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STL (Standard Template Library #REtENRE), B8 7TiF%3

STL SKEL

std::vector<T> A ENA

std:map<T, T> SRR SEIINESIE S QiR
std::set<T> B ENMNBFES
std::unordered map<T, T> SR LTRSS

std:list<T> HEER
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STLRISLHIE

- {5140 AST.hpp =
struct ASTProgram : ASTNode {
virtual Value* accept(ASTVisitor &) override final;

virtual ~ASTProgram() = default;

std::vector< > declarations;

XEFEIRT — N AT E A (vector), HEFRIE— 1 cE=LE N8R
KHEIEET



STL (Standard Template Library trERtRE), B8 7 1% EBRISHEEN

STL
std::vector<T> A ENA

std:map<T, T> SRR SEIINESIE S QiR
std:set<T> B ENMNBFES
std::unordered map<T, T> SR LTRSS
std::list<T> SR

feieh 2 E(ERTkey/valuelIT R REUEZ [AIRIFE

L

STLEERME T mapflunordered mapass, XhabiEkey/valueZ

i=kp el
mapMkey/valueZBFHY, unordered_mapll27cFHY
{ERITHRES I\ <map>3324

SHIFNE.



STL (&A=

#include <iostream>
#include <map>
#include <string>
using namespace std;

int main() {



STL (&A=

map<int, string> node; /] EXES
map<int, string>:iterator iter; // TESOEES iter
node[16] = "5K="; // VAEEHTRRIAZ

node.insert(pair<int, string> (28, "Z=[4")); // BEIEBNEEY, pairEXT—/EiER,
// SRimaphikeyFivalue,

node[78] = "fEE";

node[58] = "pE—";

node[39] = "E£H";

for(iter = node.begin(); iter '= node.end(); + +iter) {
cout<<"TITS"<<iter->first<<": "<<iter->second<<", "<<endl;

}
// il “T816: k=, I528: Z=M, 39: FH, I=58: k=, I578: fEt"



STL {5FH%f (cont.)

node.erase(58); // {ERkeyfiliRkey =589 =
iter = node.find(78); // (ERIEEEEkkey=7800 =
node.erase(iter); // HiBRkey=7809 =

node[28] = "&XM"; // {XEE(EPR value RI(E

for(iter = node.begin(); iter '= node.end(); + +iter) {
cout<<"TITS"<<iter->first<<": "<<iter->second<<", "<<endl;

}
// Witk "T=S16: K=, T528: &M, 39: FRH"
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String EARLZESERT

std::string str = "Hello";

std::cout << str; // Hello

std::cout << str.size(); // 5 (lengthflisize552fH[E)
std::cout << str[0]; // H

std::cout << strappend(” World"); // Hello World

std::cout << str + "I"; // Hello World!

std::cout << str.substr(6, 5); // World

str.push back( 1" );
std::cout << str; // Hello World!
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class AST {

public:
AST() = delete;
AST(syntax tree *); <-BREREL
private:
ASTNode *transform_node iter(syntax tree node *); <-EkRT=
std::shared ptr<ASTProgram> root = nullptr; <-FRTE

L
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class AST {
public: /] AR ELBRY

AST() = delete;
AST(syntax tree *);

private: /] AT RREFAEHY
ASTNode *transform_node iter(syntax tree node *);
std::shared ptr<ASTProgram> root = nullptr;

I



SRR IR E—F

FINRIES E NS

\ %, BRI
MAYHESR AT
struct {
virtual Value* accept(ASTVisitor &) = 0; /KT ZEL
virtual ~ASTNode() = default;
};
struct ASTProgram : {

virtual Value* accept(ASTVisitor &) override final;
virtual ~ASTProgram() = default;

/BB SR REREL

/ /EFBBR AT IS
std::vector<std::shared ptr<ASTDeclaration>> declarations; //#FrBIpk&R
b
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e

class Animal {
eat() BREN
sleep() ERZY;

//TRESR

class Dog : public Animal {
bark() &K

b

Dog Df1;
D1.eat();

BE

IKRER

Animal

eat()

sleep()

ll

Dog
bark()




#include <iostream>
using namespace std;
=55
class Shape {
public:
void setWidth(intw) { width = w; }
void setHeight(int h)  { height = h; }
protected:  int width; int height;};

/] TRESE
class Rectangle: public Shape{
public:
int getArea() {return (width * height);}

int main(void){

Rectangle Rect;
Rect.setWidth(5);
Rect.setHeight(7);

// BT SRAIER

cout << "Total area: "

endl;
return O;

<< Rect.getArea() <<



#include <iostream>
using namespace std;
VRS
class Shape {
public:
void setWidth(intw) { width = w;}
void setHeight(int h)  { height = h;
protected: intwidth; int height;};

/] TRESE
class Rectangle: public Shape{
public:
int getArea() {return (width * height);}

}

int main(void){

Rectangle Rect;

Rect.setWidth(5);
Rect.setHeight(7);
// B HXISRAVETR

cout << "Total area: " << Rect.getArea() <<
endl;

return O;

= FERIRBHREFEITE, BESr-EFIIER:

Total area: 35



SRR IR E—F

FINRIES E NS

\ %, BRI
MAYHESR AT
struct {
virtual Value* accept(ASTVisitor &) = 0; /KT ZEL
virtual ~ASTNode() = default;
};
struct ASTProgram : {

virtual Value* accept(ASTVisitor &) override final;
virtual ~ASTProgram() = default;

//EE RSP RERET

/ /{EFRER AR
std::vector<std::shared ptr<ASTDeclaration>> declarations; //#FrBIpk&R
b
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Z35: |
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— ik (&%A) H

class Person

{
public:

/J virtual void BuyTicket()
{

cout << "SLELH)

TN

<< endl:

