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Motivation

* A compiled code can be executed identically on
all of machines using virtual machine.

* [s it possibe to use LLVM Bitcode like Java
Bytecode??

Virtual Machine
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Java Compilation Flow

Java language is not
affetcted by specific
machine.

Java bytecode is same
among machines.
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LLVM Compilation Flow
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LLVM Compilation Flow

C/C++ language is
affetcted by specific
machine.

LLLVM bitcode is not
same among machines.

C/C++ source code (Target dependent)
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Target Dependent Properties
LLVM frontend

e LLVM frontend generates some target dependent
bitcodes with common LLVM IR.

- Function type
» Sizeof() keyword

LLVM IR

e Bitcode does not support common IR in some cases.
» Long double type
» Struct type with bitfield
Source language
e Inline assembly
e Target dependent source codes
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Target Dependent Properties

LLVM frontend

e LLVM frontend generates some target dependent
bitcodes with common LLVM IR.

- Function type

» Sizeof() keyword

LLVM IR

e Bitcode does not support common IR in some cases.
» Long double type
» Struct type with bitfield

Source language
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e Target dependent source codes
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Function Type

Function Type
e ABI compatibility

operands {
d;
b;:

add( operands ops) {
return ops.a + ops.b;

OG0 s O WA D R o=k

maing y 4
Cs
operands ops;

ops.a = 1;
ops.b = 2;
c = add{ops);

return 0;

I
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F

x86

unction Type

28 define i32? Emain{) nounwind {
29 entry:
%retval = alloca i32 {i32=> [Huses=2]
%ops = alloca %struct.operands {%struct.operands=> [#uses=3]
%c = alloca i3Z2 {i32=> [Huses=1]
alloca i3z {i32=> [Huses=2]
= bitcast i32 0 to i32 ; <132> [#uses=0]

38
a
32
33
J4
35
36
37
318

getelementptr inbounds %struct.operands+ JHops, 132
store 132 1, 132= %1, align
%2 = getelementptr inbounds %struct.operands* Fops, 132
store i8 2, i8= 32, align

, 132 ; €132=> [#uses=1]

, 132 ; <i8=> [Huses=1]

%2 = call 132 @add(%struct.operands= byval align 4 %ops)| nounwind ; <i32> [#uses=1]

36 define arm_aapcscc 132 @main{) nounwind {
37 entry:

38
39
La
Ly
L2
L3
Ly
L5
b
7
La
Lo
e
tA
L2
53

%retval = alloca 132
%o0ps = alloca %struct.operands
wC alloca i32

alloca i32?

= bitcast i32 to i32 £132>

getelementptr inbounds %struct.operands* Zops, 132
store 132 1, 132+ %1, align
%2 = getelementptr inbounds %struct.operands* %ops, 132
store i8 2, i8+ %2, align
%2 = bitcast %struct.operands= Zops to %o= ; SR>
%elt = getelementptr inbounds %0* %3, i32 0, i32 |
%elt1 = getelementptr inbounds [2 x 1i32]* %elt, 132 0,
Bual load i32= %Zelt1 5 €132
%elt2? = getelementptr inbounds [2 x i32]+ Zelt, 132 0O,
%wald = load i32= Zelt? = a2

{132=> [#uses=2]
{%struct.operands=> [Huses=3]
{132%> [#uses=1]
{132%> [#uses=2]

[#uses=0]
, 132 ; €132=> [H#Huses=1]

, 132 {i8=> [#uses=1]

[Buses=1]
¥ 132]=> [#uses=7]

i32 ; <132%> [Huses=1]

[#uses=1]

i3z ; <1i32=> [#uses=1]

[#uses=1]

= call arm_aapcscc 132 @add(i3d2 %val, i32 %wvald) nounwind ; <i32> [H#uses=1]




Sizeof() keyword

x86

target triple =

define i3? @Emain{) nounwind {
entry:
%retval = alloca i3?
a = alloca i32
= alloca 132
= bhitcast i32 to i32
ctore 132 . 132= %a, align
store 132 0, i32+= %0, align
%1 = load i32= %0, align
store i32 %1, 132= %retval, align
b+ label %return

main( Y £
a =|sizeof(

return ©;

ARM
target triple =

define arm_aapcscc 132 @Emain{) nounwind {
entry:
%retyal = alloca i32
a = alloca i32
= alloca 132
= pitcast 132 to 132
store i32 8, i32= %a, align

—~—— store 132 0, i32= %0, align
- %1 = load i32= %0, align

store 132 %1, 132= %retval, align
hr label Zreturn




Target Dependent Properties
LLVM frontend

e LLVM frontend generates some target dependent
bitcodes with common LLVM IR.

