRTE T RBER class LI protocol , containersfN&ZEEmetadatatgtt (RANR
B 88EnE KB ERMNER) MRZREAEbUffer, #H, XEXE—M56 any , HTE
RBEEBMIE protocol , EULbAnySIHREcontainersHi& B witness tablefgtt,

EFEBABIRRERI, B EEEFiHMbexistential containersFAREMbuffer X/)\SR-3729, 51ttE]
B, BAITEEZRAIBLTEEbUfferpZEMERIM o BRI RZ = BN copy-on-write Sz #5SR-
XxXxXo FATERIZZE [Bexistentia ZEENE"AIEIER, FI1a0: IB—Texistential S EEEIRM—TEMN T
EMHINAYZ BB EISR-xxxX.

A HRTRE 1%

FIRABIRERHREMERENENMRA RN, FENWEAILIEREFEHNTREPFERIRA O L
RTE, REFHIOTSEE—0ERANE, EREXTREREFNRFFEANTRHEL, BIXLE
BIAR AR R R IR 45 RV I 5R A 1ESR-3730,



https://bugs.swift.org/browse/SR-3728
https://en.wikipedia.org/wiki/Type_system#Existential_types
https://github.com/apple/swift/blob/master/docs/ABIStabilityManifesto.md#method-dispatch
https://github.com/apple/swift/blob/master/docs/ABIStabilityManifesto.md#witness-tables
https://bugs.swift.org/browse/SR-3729
https://github.com/apple/swift/blob/master/docs
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https://bugs.swift.org/browse/SR-3730

MNF EEIEMNMEE, RAENMHENARXNHRBEITRAREESREABIRREZ/G. Fla, ]
SRREMTHAREBBIERANMIE, FHECMIMNIREITEE—E, XFNEHSUABIRRAM
ERA N, RHEMENNERMRAHEER, ZBEKREmModule file FEIRFE T REN
ABIRRAA(E S .

BIATEZE A B AL R BISwift SRTERRIEEGF, XM iER A SRR THE.
REITER

MmBHER TIHERBENRIMEH LM, RETHERSTXTREEENESR, HEP, AIME
EXIPLE(E B R AN fal A a) X £45 B 4B /8 T-Swift ABIRS—&R S .

SwifthB— 1 EZEZ (concrete type) EX T TTEIEIER . ERELVEE TAAAIEZEELRUKE
SEZRERSHATRIRR | X THIRICREE I DARRIFESAR, el UHIRAGITRER (I
W FEZRYRA LB R) . TEETHNE—ED, e T MR EMEINEEEER,

NTRERETEENS N, —MBENARNZRIETERE, XA UETHENRERIESE
B-EEREIRM, ZFEFTMILRA—E2 TEIRESRENER., BXTREMEXRE DRI
8] (FIan: shiSseBi%eHr, ERAwitness tableRGIE) , XFEN FREIEZIEEE B TV HHKRY
MEREHER A NBEIRZR. AIt, BITESBEEXEDIEEERBATN _HBIAEN, FEIREIE]
Hth gy B TTEHRISR-3923],

TEIENRIEAART, RAERSENFEEBEEENHELEANREZ[SR-3924], FITERLERTUX TE
BHTHEHAERZEMILITREEZIENGER, MEERKIREEZEETEMESHEN, xS
(reflection) [SR-3925], XLETEeh, —SoBEEFFABIRRE ZRISERH, H—E80 M AYERFR
ERIER,

BEHHABIFEE

FEABIRE RWEENMBES ERMmetadata®, FERHHBIEDIRE— 1 BRIRAIREA
1&, X, ARKRAHRFSNTEMAIMBERNGERZIEE]. BRAXERFRFEIES IR
RIS H TRV ER, (BER AR EF AR LRI, Bl 1A e EmetadatadR Rk
SNINEYINEETRER B 2= (B][SR-3731],

xFEBmetadatalIEZHZS, FIASZEType Metadata docs, BEFHNABEARESTR,

2 BB

SwiftB —EEmFHMNGITNISNANZRAS., BT SwiftthayRBr] UETZ B LB SH L,
BT EENmetadatafi N IZHACEE B SZHEE, MREE, ENIXRARXLEZRERNE

ICN o

BECITH, YR—EE—TAREEN, IRERABEFR, WREMZHEE, TITRHHNARER
FUALEAS N2 B SR B — P SEFIME SR . LI E M metadatalliZ it T ERB—NZELSAIEE
B8, IRZELETH protocol Z'{]?E, metadata RN B EF—MERNLER protocol 5]
witness tables,

