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Tracing case study - Node.js
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JS equivalent with floatArray

14 | JS equivalent with floatArray + DOM access

JS with Native-Function call

Operation per second (higher is better)

DOMMatrix perf (https://jsperf.com/dommatrix-perf/9)



Tracing case study - Node.js
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L 370 rorendevi omances g <ou ~TBecers — sah ramencey 8906 2274783 - #0-24
[ 2079] | Napi::Value::[EUFEEER () { —
9.113 us [ 2079) | Napi::Value::Typel();
©9.299 us [ 20791 | } ! ymb w/
[ 2079] | Napi::Value::ToNuaber() {
[ 2079) | Napi::Number: :Number() {
9.060 us [ 2079] | Napi::Value::Value(); Native Type
9.217 us [ 2079] | }
0.437 us { 2079} I } 3 Converting® #131
1.126 us 2079] | Napi::Nusber: :DoubleValue(); 2
2.579 us } 2079% I votve = Type Checking# '
2079] | Napi::Callbackinfo: :operator []() RS S A USRT
9.064 us [ 2079] | Napi::Value::Value(); Sa %
©.216 us [ 2079] | ) ¥+US.
[ 2079] | Napi::CallbackInfo::Env() {
9.965 us [ 2079) | Napi::Env::Env();
9.205 us [ 2079] | )}
[ 2079] | NativeTypeTraits::Nativevalue() {
[ 2079] | Napi::Value::[EDFERER() { e
9.079 us [ 2079] | Napi::Value::Type();
9.245 us [ 2079) | } T shumbe riE )
[ 2079] | Napi::Value::ToNumber() {
[ 2079] | Napi::Number: :Number{) {
' 9.063 us [ 2079] | Napi::Value::value();




Tracing case study - Node.js
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lets =sum([1, 2,3,4,5,6,7,8,9]);



Tracing case study - Node.js

H{E oto| Zr=0f| g2 15t= Sum gk - Javascript

function sum(elements) {
let s = 0;
elements.forEach(element =) { s += element; });
return s.

}



Tracing case study - Node.js

Hi < oto] ZrE0]| &2 15t= Sum &< - Node.js N-API

napi_value Sum(napi_env, napi_callback_info info) {

for (inti = 0; i {length; i++) {
napi_value element;
napi_get_element(env, i, &element);
napi_valuetype valuetype:;
napi_typeof(env, element, &valuetype);

double value;
napi_get_value_double(env, element, &value);

sum += value;

}

napi_value js_sum;
napi_create_double(env, sum, &js_sum);
return js_sum;



Tracing case study - Node.js
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napi_value Sum(napi_env, napi_callback_info info) {

for (inti = 0; i { length; i++) {
napi_value element;

rf
gl

napi_get_element(env, i, &element);
napi_valuetype valuetype:
napi_typeof(env, element, &valuetype);

double value;
napi_get_value_double(env, element, &value);

sum += value;

}

napi_value js_sum;
napi_create_double(env, sum, &js_sum);

rx
riot

return js_sum;




Tracing case study - Node.js

Javascript THol| 2]2HEl 2XS NativeOl|A AF25E7] il 10120k gL Ct

napi_value Sum(napi_env, napi_callback_info info) {

for (inti = 0; i  length; i++) {

napi_value element;
napi_get_element(env, i,

Get Javascript value

napi_valuetype valuetype;
napi_typeof(env, element,
double value;

element;

napi_get_value_double(env] napi_get_element(env, i, &element);

sum += value;

}

napi_value js_sum;
napi_create_double(env, sum, &js_sum);
return js_sum;




Tracing case study - Node.js
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napi_value Sum(napi_env, napi_callback_info info) {

for (inti= 0; i { length; i++) {
napi_value element;
napi_get_element(env, i, &element);

napi_valuetype valuetype.
napi_typeof(env, element,
double value;

Type checking

napi_get_value_double(en
sum += value;

}

valuetype:
napi_typeof(env, element, &valuetype):

napi_value js_sum;
napi_create_double(env, sum, &js_sum);
return js_sum;



Tracing case study - Node.js

NativeOflA{ ¢14k0] B ™ A} ZFE Javascriptl M A2 S EFY 22 HEROf BHLICE

napi_value Sum(napi_env, napi_callback_info info) {

for (inti= 0; i { length; i++) {

napi_value element;
napi_get_element(env, i, &element);
napi_valuetype valuetype;
napi_typeof(env, element, &valuetype).
double value;
napi_get_value_double(env, eleme
sum += value;

&value);

}

Type converting

napi_value js_sum;

valuetype;
napi_typeof(env, element, &valuetype):;

return js_sum;




Tracing case study - Node.js

Resolve : Chromium WebIDL to Node.js - automatic binding and checking

// N-API // WebIDL
napi_value Sum(napi_env, napi_callback_info info) { [Constructor]
for (inti= 0;i < length; i++) { interface Calculator {
napi_value element; double sum(sequence{long) elements);
napi_get_element(env, i, &element); |
napi_valuetype valuetype;
napi_typeof(env, element, &valuetype); // Native Code
double value; class Calculator {
napi_get_value_double(env, element, &value); public:
sum += value; double Sum(std::vector{int) elements) {
} int sum = 0;
napi_value js_sum; for (inti= 0; | € elements.size(); i++)
napi_create_double(env, sum, &js_sum); sum += elements]i]:
return js_sum; return sum;
} }

|



Tracing case study - Node.js

Resolve : Chromium WebIDL to Node.js - ignore type checking

// N-API // WebIDL
napi_value Sum(napi_env, napi_callback_info info) { [Constructor]
for (inti= 0;i < length; i++) { interface Calculator {
napi_value element; [ ] double sum(sequence<long) elements);
napi_get_element(env, i, &element); |
napi_valuetype valuetype;
napi_typeof(env, element, &valuetype); // Native Code
double value; class Calculator {
napi_get_value_double(env, element, &value); public:
sum += value; double Sum(std::vector{int) elements) {
} int sum = 0;
napi_value js_sum; for (inti= 0; | € elements.size(); i++)
napi_create_double(env, sum, &js_sum); sum += elements]i]:
return js_sum; return sum;
} }

|



Tracing case study - Node.js

421 5HS WebIDLE Node.jsoll A[2|5HEo0] FHit--

Project Bacardi

https://github.com/lunchclass/bacardi




Tracing case study - Node.js
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Motivation
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Motivation

DEX+E BytecodeZ ZEZ O|F0{AH LAATE L£0|
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method public static main([Ljava/lang/String;)V
registers 3

.prologue
Jine 19
sget-object vO, Ljava/lang/System;-)out:Ljava/io/PrintStream;

const-string v1, “Hello, world!"
invoke-virtual {v0, v1}, Ljava/io/PrintStream;-)>printin(Ljava/lang/String;)V

Jdine 20
return-void
.end method
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Motivation

You are right always
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Motivation

Everything grow up, except my salary

AOSP - art

Language Files Blank Comment Code Line
C 708 22952 28339 95886
C++ 735 44751 49065 325759
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LookupClass