- Function type
» Sizeof() keyword

LLVM IR

e LLVM does not support common IR in some cases.
» Long double type
» Struct type with bitfield

Source language
e Inline assembly
e Target dependent source codes
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Target Dependent Properties
long double type

e Various encoding formats

exponent fraction . .
sign (11 b1t) (52 bit) IEEE double precision format
[ Il |
ARM
o (@]
| 63 52 0
exponent fraction IEEE extended precision format
sign (15 bit) (64 bit)
Il I |
X86
o o o
If 64 0
exponent fraction IEEE quadruple precision format
sign (15 bit) (112 bit)
I 1l
IOE? 1?2 PPC

el
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Target Dependent Properties

LLVM does not support
common IR type for long
double type.

LLVM
Bitcode
For X86

LLVM

Bitcode

for ARM

—



Target Dependent Properties

Application
Source IEEE_double format encoding
for variable “c”
ARM as parameter for printf function
exponent fraction
Silgljn (11 bit) ” (52 bit) |
I
Library
System Printf function waits
X86 X86_fp8o format encoding
Variable for “%Ltf”
on X86 architecture

exponent fraction
sign (15 bit) (64 bit)
|
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79 64 K]ST \ 0

/




Target Dependent Properties
e Strcut type with bitfield

ARM
Memory
struct foo
{ <{i8, [7 xi8], 164, 132, [4 x i8]}> LLVM IR
char a:4;
long long b:61; ::
int ¢:30; X86

<{i8, [3xi8],i64,i32}> | | LLVM IR




Target Dependent Properties
e Strcut type with bitfield

struct foo

{

char a:4:

int ¢:30;
};

ARM

padding

long long b:61;

-

Memory

<{i8, [7 xi8], 164, 132, [4 x i8]}>

LLVM IR

X86

padding

Long long type’s align is 4 byte <{i8, [3 x i8], i64, 132 }>
on x86 and is 8byte on ARM.
S ct type s align is biggest

Memory

LLVM IR




Target Dependent Properties
LLVM frontend

e LLVM frontend generates some target dependent
bitcodes with common LLVM IR.

» Function type = ABI compatibility
» Sizeof() keyword

LLVM IR

e Bitcode does not support common IR in some cases.
» Long double type
» Struct type with bitfield

Source language
e Inline assembly Discard
e Target dependent source codes
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New Compilation Strategy

C/C++ source code
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Target Independent Bitcode (Wordcode)
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New Compilation Strategy

C/C++ source code

~_=

Target Independent Bitcode (Wordcode)

~=

Translator

—

[ Target Dependent Bitcode (Wordcode)

N

~ -

AOTC
(LLC)

~~

OS

This target
independent
bitcode is same
among machines
except some cases.

]| (ex: inline assembly)

HW
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New Compilation Strategy

C/C++ source code

~~

Target Independent Bitcode (Wordcode)

I

Translator

~~

[ Target Dependent Bitcode (Wordcode)

]

N~ J
AOTC This target dependent
(LLC) is similar to LLVM
B bitcode.
\ ' 0S
- HW ‘
) K




Wordcode

Wordcode can be target dependent or target
independent.
* Target independent Wordcode
- IntegerTypes with align information from source code
« StructType with bitfield
» Long double type
- Etc...
e Target dependent Wordcode
« It is similar to LLVM bitcode.

Wordcode is applied to almost passes on LLVM.