Value Metadata

HEBFNEEESEmetadataPFEREINBIR (FIE, RENBMRELZImanglesbiB2ny, #
B, BIEEHARESE UM UN-manglediJRFRSR-3926]) , MNREEBE—NATRER, TS
RE—TEEHERXEE metadatabIigst .



https://github.com/apple/swift/blob/master/docs/ABI.rst#type-layout
https://bugs.swift.org/browse/SR-3923
https://bugs.swift.org/browse/SR-3924
https://bugs.swift.org/browse/SR-3925
https://bugs.swift.org/browse/SR-3731
https://github.com/apple/swift/blob/master/docs/ABI.rst#type-metadata
https://bugs.swift.org/browse/SR-3926

EXB M metadatalt Bl — LR BUTERSRE. B, struct AmetadatadFiE T EESHF
ER. FERIRTE, FREBMUNRE—TFEMmetadata, enum fimetadatadf MBS T ENE—

N case , payloadBIR~F, MAKpayloadfimetadata, Tuplefimetadatall&& T ENE NG
KL RHINRE

Value Witness Tables

F—1PEKREBEB —value witness table, BIRET HBXMERN KR UAKIFEX N EEENTS
X, Y—MEREURRATBENE (opaque layout) , XNEBNSNHBIEERFHEMERT
HBY, XEMMBEEBIvalue witness tablesREUXLE(F R,

Value witness tableF] ARR—PMREZ TR ERER, BETAIMRNUSE, ST ESEIMITEEE
BARANEIARIEN], B2, 3 enums 3Ki%, value witness tablefid B E—THTFX D&M case
g9discriminator, H{ I EEMRES I AEEEFHE SR N THX T TIESR-4332],

FAHvalue witness tableR] AFFSEIE, WF—LZBIER, A MspSelE. SwithE—1AE
LB E — o iiEiE . RETHIRRMENEERER (Fla: XBHFZEMEE) , value
witness tableAJ IATEAREIHIZER 7 815 =, Value witness tables 22 AR SR RFIRIEA—DE
B, AN TEAABIFEE, value witness tablef 8 & HFERFI M DA BIE[SR-39271,

Class Metadata

FEAppleBFE £, SwiftdclasshTTEIEFObjective-C classhTTEIR R M BEREN, XFtxIclassTt
BIEPRFRTONATRE T —LEKR, EXHORNBE, EUREEH . WRA), TR,
—LEASTE AT LA K Objective-Ciaf TR B B TEBAEIBHEZ B S ER .

HEUTEDH, ool T EERA . BERTE. ZESHBOTHIE. £l R MU Avtables, trERER
BT FRATREES N U THANASTHITERZMEH, NTEEXEENR, UTHANTSNATHEHEZ
TEANERA[SR-4343],

Method Dispatch

TRA— T ENRMAnon-final S iEEFRE R — MERFRA TN SGE, REEARNAGERAEEGT
AR ARE, X EREZEE— T IUviablefIZRMAY, EtEllvirtual method table (ERTEIR
AR AR BN E R Mvirtual method) ., VtablehfIE—IRE 22— REUEH, BT —
instance method (F: X methodAJAREBHSENXH, WU EEEEN) BIKH, WR
vatableffiE B ANABIIN—E, EREEEIMEEENER IIEENHAREAMERIRIENE.

HE, BITERE@ET — M TERMchunk, SEBRmIFRERNPEIRE (intermediary
functions) , SERfEmModuleZ [BIMNFEAM ., X4, AR T BURIEIE A 72 /AR AR (EMAdirectsy
vtable dispach757A[SR-3928], EXMA N NRERFENFLRE TERNENZE, —FHH, XTE%
W_#HIFEMEE; 5—HHE, BRI ENREERHITENR, XA iEEopenilnon-
open¥ i8], Zi—Tnon-finalZ/ERIRARAR. SEEER, EARAFERNBATEHENRIZSMAML, Bl
a0 Jgnon-open classesH 7535 E A R BXde-virutalizationt& i, XM EAFEEvtable2ABIH—
o, EAXBLEENEMmModuleNER R —FEBRIIMIE.

