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Project 3: What?

o VIR : https://github.com/arcsysu/SYsU-
lang/tree/main/generator
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https://github.com/arcsysu/SYsU-lang/tree/main/generator

Project 3: How?
23

— Svim generator/generator.cc
. ¥
— Scmake --build ~/sysu/build -t install
o Fit: ~/sysu/build/generator

NZP

« 14T
— ( export PATH="/sysu/bin:SPATH \
CPATH="~/sysu/include:SCPATH \
LIBRARY PATH=~/sysu/lib:SLIBRARY PATH \
LD _LIBRARY_PATH= "‘/sysu/llb SLD_LIBRARY_PATH && clang -E
tester/functional/000_main.sysu.c | <THE_PARSER> | sysu-
generator )
o Clang#2fitAST: <THE_PARSER> = clang -cc1 -ast-dump=json
o Project2#2ftAST: <THE_ PARSER > = sysu-parser

l’ ) 3 I rﬂ
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Where we are NOW?
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https://github.com/arcsysu/SYsU-lang

CodeGen[H a4 k]

\
,r \ ' ~
Preprocessor Frontend = Middle end Backend Assembler Linker
s 1| ~~es (codegen)
L } .u . J
(- J
I' . - L -~
Preprocessor| [ . .ns Parser Sema AST |>| CodeGen LL.VM I
& Lexer : | R |1

* Not to be confused with LLVM CodeGen! (which
generates machine code)

e Uses AST visitors, IRBuilder, and TargetInfo

— AST visitors
o RecursiveASTVisitor for visiting the full AST

o StmtVisitor for visiting Stmt and Expr
o TypeVisitor for Type hierarchy

https://llvm.org/devmtg/2019-10/slides/ClangTutorial-Stulova-vanHaastregt.pdf
https://clang.llvm.org/docs/RAVFrontendAction.html
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https://llvm.org/devmtg/2019-10/slides/ClangTutorial-Stulova-vanHaastregt.pdf
https://clang.llvm.org/docs/RAVFrontendAction.html

AST =2 IR: Example

Sclang -Xclang -ast-dump -fsyntax-only ../tester/functional/000_main.sysu.c

TranslationUnitDecl 0x1d2654a8 <<invalid sloc>> <invalid sloc>
... cutting out internal declarations of clang ...

"—FunctionDecl 0x2cf71448 <../tester/functional/@00_main.sysu.c:1:1, line:3:1> line:1:5 main 'int ()'
"—CompoundStmt 0x2cf71560 <col:11, line:3:1>
"—ReturnStmt 0x2cf71550 <line:2:5, col:12>
"—IntegerLiteral 0x2cf71530 <col:12> 'int' 3

[1] https://llvm.org/docs/LangRef.html#data-layout
[2] https://llvm.org/docs/LangRef.html#function-attributes

3]LLVMZIR B (1)« FHCHEHPRIHEA T LIVM IR
Tur® : IR
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AST =2 IR: Example

Sclang -Xclang -ast-dump -fsyntax-only ../tester/functional/000_main.sysu.c

TranslationUnitDecl 0x1d2654a8 <<invalid sloc>> <invalid sloc>
... cutting out internal declarations of clang ...

"—FunctionDecl 0x2cf71448 <../tester/functional/@00_main.sysu.c:1:1, line:3:1> line:1:5 main 'int ()'
"—CompoundStmt 0x2cf71560 <col:11, line:3:1>
"—ReturnStmt 0x2cf71550 <line:2:5, col:12>
"—IntegerLiteral 0x2cf71530 <col:12> 'int' 3

[1] https://llvm.org/docs/LangRef.html#data-layout
[2] https://llvm.org/docs/LangRef.html#function-attributes

3]LLVMZIR B (1)« FHCHEHPRIHEA T LIVM IR
Tur® : IR
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AST =2 IR: Example

