HotSpot profiling with JITWatch

Triview Source, Bytecode, Assembly Viewer

Class: Member:

com.chrisnewland jitw atch.demo.MakeHotSpotLog

v/| Source |v| Bytecode |v/| Assembly | vsiew compile Chain
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Compiled with C2
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Bytecode (double click for pWMS)
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lstore 3
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iload
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1load 1

lemp

ifge

aload @
1load 3
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lstore 3
aload @
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1load 3
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Sf Method chainAl: (J)

/4 Method chainBl: (1)

/f Field logger:Lorg/
/f String testCallCha

/¢ Method javaslang/L
3// InterfaceMethod o

Chris Newland - 16th April 2014

Assembly
# {method} {0x00007f6T68e@c508} &apos;test ~
Ox00007T676a70c8cO: callg OxPOAOTTETET20d
Ox00007TeT70a70clc5: data32 data32 nopw Ox0Q
Ox00007T670a70cldld: mov %eax, -0x14000(%
OxA0007TeT70a7oc8d?: push %rbp
DxOBOTTET6aTOCEdE: sub $0x30 ,%rsp
Ax00007T676a70c8dc: mov (%rsi),=ebx
AxA0007TeToal0clBde: mov Ox28(%rsi),%srl3
OxO0007TeTRal0clBe?: mov Ox18(%rsi) ,%rbp
Ox00007Te70al0clBed: mov Ox8(%rsi) ,%rld
AxpEOATTeToal0cBea: mov %rsi, %rdi
DxOEBOTTET6aT0cBed: movabs $0xTTETETZ2a9940
OxBPOBT7T676a70caTT: callg *%rlo
0x00007fe76a70c8fa: test %rl3,%rl3
Dx0OBOT7TETRaTOCETd: je OxEORETTETEAT0C
Dx0OBETTETRaTOCI03: mov Bx8(%rl3) ,%rlod
Ox0OBET7TETRaTOCIOT: cmp $0x2000c005,%r1
DxOOBETTETRaTOCI0e: jne DxEERETTETEATOC
Dx0OBOTTETRaTOCO14d: jmp OxEORETTETEAT0C
OxA0007T6T0a70c9le: data32 nopw OxO(%rax,%s
Ox0OBET7TETRaTOCIZA: mov %rl13, OxB(%rsp)
DxEOBOTTETRATOCIZS: mov %rld, srdx
Ox00007T676a70c928: mov %rbp, (%srsp)
Ox00007T670a70c92c: mov %ebx, %sebp



WhatSpot?

 Java HotSpot Virtual Machine

- Bytecode interpreting stack machine

* No registers
 Variables pushed onto stack

- Just In Time (JIT) compilers

 Profile Guided Optimisation (PGO)
« Compile bytecode to native code

Tiered Non-Tiered -Xint -Xcomp

2.9s 2.6S 80.5s 4.4s

*Horrible unscientific benchmark
(com.chrisnewland.jitwatch.demo.MakeHotSpotLog)



Talking JIT

* Client compiler (C1)

- Starts quickly, simple compilation to native
» Server compiler (C2)

- Waits until more information available

- Loop unrolling, Inlining, Dead Code Elimination,
Escape analysis, Intrinsics, Branch prediction

» Tiered Compilation (C1 + C2)

- Default in Java 8
- Enable in Java 7 with -XX:+TieredCompilation
- Best of both worlds?



Explain yourself!

Enable JIT logging
-XX:+UnlockDiagnosticVMOptions
-XX:+LogCompilation
-XX:+TraceClassLoading (JITWatch)
-XX:+PrintAssembly

- Required hsdis binary in jre/lib/<arch>/server
- Significant performance overhead

- http://www.chrisnewland.com/building-hsdis-on-linux-amd64-on-debian-369




I heard you like to grep?

