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Trademarks And Abbreviations
(to get them out of the way ...)

> Java™ Platform, Standard Edition (Java SE)
» Java HotSpot™ Virtual Machine (HotSpot JVM™)
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Who Are These Guys?

> Kumar Shiv
Principal Performance Architect, Managed Runtimes

Intel, Hillsboro, OR

> Paul Hohensee
Senior Staff Engineer, Hotspot JVM Tech Lead
Sun Microsystems, Burlington, MA
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Java

Agenda

> Methodology: Hardware, JVM Machine, Class Libraries,
Applications

> Tools, Tools, Tools

» Case Study 1: SPECjvm2008, FFT Large

> Case Study 2: SPECjbb2005

> Demo

> Performance Analysis Takeaways

» Java Library and JVM Machine Performance Frontiers
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Top-Down Approach

System Config
Topology
Network I/O

Disk I/O
Database Tuning
OS

App Design

App Server Tuning
Drivers
Persistence
Clustering

JVM machine Selection
JVM machine Tuning
JVM machine Internals
JIT Compilation

Cache Architecture
SMP Scaling

Siceyptem

/

Application
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Machine

JavaOne

System
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lterative Approach

Baseline
N o
Collect
H‘) Data
"y
e e
|dentify
(= Bottlenecks
4 ©
Apply |[dentify
Solution - Alternatives
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Key Tool: A Throughput Curve

Gradually
work your

way up the
throughput
curve

High response
time way
before max
throughput
points to
latency i issues,

Slocupteny
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Response

CPU Saturation

}Vlax Throughput
V4

Max throughput
at <100% CPU
points to
bottleneck, e.g.,
queue sizes,

I/0, network,
locks

8 Address one

“Production”
operational zone

—>

Injection Rate Issue”at a time
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Tools, Tools, Tools

» SAR, iostat, other OS-supplied monitoring tools
> JDump and thread dumps
Often overlooked, easy to analyze with targeted scripts

» Dtrace: Solaris™ Operating System, OS X
http://www.sun.com/bigadmin/content/dtrace

> NetBeans™ software Profiler: Windows, Linux, Solaris, OS X
http://www.netbeans.org

> Project VisualVM: Windows, Linux, Solaris Operating System,
Java HotSpot, JRockit™

https://visualvm.dev.java.net

> BEA™ Mission Control: Windows, Linux
http://dev2dev.bea.com/jrockit/tools.html

> Intel® VTune™ Performance Analyzer: Windows, Linux
http://www.intel.com/software/products/vtune

» Sun Studio Analyzer: Linux, Solaris operating system
http://developers.sun.com/sunstudio
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= JavaOne
VTune Performance Analyzer

> Helps identify and characterize performance issues by:

Collecting performance data from the system running your
application

Organizing and displaying the data in variety of interactive views
from system-wide down to source code or processor instruction
perspective

|dentifying potential performance issues and suggesting
improvements

> Uses profiling APIs exposed by JVM machines

> Can profile pure and mixed managed and unmanaged
code

Siceyptem
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VTune: Process View, XML Parser

4 Intel(R) VTune(TM) Performance Analyzer - [Sampling]

H File Edit Wiew Activity Configure Window Help —_ |E|£|
ABH FS L e wl B e | |[adus s e NS A RN NP
|aElErs s 2e=X
h ;I Everts | Total
svchost exe CPU_CLK_UM... 109.875.00
CPU_CLK_UM... 9463
BESClient ex | R CPUCLK_UN..  263700.004,864.00
INST_RETIRE... 181.939.00
I INST_RETIRE... 58.89
googletalk.exe 436,653.588.480.00
]
Explorer EXE
. |
iexplore exe
VIMIWare-ymx. e
P java.exe
[ o oo 000000000 000070000 (0000000000007 0000
0 h 10 15 20 2h 30 35 40 -
BRED Evert Activity ID | Scale | Sample After Value | Total Samples | Duratio CPUID \dle time
& CPU_CLK_UMNHALTED.CORE 70 Te0 2400000 116111 F7063
INST_RETIRED.ANY 70 Te0 2400000 183575 Fioe3d |1 [ i
Clocks per Instructions Retired - CP1 - 70 1 1 0 0
< I nl
Processes I
For Help, press F1 l_ A