AERTA.

void Func(Person & people)

people.BuyTicket();

void Test()

ERBES

{

Vi

class Student : public Person
{

Npublic:
virtual void BuyTicket()

{

cout << "FLEF" << endl;

[

Person Mike;

~—— Func(Mike);

Student Johnson;

Func(Johnson);




ERHMZES

« ZSHIRMEPIRE T RFERREN
« REERER, FLEMHvirtuaUSImRISSA R EREL,

class Person {
public:
virtual void BuyTicket()
{ cout << "SEE-2" << endl; }

FIARREh, pREREL BuyTicket() B
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ERHMZES

FRAVEE A LIS ESS S TE
AESET LRBEREEY, SBIERSEREKEIRINAYEREECIN
struct ASTNode { virtual Value* accept(ASTVisitor &) = 0; };

struct ASTProgram : ASTNode { virtual Value* (ASTVisitor &) override final; };
struct ASTParam : ASTNode { virtual Value* (ASTVisitor &) override final; };

Value* ASTProgram:: (ASTVisitor &uvisitor) { return visitor.visit(*this); }
Value* ASTParam:: (ASTVisitor &visitor) { return visitor.visit(*this); }

class CminusfBuilder : public ASTVisitor{
virtual Value * (ASTProgram &) override final;
virtual Value * (ASTParam &) override final; }

Value* CminusfBuilder:: (ASTProgram &node) { /* some codes */}
Value* CminusfBuilder::vi< 11 (ASTProgram &node) { /* other codes */}
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static cast

- static_cast2—MiahlRBIAEIIR(ERT, BT
- NEZEZRAIZ [ARVEEIR, Hlf0shortiZint, intddoubled:

- vOidigEH AR A2

FEvoid *&

- BIRIIERR

e E R

G TR

- static_castAREEAF TR RE Z[EIRYFE 5
e int *#5double *_ Inst *&5int *&F

* INtRIFEETZ [BRT%EHR

HIRTTIBIHYEEHR, fldlvoid *%5int *. char *
22 B4R

R EHERE



ESictig el

int main(){
int m = Oxff07;
long n = static_cast<long>(m);
char ch = static_cast<char>(m);
int *p1 = static_cast<int*>(malloc(10 * sizeof(int)));
void *p2 = static cast<void*>(p1);
// THRRZERE =Y
// float *p3 = static_cast<float*>(p1);
// float * p34 = static_cast<float*>(100);
cout << m << endl;
cout << ch << endl;
cout << p1 << end|;
cout << p2 << end|;
return 0;}

/] B8R, SBIEEEX

// B, REeEXER

// RBvoidigstisit A R8I EEt
// BRIRBIEEIEIRAvoidigst

/1 FEEERN RIS RBIREET Z A5
/] ARG EEIR e RE

// 65287

/17

// 0x5614372972b0

// 0x5614372972b0



dynamic cast

- fllstatic cast—#E, dynamic castAFZEBRYEEIR

» dynamic_casta]LARFEFEHRESEISH 2 BRH RS G

 BIRESEISRIB BRI ELEEZLS | FHfR IR LiEE
. &Z%’% (A FEEEY
. I i e A sra Y e B

s BIER

dynamic cast < new-type > ( expression )

new-typefllexpressionJRiEHIEIgtT BT E 5| FHRE
Bldynamic _cast R gesEitigE=<BH 15| F3EE,



dynamic cast

- WFEETRE, WMREIRKMAHREINULL
- JWFSIA, MRERKUISM L std::bad_castiHHE

- [ LB, REGERNAINRBEZAFEENRRXR, HEESX
B &7 ER & —E-EEIRRLL]

- Tl
Derived *down = new Derived();
Base *up = dynamic _cast<Base*>(down);

ikESSEETdownifim LA BU AR SIR T HIEES pb



dynamic cast

- TR RBRBERY

- ZEMA TR
;[_EE Hi?]% SEAUEETEEMERAIRIRESSNSR, XM A LU ZIsF R TEEA
IREEZESS

- 05
Base *up= new Derived();
Derived *down = dynamic_cast<Derived*>(up);

HREttupiBR TERUAIRESREHHIMESRpd, Z2MRERupLiFERNERERTR



ESictig el

class B {
public:
virtual void fun() {
cout << "base fun" << endl;

}
Y
class D: public B {
public:
void fun() {
cout << "derived fun" << endl;



ESictig el

class B {

P

}

ublic:
virtual void fun() {
cout << "base fun" << endl;

}

class D: public B {

P

ublic:
void fun() {
cout << "derived fun" << endl;

// In Main

B b;

D d;

D *ptr = new D;

B *p = new D;

b.fun(); base fun
d.fun(); derived fun
ptr->fun(); derived fun
p->fun(); derived fun



ESictig el

// In Main

B* ptrb = dynamic_cast<B*>(ptr); // upcastingm)_Li&3$8Y
cout << "ptris " << ptr << end|;

cout << "ptrbis " << ptrb << endl;

D* pd = dynamic _cast<D*>(p); // downcastingm F4&£3$E
cout << "pis" << p << end|;
cout << "pdis " << pd << endl;
B* pb = dynamic cast<B*>(p);
cout << "pbis" << pb << end|;

ptr is 0x632e70
ptrb is 0x632e70
p is 0x632e90
pd is 0x632e90
pb is 0x632e90
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ZESE ]l

#include <iostream>
using namespace std;

class printData

{

public:
void print(int i) { cout << "EZJ9: " << i << endl; }
void print(double f) { cout << "“FaZ9: " << f << endl; }
void print(char c[]) { cout << "ZFE: " << c << endl; }




ZESE ]l

Int main(void) {
printData pd;

pd.print(5); // EHEEEY
pd.print(500.263); // BT
char c[] = "Hello C++";

pd.print(c); // BB FRTER
return O;



S HefatT

RHFH C++ 1 EARNNFEABETNEN, TULSHAFTRE

int* p = new int(50);
/] ..
delete p;



S HefatT

- C++igit s Baetast
T HE S BErRETHINTIA R 2

49

%I

}

LIQ EI,__WEJ

HaeigtratlEE
A AT R

g, S E T

(-]

=S| EAIRIER,

= A

b

T4 EERERAYR IR R S

z)JdeIetehEﬁZP\J?‘

std::unique_ptr<int> sptr = std::make_unique<int>(50);

//...