ResolveClass
FindClassNolnit
FindClass
DefineClass

LoadClass
LinkClass

ResolveClass




Motivation
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LookupClass

ResolveClass
FindClassNolnit
FindClass
DefineClass

LoadClass
LinkClass

ResolveClass

LookupClass
ResolveClass
FindClassNolnit
FindClass
DefineClass

LoadClass
LinkClass

ResolveClass

LookupClass
ResolveClass
FindClassNolnit
FindClass
DefineClass

LoadClass
LinkClass

ResolveClass




Motivation - time is gold, friends

You are right always, but need time

Android
Open
Source

\ Y- Project



Motivation - time is gold, friends

Reverse Engineers St= uk210] HEAL 41

Binary




Motivation - time is gold, friends
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Motivation - time is gold, friends

re
T
4
z
3t
w

Reverse Engineerg 5t= ¥4t

Binar :
) Disk

Process

etwork

emory

2

Monitoring




/

ndroid
pen
ource
roject

Binary




Uftrace

Function tracer for user-space



Introduce UFTRACE

2 22t

$ gcc foobar.c

void bar() {
}

void foo() {
bar();
}

int main() {
foo():
}

<{bar):
ret

{foo):
call <bar)
ret

<{main):
call <foo)
ret



Introduce UFTRACE

Mo ANY HE ue| 2

$ gcc foobar.c

void bar() { <bar):

}
ret

void foo() { {foo):

bar();

} call <bar>
ret

int main() { {main):

foo():
} call <foo)

ret



Introduce UFTRACE

2 Ant 5tH ZAod2{7t mcount &S ‘A/dsl FLCH

—
ret
CEood: ® <mcount@plt):
N # record callee position
caii <par, o ret
ret
{rmain\:

caii <100,
ret



Introduce UFTRACE
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$ gcc foobar.c -o output

void bar(int arg) {
}

void foo(int arg) {
bar(arg);
}

int main() {
foo(0x10);
}

QAL 2t B WA

<{bar):
> # oIz} 2k uty)
ret

{foo):

> # QZ} 7} a7

call <bar) #9Iz} EL}7|l—
(]

<{main):
call {foo) #2IA} ELH7|—
ret




Introduce UFTRACE
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$ gcc foobar.c -0 output

void bar(int arg) {
}

: : Calling Convention
void foo(int arg) { ) OJZg|- 7+ 2jch

bar(arg):
}

- 52 2Hez 83

int main() {
foo(0x10); <{main):

) call {foo) #2I2Z} EL{7|—

ret




Introduce UFTRACE
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$ gcc foobar.c -o output

{bhard:
# QAL 2f Y|
ret

fond: Uftrace

#Hr 52 7|8
# 212t 2X 29 # QUR} 2k A Fst7| A
call <bar)> #©9I2} EL}j7|
ret

<{main):
call {foo) #9IA} EL}7|
ret




Uftrace

erformance

S 21U stctn 7145HH, Debugger2Ch 8517 ¥535| H&LICt

LLDB with python script : 0.277480 sec

Uftrace record with python script : 0.005210 sec

Uftrace record : 0.000532 sec
Compile with -pg : 0.000092 sec

Native : 0.000010 sec

Appendix A. benchmark



Uftrace visualization

$ uftrace dump --flame-graph -F clone_inlined_nodes > clone_inlined_nodes.flame
$ perl flamegraph.pl clone_inlined_nodes.flame > clone_inlined_nodes.svg

Resst Zoom Flame Graph Reset Search

cgraph.. ‘symtab_nod.. Vecexs (EHSTIENN BFOfilENEsuAm pr.  profile_count: :zero
can_remove_node_now_p_1 _praﬁle count::apply_scale

lop...
can_remove_node_now_p d.. inline_accou.. master. EyMESMN update_nondloned_counts
[done_inlined_nodes
inline_call

inline_always_inline_functions

Matched: 2.6%




Uftrace visualization support

$ uftrace dump --chrome -F clone_inlined_nodes ) clone_inlined_nodes.json

j chrome://tracing

e://tracing

erjson | View Options ”

EEn

us . . . . |1,319.99 ps |1,324.99 s

early_inliner
inline_always_inline_functions

inline_call

sielS 9z1S 9|l

function_summary::get clone_inlined_nodes
function_summary:get can_remove_node_now_p inline... update_noncloned_counts
hash_map:get_or_insert can_remove_node_now_p_1 profi... profile_count:apply_scale
hash_table:find_slot_with_hash i symtab_... prof... pro
h  has.. has.. | h..
h... h... si

si si

ERIEI




Uftrace visualization support

$ uftrace dump --graphviz -F clone_inlined_nodes > clone_inlined_nodes.dot
$ dot -Tpng clone_inlined_nodes.dot > clone_inlined_nodes.png

dump_callgraph_transformation




Tracing for profit

Android VM



Tracing for profit

Hello WorldE€ £215t= 2tthst ME 23S 243510 Tracing!

public class Main {
public static void main(String[] args) {
System.out.printin("Hello World!");

}
}

$ javac Main.java
$ dx --dex --output=classes.dex Main.class
$ zip Main.apk classes.dex

$ uftrace record -cp Main.apk Main



Tracing for profit

Results : 1,144,484 lines function call record

# DURATION TID FUNCTION

[ 99631] | main(4, 0x7ffc2b7a7bb8) {

0.595us [ 99631] | setvbuf():

0.922 us [ 99631] | operator new[](48) = 0x55b99858f5b0:;

0.415us [ 99631] | memset(0x55b99858f5b0, 0, 48) = 0x55b99858f5b0;
strncmp("-cp”,
strcemp(“-cp”,
strcemp(“-cp”,
strncmp(“Main.apk”,

0.305 us [ 99631] |

0.166 us [ 99631] |

0.198 us [ 99631] |
0 0.146 us[99631]|
1

1
2
3
4
5
6 147.427 us [ 99631] |
7
8
9
1
1 0.111 us [ 99631] |

1144476 0.088 us [ 99631] | art::
1144477 0.055us[99631] | std::__1::
1144478 0.060 us [ 99631] | std::__1::
1144479

1144480
1144481
1144482
1144483
1144484

0.078 us [ 99631] | std::__

0.063 us [ 99631] | std::__
0.150 us [ 99631] | std::_

strcemp(“Main.apk”,
strcemp(“Main.apk”,

1
0.053 us [ 99631] | std::__1::

1

1

"-XXlib:", 7) = 11:

"-classpath”) = 4;

ll_cpll) = 0;
"-XXlib:", 7) = 32;
"-classpath") = 32;
"-cp") = 32;

FaultManager::~FaultManager():

_vector_base();
vector_base();

_vector_base::~

vector_base::~

0.054 us [ 99631] | art: :IDWP: :JdwpOptions::~JdwpOptions();
0.052 us [ 99631] | std::__1::

__vector_base::~__vector_base();
__vector_base::~__vector_base();

unique_ptr::~unique_ptr();

::unique_ptr::~unique_ptr():
_1::unique_ptr::~unique_ptr():