@ Sun
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VTune: Sampling

> Occasionally interrupts the processor
Periodic: typically 1000 times per second
Event-Based: Triggered by the occurrence of a user definable
number of processor events
> Collects execution context
Execution memory address (Instruction Pointer)
OS process and thread ID
Executable module located at that address

If you have symbols for the module, post processing can identify
the function or method at the memory address

Line numbers from symbol file can direct you to the relevant line of
source code

> System wide

osepnens 2008 JavaOnes™ Conference | java.sun.com/javaone | 14
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»% ¥Tune(TM) Performance Environment - [Source View - [C:\...erbench.tar\parserbench\JavaDOM.java]]

H File Edit View Activity Configure Window Help _ IE Ii“
[AS® & 2o wl 2 E D || Gaming =i mn XN W || % |||
=EEZ-EREER 4|2V | B5| D
Address Line|§]| Source || Penaities and Warnings CPU_[INST |
201 case Hode.TEXT NODE:
0x120ESi 202 if (node.getMHodeValue () '= null) 25 22
Ox120ES; 202 no 4 5
Ox120E6: 202 nog =
O0x120E7T: 202 oWV eax, -
OxX1Z20EC: 202 call £-30335 ) OEfEFf8al0h)
Ox120F1: 202 - . Node+0xE4: cmp eax, 1 1
Ox120F4: 202 Je £+0172
0x120FAi 202 . .« Hode+0x8d: mowv esi, 11 14
Ox120FE: 202 mowv ecx, O0x55e3119 T z
0x12103f 202 oW ecx, DWORD PTER [ecx+01b0h])
0x1210%9: 203 thdCount [thd id] .contentBytes += node.getMNo 1g =
Ox12109{203 ST esi DWORD TE [ecx+08h] 4
0x1210C; 203 jae = ] 3
Ox12112: 203 . . Hode+0xas: mov edi, DWORD PTR [ecx+ 1 1
Ox12116; 203 mow ebx, DWORD PTR [edi+0
0x1211%9: 203 mowv ecx, DWORD PTR [esp+0 1 1
0x1211D; 203 mow DWORD PTR 0 1
O0x12121:203 mov DWORD PTR
O0x12125: 203 bala) s 1
Ox12126; 203 nop
0x12127{ 203 foilal g eax, Ox55f171
O0x1212C; 203 call £-30399 0
0x12131: 203 . . Hode+0xc4d : mov ecx, DWORD PTR =1 a
0x12134; 203 mow ebx, DWORD PTR
Ox12138: 203 add ebx, ecx
Ox121348; 203 mow edi, DWORD PTR 1
O0x1213E: 203 mow DWCRD PTR
Nw12141i20% JE— PO )
£ il | 3= i | B
Address |Size Function Class CPO_ CLE UNHALTED.CORE (60) INST BETIBRED.ANY (60) Clocks per In...
—————————— ——— Selected Range ——— |-————-— -000
Oxl1206D0 O0Ox590 traverseNode JawvaDOoM
< I | 2
For Help, press F1 T .

QSun
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VTune: Call Graph

> Tracks method entry and exit points in your code

Periodic: typically 1000 times per second
Event-Based: Triggered by the occurrence of a user definable
number of processor events

> Displays program flow, critical functions and call
sequences
> Can use instrumentation and JVM machine profiling APIs

Mixed Mode — shows performance data for Java code and

underlying OS APlIs
Pure — shows performance data only for Java code

Sun.
Q 2008 JavaOnes™ Conference | java.sun.com/javaone | 16
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4 Intel(R) VTune(TM) Performance Analyzer - [Call Graph - [Call Graph Results - [KINGSUM-DESK] - Tue Apr 08 16:47:15 2008]]