Sclang -Xclang -ast-dump -fsyntax-only ../tester/functional/000_main.sysu.c

TranslationUnitDecl 0x1d2654a8 <<invalid sloc>> <invalid sloc>
... cutting out internal declarations of clang ...
"—FunctionDecl 0x2cf71448 <../tester/functional/@00_main.sysu.c:1:1, line:3:1> line:1:5 main 'int ()'
"—CompoundStmt 0x2cf71560 <col:11, line:3:1>
"—ReturnStmt 0x2cf71550 <line:2:5, col:12>
"—IntegerLiteral 0x2cf71530 <col:12> 'int' 3

Sclang -emit-llvm -S ../tester/functional/000_main.sysu.c

; ModuleID = '../tester/functional/@00_main.sysu.c'

source_filename = "../tester/functional/@00_main.sysu.c"

target datalayout = "e-m:e-18:8:32-116:16:32-164:64-1128:128-n32:64-5128"
target triple = "aarché4-unknown-linux-gnu"

; Function Attrs: noinline nounwind optnone
define dso_local 132 @Emain() #0 {

%1 = alloca 132, align 4

store i32 9, 132x %1, align 4

ret i32 3
}

attributes #0 = { noinline nounwind optnone "correctly-rounded-divide-sqrt-fp-math"
="false" "disable-tail-calls"="false" "frame-pointer"="non-leaf" "less-precise-fpma
d"="false" "min-legal-vector-width"="@" "no-infs-fp-math"="false" "no-jump-tables"=
"false" "no-nans-fp-math"="false" "no-signed-zeros-fp-math"="false" "no-trapping-ma
th"="true" "stack-protector-buffer-size"="8" "target-cpu"="generic" "target-feature
s"="+neon" "unsafe-fp-math"="false" "use-soft-float"="false" }

'11vm.module. flags = 1{10} [1] https://lIvm.org/docs/LangRef.html#data-!avout -
11lvm.ident = !{!1} [2] https://llvm.org/docs/LangRef.html#function-attributes
, , _ [B]LLWMZIR G (1) : FBIAHPIEANT] LLVM IR p
10 = 1{i32 1, !"wchar_size", i32 4} UEE[%

11 = I{!"Debian clang version 11.0.1-2"} ;


https://llvm.org/docs/LangRef.html
https://llvm.org/docs/LangRef.html
https://csstormq.github.io/blog/LLVM%20%E4%B9%8B%20IR%20%E7%AF%87%EF%BC%881%EF%BC%89%EF%BC%9A%E9%9B%B6%E5%9F%BA%E7%A1%80%E5%BF%AB%E9%80%9F%E5%85%A5%E9%97%A8%20LLVM%20IR

AST =2 IR: Example

Sclang -Xclang -ast-dump -fsyntax-only ../tester/functional/000_main.sysu.c

TranslationUnitDecl 0x1d2654a8 <<invalid sloc>> <invalid sloc>
... cutting out internal declarations of clang ...
"—FunctionDecl 0x2cf71448 <../tester/functional/@00_main.sysu.c:1:1, line:3:1> line:1:5 main 'int ()'
"—CompoundStmt 0x2cf71560 <col:11, line:3:1>
"—ReturnStmt 0x2cf71550 <line:2:5, col:12>
"—-IntegerLiteral 0x2cf71530 <col:12> 'int' 3

Sclang -emit-llvm -S ../tester/functional/000_main.sysu.c

; ModuleID = '../tester/functional/@00_main.sysu.c' R

source_filename = "../tester/functional/@00_main.sysu.c" EXH%

target datalayout = "e-m:e-i8:8:32-i16:16:32-164:64-1128:128-n32:64-5128" HizF&: HiEfm /U
target triple = "aarché4-unknown-linux—-gnu HEF4: arch-vendor-os

i Function Attrs: noinline nounwin _ . .. o . o oo g Py B2
define dso_local 132 @main() #0 { HRGE SR EEES GIRpes> G20 (ks

%1 = alloca 132, align 4 G 2 A B AVEEARZSA], HBHEAE %1, K/DJAIi3226%, 4BXISF
store i32 9, 132x %1, align 4
ret i32 3 M Al IR ENNIE: BB A% N KINTET, 4BX 5%

}

attributes #0 = { noinline nounwind optnone "correctly-rounded-divide-sqrt-fp-math"