Tracing for profit

Results : Chrome Tracing Viewer

o://tracing

Record || Save || Load | artjson

|«
- [99451] dalvikvmé4 (pid 99451)
» [99451] dalvikvm64




Tracing for profit

Results : Flamegraph

art::inter.. | || art::interpreter::DoCall
|| art::interpret.. MterpInvokeDirect
| art::inter. art::interpret..
| art::interpret.. art::interpret..
art::inter.. artQuickTolnte.. . |
MterpInvok.. [ ‘art::ArtMethod.. MterpInvokeDirect
art::inter.. | | art::interpret.. | | art::interpreter::Execute
art::inter.. [ ] art::interpret..
artQuickTo.. ]  MterpInvokeDir.  MterplnvokeSta.. | .
art::ArtMe.. | ‘a.. art::interpreter::Execute " " MterpInvokeVirtual
rt::Class.. | | @ art::interpreter::EnterInterpret.. i e | art::interpreter::Execute
art::Class.. |||l [} IF0E80 | |B/a. | @rtQuickToInterpreterBridge || art::interpreter::Artinterp
‘MterpGetOb.. | | ::ArtMethod::Invoke
| art:zinter..  (|§| 0§ | i a.. ::ClassLinker: :InitializeClass oc
| || art::inter.. i :ClassLinker: :Ensurelnitialized 3 .. |art::interpreter::Execute
ar. : :FindFieldID
art::ArtMe.. SRS [| artQuickToInterpreterBridg
ar.. |arti:Invok.. @R art::JavaVMExt::LoadNativeLibrary [l art::ArtMethod::Invoke
art::Invok.. art::Runtime::InitNativeMethods @ art::InvokeWithArgArray
art::.. art::Runtime::Start art::InvokeWithVarArgs
JNI CreatelavaVM

_INIEnv::CallStaticVoidMe
main




Tracing for profit

C21512| OfM|21 3t Interpreter YL|CE,




Tracing for profit

“Hello world”2] 2312 - 56.6%2| Interpreting} 36.2%2| Class Load2 2 0|2|ZIL|C}

art::inte..
MterpInvo.. [

| art:iinter.
art::inter..

| art:iinter.

art::inter..
MterpInvok..
art::inter..
art::inter..
artQuickTo..
art::ArtMe..

| art::Class..

Wil M |
HIIEL () art::Class.. || [} [IS0E=.
R ) RSN | | |
B0 )l fartzzinter. 1] §

| | art::inter..

MterplnvokeVi..
| art::interpret..
art::interpret.. art::Art..

| art::Cla..
| |

|| art:iinterpret..
art::interpret..
| art::interpret.. art::interpret..
artQuickTolnte..
art::ArtMethod..
|I art::interpret.. |I
] art::interpret..
B)  MterpInvokeDir.. | MterpInvokeSta.. |

art::interpreter::EnterInterpret..

| B a.. | artQuickToInterpreterBridge

- art::ArtMethod: :Invoke
::ClassLinker::InitializeClass
::ClassLinker::Ensurelnitialized

::FindFieldID

B0 | § EFEQUIEKTSR ar..
__

|| art::ArtMe..

ar.. || |art:iiInvok.. [@R art::JavaVMEXxt::LoadNativeLibrary
B ort::Invok.. arti:Runtime::InitNativeMethods

art::.. art::Runtime::Start
IJNI_CreatelavaVM

|l art::interprete
MterpInvokeDi

MterpInvokeVi
art:iinterpreter
| art::interpreter

_INIEnv::Callst



Tracing for profit

Flamegraph= 22lEl 2| Hoj|M2] &5 T ES B0 FL|C}

| art::interpreter: : Execute

|
ArtInterpreterTolnterpreterBridge |art.. | Mter.. | [|§ MterpGetObjStatic
::DoCall lart::i ]

Mte.. | | E i | |||
] Il
I
|

art::interpreter: ;ArtInterp..

art::interpreter: :Execute
terpreter: : ArtInterpreterTolnterpreterBridge
rinterpreter: :DoCall | art::interpreter::EnterInterpreterFromEntryPoint
| artQuickToInterpreterBridge

art::interpreter: :EnterInterpreterFromEntry Point
artQuickToInterpreterBridge
art: ArtMethod InvuPe

Function: a Matched: 5



Tracing for profit

o o] F210 2 |nterpreting0|] 0| 3| 2| = PathS 2H4&LICt

Interpreting Path

MterpinvokeDirect
art:linterpreter::Execute

art::interpreter::ArtinterpreterTolnterpreterBridge
art::interpreter::DoCall

IESTBInVOKEDIFECEMI terpIputObject

art::interpreter::Execute

art::interpreter::Execute
tInterpreterTolnterpreterBridge



Tracing for profit

2 Exl AA HaLOZIS 5F A OIfh=
Uftrace TUIE S5ll 24 E2iS e 4+ AUCH= A!
| TOTAL TIME : FUNCTION /% ) i
5.536 us [:l) art::interpreter::Execute * Handle a "super method call.
b 4
51.530 m 1) MterplnvokeDirect ¥ for: invoke-super, invoke-super/range
51.530 *(1) art::interpreter::Execute x/ ‘
/x op vB, [vD., vE. vF. v, vAl, classRCCCC x/
o s========== Call Grah SS======== /% op vAA, {vCCCC..v(CCCC+AA-1)}, meth®BBBB x/
8 4 art': ::ResolveMethod /% - %/
82. ) art: ClassLmker :ResolveMethod .balign 128 )
18.547 us -€242) art::ClasslLinker::Resolvelype .L_op_invoke direct: /% 0x70 %/
3.347 us (2) art Clas‘.Lmker :LookupResolvedType /% File: x86 64/0p_invoke direct.S x/
0.144 us I:(Z) art. Comput eModi f i edUt f 8Hash ;* File: x86 64/invoke.S ¥/
b 4
1.937 us 2) art::Classlinker: :LookupClass ¥ Generic invoke handler wrapper.
1.507 us 2) art::ClassTable: :Lookup x/ } :
1.113 us : 2) art::HashSet::FindIndex ) /x op vB, IvD. vE. vF. vG, vAl, classeCCCC */
0.716 us : 2) art::mirror::Class::Descriptorfquals /% op [vCCCC. .v(CCCC+AA-1)]. meth®BBRB %/
0.090 us 2) art::mirror::Class::GetClassDef .extern MterplnvokeDirect
EXPORT_PC
63.456 us —§242) art::mirror::Class: :FindClassMethod movaq rSELF,
17.856 us : 37; art::Signature: :operator== leaq OFF FP SHAUO”FRAIE(rFP) OUT_ARG1
1.225 us (21) art::StringPiece::find mova rPC, OUT_AR
REFRESH_INST 112
305.938 m —€1194) art::interpreter::DoCall movl  rINST, OUT_32_ARG3
68.811 us -€1194) art::Classlinker: :ShouldUselnterpreterEnt <t:alt|b xaIB()i"(lllterplnvoke[)nrect)
es
304.750 m —€1163) art: mterpreter::ArtlnterpreterTolnterpr MterpExceDtlon
58.624 us : 1163) art::GetStackOverf |owReservedBytes ADVANCE PC 3
call  “SYMBOL(MterpShouldSwitchinterpreters)
304.333 m 1163) art::interpreter::Execute testb %al, %al
119.970 us 2270) ItcrpShouIdSwitchlntcrprcters F'E\%CH INg%crpFallback
60.189 us 1222) MterpSetUpHotnessCountdown GOTO_NEXT




Tracing for profit

36.2%2| Class Load, Class A|=

GI

MterpInvokeVi..

art::inte..
MterpInvo.. ] | art:
| art::inter. art:

arc:iint..
jinterpret..  [EREQUICKENY| @ty
rt:Art.  @rte

linterpret..

|| ‘art:

linterpret..

art::
artiiinter.. | art::Cla.. art..
moeee | |-

| art::inter. art::interpret..

| art:

art::inter.

interpret.. art::interpret..

artQuickTolnte..

