=<Jolflo)5;2CON" 2008

Analyzing Java Performance Using Hardware Performance Counters

Gary Frost
AMD Java Labs
gary.frost@amd.com

© 2008 by AMD; made available under the EPL v1.0




2
@pz 2CON™ 2008

Agenda

AMD Java Labs

Hardware Performance Counters
A Workload To Profile

Profiling using hprof

Profiling with CodeAnalyst™
Profiling with CodeSleuth

Demo

Demo closure
Q&A

Analyzing Java Performance Using Hardware Performance Cour_




3
@p% <CON™ 2008

AMD Java Labs

An engineering team within AMD dedicated to
improving Java performance on AMD processors

* Provide feedback/assistance in optimization work to
JVM vendors

» Create/Evaluate Java performance related tools
* Provide benchmark analysis (SPEC member)

* Routing community feedback to silicon designers to
improve future products

 Participate in Java and open source communities

Analyzing Java Performance Using Hardware Performance Coun_
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What Are Hardware Performance Counters?

* Programmable counters inside the processor
» Accessed via device drivers (not from user mode)
« Can generate interrupts when trigger value is reached

« System-wide

Analyzing Java Performance Using Hardware Performance Cour_
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How Performance Counters Can Help Java Developers

» Understand what the processor is really doing with
your code

* Help isolate cause of bottlenecks

* Provide detail that JVM based profilers can not
+ hprof takes you to the method, but not into the method

* No need to inject instrumentation

* Help developers make informed code and algorithm
choices

* Measure and analyze as you develop code

Analyzing Java Performance Using Hardware Performance Cour_
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A Workload To Profile

Find path between
start and end
avoiding obstacles
using ‘Lee routing
algorithm’

Analyzing Java Performance Using Hardware Performance Cou_
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Mark starting cell with 1

for each cell with number ‘n’
mark adjacent empty cells ‘n+1’
until end marked | no empty cells

Analyzing Java Performance Using Hardware Performance Counters | "
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Eventually...

Step onto end cell
while (n!=1)
mark as part of path
step on adjacent cell (n-1)

Analyzing Java Performance Using Hardware Performance Counters | © 2008 by A
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Voila !

Analyzing Java Performance Using Hardware Performance Cou-
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Profiling with hprof
Shipped with the JDK easy to use command line tool

java -agentlib:hprof=cpu=samples -cp lee.jar lee.Main

Creates a report

rank self accum method

1 93% 93% lee.Grid. flood
2 2% 95% java.lang.AbstractStringBuilder.append
3 2% 97% java.util.Collections.unmodifiablelist
4 %

2% 100% sun.nio.cs.UTE_8.newDecoder
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hprof

» Reports how much time was spent on various call paths (stacks
traces) to a method

But
* Does not tell us where within the method the time was spent

* Does not expose what happens in code emitted by the JIT
(compiled methods)

hprof is representative of many Java profilers in that it is limited by
the information that can be extracted from the JVM.

Analyzing Java Performance Using Hardware Performance Cour_
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How AMD’s CodeAnalyst™ Can Help

CodeAnalyst™ is a profiling tool which can access
hardware performance counters

 Timer- or Event-based Profiling

e Linux 32- and 64-bit and Microsoft® Windows® 32-
and 64-bit OSs

* Free! (http://developer.amd.com/tools)
* Maps performance data to address and source

(C++/C/Java)
* Includes code emitted by the JIT

Analyzing Java Performance Using Hardware Performance Cour_
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CodeAnalyst From The Command Line

» Coordinate the launching of an executable
caprofile /s /1 java —cp my.jar —agentlib:CAJVMTIA32 MyApp

* Profiler (caprofile) collects event data

« JVMTI agent (CAJVMTIA32) collects JIT data

* Correlates and creates reports

cadataanalyze
careport /i profile.tbp.dir/profile.tbp /m MyApp

Analyzing Java Performance Using Hardware Performance Cour_
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CodeAnalyst

caprofile /s /l java —cp my.jar —agentlib:CAJVMTIA32 MyApp

caprofile jvm jvmtia agent caprof.sys

start collecting

java —agentlib:CAJVMTIA32 MyApp

method
> compilation
compilation data
events performance

data

process ends

A\

stop collecting

Analyzing Java Performance Using Hardware Performance Counte
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CodeAnalyst

cadataanalyze
careport /i profile.tbp.dir/profile.tbp /m MyApp

performance

- cadatanalyze
method careport .
compilation

data - :
Analyzing Java Performance Using Hardware Performance Cour_
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CodeAnalyst