/] &3

JIE A%,

sptra9fE

=R

SRR BETEET

HIEHIRE

=




S HefatT

- FARFBEtHE A EEerRST, REHERREITERE

- BRgkET IR
M 51EFTunique ptr
- Ht=i5%tshared ptr
» 557 Tweak_ptr
* auto



S HefatT

« ¥ Higftunique ptr
- (HaEdZl, REEE—MEHEENEF

- St LERER, AFERNEN

- 1ZZEBEET A Rlcopy, HEEmove



S HefatT

- B B Tunique ptrigi&

// unique _ptr<T> up; =hJunique ptr, BJILUASRZEBIATHIRY
Sunique ptr<Test> t1;

// unique ptr<T> upl(new T()); ENunique ptr,[EIERZEBIATRIIISR
unique ptr<Test> t2(new Test);

// unique ptr<T[]> up; ZEfJunique ptr, BJLISHEIEBIATIRIENHETIS
unique ptr<int[]> t3;

// unique_ptr<T[]> up1(new T[]); X unique_ptr,[EHINEMRZEEITRIZIHIISR
unique _ptr<int[]> t4(new int[5]);



S HefatT

. A GIEstunique ptriR(E

unique ptr<Test> t/(new Test);

unique_ptr<Test> t8(new Test),

t7 = std:move(t8); // LUEFEEINEN, 5R, t7HINFFEK, tSHIAFREE7EHE
t7->doSomething();



S HefatT

- BRI GIEftunique ptrESERIS
unique ptr<Test> t9(new Test),
t9 = NULL;

t9 = nullptr,
t9.reset();



S HefatT

- E A S5 Tunique_ptrilFEIIRAGIEHIIR

t9.release();

/MOIFEXIEETRUFESIN, IR

-

- B AIEETunique ptrEER

SET, 3

FE9E=T

t9.reset(new Test), //FEHHERIHINISR

HE



arefattfl

unique_ptr<string> p1(new string("I'm Li Ming!"));
unique_ptr<string> p2(new string("l'm age 22."));

cout << "p1: " << pl.get() << end|; // OOE183A8
cout << "p2: " << p2.get() << endl; // O0OE18318

=Pz o e e =V
unique_ptr<string>-p3(p2); - BRI
unique ptr<string> p3(std::move(p1));
p1 = std::move(p2); // {EAmovelli{E
cout << "p1 = p2WWERF: " << end
cout << "p1: " << pl.get() << endl; // OOE18318
cout << "p2: " << p2.get() << endl; // 00000000




S HefatT

- H=iE%tshared ptr

« §4  shared ptriSKBXB— 1 HE[I5|ATEL
« HEH—"shared ptr, SESIBITEYENT;

- shared_ptriZfitunique()Fluse_count(FNRECRICEEHSZAIS | FBIHEIE,
HU%@%@Shared UESE—EaE (BB SERT) | BERES
'i—L;lshared R | R ERERIONAHE, FrE iR S BT (8
AR




S RefatTafl2

class Test{

public: ...
Test(string s) { str = s; cout<<"Test creat\n";}
~Test() {cout<<"Test delete:" < <str<<endl;}

string& getStr() { return str; }

void setStr(string s) {str=s;}

void print() { cout<<str<<end]l; }
private:

string str;

}

unique_ptr<Test> fun() { return unique_ptr<Test>(new Test("789")); }



S RefatTafl2

shared ptr<Test> ptest(new Test("123")); // BB &EFELgH Test create
shared ptr<Test> ptest2(new Test("456")); // B BE&EEE L Test creat
cout< <ptest2->getStr() < <endl; // §@iiH456
cout< <ptest2.use count()<<endl; // BREEFEREI N MEHHES, kit
ptest = ptest2; // "456"S|RREMNT, “123" {523, HiHiTest delete: 123
ptest->print(); // §@iH456
cout< <ptest2.use count()<<endl; /1 ZiasHEMRSERIREHEMEFHE, 2
cout< <ptest.use count()<<endl; // &idi2
test.reset(); /] EFRENR, HE—INEWR, HELLAiEEHER
WG HtiE seieRMA S ENIZIRIAREEE
test2.reset(); // BEBY “456" $HER, WEHEFHERMNAESELRYE

130, B TiZzA1E, hithTest delete

cout<<"done '\n";
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std::vector<std::string> v;
v.push back("compile");
auto s = v.front();

IXE

2 s FiR std:string 238
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Auto FERBIA

dll

for (auto ..) iIEERE C++11 5| NREGBEET for B,
BasHIAL
for (auto element : container) {

// {5 element

}
- auto: BENERTEIRTERZEEY
« element: @ERTE, T HESEPHNEIITR
- container: E|RAIESEE, UWNZNH. std:vector, std:list &
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(EFRHIESR - Compiler Collection

- (ERRIFEE (GCC) =ERaU5Hy

4

ARM

MIPS

RISC-V

PowerPC

SPARC

Go

Compiler Collection



(e mEInaIR=2R

- HERRLLFRRSIES

Software Development

Programming Languages Trends 2019 Q3 Graph

http://info.link/proglang2019

Go
Swift
Rust
Elixir Server-side Swift
Dart Erlang
Ballerina Cloud-based IDEs
Innovators Early Adopters