MterpInvok.. [

arti:inter..

art::interpret.. |

art::inter. [ |

art::interpret..

artQuickTo.. | #)  MterpInvokeDir. MterplnvokeSta.. |

art::ArtMe.. |

art::Class.. | l | - art:

interpreter: :EnterInterpret..

art::Class.. |||l |} IFIE0 | |Ba.. |[artQuickTolnterpreterBridge

|| S | (0 et

| Ertinteraiy| ji B |art:iC.. @R a.. | art:
|| art::inter.. art:
art:

ArtMethod::Invoke

:ClassLinker::InitializeClass
:ClassLinker: :Ensurelnitialized
:FindFieldID

[art:iInvok.. @R art::JavaVMExt::LoadNativeLibrary
art::Invok.. arti:Runtime::InitNativeMethods

art::.. art::Runtime::Start
JNI CreatelavaVM

| art::interprete
MterpInvokeDi

MterpInvokeVi
| art::interpreter
|| art::interpreter

_INIEnv::CallSH



Tracing for profit

Class7} E&|= PathS &t&L|CH

Class Path

art::ClassLinker::LinkinterfaceMethods
art::ClassLinker::LinkMethods
art::ClassLinker::LinkClass
art::ClassLinker::DefineClass
art::ClassLinker::FindClass

B art::C.. art::MethodNameAndSignatureComparator: :HasSameNameAndSignature
[art.. art::ClassLinker::LinkInterfaceMethods a.. =
artiiClassLinkersiLinkMethods . amal
art::ClassLinker::LinkClass
art::ClassLinker::DefineClass
art::ClassLinker::FindClass



Tracing for profit

Uftrace TUIE S35l 44 Bet2!1 ofojjo| 3!

TOTAL TIME : FUNCTION
sz====z==z==z= (all Graph Sossosssss
66.328 : (b rt::Classlinker::FindClass
28.439 us : h89) art::Thread: :AssertNoPendingbxcept ion
42 686 us : —571) art::ComputeModif iedUtf8Hash
368.431 us —571) art::ClassLinker: :LookupClass
265.979 us (570) art::ClassTable: :Lookup
172.374 us (570) art::HashSet::FindIndex
106.421 us : (253) art::mirror::Class: :DescriptorEquals
11.443 us : [i236) art::mirror::Class: :GetClassDef
0.417 us : 6) art::Primitive::Descriptor
220.261 us : —491) art::0atDexFile::FindClassDef
77.786 us (409) art::TypelookupTable::IsStringsEquals
63.938 —396) art::ClasslLinker::DefineClass
63.411 us -£1188) art::Runtime::GetRunt imeCal Ibacks
102.293 us : —396) art::RuntimeCal Ibacks: :ClassPreDef ine
18.337 us : (396) art::ClassloadCal Iback: :ClassPreDef ine
247.186 us : —396) art::ClassLinker::RegisterDexFile
173.648 us : (396) art::Thread: :DecodeJObject
M7.417 us : (396) art::Java¥MExt : :DecodeWeakGlobal
30,997 us : (396) art::IndirectReferenceTable: :GetChecked
24.893 us : €396) art::mirror::Class: :SetDexCache
291.060 us : —£396) art: :ClasslLinker: :Setup(lass
19.688 us : [i398) art::mirror::Class: :SetClassloader
34.267 us : 396) art::mirror::Class::SetStatus

mirror:

:FindClass(Thread* self,
const char¥ descriptor,
Handle<mirror::ClasslLoader> class_ loader)
"¥0°) << “descriptor is empty string”;

:Classx ClasslLinker:

DCHECK_ME(*descriptor,
DCHECK(self !'= nullptr);
self- >AssertNOPend|ngExcept|0n();
self- >P0|50n0bjectP0|nters // For DefineClass, CreateArrayClass, etc...
if (descriptor[1] ==
/7 only the descrlptors of primitive types should be 1 character long. also :
/¢ for primitive classes that aren’t backed by dex files.
return FindPrimitiveClass(descriptor[01)

const size_t hash = ComputeModifiedUtf8Hash(descriptor);
// Find the class in the loaded classes table.
ObiPtr<mirror::Class> klass = LookupClass(self, descriptor,

hash, class_loader
if (klass != nullptr) I

return EnsureResolved(self, descriptor, klass);
// Class is not vet |oaded.
if (descriptor[0] '= [ &% class_loader == nullptr) {

/ Mon-array class and the boot class loader, search the boot class path.
ClassPathEntry pair = FindInClassPath(descriptor, hash, boot_class_path_)
if (pair.second '= nullptr

return Def ineClass(self,
descriptor,
ash,
ScopedNul IHandle<mirror: :ClassLoader> (),
*pair.first,
¥pair.second);

} else {
/¢ The boot class loader is searched ahead of the application class loader
/¢ expected and will be wrapped in a ClassNotFoundException. Use the pre-a

/7 trigeser the chaining with a proper stack trace.
ObjPtrimirror::Throwable> pre allocated =
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Hello world!

# direct methods
method public constructor <init)()V
.registers 1

.prologue
Jdine 17
invoke-direct {p0}, Ljava/lang/Object;-><init>()V
return-void
.end method

method public static main([Ljava/lang/String;)V
.registers 3

.prologue
Jline 19
sget-object vO,
Ljava/lang/System;->out:Ljava/io/PrintStream;
const-string v1, "Hello, world!"
invoke-virtual {v0, v1},
Ljava/io/PrintStream:-)printin(Ljava/lang/String:)V
Jline 20
return-void

.end method

ScopedLocalRef{jclass) klass(env, env-)FindClass(class_name.c_str())):
if (klass.get() == nullptr) {
fprintf(stderr, "Unable to locate class ‘%s'¥n", class_name.c_str());
env-)ExceptionDescribe();
return EXIT_FAILURE;
}

jmethodID method = env-)GetStaticMethodID(klass.get(), “main”,
"([Ljava/lang/String;)V");
if (method == nullptr) {

fprintf(stderr, "Unable to find static main(String[]) in *'%s'¥#n",
class_name.c_str());

env-)ExceptionDescribe();

return EXIT_FAILURE;
}

// Make sure the method is public. JNI doesn't prevent us from
// calling a private method, so we have to check it explicitly.
if (1lsMethodPublic(env, klass.get(), method)) {

fprintf(stderr, "Sorry, main() is not public in '%s'Wn",
class_name.c_str());

env-)ExceptionDescribe();

return EXIT_FAILURE:
}
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static inline __attribute__((always_inline)) char *get_msg()