”Eile Edit View Activity Configure Window Help ;Iilll‘
”ﬁ EH 8 bR whREe D HJIActivit}l?[EaIIGraph] =X SN HJ" HJ% HJf ‘
Tuning Brow...[%] Module (96) A |Thread (96) |FI..II"ICti0I"I (96)
=5 ¥TProject’
=& Activi
Th
S I 212 e inine Thread 0(165C
SR~ CallGrj {15 ]
El -@é I_L% L8 & & @G M| % i ||[E| 4 Showtop [Auto =] %[ Recalculate | Highight: |Mone |
o]
8
c!
@
= &% Activ
=€C JavaDOM .transversal
<EC java.lbing.Thread.run JavaDOM.run JavaDOM.process
S ava.lang.ClassLoader

C

E: .

C .

8

ﬁ .

o} java.lbng.ClassLoader,

g JavaDOM. JavaDOM

g java.lbng.Thread. start
@ JavaCommonDriver. fi...
JavaD OM.Setup java.lBng.Thread. Thr.
JavaCommonDriver.lo. .. java.lng.Thread. join

JavaDOM.Start

java.lang.String.String JavaDOM JavaDOM
JavaDOM.man JavaCommonDriver.r. ..

] i |
|33 nodes, 29 edges; (33 and 29 shown; 0 and 0 selected)

< | )| | Graph [ Call List |
For Help, press F1 ’_
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Studio Analyzer: JVM Machine Threads, SPECjbb2005

~-3| Sun Studioc AEnalyrzer [test.l.ex] |_ O X
File ‘iew Timeline Help

aEEll B e BRE @y ® Find | Text: B |

[ Functions | Callers-Callees | Source | Disassembly | Timeline | Experiments |

. Y
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Studio Analyzer: Transition, SPECjbb2005

| Sun Studioc Analyzer [test.1.er] - O X
File Wiew Timeline Help
TaEREll B e BRE 6y = Find | Text: =]
rFunmiuns rCallers-Callees |/Suur-::e rDisassemhly rTimeline rExperiments :
sec. | 176 102 z208 zz49 240 |255 272 iz 204 Zz0 336 52 368 -] 400 416 43z a4a a6 ]
] PR IPIN PRTR EFINFIN [UN P PO SO O TP PO O PO SO [N PO (PR Y| PO (AU U PO P U T [PO SPUN PO PO [OOSR PO [P P PO AT ISP PRV PO AT PO UPO PR PO NPT P YN P PO PO [P O PR SO PO T (PR TR AP S SO
(] , -
Yo o i |
1.42 y
@ .
s sy sl sadmmon ok v :
1.43 L
@ .
e o p Ty e e i
1.44 L
@ ]
vl ok 1o i =
1.45 L 1
@ T
e s 1 s st i
1.46 L
@ ;
e i
1.47 !
@ L N I T e T T I e
1.42 L
@ : . : i . . : : o
1.40 L |
@ : e : . e
1.60 L
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Studio Analyzer: Stack Trace, SPECjbb2005

e |

Sun Studioe Enalyzer

[test .1.er] |- O X

File View Timeline Help

TaER=l R A RE @y

Find | Text: [+]

r5ummaryr rElurent |

f Functions rCallers-Callees r Source | | »
Z15.0 Z215.5 2168.0 | Z16.5 z
| ISP EPU S WP S I TN P TI N T N P T B |
bmims o i
1 g
e |
1 .
oo e e |
1 g
v . i
1 : | B
o .
1 :
P

LLh-i' s commn)

B

' L—'- T

i
—

bl

5% 22 2% 68 o oY 6f @ of et ef @ b

[« Tm]

| o]

£l

= 400 & %

Experimemnt Hame:
BEvent Type:

Leaf Function:
Timestamp (sec.):
LWWP:

Thread:

CPL:

Duration (msec.):
Micro State:

Data for Current Timeline Selection

R & s

test.l.er
Clock Profiling Data

spec. jbb. CustonerPeportTransaction.processTransact

216.297314
52

5z

5

lo.007
U=zer CPU

Call Stack for Selected Event

|. spec.jbbh.CustomerReportTransaction.processTransactionLog() + 0=000001AE
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SPECjvm2008: scimark.FFT.large

> scimark is a Java technology-based floating point
benchmark from NIST

> FFT is “Fast Fourier Transform”

> One dimensional, in-place algorithm with bit reversal

> n*log(n) complexity

> Large datasets: 2 million double complex values (32mb)
> Data access pattern is in steps of 2" (n=20,19,18....)