ProtocolflExistential Metadata

Protocol Witness Tables


https://bugs.swift.org/browse/SR-4332
https://bugs.swift.org/browse/SR-3927
https://bugs.swift.org/browse/SR-4343
https://bugs.swift.org/browse/SR-3928

Protocol witness table2— P RER, HPEE T —1TEEBMBprotocol PARMNFGE, WR
protocol A xEAER! (associated type) , witness table IR SRFXNEBNTEIE, H—
EKRI OB EITTIN A EEMRER, Protocol witness tableffi&i&fzexistential containers—E{ERA .,

Protocol witness tablesBE Rl LATEIZ TR oS EIE, thrl DU HmiF23585EI 2, Protocol witness
tableffm B RABIN—E0 ., BNBEERE— " MBEEZE, XERMINEENELCEE, SAIUAT
AT ~protocol I RBARINAS, XA AELREIZRINEDIRSISR-3732],

Existential Metadata
Existential type metadata® & 7T IA TAS:

o EAEHMwitness tablefIEiE;
o ZEANB MMprotocol2E RAEMH classSEIN;
o HME—EBMHMprotocol3t R iprotocol descriptor;

H—protocol descriptor#iFl—protocolxf 7, FFFRNIXprotocol2E ReEHclassSHl., 5
X protocolXf R Awitness tablef R/, HEIE T EBUARIE Eprotocol#Jprotocol descriptor,

FApplelJ*F& £, protocol descriptorfg#i FHF1Objective-Ciz{THIHIprotocoiE R B R AR, MR
TTEYRRSIVERABIEXBI—ER D, EHBEEH—FITIEISR-4341],

Function Metadata

BRT —RREITEIE 29, REMITHIEBRE S THRBEBEXNER, flI: SHNREMERELN
TOHHE, BAARAE (call convention) , 87MZEHBNNAEURRBESHEREES., RENT
HIESEUREEHERAFRT—TEE, Fi1eEfunction signature lowering section P #EFRIX™ME
W, HEl, RPSHEBT—1TETtuplelIAFRRIAN, BIXAIGESRESWIftAY & BIEHESR-

4333], REB(TNRBSEANEZIEN, MBEREES—TSHNEZEER.

Mangling

Mangling B Fr£l—mfFS. TIERIMNINS, ERABBRBINTS, HELTmanglingdhiE,
BREXFIIMEBRFS HImanglingh 27T ZABI—EB 7,

ABIRRERIRE —EXERENMangling/5iA, RKNRFHRTNES TREAIUETXESRHKET
M, MFHEMERMImManglingZa%E, AJMZZName Mangling docs, {BiXfp XA4HAIHEIARAE PIEETE
REMEEE,

EFBRABIRRER], ZHRIMmangling A RFREE—LBHEIERFELIE, a0, HMNFETMHIZE
FprotocolZXBIKER, LB Forder-agnostic mangling [SR-3733], AT EE/OHIAIER]
TRHSEHmangling AR, BIEN: [SR-3734], BEZFEINEHMRAN, ERMEEmanglingEm
RFSHIR/N,

Mangling 5 REIRITERERIFManglingE R EESRNERN, TERFFSHE—E. HTUFE
BIEMBKANFES. BT ERENERPEEFESpuUblic symbol, NARFHEEESRLAFNS,

REFSEMN ZHFEROANEEEENZM, ELt, BERFSK/NG RIS ROZN0E X[

REmMangling A RU\—1TEEEE, EFPABIREZRE, EAFHImanglingm =MTA, EATIA
SMBEFNANIRME, HZIFEBWmManglingH %,
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BRZAERIAES#EMangling A RNER, TENHRITRISEMANIN, $F3HXERE, HAME
BERZANE 7 ENEFNERRE TSR/ NER ZHBIERA/NFNE, B, mangling,
FABITEXEIER D EE R A picompact manglings AR AE R suffix differentiation,

Compact Manglings

5T fEEmangling s R T 40 B RBBEE FT A Swift R R~ MBI R, LRI L
— S ERIENmangling R, REEBAZAINERER—WREXR, HP— 7R
manglingtiSR#E RS, FERSstructilenum, KRR HRE M E B[R
3930, BAIEAEZEESwitness tableR—L4 S, EIHFRNBIMERESERNNTIFIR
39311, @i, BMEELEETmanglingdiRFNFHERTR, BURER—IITLEREELRT
FIBFRTURISR-4344],

B ERERE—EHANSE, Fli, ETEMNERRBESHITmangling, XA AIRSR
EHSIANFREHGEN, RSB manglingERIAIRE, FRBARIVINOTTHE XA A RAIIFLL
[SR-3933],

EAE-—EXTIAEMNSERRXNEE, flil, MEFERMENRMAITREERESE, B
ANEANRELEBSURS. TENE, EFPABIREZRE, XAgERIL—EEFEXANENE
SARE. Eit, XEBERESERTE T HEBNZE, EARE, NUABIREREHNANLT.