{

char str[64] = Wn":
: return (char *)str; $ Jcompile_by_gcc

Segmentation fault (core dumped)

int main()
{ char *p; $ ./compile_by_clang

p = get_msg(): Hello world

puts(p):

return O;
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Clang2}

push
mov
sub

H|@aHg &Lt

%rbp
%rsp,%rbp
$0x50,%rsp

movabs $0x6f77206f6c6c6548, Y%rax

mov $0xa646c72,%edx
mov  %rax,-0x50(%rbp)
mov  %rdx,-0x48(%rbp)
movq $0x0,-0x40(%rbp)
movq $0x0,-0x38(%rbp)
movq $0x0,-0x30(%rbp)
movq $0x0,-0x28(%rbp)
movq $0x0,-0x20(%rbp)
movq $0x0,-0x18(%rbp)
mov $0x0,%eax

mov  %rax,-0x8(%rbp)
mov -0x8(%rbp), %rax
mov  %rax, %rdi

callg 0x400430 {puts@plt)
mov $0x0,%eax
leaveq

retq

Gcc

push %rbp

mov  %Trsp, %rbp

sub $0x60,%rsp

lea -0x40(%rbp),%rax
movl $0x0,-0x44(%rbp)
mov % rax, %rcx

movaps 0x103(%rip), %exmmO0
movaps %xmmO0,0x30(%rcx)
movaps 0xe8(%rip), %oxmmO
movaps %xmmO0,0x20(%rcx)
movaps 0xcd(%rip), %oxmmO0
movaps %xmmO0,0x10(%rcx)
movaps 0xb2(%rip), %xmmO0
movaps %xmmO0,(%rcx)
mov  %rax,-0x50(%rbp)
mov -0x50(%rbp), %rdi
mov $0x0,%al

callg 0x400410 {puts@plt>
xor %edx, %edx

mov %eax,-0x54(%rbp)
mov %edx, %eax

add $0x60,%rsp

pop %rbp

retq

# 0x400650
# 0x400640
# 0x400630

# 0x400620
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Gcec Y LIO|A| 02 HOf---

push %rbp

mov  %rsp,%rbp

sub $0x50,%rsp

movabs $0x6f77206f6c6c6548, %rax
mov $0xa646c72,%edx
mov  %rax,-0x50(%rbp)
mov  %rdx,-0x48(%rbp)
movq $0x0,-0x40(%rbp)
movq $0x0,-0x38(%rbp)
movq $0x0,-0x30(%rbp)
movq $0x0,-0x28(%rbp)
movq $0x0,-0x20(%rbp)
movg $0x0.-0x18(%rbp)
mov $0x0,%eax

mov  %rax,-0x8(%rbp)
mov -0x8(%rbp), %rax
mov  %rax, %rdi
C
mov $0x0,%eax
leaveq

retq

mov $0x0,%eax
mov %rax,-0x8(%rbp)
mov -0x8(%rbp), %rax
mov %rax, %rdi

Why?
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static inline __attribute__((always_inline)) char *get_msg()
{

char *str = "Hello worldWn";

return str.

}

int main()
{
char *p;
p = get_msg():
puts(p):
return O;
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static inline __attribute__((always_inline)) char *get_msg()

{
char *str = Wn";
return str. .
} $ ./compile_by_gcc
Segmentation fault (core dumped)
int main()
{
char *p: $ ./compile_by_clang
"[;]'"** '““.‘“ Segmentation fault (core dumped)
p[1] =a";
puts(p).

return O;
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I & HAFSHOF 5Lt? #1 - “Hallo world’E &35t A2H2...

static inline __attribute__((always_inline)) char *get_msg()

{

char *str =
return str;

}

int main()

{
char *p.
p = get_msg
p[1] ="a",
puts(p).
return O;
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IS E B of StLL? #1 - 2AtE2 Const Char * @22 Data Sectionol] 2{%

static inline __attribute__((always_inline)) char *get_msg()

{
char *str = ‘| Const char *
return str.
} $ objdump -s compile_by_gcc
int main() .(E.ontents of section .rodata:
{ 4005f0 01000200 48656¢c6¢c 6f20776f 726¢c640a ....Hello world.
char *p; 400600 00
p= get_msg( y
p[1] ="a".
pUuts(p):
return O;
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IS HZGHOF 5tLt? #2 - S &Y

static inline __attribute__((always_inline)) char *get_msg()

{

const char *str = "Hello worldWwn";

char *p = malloc(strlen(str));

strcpy(p, str).
return p.

}

int main()

{
char *p;
p = get_msg():
pastsln
free(p):
return O;
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ZHO|2 Q1 F2517] - Warning HIA|A|E U272 A}

$ gccinline.c

inline.c: In function ‘get_msg:

inline.c:6:9: warning: function returns address of local variable [-Wreturn-local-addr]
return (char *)str;
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10105 tree

10106 c_finish_return (location_t loc, tree retval, tree origtype)

10227 case ADDR_EXPR:

10228 inner = TREE_OPERAND (inner, 0);

10229

10230 while (REFERENCE_CLASS_P (inner)

10231 && !INDIRECT_REF_P (inner))

10232 inner = TREE_OPERAND (inner, 0);

10233

10234 if (DECL_P (inner)

10235 && IDECL_EXTERNAL (inner)

10236 && ITREE_STATIC (inner)

10237 && DECL_CONTEXT (inner) == current_function_decl)
10238 {

10239 if (TREE_CODE (inner) == LABEL_DECL)

10240 warning_at (loc, OPT_Wreturn_local_addr,

10241 "function returns address of label");

10242 else

10243 {

10244 warning_at (loc, OPT_Wreturn_local_addr,

10245 "function returns address of local variable");
10246 tree zero = build_zero_cst (TREE_TYPE (res));
10247 t = build2 (COMPOUND_EXPR, TREE_TYPE (res), t, zero):
10248 }

10249 }

10250 break:
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strO| return A| 00| &£|= O|]-7} o|H&L|Ct,

static inline __attribute__((always_inline))
char *get_msg()

-
‘
char str[64] = Wn": Declaration?

return statement

operand

ol 00] Zoju!
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10105 tree

10106 c_finish_return (location_t loc, tree retval, tree origtype)

10227 case ADDR_EXPR:

10228 inner = TREE_OPERAND (inner, 0);

10229

10230 while (REFERENCE_CLASS_P (inner)

10231 && !INDIRECT_REF_P (inner))

10232 inner = TREE_OPERAND (inner, 0);

10233

10234 if (DECL_P (inner)

10235 && IDECL_EXTERNAL (inner) (0]

10236 && ITREE_STATIC (inner) mov $0X0' Aeax
10237 && DECL_CONTEXT (inner) == current_function_dl mov  %rax -0)(8(% rbp)
10238 { :

10239 if (TREE_CODE (inner) == LABEL_DECL) mov -0x8(%rbp), %rax
10240 warning_at (loc, OPT_Wreturn_local_addr, o o .
10241 "function returns address of label"); mov A’ raX, A’ rdl
10242 else

10243 {

10244 warning_at (loc, OPT_Wreturn_local_adg

10245 "function re s of loca

10246 tree zero = build_zero_ cst (TREE_TYPE (res))

10247 t = build2 (COMPOUND_EXPR, TREE_TYPE (res), t, zero):
10248 H

10249 }

10250 break;



Tracing For Fun

el inline function |3 & 5|7 %ES72

(gdb) ptype tree

tree_node {
tree_base base:
tree_typed typed:
tree_common common;
tree_int_cst int_cst:
tree_poly_int_cst poly_int_cst:
tree_real_cst real_cst:
tree_fixed_cst fixed_cst:
tree_vector vector;
tree_string string;
tree_complex complex:
tree_identifier identifier. =
tree_decl_minimal decl_minimal: Tree_ n o d e S
tree_decl_common decl_common: o o =
tree_dec|_with_rtl decl_with_rtl; function = —T'd' 75," o |'
tree_decl_non_common decl_non_common;
tree_parm_decl parm_decl;
tree_decl_with_vis decl_with_vis:
tree_var_decl var_decl
tree_field_dedl field_decl:
tree_label_decl label_decl

tree_result_decl resul_t_de:cl: t re e_f u n Cti O n — d e C I

tree_const_decl const_decl:

o
tree_function_decl function_decl: fu n Ctl O n — b a Se
ucc_uansiauun_uint_ucu uansiauun_unit_decl;
tree_type_common type_common;
tree_type_with_lang_specific type_with_lang_specific;
tree_type_non_common type_non_common;
tree_list list:
tree_vec vec;
tree_exp exp:
tree_ssa_name ssa_name;
tree_block block:
tree_binfo binfo:
tree_statement_list stmt_list;
tree_constructor constructor;
tree_omp_clause omp_clause;
tree_optimization_option optimization:
tree_target_option target_option;