> What's the story?
VTune data indicates low Instructions/Clock (IPC)
VTune cache miss profiles indicate very large cache miss rate

VTune data drill-down shows high cache miss rate inside one tight
loop

Siptesd 2008 JavaOnes™ Conference | java.sun.com/javaone | 22
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Problem Analysis
> Reads and writes are in 2" steps

double data = new double[2*1024*1024];
for (int j = 0; j < step; jt++) in the inner loop

double sum = O;

JavaOne

2" access stridej
N—_

for (int i = 0; i < data size; i += step) {
sum += data[i+j]; data[i+]j] += sum;

}
} . unused unused
Cache Miss unused | unused
unused unused

BT B

> Set-associative caches; an address must be placed in one

specific set

Low bits of all addresses in a given set are identical, so a 2" stride
maps all addresses in the sequence onto the same set

R Only a small fraction of the cache is used

2008 JavaOnes™ Conference | java.sun.com/javaone | 23
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Change the source code

JavaOne

> Option 1: insert dummy element(s) into the array every k
elements and change code to read/write from the new array
correctly: ABCDEFGH => ABCDxEFGHXx

new_index = old_index + floor(old_index / k)

Increases footprint as well as number of instructions executed per
operation but allows entire cache to be used

A (B F |G |H [l |J~/K |L
NN
A (B E |F H X ¥ [T

@ Sun
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Change the source code -

> Option 2: move data items around in some pattern:
ABCDEFGHIJKL.... => ABCDHEFGKLIJ....

More complex code necessary to correctly access needed element
=> many more instructions than option 1

Footprint unchanged

THEIIT ITHI]

JavaOne

A B |C|D|E |[E |G H |[INJ\K |L
NN AKX
A B |C |D [HTB |[F |G |[K'|L7|T |-

@ Sun
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Option 3: Loop Interchange + Scalar Promotion

Fomf T T WL BT M

double data = new double[2*1024*1024];
for (int j = 0; j < step; j++) {
double sum = 0;
for (int i = 0; 1 < data size; i += step) {
sum += data[i+]]: -

data[i+]] = sum;
}
e BEE T B

double data[] = new double[2*1024*1024];
double sum array[] = new double[step];
for nt i = 0; i < data size; i += step) {

or (int j = 0; j < step; j++) :]

Promote sum sum array[j] += data[i+j]; Interchange

to an array data[i+j] = sum_array[j loops
} Cache Hit

@ Sun
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Closing the Loop

450
425

400
1thread
375 .

350 B 16threads

Percent Improvement vs. Original Code
N
N
(S,

Option 1 Option 2 Option 3

Source: Intel
4 chip, 16 core Tigerton 2.93GHz 1066MHz bus
Measurements on other platforms show similar improvements
Option 3 is best
Minor footprint increase, smallest code change

2008 JavaOnes™ Conference | java.sun.com/javaone | 27
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SPECjbb2005

> Emulates a three-tier client/server warehouse
management system, emphasizing the middle tier

> Measures warehouse transaction rate, one thread per
warehouse
> |In theory, “embarrassingly parallel”
Measures hardware, JVM machine and OS scalability
Single- and multi-JVM machine run modes
Single-JVM machine mode is the real test of scalability
> Object allocation intensive

> Spoller: very memory system sensitive
The smaller the caches, the more sensitive
The longer the main memory latency, the more sensitive
The more NUMA the memory system, the more sensitive

Slocupteny
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SPEC|bb2005: Studio Analyzer, Profile