CHASM

C updates
Swift (for iOS)
Python
TypeScript

Early Majority

InfoQ

PHP
Ruby
JavaScript

Late Majority



(R mIFRR A~ HInRI A

ﬁﬂtftﬂﬁﬁﬂﬁln =. AELRIFRBIRES

mgEE
CISC x8 16, 32, 64 x87, IA-32, MMX, 3DNow!, SSE, 1978

(16—32—64) SSE2, PAE, x86-64, SSE3, SSSE3, SSE4,
BMI, AVX, AES, FMA, XOP, F16C

RISC MIPS 32 MDMX, MIPS-3D 1981

VLIW Elbrus 64 Just-in-time dynamic trans- 2014
lation: x87, |A-32, MMX, SSE,
SSE2, x86-64, SSE3, AVX


https://en.wikipedia.org/wiki/MDMX
https://en.wikipedia.org/wiki/MIPS-3D

(R mIFRR A~ HInRI A

ﬁﬁ&ﬁﬂh=~$%EMﬁMEﬁ““

mgEE
CISC x8 16, 32, 64 x87, IA-32, MMX, 3DNow!, SSE, 1978

(16—32—64) SSE2, PAE, x86-64, SSE3, SSSE3, SSE4,
BMI, AVX, AES, FMA, XOP, F16C

RISC MIPS 32 MDMX, MIPS-3D 1981

VLIW Elbrus 64 Just-in-time dynamic trans- 2014
lation: x87, |A-32, MMX, SSE,
SSE2, x86-64, SSE3, AVX

- [ (ERmFRIER D EHSFERERE, ®IFMESSBFES
RISZISRTIF(CIS E AR K


https://en.wikipedia.org/wiki/MDMX
https://en.wikipedia.org/wiki/MIPS-3D

LLVM I

. LLVM $IETLLVM IR, iSMERTENNEEERE, BRTHE
2273 2 FIROIREER

Bleeding Edge Compiler Technology

Compiler Collection ——- Libraries Collection
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* LLVM 22— 1 RiIFHESR

 LLVM 2—&5miFITH

* LLVM E— 1miFIT BRik
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LLVM 7= TAVRBIr iz

. TWREEE (4% Apple, Huawei, Intel, NVIDIA, Adobe, Sony....
30+ 2E)ERA LLVM H &N~ am)

Description

Apple 10S, macOS, tvOS and watchOS
Huawei BiSheng Compiler for Huawei's Kunpeng servers

Intel OpenCL* compiler, debugger
NVIDIA  OpenCL runtime compiler (Clang + LLVM)
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LLVM EZARKRI iZz{EH

. B REEmEE (@HE CMU, ETH, UIUC, UCLA, Stanford ... 7EP3
20+ MRAKFHRARER LLVM STrEXAFIRE)

CMU David Koes Principled Compilation
Stanford Dawson Engler's Research KLEE Symbolic Virtual Machine
Group
ETH Zurich Thomas Lenherr Language-independent library for alias analysis
UCLA Jason Cong xPilot behavioral synthesis system

- B RERE (81 CMU, ETH, UIUC, UCLA ... ER10+BAF
HIIRRAFRFREPER LLVM TREERITCIE)



LLVM TE5RNVAREY R A

- RE BN ARSFIERS LLVM LA

EAS-RFRHAER-ARMG- L

Program Language Engineer - LLVM Direction

LR ]
aee

Byte Dance 4. R EEH
Eigmh 21X Ligmh
languages... LLMM ecosystem... techniques, experience in LLMM, GCC, Go related SHEEFSIELRESFSIE—E S E; 4. BGCC, LLVMMIOpen64Z T HEgmiE
compiler... SRR AU JE: 5. 5CUDA... project... GCC/ LLVM/Open64...
19KHIAEMm - BE..... 30&FaAER - BE.....
'd ™
LLVM Senior Compiler Engineer : SMTS Software Development Eng. .
Byte Dance 41 Xilinx 4.0
B 2K b=
1. Responsible LLVM new back-end... preferred: (1) Familiar with LLVM compiler years of GCC/ LLVM/Open64 industry... frameworks Experience of TVM/MLIR/
development experience... LLVM/GCCis preferred Experience...
0 KHIAES - BEE..... 30 BFAIAEA - BE......

Indeed IBIEEEHE
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Light IR &35 C++ X5

- Light IR IFEERLES
- Light IR C+ + BEFEXIMERICERANZIT

/ module \ — HRXEHE Instruction
[ global_variable J / \ /
basicblock -
. BasicBlock
4 function \ ‘ _ _ 1 Argument
instruction
[ basicblock 1 : \/
| instruction J Type | | GlobalVariable | | Function

‘ basicblock ’ \ L /
- —— \ / /
function T

\ )
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- B2 Value EAR— NI TIECERIFA
RIS RRIEGE, BANE T  RAxAm
. F3K: Instruction WMEHFERZ—, T8 Rrgumient
SHEAEETLUEANS —FIESHRIER

- i¥: Value F¢ &R use list 2 Use SEAYAIER, BasicBlock
51 Use KSR 71z Value FI—IR#IER s
E’J'I‘EE‘ alue unction

\ User |+ Constant

\ GlobalVariable
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A

Value

A

User
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N\

Constant

~

GlobalVariable

Instruction

/

— HRKRE

User

Constant

Constantint

ConstantFP

ConstantZero

A

GlobalVariable

Allocalnst

Instruction

Binarylnst

Calllnst
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« User
« BEE: User fE9 Value BYF2E, 88X — axxzE
/_\E1§ _% Constantint
. F#: Instruction tBEEFHET— —— é Constante?