Suffix Differentiation

muns, ELFARZRKELANMBAEFMNERFTSERT, BIERT —EAWERNFMEEL
R, Bladtries, Suffix differentiation@—FF XL AR IFE manglingE R G E: BEIESCRX
PFmanglingfI%&R, ILRSHE—1TAHNBIE.

THALNE

ERXMXEE, “ERABAE HENREE N FA LLNCGESREARAE (FIMSEappendix)
" SwiftiEA AL E N B IgSwiftiRE 2 EERRERNAE., EXMTIEE, THUABRENE—S, ®
EiSwiftiESZ SwiftiB A E[SR-4346], I7E, SwiftGfTRHERMEITERBLE, BB AEEERFE
HITIAE ($ZERuntime calling convention)

TRAENREME R MpublicEOB %, SwiftwiFzsn] UBHZBEASSENEABRAE (it
moduleNEREY, EEmoduleZ [BJ#T) .

KTERNENFAAS, FIASESwift Calling Convention Whitepaper, {EEARI#EAKNAZTAIEE
I, FARZRENERNEN -, XMXIEIESEMREELRENITE, HEBNEI—
N Z LN

FEFRAE

—, B={FERcallee-savedFscratchiX N RNIBR D K S Fes, XMOEHXRHFFRAEHN—B

o

o Callee-saved F7#5 28 TE R ENAVAR T 2P AN IR EBNEFER ., WRIBAANERE (X REY
Mcalee) FERLFEEcalee-savedFEFRTHAZE, EUIEREIFIME FFe: PN NAA
=;

e Scratch&F7z%, thllffficaller-savedFFzs, B IMMELMERRARAIIETRE ., NRXLESF
FRNELTRE, MEBEENNRFARESRE, HRAREARERENIRE;

P
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MNFMUEMESFE, SWItIRAEMNERRBLOEND XAAAMER, B, F—&FaL,
SwiftidFRAE A —LERIMUH SRR T calee-savedFHFE:, ENIR: call contextZF 1725 Merrors 1z
%%O

Call Context Register

Call contextZF 1Z23FRIEEURA TR ARIREL:

EXBIHE: 1Emselfdyigst;

RFE: EBEEE, FEHEHIREENTHIEET

EXEmutating5i%: EERENER (BLER, BEFEEREIEN)
BEXEnon-mutating 5% B MENRAIEE L1 EFFaRERE, RETAMIAERREE;
Thick closures: &R closuref 8y £ TSRS ;

ikcall contextF 7R BARNRBATREFERIFAN, XATLIBRN LT XIMEESZS MERAZBF
FIRE, WETHEERTTRNS MERRBRERATRRERER, B, ZMHEIVER BAILEREATEhin

closures#&ifythick closures,

Error Register

F-EFeLE, IMMESENREE T errorFF3RRMNERAERIZERE, SRERIRM,
errorFfFRPEE—MERERENE, SN, ENEMI0, RENERERINEerrorFF::
EBNORRE STRENT, HERERNUAEIRGIZND, iterrorF 732 —Mcallee-savedd
728, ALUEBAIE—TASRERENREEERN— TSI FE IR,

REAEZERNREFEL

REEZHRBEM (function signature lowering) Z38MERFURRIEEIEEIESL I A —FhIRET,
XPIRE RN T RS HAREERNLIESE, Flal, WMLEENIZREESESRE, MY ENIZRE
ERE,

ABIFRE BRIIXLEAN T HITIHRNAE, UERFMAISWiftA] AMERERNEE R H SR
43491, EIFMARERFIREEB ML H XA UASE function signature lowering docs,

BRAEN, BRMANREE, MRAMN, MBS —HBFEFRRT, DN, MIBERBERL. &5
TR E, FEEA—TRENERNSERBRELRGIRE (Fla, —LRITANAMUZRMRES
TEFfFaR) [SR-3946].