-~ | Sun Studioc Bnalyzer [test.s.er] |_ O X
File View Timeline Help
TaEREll B e BE #BE® Find | Text: [=]& & =
l/Funmiuns rCaIIers-Callees |/Suur[:e rDisassemhI}r |/Timeline rExperiments | =f5ummanr |/E’||.||'EI’I‘t |
MHarme B User CPU : Selected Object:
T (sec) (%) Hame: spec.jbb.DeliveryTray
<Total= 15 081.495 100,00 || PC Address: 259:0x00040550
gpec.jbb.DeliveryTransaction. preprocessi | 4952,545 27.39 |— Size: 14080
spec.jbb.lrder.processlines (spec. jbb.Warehouse, short, boolean) 2423.956  13.41 Source File: [(unknoum)
gpec. jbb. CustonerReportTransaction. process() 1344.571 7,44 Object File: spec.ibb.DeliveryTrar
zpec.jbb.NewlrderTransaction.processTransactionLogi) 633,453 3.50 Load Object: <J&VA COMPILED METHOL
spec.jbb.infra.Util. TransactionLogbuffer.privText(jawva. lang. String LE2.928 322 Mangled Name: spec. ibb.DeliveryTrar
spec.jbb.infra.Util.xMLTranzactionLog. populatexML (spec. jbb. infra. T 479,025 2.65 Aliases:
java.math.Bighecimal.conpareTo(java.wath.Bighecinal) 435,735 2.4l —
spec.ibb.infra.Util.¥MLTransactionlog. clear() 427.099  2.36 Metrics for Selected OF
java.math.Bighecinal . layoutChars (boolean) 529.250  1.82 & Exclusive
spec.ibb.infra.Util. TransactionLogBuffer. putIntiint, int, int, int  307.905  1.70 User CPLE  4052.545 (27.39%)
gettimeofday 304,283  l.68 Wall: o. P00 %)
gpec. jbh. 3tockLevelTransaction. process () 296,943 l.64 Total LW T130.368 (11.86%)
jshort disjoint arraycopy 289,533 l.60 System CPL: 4,543 (19.18%)
java.math.Bighecimal .omultiply(java.wath.Bighecinal) 271.100 1.50 Wait CPL: 2172.520 (27.30%)
java.util.TreeMapsizcendingiubMapsizcendingEntryietView. iterator () 268,638 1.49 User Lock: a. (0. %)
zpec.jbb. PaymentTransaction.processTransactionLogi) 250,355 1.38 Text Page Fault: 0. (0.
arrayof jshort dizjoint arraycopy 237.186 1231
- - R : Data Page Fault: 0.060 ( 1.79%)
Col. SUnl. 0rg. apache.xerces. internal .. dom. Farentlode, internalInserthe: 2320212 1.28 ]
spec.jbb.infra.Util. TransactionLogbuffer.putText(java. lang. 3tring, 2158.413 1.21 | AL a, [ 8. :5)
q] [ | e I | IC

@ Sun
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File View Timeline Help
f:f:iﬂﬁﬁlﬂ@&%g foF = Fing!Text: Digﬁ
l/Funmiuns rCaIIers-Callees |/Suur[:e rDisassemhI}r |/Timeline rExperiments | :[[’5ummanr rEuem |
MHarme B2 User CPU Selected Object:
T (sec) (9% Hame: java.util.HashMap.