="false" "disable-tail-calls"="false" "frame-pointer"="non-leaf" "less-precise-fpma
d"="false" "min-legal-vector-width"="0" "no-infs-fp-math"="false" "no-jump-tables"= EHEH
"false" "no-nans-fp-math"="false" "no-signed-zeros-fp-math"="false" "no-trapping-ma
th"="true" "stack-protector-buffer-size"="8" "target-cpu"="generic" "target-feature
s"="+neon" "unsafe-fp-math"="false" "use-soft-float"="false" }

iTfunamodule. fiags; = 110 T2 5 0 H A 5 R [1] https://lIvm.org/docs/LangRef.html#data-!avout ‘

'1lvm.ident = {11} (o wppp [2] https://llvm.org/docs/LangRef.html#function-attributes
, , _ [BILLVMZIR G (1) . FFLARPHE A [T LLVM IR

19 = 1{i32 1, !"wchar_size", 132 4} 'EEEZ

11 = I{!"Debian clang version 11.0.1-2"} UF


https://llvm.org/docs/LangRef.html
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AST - IR: Example (cont.)

1 int main(){
Source 2 return 3;
3}

TranslationUnitDecl 0x1d2654a8 <<invalid sloc>> <invalid sloc>
... cutting out internal declarations of clang ...

‘—FunctionDecl 0x2cf71448 <../tester/functional/@0@_main.sysu.c:1:1, line:3:1> line:1:5 main 'int ()
AST "—CompoundStmt 0x2cf71560 <col:11, line:3:1>

"—ReturnStmt 0x2cf71550 <line:2:5, col:12>
"—IntegerLiteral 0x2cf71530 <col:12> 'int' 3

define 132 @Emain() {

define 132 @Emain() {
%1 = alloca 132 ret i32 3
IR store 132 0, i32% %1 }
ret i32 3
}

@1
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AST - IR: Example (cont.)

1 int main(){

Source 2 return 3;
- B

ﬁranslatlonUnltDecl Ox1d2654a8 <<invalid sloc>> <invalid sloc>

: .. cutting out internal declarations of clang ...

' —Funct10nDec1 Ox2cf71448 <../tester/functional/@00_main.sysu.c:1:1, line:3:1> line:1:5 main 'int ()'
/\ST“ "—CompoundStmt 0x2cf71560 <col:11, line:3:1>

|
|
|
|
|
:
"—ReturnStmt 0x2cf71550 <line:2:5, col:12> |
[

\ "—-IntegerLiteral 0x2cf71530 <col:12> 'int' 3 ’
B e e e S S e S S S S S S s S S S S S S S S ——— -
) ) ) ST TTTTTT T T Y
define i32 @main() { ldefine i32 @main() { |
%1 = alloca 132 1 ret i32 3 [
IR store i32 0, i32% %1 s :
ret i32 3 Ve —————— g
}

@ tuxrs 7 Dhige



LLVM R[] AGAH)]

* Three different forms (these three forms are equivalent)
— in-memory compiler IR[ZE N AFF 1 4 P R3S =1
— on-disk bitcode file[.bc, 7EAE £ A7 ) — i HHE)IE S
- Qu]man readable text asembly language file[.ll, AZSA] i IS5
* LLVM IR is machine independent[#l %% J5<]
- An unlimited set of virtual registers (labelled %0, %1, %2, %3... )
o It’s the backend’s job to map from virtual to physical registers

- Rather than allocating specific sizes of datatypes, we retain

types

o Again, the backend will take this type info and map it to the size of the
datatype

- We write LLVM IR in Static Single Assignment (SSA) form,
making life easier for optimization writers[## 4 IR {H]

o SSA just means we define variables before use and assign to variables
only once

Mﬁ“ﬁ

https://mukulrathi.com/create-your-own-programming-language/llvm-ir-cpp-api-tutorial/
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generator.cc

void buildTranslationUnitDecl(const 1llvm::json::0bject *0) {
if (0 = nullptr)

return;

if (auto kind = 0->get("kind")->getAsString()) {
assert(xkind == "TranslationUnitDecl");