B TRELENESH, BMREZEIANEHIESHMNERIGEMORNEIFFRE, AT AR
EFARSHINE, 120, closurekBNSHRITREMESHNER. X4, BLAFIBthick
closureflthin closurefIABIFER %,

BLEERVFTNERS VEENRER, BAENRE—THbit, XEEFEEHE: non-bitwise-
copyable values, values with opaque layoutld &non-class-constrained existential values, BIM&
BTIEMA MBS FFES, REJNEIERIE0ERFPHE, RERERNREIZIRENR
EfREAERAIEE, XERBNEMOIRAEIEAERN A NE,

BN ZFE—TERSMZIE—THFERNTREDTT, LEPERNIDELFFEREIZSR-
3947],

SHNENATTEIIRRRAEMRI, EESEManglingtISRPRIEFE . SHHEIMERE
A REABIN—ERS, EANERRERRENERAERE, XEWREREFENFEERTRN. EXEER
FREMIEIAME, BATTHER AT TREE (EURSFRRABARS) .
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R R AR R R R

BEFREI S R I PIBER S reabstractionfRE, XMEBE KR IFSF W IUE RLTE SEFRIE LA E FIES
EBIEALE Z BBRETEIRD,

FKEMF, RIRE TEXM TR

func addl(_ i: Int) -> Int { return i+l }
func apply<T,U>(_ f: (T) -> U, x: T) -> U { return £(x) }

apply FIRREEREISE £ WIETERATVURINENSEFAREIE, FXN v M v N BEEFER
B9, GNR add1 {848 apply , FRIFZIMMEN apply EMLAEIZANIER addl SHNRE, ER
HFIHA add1 i, ENSHXEBLFFHREEN, &E, FIFREEREMETFFRIR addl R
EERINES, XTREMEZEDAEZGENANIRELS apply .

BRI

ERAELERE T HRENAENE, AT, RIFFIFEEAINERE, Swifthizs2EEnE
ARAERRAERNEN, XZREASWItARIEERMIFSWiIft UIBRZENIMER%., Flm, —
Swift R E =B Objective-CEREL, X PMREBERATHESWIftRE, R TIEXLEFAIERETFE,
BNROZRFREELAERNXNFT AN (MEERAEENER) . Fit, AfNERRNESEST, &
IR TAHEBSERS.

ETHHARYE

SwiftiZTIHMERMERRAE, BErRENaBETHHURBEZNAZ ., Flal, A—YEETHE
BORIN—1 8 2 scratchEH Z23 R AT RER B A, BARETIREMNSWIftKIBRE—LEFFRET
EREN, ENRTMRETRREER., BhEEETHREHTNEERZscratchEE:8, BT
BREEZFFEEE T calee-savediX—3E, Alt, THEBGITIRENE, B—8BAMscratchyzE
%)3Z]callee-savedn KNS FE, #AIAEBRAERABRBRNSEFRED.

BT R LR R ATEARRE S EH, REXERBKBEN S RMREREERTFNFF
2=, XERBAZANDEREAR—ESRIEREN, B2, ZF—TTRHNERITTH, H
BTN ABREANFFRBLEENRTE —HFIRE EOF M THERZM AN,
Eitt, MRFDOAHENFFROBERBR _HTFERER, BARXTMTAMBREXEEZEESRE
BEN, AL, EHEERERZE, DIFANE, MBREEERKREFISFTEESNIENFTTF

og
o

Runtime

Swifth R IFTRIIDIR M TR ZGITIIAPI, —EiEASWIfIE TSRS, SHRIFFEMAY,
plan: AEEEEXNURRRGITNERREERN. B, ETRHERE T —LRERIAPI, XL
API—E4SENFRERER (PIAREENESE) .

BEHET ST EFENETIR BB RMITRISR-3735], WE—TREEKER, HNFERIHMEE
ERMEANFZN—F:

o MRZE, BNMBEH—DIERIERIREAPIFNIEX
o NRAZE, BATMBEMER. MIFRIERXTAPI, AREHERHIERFHNE



https://bugs.swift.org/browse/SR-3735

Runtimei® A RFEIZTATEI AR B TEHIRER (FINTEZEISTAIMLAORTR) . FRRENBLEE
SSBEEBNEBIET T HIETSENNER, XMABTRERT —TMMINER, AIBEIETEAPI
THIR B REIERITEIE. B, FRBENGEX L EEMIIGITIVAPI, HEXNEBAPI#ITENR., BiF
EEMLEIETINEE, BRDEHR—SITIE[SR-4352],

KK, EBERZBENHSQAIERSH—TY KABIRSEE, HEZIHOIEIZEREIE, Fla— U6
call-site cachingfU#x AR, XLEHZEABIRARE R, ENEHERRREBENOMARAE,

ATIETRFFSEEUR—EEXMT, FJAEERuntime docs, (BEEFHEANABTXAIEELRT
H,

PR

EFBABIRREZE, EA—TIREEAPILIFERFRM ASIREE. IWEELZH Aresilience
annotations# ATAZEE, FIAEREBIEFiRERRBEAEE—EN. N TRERZHTIFRSE,
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