 i£: User Z8pkR operands ZValue / ConstantZero

KAUFIR, FxfEREERIVRFE

Ui% User | GlobalVariable
Allocalnst
Binarylnst
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- Light IR #BIE%
- B35 Zli*ﬂ” S5HEE3, Type LEMREE
BIROESE

. IntegerType FloatType XthZR7 Light IR RS i
i32, float EAEHEY

+ ArrayType, PointerType, FunctionType RSV
TR U e, m
* API:
/] SREX i1 EAKE
auto int1_type = module->get int1 type();
// 3REX [2 x i32] #H3RE
auto array_type = ArrayType:get(Int32Type, 2);

IntegerType

FloatType

Type [+=——

ArrayType

FunctionType

PointerType
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- FlANANTF Cminus-f (XEBEHIFEALightIR
- W{JF Light IR C+ + EAERIERAIIR?

int main(void) { ; ModuleID = 'cminus'
int x; define 132 @main() #0 {
X = 72; entry:
return x; %1 = alloca 132

} > store 132 72, i32* %1

%2 = load 132, 132* %1
ret 132 %2
}

Cminus-f{X#g ¥IER LightIR £L55
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// 3Lf{kmodule
auto module = new Module(“Cminusf code”);

// L4k IRbuilder

auto builder = new IRBuilder(nullptr, module);

// ElEmainpREL

auto mainFun = Function::create(FunctionType::get(Int32Type, {}), "main",
module);

; ModuleID = 'cminus'
define i32 @main() #0 {
}

= /
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// 3Lf{kmodule
auto module = new Module(“Cminusf code”);

// SEf5l{¢IRbuilder
auto builder = new IRBuilder(nullptr, module);

// ElEmaing& X
auto mainFun = Function::create(FunctionType::get(Int32Type, {}), "main",

module);

// GlEmainEENEE KSR entry”

bb = BasicBlock::create(module, “entry”, mainFun);
; ModuleID = 'cminus' ﬁ\\\
define i32 @main() #0 {
entry:
}

\_ /

IR 1551
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// 3Lf{kmodule
auto module = new Module(“Cminusf code”);

// SEf5l{¢IRbuilder
auto builder = new IRBuilder(nullptr, module);

// ElEmaing& X
auto mainFun = Function::create(FunctionType::get(Int32Type, {}), "main",

module) ;

// ClEmainRELAREARIR entry”

bb = BasicBlock::create(module, “entry”, mainFun);

// FIRBuilderfENIESRIE R E H entry E AR ; ModuleID = “cminus’ \
builder->set insert point(bb); define 132 @main() #0 {

// MmodulediZkEY i32 ZKHY entry:

Type *Int32Type = module->get_int32_type(); %1 = alloca 132

}

\ 4

/] AEE x Ptk E=(E
auto xAlloca = builder->create alloca(Int32Type);

\_ /
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// 3Lf{kmodule
auto module = new Module(“Cminusf code”);

// SEf5l{¢IRbuilder
auto builder = new IRBuilder(nullptr, module);

// ElEmaing& X
auto mainFun = Function::create(FunctionType::get(Int32Type, {}), "main",

module) ;

// ElEmainR AN HEARR entry”

bb = BasicBlock::create(module, “entry”, mainFun);

// FIRBuilderfENIESRIE R E H entry E AR ; ModuleID = “cminus’ \
builder->set_insert point(bb); define 132 @main() #0 {
// Mmoduled¥KHEY i32 KA entry:

Type *Int32Type = Type::get int32 type(module); %1 = alloca 132

/] HEZE x Sk =g store 132 72, 132* %1
auto xAlloca = builder->create alloca(Int32Type); //f ¥

// €l store 5<%, K72EHFE| x NE=EE

builder->create store(ConstantInt::get(72, module), xAlloca);

\_ /

IR {50
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// FLfl{kmodule
auto module = new Module(“Cminusf code”);

// FA54¢IRbuilder

auto builder = new IRBuilder(nullptr, module);
// BIEmainp&EX
auto mainFun =
module);

// BIEmainf IR HERIR entry”

bb = BasicBlock::create(module, “entry”, mainFun);
// #IRBuilderii ANIES M BEHRE A entry B AR
builder->set insert point(bb);

// MmoduledZRER 132 KZ

Type *Int32Type = Type::get int32 type(module);
/] AEE x Ptk E=(E

auto xAlloca = builder->create alloca(Int32Type);
// €l store 5<%, K72EHFE| x NE=EE
builder->create_store(ConstantInt::get(72,
// €l load #5<, ¥ x AFEEEX

auto xLoad = builder->create load(xAlloca);

ule), xAlloca);

Function::create(FunctionType::get(Int32Type, {}), "main",

/?,ModuleID = 'cminus' ‘\\

define i32 @main() #0 {
entry:
%1 = alloca i32
store 132 72, i32* %1
%2 = load 132, i132* %1

\_ /
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// Efl{kmodule

auto module = new Module(“Cminusf code”);

// Z54{rIRbuilder

auto builder = new IRBuilder(nullptr, module);

// ElEmaing& X

auto mainFun = Function::create(FunctionType::get(Int32Type, {}), "main",
module);

// BlEmaingRK RN AIE AR entry”

bb = BasicBlock::create(module, “entry”, mainFun);

// ¥IRBuilderfi NiESRIEIRE A entry E AR | ModuleID = ‘cminus’ "\
builder->set_insert point(bb); define 132 @main() #0 {

// Mmoduled¥KHEY i32 KA entry:

Type *Int32Type = Type::get int32 type(module); %1 = alloca 132

store 132 72, i32* %1
%2 = load 132, i132* %1

/] AEE x Ptk E=(E
auto xAlloca = builder->create alloca(Int32Type);
// €l store 5<%, K72EHFE| x NE=EE

builder->create_store(ConstantInt::get(72,

ret 132 %2
}
/] tIf load 8%, 5 x WIFERER \_ -/
auto xLoad = builder->create loa lloca);

// Bl ret 3154 5 x B MERE IR 1§45

builder->create ret(xLoad);

e), xAlloca);
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- Visitor Pattern (iGlA&EIER) BES
* AST 2B — 1R ZEEXRLNE, BESSIBEANRRE, MinhEXFER
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#include "Visitor.h"

.. class Exp{
//Visitor.h :
public:
class AddExp; virtual void accept(Visitor&v) = 0;};
class IntExp;
class Visitor class AddExp : public Expf{
{ public:
pUb“CI Exp* rhs;
int result = O; Exp* |hs;
virtual void visit(AddExp*); AddExp(Exp* lhs, Exp* rhs) : Ihs(lhs), rhs(rhs) {}
virtual void visit(IntExp*); virtual void accept(Visitor&v) override final;};
" class IntExp : public Exp{
public:
int value;

IntExp(int value) : value(value) {}
virtual void accept(Visitor&v) override final;};



B ERZV )

//Visitor.cpp //main.cpp

#include "Exp.h" #include<iostream>

void Visitor:.visit(AddExp* add_exp){ #include<string>
add_exp->lhs->accept(*this); #include "Exp.h"
add_exp->rhs->accept(*this);} using namespace std;

void Visitor:visit(IntExp* int_exp){ int main(){
result += int_exp->value;} Exp* exp = new IntExp(1);

for(inti = 2;i < 5; i++){
void AddExp::accept(Visitor & v){ exp = new AddExp(exp, new IntExp(i)); }

v.visit(this);}
Visitor CalSum;
void IntExp::accept(Visitor & v){ exp->accept(CalSum);
v.visit(this);} cout << "Result is " << CalSum.result << endl;
return O; }
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NPT I EEZES , . .
o 175@%1‘%7&19“?2 clg::vgiif : public ASTVisitor {
* 10+20-30 int visit(NumNode &) {
int ret = NumNode.num;
AST gi;'f’l"@ return ret;
}

int visit(AddNode &) {
int opl = AddNode.opl->accept(*this);
int op2 = AddNode.op2->accept(*this);
int ret = opl + op2;
return ret;

}

int visit(SubNode &) {
int opl = SubNode.opl->accept(*this);
int op2 = SubNode.op2->accept(*this);
int ret = opl - op2;
return ret;

}s
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o iﬁlﬂ%ﬁﬁﬁ“;z class Calc : public ASTVisitor {

private:
* 10+20-30 int visit(NumNode &) {
int ret = NumNode.num;
return ret;
}
int visit(AddNode &) {
int opl = AddNode.opl->accept(*this);
int op2 = AddNode.op2->accept(*this);
int ret = opl + op2;
return ret;
}
int visit(SubNode &) {
- .y s int opl = SubNode.opl->accept(*this);
Numw,ﬁﬂ’{lwfjllﬂ%ﬂ int op2 = SubNode.op2->accept(*this);
)l]l] int ret = opl - op2;
return ret;

}s
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o iﬁlﬂ%ﬁﬁﬁ“;z class Calc : public ASTVisitor {

private:
* 10+20-30 int visit(NumNode &) {

}

}

}s

int ret = NumNode.num;
return ret;

int visit(AddNode &) {

int opl = AddNode.opl->accept(*this);
int op2 = AddNode.op2->accept(*this);
int ret = opl + op2;

return ret;

int visit(SubNode &) {

int opl = SubNode.opl->accept(*this);
int op2 = SubNode.op2->accept(*this);
int ret = opl - op2;

return ret;



BlEERIE T

o iﬁlﬂ%ﬁﬁﬁ“;z class Calc : public ASTVisitor {

private:
* 10+20-30 int visit(NumNode &) {
int ret = NumNode.num;
return ret;
}
int visit(AddNode &) {
int opl = AddNode.opl->accept(*this);
int op2 = AddNode.op2->accept(*this);
int ret = opl + op2;
return ret;

}
int visit(SubNode &) {

. "y s int opl = SubNode.opl->accept(*this);
SUbjj"ﬁEglﬁIﬂ*%u’ int op2 = SubNode.op2->accept(*this);
HSubNode AR5 &= int ret = opl - op2;

return ret;
}

}s
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o iﬁlﬂ%ﬁﬁﬁ“;z class Calc : public ASTVisitor {

private:
* 10+20-30 int visit(NumNode &) {
int ret = NumNode.num;
return ret;
}
int visit(AddNode &) {
int opl = AddNode.opl->accept(*this);
int op2 = AddNode.op2->accept(*this);
int ret = opl + op2;
return ret;
}
int visit(SubNode &) {
int opl = SubNode.opl->accept(*this);
int op2 = SubNode.op2->accept(*this);
int ret = opl - op2;
return ret;

}s
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o iﬁlﬂ%ﬁﬁﬁ“;z class Calc : public ASTVisitor {

private:
* 10+20-30 int visit(NumNode &) {
int ret = NumNode.num;
return ret;
}
int visit(AddNode &) {
int opl = AddNode.opl->accept(*this);
int op2 = AddNode.op2->accept(*this);
int ret = opl + op2;
return ret;
}
int visit(SubNode &) {
int opl = SubNode.opl->accept(*this);
int op2 = SubNode.op2->accept(*this);
int ret = opl - op2;
return ret;