Totals 635.026 100.00 = PC Address; =9:0x00066730
java.util.HashMap,. get(java. lang. 0bject) a1 e : Size: 352
jawa. lang. Integer. equal s (java. lang. Object) 24,457 3.83 Source File: /top/analvzer.Hashl
java.util.TreeMap. successor (java.util. TreeMapsEntry) 23.987 3.76 Object File: java.util.HashMap
zpec.jbb.Warehouse.retrieveitock (int) l6.852 2.64 Load Object: <JivA COMPILED METE
jawva. lang. 3tring.<initx(Jjawva. lang. String) 16.101 2052 : Mangled Name: §ava.util.HashMap.
spec.jbb.infra.Util.TransactionLogbBuffer. clearBuffer() 15.781 2.47 Aliases:
jawva. lang. 3tring.getCharsi(int, int, char[], int) 14,490 2.27 : —
zpec.jbb.0rderline.process(spec.jbb.Iten, spec.jbb.3tock) 14,190 2522 Metrics for Selected OF
gpec.jbb.CustonerPeportTransaction. process () 13,459 z2.11 . Exclusive
spec.jbb.DeliveryTransaction.preprocessi) 12,469 1.95 User CPLEL 42.113 [ 6.60%]
COL. SUn.org. apache.xerces. internal. dom. ParentNode. internal InsertBefore(c 11.775  1.85 Wall: 0. o, %)
jshort_disjoint_arraycopy 11.015 Li7a Total LW 47,119 | 1.47%)
gettineofday 10,427 1.63 System CPL: 0. [0 %)
zpec.jbb.infra.Util. TransactionLlogbuffer.privText(jawva. lang. 3tring, int, 10.337 l.62 Wait CPU: 0 {0 &)
spec.jbb.0rderline. getQuantity() 10,077 1.58 : User Lock: o (0. %)
COm. SUl. 0rg. apache.xerces,. internal. don. CharacterDatalnpl. setlodeValueInt 9,987 S Text Page Fault: 0. [0 5)
zpec.jbb. 3tock. getluantity () 9,427 1.43

] Data Page Fault: 1] [ o %)
zpec.jbb.Customer. getBalance | ) G.636 1.35 : ]
COm. SUn. 0rg. apache.xerces. internal. don. ParentNode., internalRenoveChild o G.576 1.34 (] dE il l -0 £
4] I [ D KX I | I

@ Sun

2008 JavaOnes™ Conference | java.sun.com/javaone | 31



JavaOne

HashMap Organization: Integer Keys

Keys

Integer(1)-

Integer(2)y

Integer(n)’

hash() Bucket Array Entry

Key / Value / Next Entry

Chains Triples
— entry —+—»
~n
entry —+—»
entry —T— > I
nteger
\ P entry — 2
\/
/ N Integer
\1 entry —+——»

> HashMap is implemented as a chained hash table
> Chained hash tables have poor memory access locality

> Even if average chain length is one, could miss on every
access: Bucket Array element, Entry, Key and Value objects

Siceyptem
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SPECjbb2005: HashMap.get(), Misses in Orange

public V get(Object key) ({
int hash = hash (key.hashCode()) ;
for (Entry<K,V> e = table[indexFor (hash, table.length)];

e '= null; e = e.next) {
Object k;
if (e.hash == hash &&
((k = e.key) == key || key.equals(k)))

return e.value; // Possible miss

}

return null;

}

int index; HashMap table; .; // Fill up table
Value value = table.get(index);// Many, many get()s!'

// But 'index' is auto-boxed, so the call
// to get() is actually

table.get (Integer.valueOf (index)) ;

Value value =

Sun.
Q 2008 JavaOnes™ Conference | java.sun.com/javaone | 33
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SPECjbb2005: Studio Analyzer, Assembly

> Bucket Array access
table[indexFor (hash, table.length)]

> Chain Entry access

e.hash
.-'«i|‘ Sun Studic Bnalyeer [test.d4.er] | S
File View Timeline Help
T aEEI RS BE BE= Find | Text: +] 5 ¢
rFunmiuns rCaIIers-Callees |/Suur[:e rDisassemhI}r |/Timeline rExperiments | =f5ummanr |/E’||.||'EI’I‘t |
Source File: /tmpsanalyzer.HashMap.java.5709 B User CPU ji Selected Dhjed:
Object File: jawa.util.HashMap B B X .
Load Object: <JAVL COMPILED METHODS: fzac) (%) I Name: java.util.HashMaj
] 78: cwmpl Oxc (2esp) , Seax 0.210  0.03 :_ PC Address: 25: 0x00066520
[ 7] 7o jae LA0EAT [ Ox113 ] o. a. E- Size: 3
[ 7] g2: movl Oxci%ebp,feax,4) ,%ebhp 0.0&0 0.01 Source File: /top/analyzer.Haj=
@i 86: testl  %ehp,3ebp  13.328  2.09 | Object File: java.uril.HashMaj
[ 7] BE:  Je -+lxta [ Oxfz ] o. o. | Load Object: <7&V4 COMPILED M
E :; :E: n':'pl IR 7 E'zig E'Ez Mangled Name; jawva.util.HashMa)
E o mow tebp) ,Sebx 2 : . ) 1 4
E i 93: cmpl  8(%esp),%ehx TEEEEEEE | | | flasn
[ 2] a7:  qne AOxde [ Oxe5 ] a. a. : Metrics for Selected
[ 2] 99: wovl  OxciSebp),%eax 0.230  0.04 : . Exclusive
[ 2] 9c: cmpl  4{%esp),%eax 0.200  0.03 UserCPAk | 0.010 ( 0.00
[ 7] al:  de LAHDAD [ Oxed ] o. 0; = Wall: o. (A PO by
< I | DR I | Dl