} else {

assert(0);
}
if (auto inner = 0->getArray("inner"))

for (const auto &it : xinner)

if (auto P = it.getAsObject())
if (auto kind = P->get("kind")->getAsString()) {
if (xkind == "FunctionDecl")
buildFunctionDecl(P);

}

} // namespace

int main() {
auto llvmin = 1lvm::MemoryBuffer::getFileOrSTDIN("-");
auto json = llvm::json::parse(llvmin.get()->getBuffer());
buildTranslationUnitDecl(json->getAsObject());
TheModule.print(llvm::outs(), nullptr);

}
;ﬁéﬁyd’d4$;£? 9 \EE&
SUN YAT-SEN UNIVERSITY https://github.com/arcsysu/SYsU-lang/blob/main/generator/generator.cc u;



https://github.com/arcsysu/SYsU-lang/blob/main/generator/generator.cc

generator.cc

void buildTranslationUnitDecl(const 1llvm::json::0bject *0) {
if (0 = nullptr)

return;
if (auto kind = 0->get("kind")->getAsString()) {

assert(xkind == "TranslationUnitDecl"); AT A
} else {

assert(0);
}
if (auto inner = 0->getArray("inner"))

for (const auto &it : *inner) EHAHTA

if (auto P = it.getAsObject())
if (auto kind = P->get("kind")->getAsString()) {
if (xkind == "FunctionDecl")
buildFunctionDecl(P);  E/ikIR4:k

}

} // namespace

int main() {
auto 1lvmin = 1lvm::MemoryBuffer::getFileOrSTDIN("-"); ML Elstdin SR EXAST SC AR
auto json = llvm::json::parse(llvmin.get()->getBuffer()); @i 1ISONIE
buildTranslationUnitDecl(json->getAsObject()); smpiast, 4 IR
TheModule.print(llvm::outs(), nullptr); #mR

¥ X % 9

}
SUN YAT-SEN UNIVERSITY https://github.com/arcsysu/SYsU-lang/blob/main/generator/generator.cc



https://github.com/arcsysu/SYsU-lang/blob/main/generator/generator.cc

generator.cc (cont.

1lvm: :LLVMContext TheContext;
1lvm: :Module TheModule("-", TheContext);

1lvm: : Function xbuildFunctionDecl(const 1lvm::json::0Object *0) {
// First, check for an existing function from a previous declaration.
auto TheName = 0->get("name")->getAsString()->str();
1lvm: : Function *TheFunction = TheModule.getFunction(TheName);

if (!TheFunction)
TheFunction = 1lvm::Function::Create(
1lvm: : FunctionType::get(1lvm: : Type::getInt32Ty(TheContext), {}, false),
1lvm: :Function::ExternalLinkage, TheName, &TheModule);

if (!TheFunction)
return nullptr;

// Create a new basic block to start insertion into.
auto BB = llvm::BasicBlock::Create(TheContext, "entry", TheFunction);
1lvm: : IRBuilder<> Builder(BB);

if (auto RetVal = 1llvm::ConstantInt::get(
TheContext, /* 132 3(decimal) %/ llvm::APInt(32, "3", 10))) {
// Finish off the function.
Builder.CreateRet(RetVal);

// Validate the generated code, checking for consistency.
1lvm: :verifyFunction(xTheFunction);

return TheFunction;

} https://releases.llvm.org/11.0.1/docs/tutorial/MyFirstLanguageFrontend/Langimpl03.html
https://llvm.org/docs/tutorial/MyFirstLanguageFrontend/Langimpl03.html

// Error reading body, remove function.

TheFunction->eraseFromParent();
return nullptr; u;im%

} https://github.com/arcsysu/SYsU-lang/blob/main/generator/generator.cc



https://releases.llvm.org/11.0.1/docs/tutorial/MyFirstLanguageFrontend/LangImpl03.html
https://llvm.org/docs/tutorial/MyFirstLanguageFrontend/LangImpl03.html
https://github.com/arcsysu/SYsU-lang/blob/main/generator/generator.cc

generator.cc (cont.