<task compile_id='23"' method='java/util/ArrayList$Itr
checkForComodification ()V' bytes='23"'" count='9006"
backedge_count="1"' 1icount='44000"' st

amp="'1.603"'>

<phase name='parse' nodes='3' live='3' stamp='1.603"'>
<type 1d='680"' name='void'/>

<klass 1d='776' name='java/util/ArrayList$Itr' flags='2'/>
<method 1id='777' holder='776"' name='checkForComodification’
return='680"' flags='16"' bytes='23"' iicount='44000'/>
<klass 1d='781"' name='java/util/ConcurrentModificationException’
unloaded="1"'/>

<uncommon_trap method='777"' bci='14"' reason='unloaded'
action='reinterpret' index='47"' klass='781"'/>

<parse method='777"' uses='44000"' stamp='1.604"'>

<bc code='180"' bci="'4"'/>

* Logs can be > 50MB
* Much bigger with disassembly!
o Let's build a visualiser!



JITWatch

 https://github.com/AdoptOpen]DK/jitwatch/
o JIT Compilation

- When? (time, invocations)
- How? (C1, C2, Tiered, OSR)
» Decompiles
- Back to bytecode interpretation (Why?)
e Inlining - successes / failures
» Branch probabilities - taken / not taken

e Intrinsics



Inlining (C1 + C2)

int a = 3;
int b = 4;
int result = add(a, b);

public int add(int x, int y) { return x +vy; }

v

int result = a + b;



Branch Prediction (C2)

// make an array of random doubles O0..1
double[] bigArray = makeBigArray(1_000_000);

for (int 1 = 0; 1 < bigArray.length; 1i++)

{
double cur = bigArray[1i];

1f (cur > 0.5) { doThis();} else { doThat();}

// branch will be taken ~50% of time

// sorting the array will make it more predictable



Setting up

JITWatch Configuration

Source locations
fhomejchris/jdkl.8.0/src.zip Add File(s)
fhomejchrisjworkspace/jwfsrc/mainjjava
Add Folder
Remove
Add |DK src
Class locations
fhomejchrisfworkspace/jw ftarget/classes add File(s)
Add Folder
Remove
Cancel Save




Compile tree

JIMWatch - HotSpot Compilation Inspector

Open Log Stop Config Chart Stats Histo Toplist Code Cache Tritview Suggest Errors (0)
v'| Hide interfaces Hide uncompiled classes v Hide non IT-compiled class members
¥ Packages « private long leaf4({long) [
¥ ¥ com + private void randomBranchTest{int)
¥  com.chrisnewland + private long sub(long.long)
¥ & com.chrisnewland jitwatch ~* private void testCallChain{long)
v & com.chrisnewland jitwatch.demo « private void testCallChain2(long)
+ MakeHotSpotLog & nrivate woid test] aafllanal l
b ¥ java Type Name Value
P & sun ’ _ : s
Compiled address 0x00007f5a68b d3ado
Compiled backedge count 5,579
Compiled bytes 57
Compiled compileMillis 48
Compiled compile_id 67 w
< 5
BO:EE:12.849 Queued : private long com.chrisnewland.jitwatch.demo.MakeHotSpotLog. leafl(long) ~
BP:00:12.849 Queued : private long com.chrisnewland.jitwatch.demo.MakeHotSpotLog. leaf2(long)
00:00:12.849 Queued : private long com.chrisnewland.jitwatch.demo.MakeHotSpotLog. leaf3(long)
BO:00:12.849 Queued : private long com.chrisnewland.jitwatch.demo.MakeHotSpotLog. leafd(long)

BO:00:12.853 Compiled (C2) : private long com.chrisnewland.jitwatch.demo.MakeHotSpotLog. leafl{long)
@P:00:12.894 Compiled (C2) : private void com.chrisnewland.jitwatch.demo.MakeHotSpotLog. testleaf(long)

£ b
Heap: 73/85M



Compilations timeline

2,000

1,500

1,000

JITWatch Compilations Timeline
Complied: 2212 (C1: 1989) (C2: 0) (C2N: 216) (O5R: 7)

B[EER)