KST Ei—



Wordcode

Target independent Wordcode

1 ; HodulelID = "a.c’
2 target datalayout =

3 target triple =
n
L define i32{int) EBmain{) nounwind {
6 entry:
%retval = allocali32({int)
= alloca double
= alloca float
= alloca i64{longlong)
= alloca i32{long})
= alloca i32{int}
= alloca i16{short}
= alloca i&{char}

return

1
2
3
5y
L
i]
Fi
B
g
§]
1

alloca i32{int)
= bitcast 132() to i32()
tore i32({int) 0, i22{(int)=* %0, align
= load i32(int)= %0, align
store 132(int) %1, i32(int)* Zretval, align
br label %return

return:
%retvall = load i32{int)}* %retval
ret i32{int) %retvald




Wordcode

Target independent Wordcode Target dependent Wordcode (ARM)

1 ; ModuleID = "a.c’ 1 ; HoduleID = "a.mod.opt.arm.bc’
2 target datalayout = 2 target datalayout =

3 target triple = 3 target triple =
I L
T define i32(int) Emain{) nounwind { 5 define i32() @main{) nounwind {
6 entry: 6 entry:
%retval = allocali32({int) %retval = alloca|i32()
%q 4lloca double %q alloca double
%f = alloca float %F = alloca float
%e = alloca i64(longlong) %e = alloca i64()
%d = alloca i32(long) %d = alloca i32()
%C = alloca 1i32({int) %Cc = alloca i32{)
%b = alloca i16({short) %b = alloca i16¢)
%a = alloca i8{char)} %a = alloca i8{)
% alloca i32(int) o alloca i32()
% = bitcast i32() to i32() % = bitcast 1i32() to i32()
store i32(int}) 0, i32{int)= %0, align store i32() 0, i32()= %0, align
%1 = load i32({int)= %0, align %1 = load i32()= %0, align
store i32(int) %1, i32(int)= %retval, align store 132() %1, i32()= %retval, align
br label Zreturn br label %return
return:

%retval1 = load i32{int)= %retval
ret i32{int) %retwvald

return:
%retyvall = load i22()* %retval
ret i32() %retvalt
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Long Double Type

Input

Long
Double

Type

-

Target Independent
Wordcode

Intermediate
Representation

-

Target Dependent
Wordcode

X86_fp8o

IEEE_double

IEEE_quad
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Long Double Type

Target independent Wordcode

7 define 132{int) Emain{) nounwind {
8 entry:
%retval = alloca i32({int)
= alloca long_double
= alloca long_double

{132({int)=> [Huses=2]
<long doublex=> [#uses=7]
<long_doublex=> [#uses=>7]
= alloca long_double <long_doublex=> [#uses=2]
= alloca i32{int) {132{int)=> [Huses=2]
= bhitcast 1i32(} to i32¢{) ; €132()> [Huses=0]
store long_double 8xLABB00OOO0000006G810000000000000000CEF5C28F5C28F8008, long_doublex %a, align
store long double 8xLAABBAAAHAEOOOO6G81A000AOAB0AABB0AAECCCCCCCCCCCDAAB, long doublex b, align
load long_double= %a, align ; “long double> [#uses=1]

= 1load long double* %b, align ; <long_double’> [#uses=1]

fadd long double %1, %
tore long _double %2, long _double= %c, align
= 1load long_double* %c, align ; <long_double> [#uses=1]
= call 132{int}) {(i8{char)=, ...)= @printf{i8{char})+* noalias getelementptr inbounds {[7 = 1i8(
char})]= B.str, i32(int) 6, i32(int) 0), long_double %4) nounwind ; <i32{int)> [#uses=0]
store i32(int) O, i32(int)= %0, align
%6 = load i32{int)* %0, align ; €132{int)> [H#uses=1]
store i32(int) %6, i32{int)= %retval, align
br label Zreturn

<long double> [H#uses=1]

K] —



Long Double Type

Target dependent Wordcode (x86)