Llvm: :LLVMContext TheContext; M TIRAFERIVIRE, EZLREPATHIRAE, 7] LGANLFE—LLVMContext, % 7% 5
1lvm: :Module TheModule("-", TheContext);
LLVM IRFE S BT = 4544

1lvm: : Function xbuildFunctionDecl(const 1llvm::json::0bject *0) {
// First, check for an existing function from a previous declaration.
auto TheName = 0->get("name")->getAsString()->str();
1lvm: : Function *TheFunction = TheModule.getFunction(TheName);

if (!TheFunction)
AR BRI
TheFunction = Ulvm::Function::Create( CIEE— L, FIHIRZGModule

1lvm: :FunctionType::get(1lvm::Type::getInt32Ty(TheContext), {}, false), O
1lvm: :Function::ExternallLinkage, TheName, &TheModule); int main()

SR BT BB . RS N O R
“Externallinkage” 3R 7~ 1% B HU AT B 8 X T 4 ATHEHL 2 4),
H/850T DA M A e 2 A1 B e B0 A

if (!TheFunction)
return nullptr;

// Create a new basic block to start insertion into.
auto BB = llvm::BasicBlock::Create(TheContext, "entry", TheFunction); NIZEMIFunctionsliBasic Block

1lvm: : IRBuilder<> Builder(BB); {i FIRBuilderdii A\ 354 %1|BB

if (auto RetVal = llvm::ConstantInt::get( return 3
TheContext, /* 132 3(decimal) %/ llvm::APInt(32, "3", 10))) {
// Finish off the function.
Builder.CreateRet(RetVal); iR [E{E$54iEH)

// Validate the generated code, checking for consistency.
1lvm: :verifyFunction(xTheFunction);

return TheFunction;

} https://releases.llvm.org/11.0.1/docs/tutorial/MyFirstLanguageFrontend/Langimpl03.html
https://llvm.org/docs/tutorial/MyFirstLanguageFrontend/Langimpl03.html

// Error reading body, remove function.

TheFunction->eraseFromParent(); l E
D

return nullptr;
} https://github.com/arcsysu/SYsU-lang/blob/main/generator/generator.cc



http://llvm.org/docs/LangRef.html
https://releases.llvm.org/11.0.1/docs/tutorial/MyFirstLanguageFrontend/LangImpl03.html
https://llvm.org/docs/tutorial/MyFirstLanguageFrontend/LangImpl03.html
https://github.com/arcsysu/SYsU-lang/blob/main/generator/generator.cc

Variables in codegen[tH5¢35 &)

* TheContext: an opaque object that owns a lot of core
LLVM data structures, such as the type and constant value
tables

* TheModule: an LLVM construct that contains functions
and global variables

o In many ways, it is the top-level structure that the LLVM IR uses to
contain code

* Builder: a helper object that makes it easy to generate
LLVM instructions

o Instances of the IRBuilder class template keep track of the current place
to insert instructions and has methods to create new instructions

<> l [lvm::IRBuilder<> |

_l < TargetFolder, IRBuilder
» . Ilvm::IRBuilder< FolderTy, Callbackinserter > llvm::IRBuilder< TargetFolder,
| llvm::IRBuilderBase |‘ InserterTy > < InstSimplifyFolder IRBuilderCallbackinserter >

IRBuilderCallbackinserter >

llvm::IRBuilder< InstSimplify
Folder, IRBuilderCallbackinserter >

https://releases.llvm.org/11.0.1/docs/tutorial/MyFirstLanguageFrontend/LangImpl03.html 3 ;Fm y
https://releases.llvm.org/8.0.0/docs/tutorial/Langlmpl03.html



http://llvm.org/doxygen/IRBuilder_8h-source.html
https://releases.llvm.org/11.0.1/docs/tutorial/MyFirstLanguageFrontend/LangImpl03.html
https://releases.llvm.org/8.0.0/docs/tutorial/LangImpl03.html

IR Overview

* Each assembly/bitcode file is a Module Module

Function

* Each Module is comprised of
— Global variables

— A set of Functions which consists of

o A set of Basic Blocks
* Which is further comprised of a set of Instructions

Module

BasicBlock

Instruction

Global int[20];