}s
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o iﬁlﬂ%ﬁﬁﬁ“;z class Calc : public ASTVisitor {

private:
* 10+20-30 int visit(NumNode &) {
int ret = NumNode.num;
return ret;
}
int visit(AddNode &) {
int opl = AddNode.opl->accept(*this);
int op2 = AddNode.op2->accept(*this);
int ret = opl + op2;
return ret;
}
int visit(SubNode &) {
int opl = SubNode.opl->accept(*this);
int op2 = SubNode.op2->accept(*this);
int ret = opl - op2;
return ret;

}s



BlEERIE T

o iﬁlﬂ%ﬁﬁﬁ“;z class Calc : public ASTVisitor {

private:
* 10+20-30 int visit(NumNode &) {
int ret = NumNode.num;
return ret;
}
int visit(AddNode &) {
int opl = AddNode.opl->accept(*this);
int op2 = AddNode.op2->accept(*this);
int ret = opl + op2;
return ret;
}
int visit(SubNode &) {
int opl = SubNode.opl->accept(*this);
int op2 = SubNode.op2->accept(*this);
int ret = opl - op2;
return ret;

}s
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o iﬁlﬂ%ﬁﬁﬁ“;z class Calc : public ASTVisitor {

private:
* 10+20-30 int visit(NumNode &) {
int ret = NumNode.num;
return ret;
}
int visit(AddNode &) {
int opl = AddNode.opl->accept(*this);
int op2 = AddNode.op2->accept(*this);
int ret = opl + op2;
return ret;
}
int visit(SubNode &) {
int opl = SubNode.opl->accept(*this);
int op2 = SubNode.op2->accept(*this);
int ret = opl - op2;
return ret;

}s
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o iﬁlﬂ%ﬁﬁﬁ“;z class Calc : public ASTVisitor {

private:
* 10+20-30 int visit(NumNode &) {
int ret = NumNode.num;
return ret;
}
int visit(AddNode &) {
int opl = AddNode.opl->accept(*this);
int op2 = AddNode.op2->accept(*this);
int ret = opl + op2;
return ret;
}
int visit(SubNode &) {
int opl = SubNode.opl->accept(*this);
int op2 = SubNode.op2->accept(*this);
int ret = opl - op2;
return ret;

}s
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o iﬁlﬂ%ﬁﬁﬁ“;z class Calc : public ASTVisitor {

private:
* 10+20-30 int visit(NumNode &) {
int ret = NumNode.num;
return ret;
}
int visit(AddNode &) {
int opl = AddNode.opl->accept(*this);
int op2 = AddNode.op2->accept(*this);
int ret = opl + op2;
return ret;
}
int visit(SubNode &) {
int opl = SubNode.opl->accept(*this);
int op2 = SubNode.op2->accept(*this);
int ret = opl - op2;
return ret;

}s
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o iﬁlﬂ%ﬁﬁﬁ“;z class Calc : public ASTVisitor {

private:
* 10+20-30 int visit(NumNode &) {
int ret = NumNode.num;
return ret;
}
int visit(AddNode &) {
int opl = AddNode.opl->accept(*this);
int op2 = AddNode.op2->accept(*this);
int ret = opl + op2;
return ret;
}
int visit(SubNode &) {
int opl = SubNode.opl->accept(*this);
int op2 = SubNode.op2->accept(*this);
int ret = opl - op2;
return ret;

}s
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o iﬁlﬂ%ﬁﬁﬁ“;z class Calc : public ASTVisitor {

private:
* 10+20-30 int visit(NumNode &) {
int ret = NumNode.num;
return ret;
}
int visit(AddNode &) {
int opl = AddNode.opl->accept(*this);
int op2 = AddNode.op2->accept(*this);
int ret = opl + op2;
return ret;
}
int visit(SubNode &) {
int opl = SubNode.opl->accept(*this);
int op2 = SubNode.op2->accept(*this);
int ret = opl - op2;
return ret;

}s
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o iﬁlﬂ%ﬁﬁﬁ“;z class Calc : public ASTVisitor {

private:
* 10+20-30 int visit(NumNode &) {
int ret = NumNode.num;
return ret;
}
int visit(AddNode &) {
int opl = AddNode.opl->accept(*this);
int op2 = AddNode.op2->accept(*this);
int ret = opl + op2;
return ret;
}
int visit(SubNode &) {
int opl = SubNode.opl->accept(*this);
int op2 = SubNode.op2->accept(*this);
int ret = opl - op2;
return ret;

}s
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o iﬁlﬂ%ﬁﬁﬁ“;z class Calc : public ASTVisitor {

private:
* 10+20-30 int visit(NumNode &) {
int ret = NumNode.num;
return ret;
}
int visit(AddNode &) {
int opl = AddNode.opl->accept(*this);
int op2 = AddNode.op2->accept(*this);
int ret = opl + op2;
return ret;
}
int visit(SubNode &) {
int opl = SubNode.opl->accept(*this);
int op2 = SubNode.op2->accept(*this);
int ret = opl - op2;
return ret;

}s
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o iﬁlﬂ%ﬁﬁﬁ“;z class Calc : public ASTVisitor {

private:
* 10+20-30 int visit(NumNode &) {
int ret = NumNode.num;
return ret;
}
int visit(AddNode &) {
int opl = AddNode.opl->accept(*this);
int op2 = AddNode.op2->accept(*this);
int ret = opl + op2;
return ret;
}
int visit(SubNode &) {
int opl = SubNode.opl->accept(*this);
int op2 = SubNode.op2->accept(*this);
int ret = opl - op2;
return ret;

}s
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o iﬁlﬂ%ﬁﬁﬁ“;z class Calc : public ASTVisitor {

private:
* 10+20-30 int visit(NumNode &) {
int ret = NumNode.num;
return ret;
}
int visit(AddNode &) {
int opl = AddNode.opl->accept(*this);
int op2 = AddNode.op2->accept(*this);
int ret = opl + op2;
return ret;
}
int visit(SubNode &) {
int opl = SubNode.opl->accept(*this);
int op2 = SubNode.op2->accept(*this);
int ret = opl - op2;
return ret;