Event data, addresses, and methods

vma Timer $ total Name
0x9877c0 24269 56.00 lee/Grid: : flood
0x98781b 1 0.00

0x98784d 6132 14.28

0x987853 474 1.10
0x987857 13135 30.58
0x987859 402 0.94

Analyzing Java Performance Using Hardware Performance Cour_
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CodeAnalyst Ul

Z¢ Advanced Micro Devices - CodeAnalyst [C:\Develijavalabsiprojectsicom.amd. javalabs.eclipsecon. leel] - [Session - Session.tbp]

CEX

File Profile Tools “Windows ToolBars Help =&
@ B E @ o o |Normalh~1cu:|e vl |Eurrent time-base profile v| F E @

lee.caw | timer-bazed profile V" Manage ]

E‘ TER S:SS:E:S com.ame .javalabs.eclipsecon.lee.Main_-file zimple lee - Data | -Cp cum.amd.javélabs.eclipsecon.lee.jar com.amd.javélabs.eclipsecon.lee.Main -file: zimple lee - "Grid_java“ ‘ 4

~ch com.amd javalabes eclipsecon les jar com.amd javalabs eclipsecon les Main -file simple lee

EBFP Sessions “Search for, |A" "'" 0 J El E EJ H B J . E B
SIM Sessions 3985 f
Thread Sessions | Function (s
IBS Sessions
0 — =
E3

749

i

Address Line  Trace Source Code Bytes Timet samples
= 0987 2c0 com<and<javalabs-eclipseconles G. . . ams
[+ 0887200 63 Status status = Statu=s HORO. ..
4
- 0987215 B5 for {int v = 0; (=status |=
- 0837321 B for (int = = 0;: (=tatus 285 B
=8 095734 B7 if (gridirrav[=][(v] =... 39585

cnp edi, [ebx+08h] 3B 7B 03
- 0=93734e inb $+00000151h (098749 OF 3348071 ... 1
- 0987354 nov ebx, [ebx+edi*d+0ch] B 3C BB OC 13
- D987 555 cnp e=1, [ebx+08h] 3B 7308 =]
- 093735k inb $+00000156h (0x9874b1) OF 835001 ... 1174
- Dx937361 nov ebx, [ebx+esixd+0ch] BB SCH3 0C a3 3

1 file, 1 function, 1 line, 1 instruction, Summary: 60 samples, 1.29% of module samples, 0.53% of total zamples

Sampling Seszion [dle.
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CodeSleuth

* Open Source (EPL)
* Brings various CodeAnalyst ‘views’ into Eclipse

* More natural for Java developers
¢+ Same IDE we are used to
+ SourceView is your Java editor
+ ‘Markers’ indicate event data we can expand

* Configure CodeAnalyst ™ parameters in Launch
Configuration

+ Cross reference architecture documentation from within IDE
* Makes Java analysis easier

Analyzing Java Performance Using Hardware Performance Cour_
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CodeSleuth Run Configuration

& Run

Create, manage, and run configurations

Create a configuration to launch using Codesledth @

Marne: | lee |
| Codesleuth . © Main | ¢4= .ﬂ.rguments\l =i JRE\l T Classpatﬂ B Environmenq =] Qommon\l

a . CodeSlewth Profile duration
P . lee
-4 Edlipse Application | |

4 Java Applet

31 Java Application Prafiler start delay

Ju nit | |

JU Uit Plugrin Test .

4 035G Framewark [ start profiling paused

[I1erminate after profiling

Profiling Twpe

Sample Rate {ms)
(%) Use Timer Based Profiling | .

Ewent Configuration File

() Use Event Based Profiling | Browse. ..