Function: foo() Function: bar()

add add add add
sub mult div sub
br br br br

() F b X 3 12 m ‘EEFZ
:"':W-SEN""W“SI" https://cs.rochester.edu/u/ejohns48/secdev19/secdev20-llvm-tutorial-version4 copy.pdf ;
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Visualize IR[AJ#i4k)

* Sclang -emit-llvm -S ../tester/functional /027 _if2.sysu.c

@a = dso_local global i32 @, align 4

define dso_local i32 @main() {
%1 = alloca 132, align 4
store 132 0, i32% %1, align 4
store 132 10, i32% Qa, align 4
%2 = load 132, i32% Qa, align 4
%3 = icmp sgt 132 %2, ©
br i1 %3, label %4, label %5

4:
store 132 1, i32% %1, align 4
br label %6

o3
store i32 0, i32% %1, align 4
br label %6

6:
%7 = load 132, i32% %1, align 4
ret i32 %7

}

Sopt -dot-cfg 027_if2.sysu.ll [> .main.dot]

digraph "CFG for 'main' function" {
label="CFG for 'main' function";

Node@x2a784a90 [shape=record,color="#b70d28ff", style=filled, fillcolor="#b
70d2870",label="{%0:\1 %1 = alloca i32, align 4\1 store i32 @, i32% %1, align 4\l
store i32 10, i32% @a, align 4\1 %2 = load i32, i32x Qa, align 4\1 %3 = icmp sg

t i32 %2, O\1 br il %3, label %4, label %5\1|{<s@>T|<s1>F}}"];

Node@x2a784a90:s0 -> Node®x2a784c70;

Node@x2a784a90:s1 —-> Node@x2a784ccO;

Node@x2a784c7@ [shape=record,color="#b70d28ff", style=filled, fillcolor="#e
8765¢70",label="{%4:\14: \1 store i
32 1, i32% %1, align 4\1 br label %6\1}"];

Node®x2a784c70 -> Node@x2a784e50;

Node@x2a784cc@ [shape=record,color="#3d50c3ff", style=filled, fillcolor="#f
7b39670",label="{%5:\15: \1 store i
32 @, 132% %1, align 4\1 br label %6\1}"];

Node@x2a784cc@ -> Node@x2a784e50;

Node@x2a784e50 [shape=record,color="#b70d28ff", style=filled, fillcolor="#b
70d2870",label="{%6:\16: \1 %7 = lo
ad 132, i32% %1, align 4\1 ret i32 %7\1}"];

}

13

4:
store i32 1,132* %1, align 4
br label %6

%S5

D2

store 132 0,132* %1, align 4
br label %6

CFG for 'main' function



http://viz-js.com/

More ...

* S( export PATH="/sysu/bin:SPATH \ CPATH="/sysu/include:SCPATH \
LIBRARY_PATH="~/sysu/lib:SLIBRARY_PATH \
LD _LIBRARY_PATH=~/sysu/lib:SLD_LTBRARY PATH && clang -E
tester/functional/000_main.sysu.c | <THE_PARSER> | sysu-generator )

— S0: get AST
o Sclang -ccl -ast-dump=json ../tester/functional/000_main.sysu.c > ast.json
- S1l:gen IR

o Scat ast.json | ~/sysu/build/generator/sysu-generator

e Execute the IR filell!: SIli *.//
— Result: Secho S?

* Further compile the IR file: Sclang *.Il [-0 ./a.out]

- S( export PATH="/sysu/bin:SPATH CPATH="~/sysu/include:SCPATH
LIBRARY_ PATH="~/sysu/lib:SLIBRARY_PATH
LD LIBRARY_PATH="~/sysu/lib:SLD LIBRARY_ PATH && clang -Isysy -

Isysu *./l [-0./a.out] )

* Translate to bitcode filel?!: Sllvm-as *.// [-0 *.bc]

— Reverse: Sllvm-dis *.bc -0 *.lI
— Further compile the bitcode!3!: Sllc —=march=x86 *.bc -0 out.x86

[1] https://www.llvm.org/docs/CommandGuide/Ili.html
) ‘l’»hk&- 1 [2] https://www.llvm.org/docs/CommandGuide/llvm-as.html
) 1 1IN T [3] https://www.llvm.org/docs/CommandGuide/Illc.html
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