— |

e |

-

Complled at

00:02:57.406 using

public Java.lgng.AbstractStringBullder Java.lang.AbstractStringBullder.append{char{],Int/int)

C1 took 129ms

00:45:00 01:00:00 01:15:00 01:30:00

01:45:00




Toplists

« Bytecode size

 Native code size

 Inlining failure reasons

» Most-used intrinsics

« Compilation order

* Most-decompiled methods

- Compiler assumption was wrong



Toplists - Inline failure reasons

IIMWwakch ToplLists

| Inlining Failure Reasons. | = |
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400 call Site not reached
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1 NodeCaunt inliningCutoff




Compile times

JIMWatch Histogram
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Histogram - Inlined method sizes
-

| intined Method Sizes =

Small methaods ann |
inlined aggressivel* e




Code Cache




TriView

Class:

TriView Source, Bytecode, Assembly Viewer

com.chrisnewland jitw atch.demo.MakeHotSpotLog

v'| Source |V/| Bytecode |w/| Assembly | view compile Chain

Source
254

256 1{
257

258

259 for
260 {
261

262

263 }
264

265

266 }
267

268 private long
2649 {
270

271 }
272

273 private long
274 {
275

276 }
277

278 private long
279 1{
280

01 1
4

Compiled with C2

long count
(int i

count
count

return 1 +

return 2 +

return 3 +

0;

chainAl({count);
chainBl{count);

chainAl{long count)

chainAZ({count) ;

chainA2(long count)

chainA3(count) ;

chainA3(long count)

chainfAd({count) ;

B; 1= iterations;

14+

logger.info( "testCallChain: {}"

Member:

Bytecode (double click for fvMs)

13:
14:
15:
15:
19:
20
21:
24
25
28:
31:
34
36
37
a0
45

0O = LN L B e 2

lconst @

lstore 3

iconst @

istare 5
iload 5
izl

1load 1

lemp

ifge 31
aload @

1load 3
invokespecial
lstore 3
aload 0

1load 3
invokespecial
lstore 3

#55

#56

iinc 5,1

goto 5
getstatic #13
ldc #57
1load 3

invokestatic #15
invokeinterface #16,
return

private void testCallChain(long) A
Assembly

# {method} {0xEEQETT6T768elc508} &apos;test -~
OxDEEOTTETGaATOCBCA: callg OxOROB7TETGET20d
OxEO0A7TeTRaT0CcECcS: data32 data3? nopw Ox0
OxE00A7TEeT6a70cBdd: mov %eax, -0x14000/( %
BxOOO0TTeT0atocdd?: push Srop
Bx0O007Te70al0cdds: sub $0x30 ,%rsp
Bx00007TeT0alocide: mov [%rsi) , sebx
OxEOOA7TETRa70clde: mov Ox28(%rsi),%srl3
OxEEOAT7TeTRaT0cEe?: mov Ox18(%rsi),srbp
OxEOOAT7TeT0aT70cBeb: mov Ox8(%rsi) ,%rld
Ox00007TET6a70cBea: mov %rsi, srdi

S/ Method chainAl: (J) Ox0E007TeT6aT70cled: movabs $0x7T676T2a9940
Bx0O007TeT6a70cBTT: callg *%rld
Bx0OOO7TeToalocifa: test %rl3, %rl3
DxpEEE7TeTaai0cafd: je OxpEEEITeTeatic

Jf Method chainBl:(J) Ox00007TET6a70CI03: mov Ax8(%rl3) ,%rlod
0xEEEETTETEaTOCIOT: cmp $0x2000c005,%r1
BxEEEETTeTaaTOC0e: jne AxpEEETTeTeaTlC

// Field logger:Lorg/

A/ String testCallcha 0x0O007Te70a70c9ld: jmp Ox0ERR7TeTRalic
Ox00007Te7hal0c9lb: data3d2 nopw OxO(S%rax,ss

/4 Method java/lang/L OxEEEETT6T6aTOC920: mov %rl3, Ox8(%rsp)