Apply Rewert
Filter matched & of & ikems

@

L Run ] l_ Close

Analyzing Java Performance Using Hardware Performance Counte
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CodeSleuth Navigation View

f iZodesleuth MNavigation Wiew &2 [—] -
= com.amd.javalabs eclipsecon.les 47.10%
=& arid 47.10%
@ <init 000963150
@' createRoutel=009652e0 0, 10%:
@' createRoute=00957750 0.05%

D) Flood0x009641c0
= (&} FloodOx00964a50

{

= tarid. javai 68 Rrac e
= Grid. java:6g 0.01%
= Grid. java: 70 0.01%
= Grid. javai s 0, 05%
= Grid. java: 66 5, 09%

¥

: b Grid.java: 67
- java.lang
... B Drynamic Generated Code

Analyzing Java Performance Using Hardware Performance Cou_
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Ele Edit Source Refactor Mavigate Search Project Run indow  Help
S - Q- - [ EHEG BB '3 S B | & ava |
[# Packane Explarer | 'E: Hierarchy ﬁ@mhmagrgmw,gg b T ||1| Grid.java &2 | |
=R B
int delta¥[] =
| { -1, 0, 0, 1 }:
E@ com.amd.javalabs, eclipsecon.lee FZ‘? 0%
= GGnd T — private 3tatus flood(int step) |
@ <init»0x00963150 - = i
Itatus status = Status.NOROUTE; // pessimistic
@ createRoutelx009652e0 0.10%
F?-J"g:lree::llzeRouterDDQEv??SD G for (int ¥ = 0; (status != Status.ROUTEFOUND] £& (v < height]: w++] {
& @ﬂoodoxuugs‘ucu ’ for [int x = 0; [status != Status.ROUTEFOUND] &6 (% < width): x++] {
: ° D?P%‘Iaﬁﬂ F 2h 39.57% (Beventsk £ (gridirray[x][y] == _stepl {
Grfd']_a"a'f‘a il for (int i = D; ([status != Status.ROUTEFOUND) €€ 1 < 4; i+4) {
Grfd']_a"a'f‘g 0.01% int de = x + delteX[i]:
Grid. java: 70 0.01% int dy = v + delta¥[i]: L
Grid. java:65 0.05% . : ) _ ) r
if [jdx »>= 0) && (dx < width) £& (dy »>= 0] && (dy < height)) {
Grid. java:66 3.00% . )
switch [(gridirray[dx] [dv])
; 30.57% . -
g lan case TARGET:
= Java.lang 4o status = Status.RONTEFOUNE;
o Dynamic Generated Cods break;
case EMPTY:
status = Jtatus. CONTINUE:
gridirray[dx] [dy] = _step + 1;
break:
H
*
i
i
H
¥
return (status):
¥
public Route createRoute (int routeNumber, int x1, int _¥1, int xZ, int _y2Z) {
v
(E_g Problems (@ Javadoc ﬂ% Declaration (E Consale 8 = BE-r5- = ﬁw
I . A . |
0° | |
U

Analyzing Java Performance Using Hardware Performance Counte
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CodeSleuth Disassembled Code View

{- *
CodeSleuth Disassembled Code Yiew 2

Event Diaka gddress Hex Bytes Mnemanic . Operands “
o09ed4aes Q0 nop
I 0. 98% 009%54as4  bb ad 0F 97 26 o %aeby Oxza970fas
0. 02%: 0096422 Sb9b 58 01 00 00 Ty Yaeb [Yeebx+0x158]
0,14% o0964asf  3bc3 cmp “oeax Yoehix
| 0.86%: 00954afl  OF §4 3201 00 00 ie Ox00964-35
0,03%: a09654af?  8b 59 1c Moy %aeby [Feecx+0x1c]
0.07%: 00954afa 85050001 3F 00 test [+HOx3F0100 Yeax
I 0.97% Q0954000 b Fb Crp Yoedi Yoebx
0. 02%: n0954b0z2 OF §d=d 01 00 00 jae 000954035 B
n0964b05 &b 59 03 oy “ohi [Faerx+0xE]
| 0.91% 00964b0b  3b 7h 08 cmp “taedi [Hebx+0x8]
0. 06 n0954b0e  OF §3 4b 01 0000 jae Q00964 c5F
n0964b14 &b Schbb oc ' “aehy [Feebu+%eedi*4+0mwc]
0. 79%: no954bis 3B 7308 Crp “oesi [Foebx4+0xs]
B2 o09a4bib  OF 835001 0000 jae 0x00354c71
0,59% a0954bz1 &b 5c b3 0c Moy b [Feebx+esi*4+0xc]
B5% a0964b25  3bda crmp “oehe Yoedx
0.73% Q09a4bz7  OF 85 ea 00 00 00 ine 0x00964c17
00954b2d bbb OO 00 00 0O o %aeby Ox0
Q0954b32 90 nop
Q0954033 90 nop
00964b34  ba af OF 97 26 Moy %eedx Dx26970Fa3
00954032 8b 92 5501 0000 o aedy [Yeedx+0x158]
Q09a4b3f 3bc2 cmp aeay Yoedx
Q0954041 0OF 84 d0 00 00 00 e Qx00264c17
nnae4h47? /5 N5 00 M 3F 00 Frsk [403F01 00 %eas | :
L4 S
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Documentation Views