@ Sun
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JavaOne

SPECjbb2005: Studio Analyzer, Assembly

> Key access
key.equals (k)
key.class
key.value

e Sun Studic Bnalyzer [test.4.er] ] S
File View Timeline Help
aEBRIIEF & EBE @ = Find | Text: +] 5 ¢
r Functions rCaIIers-Callees |/ Source rDisassemhI}r |/Timeline rExperiments | :1/ Sumimany |/ Event |
Source File: /tmpsanalyzer.Integer.java.5709 B User CPU Selected Dhjed:
Object File: jawa.lang.Integer : X
Load Object: <JAVA COMPILED METHODS: {zec) (%) : Name: java.lang. Intege
[ 7] 15: worl Seaw, Sea 0. 0. e [ PC Address: 29:0x0005BA79
[ 7] 15: testl Fedd, fedx 0.110 0.0z = _ Size: 3
[ ] 17: Jje Adwle [ 0x33 ] 0. 0. Source File: /top/analyzer. Inj=
[ 2 19: mowl dized)  ebx 0. 0. Object File: jawva. lang. Intege
[ 7] le: cmpl §Ox30e0ECBE, sebx _l Load Object: <Jivi COMPILED M
[ 2] adil Sne Akl | Jaxos | o b E Mangled Name: jawva. lang. Intege
[ | 24:  mowl Sisecx) , secx 0.3380 0.06 : Rliases: 1 4
[ | 27:  mowl Sixed:)  %ebp 0. 0. :
[ 2] Za:  cupl sebp, ook _l Metrics for Selected
[ 2] Zc: qne 47 [ 0x33 ] a. a. . Exclusive
[ 2] Ze: movl  §1,%eax 0.100  0.02 User CPLEL a. { 0.
[ 7] 33:  addl £8,%eap o. o. = Wall: a. (A PO by
q] I | N E N I | T¥| |
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HashMap Organization: Integer Keys

Keys hash() Bucket Array Entry Key / Value / Next Entry
Chains Triples

Integer

Integer
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Byte Distance: Parent End to Child Start

Percent of Object Instance Pairs a Given Distance Apart

100
95
90
85
80
75
70
65
60
55
50
45
40
35
30
25
20
15
10

B jbb HashMap
Entry/ Key

B jbb Sring/ char[]

] 209_db Hashtable
Entry/ Key

1209 db
Sring/ char(]

Percent

0 >= 128 >= 4096
Distance in Bytes

Source: Sun Microsystems
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Breadth-First GC Object Copying

> Copy object
> Copy all its children
> For each child, copy all its children, ...

JavaOne

3 | o TR | c |
Hit l
\
s [ e | o |
A

Miss
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Depth-First GC Object Copying

> Copy object

> Copy first child

> Copy first child's first child, ...

> Copy second child, then second child's first child, ...