}*
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stro] £8t &4 get_msgOll= inline_flagZ} set%|0] QL &L|Ct

static inline  attribute ((always inline))

Current_function_decl.function_decl
static_flag = 1 || declared_inline_flag = 1

return statement

Valid
Declaration?

tree_base base;

operand

static_flag =0

0|4 00| Tojuy
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alA SHA HERYSEELICH

if (DECL_P (inner)
&& IDECL_EXTERNAL (inner)
&R ITREE STATIC (innar)

&& IDECL_DECLARED_INLINE_P(current_function_decl)
QA& VELL_CLUNIEAL (INNer) == current_runcuon_aeci)

10237 && IDECL_DECLARED_INLINE_P(current_function_decl)

1UZ50 ad ' IKCC_DI1AILIC \INnner)

10237 &8& DECL_CONTEXT (inner) == current_function_decl)

10238 {

10239 if (TREE_CODE (inner) == LABEL_DECL)

]8%:(1) warning_at (loc, OPT_Wreturn_IocaI_add)r;, return 5E| tree7} 'i\'.%_
10242 else inline 2& {oig|0] Yo
10243 { O 2 HILA| O]
10244 warning_at (loc, OPT_Wreturn_local_addr, 0 I-Jll I I- 1' )
10245 ):

10246 tree zero = build_zero_cst (TREE_TYPE (res));

10247 t = build2 (COMPOUND_EXPR, TREE_TYPE (res), t, zero)

10248 }

10249 }

10250 break:
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oj#? 2|A3} SM S FH “Hello world”7} 20| QHEIL|CH

$ gccinline.c -o 1st_code_modify
$ ./1st_code_modify
Hello world

$ gcc -0O1 inline.c 1st_code_modify
$ ./1st_code_modify



push %rbp
mov  %rsp,%rbp
sub $0x50,%rsp

movabs $0x6f77206f6c6c6548, %rax

mov $0xa646c72,%edx
mov  %rax,-0x50(%rbp)
mov  %rdx,-0x48(%rbp)
movq $0x0,-0x40(%rbp)
movq $0x0,-0x38(%rbp)
movq $0x0,-0x30(%rbp)
movq $0x0,-0x28(%rbp)
movq $0x0,-0x20(%rbp)
movq $0x0,-0x18(%rbp)
mov $0x0,%eax

mov  %rax,-0x8(%rbp)
mov -0x8(%rbp), %rax
mov  %rax, %rdi

callg 0x400430 {puts@pltd
mov $0x0,%eax
leaveq

retq

push
mov
sub

movabs $0x6f77206f6c6c6548, %rax

mov
mov
mov
movq
movq
movq
movq
movq
movq

%rbp
%rsp,%rbp
$0x50, %rsp

$0xa646c72,%edx
%rax,-0x50(%rbp)
%rdx,-0x48(%rbp)
$0x0,-0x40(%rbp)
$0x0,-0x38(%rbp)
$0x0,-0x30(%rbp)
$0x0,-0x28(%rbp)
$0x0,-0x20(%rbp)
$0x0,-0x18(%rbp)

lea -0x50(%rbp),%rax

mov
mov
mov
callq
mov

%rax,-0x8(%rbp)
-0x8(%rbp), %orax
%rax, %rdi

0x400430 {puts@pltd

$0x0, %eax

leaveq

retq

sub $0x48,%rsp

mov  %Trsp, %rdi

callq 0x400430 {puts@plt)
mov $0x0,%eax

add $0x48,%rsp

retq
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0 o] E|tH2|H str& AHCHZ BrekstA| skt 85
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push %rbp

mov  %rsp,%rbp

sub $0x50,%rsp

movabs $0x6f77206f6c6c6548, %rax
mov $0xab646c72,%edx

push %rbp

mov % rsp, %rbp

sub $0x50,%rsp

movabs $0x6f77206f6c6c6548, %rax
mov $0xa646c72,%edx

mov %rax,- (%rbp) mov  %rax,- (%rbp)
mov  %rdx, - (%rbp) mov  %rdx,- (419
movg $0x0,- (%rbp) movg $0x0,- (%rbp)
movg $0x0,- (%rbp) movg $0x0,- (%rbp) sub  $0x48,%rsp

0, 0, H
movq $0x0,- (%rbp) mov  %rsp, %rdi

movg $0x0,- (%rbp)
movq $0x0,-0x28(%rbp) callq {puts@plt)

movg $0x0,- (%rbp)

i i mov  $0x0,%eax

movq $0x0 (%rbp) movq $0x0 (%rbp) add  $0x48.%rsp
retq

mov $0x0 % eax lea -0x50(%rbp), %rax

mov mov - JoTDP), Jorax

mov  %rax, %rdi mov % rax %rd|

callg {puts@plt> callg {puts@plt>

mov  $0x0,%eax mov $0x0,%eax

leaveq leaveq

retq retq



F
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int main() int main()
{ {
char*p; charstr[64] = "Hello worldWn";
p = nullptr; char *p = str;
puts(p): puts(p):
return O; return O;
}

int main()

{

char str[64];
puts(str);
return O;
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$ gcc -O1 -fdump-tree-all-details inline.c

.» Function get_msg (get_msg, funcdef_no=0, decl_uid=1792, cgraph_uid=0, symbol_order=0)
Deleted dead store: str = “Hello world¥n";
__attribute__((always_inline)) get_msg ()
{
char str[64];
<bb 2> [0.00%]:
str ={v} {CLOBBER};
return &str;

}

.» Function main (main, funcdef_no=1, decl_uid=1796, cgraph_uid=1, symbol_order=1)
main ()
{

char str[64];

char » D.1810;

char * p;

<bb 2> [100.00%]:
str ={v} {CLOBBER};
puts (&str);

return O;
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$ gcc -O1 -fdump-tree-all-details inline.c

' Function ast_mca (aet_msca_funcdef no=0_decl_uid=1792, cgraph_uid=0, symbol_order=0)
Deleted dead store: str = "Hello world#n";

__atluivuic__\\aivway>_1i 1 1I€)) YcuL_Iiny \J

{

char str[64];

<bb 2> [0.00%]:
str ={v} {CLOBBER};
return &str;

}

inline.c.040t.dse1
Deleted dead store: str = "Hello world¥n";

;» Function main (main, funcdef_no=1, decl_uid=1796, cgraph_uid=1, symbol_order=1)
main ()
{

char str[64];

char * D.1810:

char * p;

<bb 2> [100.00%]:
str ={v} {CLOBBER};
puts (&str);

return O;
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st
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$ uftrace record W