3/ InterfaceMethod o Ox00007TET6aT70C925: mov %rild, srdx
OxEOOAT7TETHaT0c928: mov %rbp, (%rsp)
OxEOOAT7TETRaTOCc92c: mov %eby , sebp



if icmp<cond=>

[Operation

IFormat

JVM Spec Browser

JMVS Browser - if icmpge

IBranch if int comparison succeeds

If icmp=cond=
branchbytel
branchbyte2

|Forms

lif icmpeq = 159 (0x9f)
|if icmpne = 160 (0xa0)
lif icmplt = 161 (Oxal)

|if icmpge = 162 (0xa2)
lif icmpgt = 163 (0xa3)
lif icmple = 164 (0xad)

|[Operand Stack

e valuel, value? =




chainB1

chainB2

chainB3

Compile Chains

Compile Chain: private void com.chrisnewland.jitwatch.demo.MakeHotSpotLog.testCallChain{long)

private long com.chrisnewland.jitwatch.demo.MakeHotSpotLog. bigMethod(longint)
JIT Compiled: Yes
Inlined: No, hot method too big
Count: 11076
iicount: 14562
Bytes: 350
| Prof factor: 0.465113




Code Suggestion Tool

JITWatch Code Suggestions

Score

21904

128624

12002

12673

Type
Branch

Branch

Branch

Inlinling

Inlinling

Caller

com.chrisnewland jitwatch.demo.MakeHotSpotLog
private void randomBranchTest{int)

Wiew

java.lang.Integer
public static Integer valueOf(int)

Wiew

java.lang.Integer
public static Integer valueOf(int)

Wiew

com.chrisnewland jitw atch.demo.MakeHotSpotLog

private long chaina4({long)

com.chrisnewland jitw atch.demo MakeHotSpotLog
public void tooBigTolnline(int)

Wiew

Suggestion

Method contains an unpredictable branch at bytecode 24 that was
observed 43807 times and is taken with probability 0.50129. It may be
possbile to modify the branch (for example by sorting a collection
before iterating) to make it more predictable.

Method contains an unpredictable branch at bytecode 3 that was
observed 37268 times and is taken with probability 0.498927. It may
be posshile to modify the branch (for example by sorting a collection
before iterating) to make it more predictable.

Method contains an unpredictable branch at bytecode 3 that was
observed 36004 times and is taken with probability 0.499195. It may
be posshile to modify the branch (for example by sorting a collection
before iterating) to make it more predictable.

The call at bytecode 3 to

Class: com.chrisnewland .jitwatch.demo.MakeHotSpotLog

Member: private long bigMethod{long,int)

was not inlined for reason: "hot method too big'

The callee method is 'hot' but is too big to be inlined into the caller.
You may want to consider refactoring the callee into smaller methods.
Invocations: 12673

Size of callee bytecode: 350

The call at bytecode 15 to

Class: com.chrisnewland .jitwatch.demo.MakeHotSpotLog

Member: private long bigMethod{long,int)

was not inlined for reason: 'hot method too big'

The callee method is ‘hot' but is too big to be inlined into the caller.

You mawv want to cansider refactaring the rallee into smaller methads. | |




JarScan Tool

» Statical analysis of a jar
* Methods with bytecode > inlining threshold
» These methods might not be hot

* Around 3000 non-inlineable methods in rt.jar
- String.split
- String.toUpperCase / toLowerCase
— Core parts of j.u.ComparableTimSort



TL;DR

 Eliminate other performance issues first
» Keep your methods small for inlining

* Turn on JIT logging

- JITWatch suggestion tool

* "hot method too big”
« Unpredictable branches

e Learn about the JVM :)

Premature optimization is the root of all evil
Donald Knuth



Resources

» JITWatch on GitHub
- http://www.github.com/AdoptOpen)DK/jitwatch
- AdoptOpen)DK project
- Send a pull request!
* Mailing list
- groups.google.com/jitwatch
» Twitter

— @chriswhocodes

Thanks!


http://www.github.com/AdoptOpenJDK/jitwatch
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