7 define i32{) Emain{) nounwind {
8 entry:
9 sretval = alloca i32()
18 %c = alloca =86 fp88
11 = alloca x86_fp8A
12 = alloca x86_Fp8A
13 = alloca i32{)
14 = bitcast 1i32() to i32()
1% store x86 Fp88 BxK4BOBCBFSC28F5C28F8A0, =86 Fp8A= %a, align
16 store x86 Fp88 BxK480BBCCCCCCCCCCCDOAB, xB86 Fp8A* Zb, align
17 = load xB6 fp8A* Za, align {x86_fpioa>
18 load x86 fp8O= %b, align {x86_ fp8a>
19 fadd =86 fp8B %1, % {86 _fp8a>
20 e xB6 FpBO %3, =86 fpBBx %c, align
21 load x86 fpB8O= %c, align ; <HAB6_ FpBHE> [#uses=1]
22 call i32{) {(i8{)=, ...}* Eprintf{(iB{)= nDEllHS getelementptr inbounds ([7 x 1i8()]* @.str,
i i nounwind ; <i32{)> [H#uses=

{132()*> [Huses=2]
<#A86_ fpBO=> [H#Huses=7]
<x86_fpBAx> [Huses=2]
<xX86_fpBAx> [Huses=2]
£132()*> [Huses=2]
£132{)> [Huses=0]

Result

jaykang1e:~/test$ ./b.org.x86
c=5.340000

jaykang18:~/test$ ./b_mod.opt.x86
c=5.3400080

I ——
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Long Double Type

Target dependent Wordcode (ARM)

7 define 132() Emain{) nounwind ¢
8 entry:
retval = alloca i32()
= alloca double
alloca double
= alloca double
alloca i32()
= bitcast i32({) to i32¢{)
store double 3.1480088e+00, double* %a, align
store double ?.20080088e+00, double* %b, align
= load double= %a, align {double’ [H#uses=1]
= load doublex %b, align {double’> [H#uses=1]
= fadd double %1, % <double’ [H#uses=1]
tore double %3, doublex %c, align
load doublex %c, align ; <double> [H#uses=1]
call 132() (i8{)*, ...)* Eprintf(iB()= nDEllES getelementptr inbounds ([7 % iB{)]=* B.str,
. 132() B), double %4) nounuwind ; <i32()> [Huses=0]

{132()=> [Huses=2]
<double=> [#luses=:]
<double=> [#luses=:]
<double=> [#luses=:]
{132()=> [Huses=2]
{132()> [Huses=0]

[sbox-FREMAWMTLE ARMEL: ™~] > .fb.org.arm
c=5.3400008

[sbox-FREMANTLE_ARMEL: ™] > ./fb.mod.opt.arm
c=5.3400008




Struct Type with Bitfield

Input

¥

struct foo

{
char a:4;
long long b:61,;
int ¢:30;

Target
Independent
Wordcode

Target
Dependent

Wordcode ARM

{ i4(char), i61(longlong), i130(int) }

<{i8, [7 x8], 164, 132, [4 x i8]}>

1
P
3
5
g
(i
i
8
o

return

X86

<{i8, [3 x i8], 64, i32 }>

K




Struct Type with Bitfield

Target independent Wordcode

1 ; HoduleID = ‘c.c’
2 target datalayout =

target triple =

%struct.foo = type|{ is(char), i61(longlong), i30{int) }

Buvar = global %struct.foo { i4{char) 1, i61{longlong) 2, i3B{int) ¥ ; <%struct.foox> [Huses=1]
B.str = private constant [ ¥ i8{char)] [1i8(char) ., 18{char)} ., 18{char} . 18{char)} . 1
8{char) . 18{char)} . 18{char)} ., 18{char)} ., 18{char)} ., 1B{char)} . 18{char)} . 1B{cha
r) 6], align : <0 X i8{char)]#*> [#uses=1]

define i32{int) Emain{) nounwind {
entry:

Bretwal = alloca i32(int) ; <132{int)*> [Huses=1]

% = bitcast 132() to i32{) ; €132()> [Huses=0]

%0 = oumresolving load i3@8{int)* getelementptr inbounds (%struct.foo= @uvar, i32() 4, |132()
align ; <138{int)> [#uses=1]

%1 = sext i2@{int) %0 to i32{int)} ; {132{int)> [Huses=1]