}s
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o iﬁlﬂ%ﬁﬁﬁ“;z class Calc : public ASTVisitor {

private:
* 10+20-30 int visit(NumNode &) {
int ret = NumNode.num;
return ret;
}
int visit(AddNode &) {
int opl = AddNode.opl->accept(*this);
int op2 = AddNode.op2->accept(*this);
int ret = opl + op2;
return ret;
}
int visit(SubNode &) {
int opl = SubNode.opl->accept(*this);
int op2 = SubNode.op2->accept(*this);
int ret = opl - op2;
return ret;

}s
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o iﬁlﬂ%ﬁﬁﬁ“;z class Calc : public ASTVisitor {

private:
* 10+20-30 int visit(NumNode &) {
int ret = NumNode.num;
return ret;
}
int visit(AddNode &) {
int opl = AddNode.opl->accept(*this);
int op2 = AddNode.op2->accept(*this);
int ret = opl + op2;
return ret;
}
int visit(SubNode &) {
int opl = SubNode.opl->accept(*this);
int op2 = SubNode.op2->accept(*this);
int ret = opl - op2;
return ret;

}s
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o iﬁlﬂ%ﬁﬁﬁ“;z class Calc : public ASTVisitor {

private:
* 10+20-30 int visit(NumNode &) {
int ret = NumNode.num;
return ret;
}
int visit(AddNode &) {
int opl = AddNode.opl->accept(*this);
int op2 = AddNode.op2->accept(*this);
int ret = opl + op2;
return ret;
}
int visit(SubNode &) {
int opl = SubNode.opl->accept(*this);
int op2 = SubNode.op2->accept(*this);
int ret = opl - op2;
return ret;

}s
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o iﬁlﬂ%ﬁﬁﬁ“;z class Calc : public ASTVisitor {

private:
* 10+20-30 int visit(NumNode &) {
int ret = NumNode.num;
return ret;
}
int visit(AddNode &) {
int opl = AddNode.opl->accept(*this);
int op2 = AddNode.op2->accept(*this);
int ret = opl + op2;
return ret;
}
int visit(SubNode &) {
int opl = SubNode.opl->accept(*this);
int op2 = SubNode.op2->accept(*this);
int ret = opl - op2;
return ret;

}s
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o iﬁlﬂ%ﬁﬁﬁ“;z class Calc : public ASTVisitor {

private:
* 10+20-30 int visit(NumNode &) {
int ret = NumNode.num;
return ret;
}
int visit(AddNode &) {
int opl = AddNode.opl->accept(*this);
int op2 = AddNode.op2->accept(*this);
int ret = opl + op2;
return ret;
}
int visit(SubNode &) {
int opl = SubNode.opl->accept(*this);
int op2 = SubNode.op2->accept(*this);
int ret = opl - op2;
return ret;

}s



BlEERIE T

o iﬁlﬂ%ﬁﬁﬁ“;z class Calc : public ASTVisitor {

private:
* 10+20-30 int visit(NumNode &) {
int ret = NumNode.num;
return ret;
}
int visit(AddNode &) {
int opl = AddNode.opl->accept(*this);
int op2 = AddNode.op2->accept(*this);
int ret = opl + op2;
return ret;
}
int visit(SubNode &) {
int opl = SubNode.opl->accept(*this);
int op2 = SubNode.op2->accept(*this);
int ret = opl - op2;
return ret;

}s



Lab 2 Bzl IR &Rk

- BEF 28 AST @Eidina&EiEl#E#iT IR BElfbERk
- AST (Lab1 phase2 23E)

- BEfEERETE: CminusBuilder 3%
« 5% include/cminusf/cminusf_buiIder.hpp

- TODO: ZrHwII—LEHE(EE
« 1GIR)EtER : lenusBuiIder HA[G ASTnode B visit ERZ]

« src/cminusfc/cminust builder.cpp
« TODO: visit BRZYFCIN




Lab 2 Bzl IR &Rk

cminusfc EFREemit-l1lvmikInpTt,
SEiIrfdZ=mkfE, BatiERAIreY
 printiE0, EHEEMIrLD.

E AST

‘ CminusBuilder
(Lab1 phase2 4 5k)

(1@1d AST Ak IR)

Light IR code

run_visitor ‘

b bttt e e e e T e e

visit astE IR , EF _IRbuilderfBE— M modulekEHE, &
irbuilder/gt% (Lab2 F . EE module-function-basicblock-
SCIN) instructionfy&EMKER,




CminusfBuilder

class CminusfBuilder : public ASTVisitor { CminusfBuilder :
public:
. : module: —/"Module3i55t, HALREHE
Cmmuszuﬂder(){ _ FEHE Mfunction, functioniBB, instr. hE2ZAK
module = std::make_unique<Module>(); KB fEEMEDbuilder EEE BB
builder
=std::make_unique<IRBuilder>(nullptr, visittR#: hREER T, FBEIGEE%K
module.get()); ASTnodefy B3N, IXERMAH THF
private: ASTProgram Hivisiti& £
virtual Value *visit(ASTProgram &)
override final; context: MEIrFHNETXER, TUYHES

REEFER, EXIURRERTEMNZE.

std::unique_ptr<IRBuilder> builder;
Scope scope;
std::unique_ptr<Module> module;
struct {} context; // TODO




AST->lightIR #5#&561

CminusfiE3 {4

int main(void)

{
}

return O;

program
--fun-declaration: main
----compound-stmt

—————— return-stmt

________ simple-expression
---------- additive-expression

lightir JE3Z{4

emit-llvm

define 132 @main() {
label _entry:

reti32 0
}
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