CodeSleuth '8MD Programmers Manual Yol3' View I3

coa®R @

- Contents

- Figures

- Tahles

- Revision Histary

[#]- Preface

(=1 Instruction Faormats
1 1 Instruction

.2 Instruction Prefixes

.3 Oprode

.4 ModRM and SIE Bytes

.5 Displacement Bytes

.6 Immediate Bytes

.7 RIP-Relative Addressing

e 2 Instruckion Crverwvisw

t- 3 eneral-Purpose Instruction Reference
H- 4 Systern Instruction Reference
t
t]

- Appendix & Opcode and Operand Encodings

- Appendix B General-Purpose Instructions in 64-Bit Mode

- dppendix C Differences Between Long Mode and Legacy Made
- Appendix D Instruction Subsets and CPUID Feature Sets

- fppendix E Instruction Effects on RFLAGS

- Inide

[ W e B B e B

el
L}

| .Y

o

1 Instruction Formats

The farmat of an ingtruction encodes itsoperation, aswell asthe lacations of the ingruction's ir
operandsand the result of the operdion. T hissection describesthe general format and parameters
by all ingructions For information anthe specific format(s) for each ingdruction, see:

= Chapter 3, " General-Purpose Indruction Reference.”

= Chapter 4, " System Indruction Reference.”

= "128Bit M edialngruction Reference” inVolume 4.

= "f4-Bit Medialngruction Reference” inWVolume 5.

= "uB7Floating-Point Indruction Reference” inVolume 5.

1.1 Instruction Byte Order

Anindruction can hebetween one and 15 bytesinlength. Figure 1-1 showsthe byte aorder of
indruction format.

Legacy FEX Opeods Cisplacemant Imom s dlats
Frafi Prafis flor2bytes) Mod kM s IB §1,2, 4, 0r8 bytes)il,2, 4,008 by"

I N N N N | N

| nituction Length 15 Bytes
=
[}

Figure 1-1. Instruction Byte-Order

|
b
>
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Demo CodeSleuth

Analyzing Java Performance Using Hardware Performance Cou_
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Demo Closure

« Code uses a large two dimensional array

* The order 'x by y’ or 'y by x’ for traversing this array is
important when arrays are large (cache implications)

 The original scan order does not take advantage of the
cache, in fact it ‘pollutes’ its own cache

By reordering the scan we can decrease cache
pollution and thus improve performance

Analyzing Java Performance Using Hardware Performance Cour_
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Demo Closure

 If we had 2 cache lines, each of which can hold 4 cells

Y by X (Column Major)
I B 1] __HEN BT T]

Cache miss, load, miss, load, miss, load (last load replaces first line!)

X by Y (Row Major)

[

Cache miss, load, hit, hit

Analyzing Java Performance Using Hardware Performance Cou_
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Conclusions

« Hardware performance counters can help reveal
performance issues

« CodeAnalyst enables you to analyze CPU level
performance of Java applications

» CodeSleuth helps bring the power of this tool into your
favorite IDE

* Promote the inclusion of performance analysis as part
of your development/test cycle

Analyzing Java Performance Using Hardware Performance Cour_
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CodeSleuth Links

Site

http://developer.amd.com/codesleuth

Source
http://codesleuth.sourceforge.net

Update Site

http://developer.amd.com/codesleuth 1 0 O

Analyzing Java Performance Using Hardware Performance Cou-
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Links

* http://developer.amd.com

+ Software downloads
+ AMD Java Labs blog
¢ Forum discussions

» Lee, C.Y., "An Algorithm for Path Connections and Its
Applications”, IRE Transactions on Electronic Computers, vol.

EC-10, number 2, pp. 364-365, 1961

Analyzing Java Performance Using Hardware Performance Cour-