%2 = call 132{int) (i8({char)=, ...)* @printf{i8(char)=* noalias getelementptr inbounds ([
{char)]= @.sty, 132{(int) 6, i32(int) 0), i32{int) %1) nounwind ; <£i32{int)> [Huses=0]

br label %return

return: preds = %entry
Bretwvall = load i32{int)= Zretwval {132{int)> [#Huses=1]
ret i32(int) %retwvalit




Struct Type with Bitfield

Target dependent Wordcode (x86)

3 target triple =
n
5 %0 = type { i8({), i8(), i8(), i8(), i8(), iB({), iB(), i8(), i8(), i8(), iB(), i8(), iB(), iB(), i
B(), i8() }
6 %struct.foo =|type <{ i8(), [ x 18()], 164{), 132() }>
Fi
8 @var = global %06 { i8() 1, iB() O, iB() O, i8() o, i8() 2, i8() 0, i8({) 0, iB() 0, i8() 0, i8()
. i8() o, i8() o, i8() 3, i8() 0, i8() b, iB() ¥ 5 <%0%> [Hluses=1]
9 @B.str = private constant [ X i8()] c , align K | X 1iB()]*> [Huses=1]
18
11 define i32() Emain{) nounwind {
12 entry:
wretual = alloca i32() ; <132()=> [Huses=1]
% = bitcast 1i32() to 1i32() ; €i32()> [#uses=0]
%0 = load j32({)* getelementptr inbounds (%struct._foo= bitcast (%0* @uar to %struct._foo=), i32()
» (132{) 3)| align ; <132()> [#Huses=1]
shl 132{) %4, ; €132()> [fHuses=1]
ashr i32() %1, ; €132()> [#uses=1]
trunc i32() %2 to i38() ; <i368()> [#uses=1]
sext 130() <° to 132() ; <i32()> [Huses=1]
call i32() (i8()=, ...)* @printf{i8({)* noalias getelementptr inbounds ([ ¥ i8{)]= @B.str,
., 132() 8), i32{) %) nounwind ; <i32()> [#Huses=

Result

jaykang18:~/testy ./c.org.xB86
var.c = 3

jaykang18:~/test$ ./c.mod.opt.x86
var.c =




Struct Type with Bitfield

Target dependent Wordcode (ARM)

target triple =

%0 = type { i8(), i8(), iB(), iB(), i8(), i8(), i8(), iB(), i8(), i8(), iB(), iB(), i8(), i8(), 1
8(), i8(), i8(), i8(), i8(), i8(), [4 x i8()] }
%struct.foo =|type <{ i8(), [7 x i8()], i6a(), i32(), [4 x i8()] >

Bvar = global %0 { i8() 1, iB() 0, i8() o, i8() o, i8() 0, i8() 0, i8() o, i8() o, iB() 2, i8()

, 18() 6, i8() 0, 1i8() 6, i8{) o, i8() 0, i8() 6, i8{) =2, i8() 0, i8() 6, i8{) 6, [4 x i8()] zero
ipitializer } ; <%0x> [#luses=1]

@.str = private constant [ ¥ i8()] ¢ » align ; <[ ¥ 18()]*> [#uses=1]

define i32() EBmain{) nounwind {
entry:
sretuval = alloca i32() ; 4132({)=> [Huses=1]
% = bitcast i32{) to i32() ; <i32()> [#uses=0]
%0 = load i32{)= getelementptr inbounds {(%struct.foo* bitcast (%0* Quar to %struct.foo=), i32()
. A32() 3}, align 3 €i32()> [Huses=1]
shl i32{) %o, ; €i32()> [#uses=1]
ashr i32{) %1, ; <132()> [Huses=1]
trunc i32{) %2 to i38({) ; <i368()> [#uses=1]
sext i38{) %3 to i32() ; €i32()> [#uses=1]
call i32() (i8{)*, ...)* @printf(iB{)* noalias getelementptr i
., 132{) 8y, 1i32{) 24) nounwind ; <i32{)> [Huses=

nbounds ([ ¥ 1i8()]>* B.str,

[sbox-FREMAMTLE_ARHMEL: ~] > ./c.org.arm
var.c = 3

[sbox-FREMAMTLE_ARHMEL: ™~] > ./c.mod.opt.arm
var.c = 3
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Happy Hacking!
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