-01 -fdump-tree-all-details W
inline.c
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re
d0
£
i

N
ujo
i

$ uftrace replay ) replay.log

$ wc -lc replay.log
4157866 line 392760323 charater replay.log

$ grep "Deleted” -B2 replay.log

[110797] | delete_dead_assignment(0x7ffe0825b230) {
[110797] ]  gsi_stmt();

[110797] | fwrite(" Deleted dead store: ") = 22;
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Uftrace TUIE Set 224 Hal24! - delete_dead_assignment ZH4

| TOTAL TIME FUNCT [OM |

1. 322 us —2) _dl_relocate_static_pie

0,168 us (2} _dl_relocate_static_pie
79,360 us ; 1) _GLOBAL __sub_|_last_id
T9.082 us ¢ {1} __static_initialization_and_destruction_0
T1.531 us =10 mem_al loc_description: ‘mem_al loc_description

5.846 us ¢ 3) operator new

2.083 us (3 malloc
BE.906 us : L£3) hash_map: : hash_map
56,033 us ¢ {3) hash_table: 'hash_table

4,912 us FH33 hash_table_higher_prime_indsx
42,725 us ; 3] hash_table! |guaaaoeaaaaaaascsosooaaaaaacs s aaE deaaaaaaaaasaEa daaaaaaaaacsaEaaaaaaaaadasaaaak
11.295 us 3) xcal locaxSearch function: *
4,297 us ¢ (3) xcalloc x (press ESC to exit) %
2.B09 us (3) calloc x %
i e x

26.083 us ¢ L£39) hash_tax delete_dead_assiagnmentg ®
18 472 us ¢ (39) hash_max %
13.318 us (39) RN (['sJ P3| ls]eal e/al e a s laas [a auls e/ ts alule laa s laa o la[aluls e els el oo oo & Lelelslelelsla a6 oo 6 las slslele s elels e o o la s oo e s e e ]
1.736 us ¢ (39) pointer_hash: @ mark_empty

0.165 us : L£1) __cxa_atexit
39.290 us : A1) _GLOBAL __sub_ | _bitmap_mem_desc
39.143 us ¢ {1} __static_initialization_and_destruction_0
b I o o Y 8 I_t(_'l‘lw | | -] »—:nt: ki | | | PR S
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delete_dead_assignment S &Y4&L|CH

TOTAL TIME @ FUMCTION

0,339 us (1) is_aimple_assian

0,105 us (1) aimele_code

3.294 us : €21 gimple_get_lhs

0,163 us F23 aimple_code

2.074 us ; £y gimple_assian_lhs
1.092 us 21 GIMPLE_CHECKZ
0,431 us (2) as_a

0,095 us (2) is_a_helper:  cast
0,121 us £y gimple_assian_lhs
0,697 us ; 1) stmt_can_thraow_internal
0,087 us (13 stmt_could_throw_pe
0.128 us : 1) handled_component_g

; €13 delete_dead_ass ignment

0,054 us 17 asi_stmt

0.405 us : HE1) furite
54,432 us 1) print_gimple_stmt

B.873 us 1) pretty_printer:  prettv_printer
0,808 us 17 xcal loc

0,329 us (1) calloc

[ PN [ I Y
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AATES 22 4 US U N1 UF|S 52| 49| #42 0| SELICH

TOTAL TIME @ FUMCT IOM

301,968 us (12) dse_dom_wa lker: :dse_optimize_stmt
0.619 us F12) gsi_stmt

16.375 us 5 (12) gimple_vdef
4 589 us : =3 gimple_has_wolatile_ops

20,436 us :  P(5) gimple_clobber_p

S ws 8 LARD afipleseshnlis dse_dom_walker::dse_optimize_stmt
35.591 us =4y initialize_ao_ref_for_dse

0,475 us : (1) gimple_call_builtin_p

0,240 us 13 is_gimele_assign delete—dead—aSSIgnment

0.673 us E (13 gimple_assian_rhsi
2 0BF us =13 cperand_equal _p
34 533 us 5 1) zetup_|ive_bytes_from_ref
73,969 us 5 (1) dse_classify_store
I c1) delete_dead_assignment

"0.054 uz : 17 gsi_stmt
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St H . 5} pass_dse Of] =EFSHA| ElL|C}

TOTAL TIME @ FUNCTIOM
v=== Function Call Graph for '_GLOBAL__M_1:!pass_dse:: execute' ===
i ========== Back—trace ==========

408 . B05 us ¢ 20 _GLOBAL__MN_1::pass_dse!:execute

408,805 us @ [m(2) execute_one_pass

ISSS:% 5wt e | _GLOBAL__N_1::pass_dse::execute
== 02| Gresh ————

B11.536 us © (4) _GLOBAL__N_1::pass_dse!:execute

2,080 us |'b’(4:' bitmap_ocbstack_al loc_stat dse_dom_walker::dse_optimize_stmt
33.851 us E B4y renumber_gimple_stmt_uids

174.083 us ; (53 calculate_dominance_info .
: delete_dead_assignment

(4) dse_dom_walker: dse_dom_walker

343.550 us i WM(4) dom_walker: iwalk
2 B89 us 023 dze_dom_walker: : ~dse_dom_walker
0.334 us :  H4) bitmap_emoty p
1.393 us i W) bitmep_chstack free

uftrace araph: ../, /ace—T.3.0/0cc/tree—ssa—dse.c [|ine:B39]
vi—  liuftraces
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/* This file implements dead store elimination.

A dead store is a store into a memory location which will later be
overwritten by another store without any intervening loads. In this
case the earlier store can be deleted.

In our SSA + virtual operand world we use immediate uses of virtual
operands to detect dead stores. If a store’s virtual definition

is used precisely once by a later store to the same location which
post dominates the first store, then the first store is dead.

The single use of the store's virtual definition ensures that

there are no intervening aliased loads and the requirement that

the second load post dominate the first ensures that if the earlier
store executes, then the later stores will execute before the function
exits.

It may help to think of this as first moving the earlier store to
the point immediately before the later store. Again, the single
use of the virtual definition and the post-dominance relationship
ensure that such movement would be safe. Clearly if there are
back to back stores, then the second is redundant.

Reviewing section 10.7.2 in Morgan's "Building an Optimizing Compiler”

may also help in understanding this code since it discusses the
relationship between dead store and redundant load elimination. In
fact, they are the same transformation applied to different views of
the CFG. */

DSE(Dead Store Elimination)

tree-ssa-dse.c
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|-)ll

X5t ZAIsta H|w/

A2t= Sk

Z| A s} Ufj=2o0|2}H

{

static char *get_msg()

char str[64] =

Hello world¥n

return (char *)str

}
int main()

{

}

char *p;
get_msg();

puts(p):
return O;



{

{

Tracing For F
z| s} ujZo|2tH z|XMelF StA| 51| 22|52 v]w/=QlsH 5712
static char *get_msg() static char *get_msg()
volatile char str[64] = Wn", har str[64] = Wwn";
ar *)str; (char *)str;
- 22| =| 2=} U2 22| =X}
in
char *p;
get_msg();
puts(p):
return O;

char *p
get_msg();

puts(p):
return O;

}



Tracing For Fun

$ gcc -O1 -fdump-tree-all-details inline.c

;. Function get_msg (get_msg, funcdef_no=0)
get_msg ()

{
volatile char str[64];

<bb 2> [0.00%]:
str ={v} "Hello worldWn";
return OB;

}

.. Function main (main, funcdef_no=1)
main ()

{

char * p;

<bb 2) [0.00%]:
p_3 = get_msg ();
puts (p_3);

return O;

W 22| 2|22} 'S4

.» Function get_msg (get_msg, funcdef_no=0)
Deleted dead store: str = "Hello world¥n";

inline.c.040t.dse1

Deleted dead store: str = “"Hello world¥#n";

.: Function main (main, funcdef_no=1)
main ()

{

char * p;

<bb 2> [0.00%]:
p_3 = get_msg ();
puts (p_3);

return O;

M2 2|

_|)J

fol

s
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$ uftrace graph -D 2 -F dse_dom_walker::dse_optimize_stmt -f none

FUNCT 10N FUMCT IOM CALL GRAP! |Z

(10} dse_dom_walker ) dse_dom_walker: :dse_opti
T—(10) gsi_stmt |—(11) gsi_stmt

+=(10) gimple_vdef +=(11) gimple_vdef

+=(5) aimple_has_volatile_ops +=(7) aimple_has_volatile_ops

gimple_clobber_p +(3) gimple_clobber_p
gimgple_assian_lhs
initialize_ao_ref_for_dze +-(4) initialize_ao_ref_for_dsze
gimele_cal | _builtin_p
is_aimple_assian
aimele_assion_rhsl
operand_squal _p
setup_|ive_bytes_from_ref
dse_classifty_store
delete_dead_assignment

#f Function Call Graph for 'goc' (session: e183cffdc3dcafl3) |# Function Call Graph for 'scc' (session: 7aOc0411372ff97b)
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10227
10228
10229
10230
10231
10232
10233
10234
10235
10236
10237
10238
10239
10240
10241
10242
10243
10244
10245
10246
10247
10248
10249
10250
10251
10252

case ADDR_EXPR:
inner = TREE_OPERAND (inner, 0);

while (REFERENCE_CLASS_P (inner)
&& IINDIRECT_REF_P (inner))
inner = TREE_OPERAND (inner, 0);

if (DECL_P (inner)

RXIDEC] EXTERNAI (inner)

else if (DECL_DECLARED_INLINE_P(current_function_decl))

inner-)>base.volatile_flag = true;

else if (DECL_DECLARED_INLINE_P(current_function_decl))
inner-)base.volatile_flag = true;

ci5¢c

{

warning_at (loc, OPT_Wreturn_local_addr,

"function returns address of local variable");

tree zero = build_zero_cst (TREE_TYPE (res)):
t = build2 (COMPOUND_EXPR, TREE_TYPE (res), t, zero);

}

}
break:

return & tree?} &5t st}
inline 22 Aloig|0f Q2
022 H[LA| O]

+ volatile_flag true set
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AlZE0E Hello worldS £| 25 L|C}

$ catinline.c Dump of assembler code for function main:
static inline __attribute__((always_inline)) +4>:  movabs $0x6f77206f6c6c6548, %rax
char *get_msg() {+14>: mov $0xa646c72,%edx

= {+19>: mov %rax,(%rsp)
{+23>: mov %rdx,0x8(%rsp)

char str[64] = "Hello worldWn"; {+28%: movg $0x0,0x10(%rsp)
return (char *)str: 01 §+37§1 movq §0x0.0x18§%rsp;
= +46): movq $0x0,0x20(%rsp
} {+55)>: movq $0x0,0x28(%rsp)
. . {+64>: movq $0x0,0x30(%rsp)
int main() {+73>: movqg $0x0,0x38(%rsp)
{ <+82>: mov  %rsp,%rdi
char *p: {+85): callg 0x400400 <{puts@plt>
gutss(,:;._msg()' Dump of assembler code for function main:
- {+4»: movdga 0x1b4(%rip), %xmmO
\ return 0; {+12>: mov  %rsp,%rdi
{+15)>: movaps %xmmO0,(%rsp)
'OZ {+19>: pxor %xmmoO0,%xmmO
$ gcc -02 inline.c <{+23>: movaps %xmm0,0x10(%rsp)
$ /a.out <{+28>: movaps %xmm0,0x20(%rsp)

Il Id <{+33)>: movaps %xmm0,0x30(%rsp)
Hello wor <{+38): callg 0x400400 <{puts@plt)
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.» Function get_msg (get_msg, funcdef_no=0, decl_uid=1792, cgraph_uid=0, symbol_order=0)
Deleted dead store: str = “Hello world¥n";
_attribute__((always_inline)) get_msg ()

{
char str[64];
<bb 2> [0.00%]:
str ={v} {CLOBBER};
return &str;

}

.» Function main (main, funcdef_no=1, decl_uid=1796, cgraph_uid=1, symbol_order=1)
main ()
{

char str[64];

char » D.1810;

char * p;

<bb 2> [100.00%]:
str ={v} {CLOBBER};
puts (&str);

return O;
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(gdb) p *gsi-)ptr
$4 = {code = GIMPLE_ASSIGN, no_warning = 0, visited = 0, nontemporal_move = 0, plf
= 1, modified = 0, has_volatile_ops = 0, pad = 0, subcode = 32, uid = 0,

location = 2147483655, num_ops = 2, bb = 0x7ffff6ede478, next = 0x7ffff702d190,
prev = 0x7ffff702d 140}
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else if (DECL_DECLARED_INLINE_P(current_function_decl))
inner-)base.volatile_flag = true;

& Volatile

¢  Abstract

©  CLOBBER

Front-end Optimize Pass :
¢ CONSTRUCOR DSE
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Interpreter
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Interpreter
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Interpreter
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e ]

$ uftrace record -S clarity_gcc_opt_path.py ‘which gcc -O1 inline.c

Global Declared Classes
Optimization step The actual step to run dse.
The optimization is actually performed when this function is called

A dead store is a store into a memory location which will later be
overwritten by another store without any intervening loads. In this
case the earlier store can be deleted.

[32314] | _GLOBAL__N_1::pass_dse::pass_dse() {

29.798 us [ 32314] | }/* _GLOBAL__N_1::pass_dse::pass_dse */
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[ 32314] | _GLOBAL__N_1::pass_dse::pass_dse() {

{

;» Function main (main, funcdef_no=1, decl_uid=1796,
cgraph_uid=1, symbol_order=1)
main ()

char st{ :; Function get_msg (get_msg, funcdef_no=0, decl_uid=1792,
char * | cgraph_uid=0, symbol_order=0)
char * | Deleted dead store: str = "Hello world#n";

return

attribute__((always_inline)) get_msg ()

char str[64];

<bb 2> [0.00%]:
str ={v} {CLOBBER};
return &str;

[ 32314] | } /* _GLOBAL__N_1::pass_dse::pass_dse */




Conclusion




THANK YOU

Uftrace repository
https://github.com/namhyung/uftrace




Any Question?

Uftrace repository
https://github.com/namhyung/uftrace




Appendix A. benchmark

Target Source LLDB python script

#include <stdio.h https://github.com/ParkHanbum/lldb_tracer

#include <time.h)

void callme(int *r)

{ (*r)++

}

int main()
clock_t begin = clock():
for(int i=0:i<OxFFF:)

callme(&i);
}

clock_t end = clock():

printf( ¥n", (double)(end - begin) / CLOCKS_PER_SEC):;
return O;