: [ o [ [ ¢ |

Hit Hit
\/ \/
A s [ o [ e ]
A
Miss
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Breadth-First Copying: HashMap

Values

Keys

Entries

Bucket Array

Breadth-First Order

Prvobable Hit

A A A

Miss Miss Miss

Siceyptem
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JavaOne

Depth-First Copying: HashMap

Values

Keys

Entries

Bucket Array

Depth-First Order

Hit Probable Hit
A

Miss Miss

Siceyptem
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Byte Distance: Parent End to Child Start
Breadth-First vs. Depth-First

Percent of Object Instance Pairs a Given Distance Apart

100
920
80
70
H -
C 60 I jbb HashMap
8 Entry/ Key
g 20 Il jbb Sring/ char[]
O I 209_db Hashtable
Entry/ Key
30 ] 209 db
Sring/ char(]
20
D:0 B:>=128 D: >=128 B: >=4096 D: >=4096
Distance in Bytes

Source: Sun Microsystems

Iseapte
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Breadth-First vs. Depth-First: SPECjbb2005

-~ | Sun Studic Bnalyeer [test.d4.er] | S
File View Timeline Help
TaEREll B e BE #BE® Find | Text: ] % ¢ =
l/ Functions rCaIIers-Callees |/ Source rDisassemhI}r |/Timeline rExperiments | :1/ Sumimany |/ Event |
Mame B User CPU Selected Objeq
% (sec) (%) Name: java.lang. Intege f
Totals 635.026 100.00 |= i PC Address: 29:0x0005BA60
java.util.HashMap. get(java. lang. Ohject) 42,119 6.60 = : Size: 4
jawa. lang. Integer. equals(java. lang. Obhject) 24,457 3.83 Source File: /tmp/analvzer.In
java.util.TreeMap. successor (java.util. TreeMapsEntry) 23.987 .76 (= Object File: java. lang. Intege] |
1] I | T KN [ | L]
-~ | Sun Studioc Bnalyeer [test .2 .=t] | i
File View Timeline Help
TaEREll B e BE #BE® Find | Text: [=]& & =
l/ Functions rCaIIers-Callees |/ Source rDisassemhI}r |/Timeline rExperiments | :1/ Sumimany |/ Event |
Mame = User CPU Selected Ohjec ~ |
% (sec) @ || : Name: java.landg. IntEgE]i
spec.jbb.0rderline. getuantity ) 11.095 1.74 |~ PC Address: 29:0x0005BAZ0
java. lang. Integer. equals (Java,. lang. Object) 10,955 i i — Size: 4
jshort disjoint arraycopy 10,647 1.67 Source File: /tup/analvzer. Int
gettineofday 10517 l.e5 | Object File: jawva. lang. Integel « |
4] Il | [l ] Il | [ »]
Sun
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Java

Breadth-First vs. Depth-First: SPECjbb2005

Relative improvement, not absolute: see spec.org for the latter
Benefit varies by platform
Not just HashMap! TreeMap, String, etc. also benefit

Depth-First Percent Improvement Over Breadth-First, Single JVM Machine
20

18 -

16 -

14+

12

Percent
o
|

Intel Harper- Intel Clover- Sun SPARC US- Sun SPARC
town, 8 cores town, 8 cores IV+, 16 cores Niagara 1, 8/32

cores/threads

Sun. : i
Q ’’’’’ Source: Sun MlcrosyStems 2008 JavaOnes™ Conference | java.sun.com/javaone | 44



< JavaOne

Java

Breadth-First vs. Depth-First

> Any static policy will hurt some applications and help
others

> A common pattern in Java technology applications is
object arrays pointing to nodes

> Depth-First is better for this pattern

> Little or no degradation with respect to breadth-first on all
other performance benchmarks we can get our hands on

> Many, e.g. SPECjvm98's 209 db, are much faster with
depth-first

Strings and their charl[]'s are co-located 100% of the time
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JavaOne
But Wait, There's More! Remember This?

Keys hash() Bucket Array Entry Key / Value / Next Entry
Chains Triples

Integer

Integer
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Java

JavaOne

Yes, There Is: Specialize for Integer Keys

> Front the whole business with an Integer -> Value array
cache, punt to backing HashMap on miss

> If front cache is big enough, the backing HashMap will stay
out of processor cache: copying order doesn't matter

B B B e
S

N

\

\

\

\

A

]

Siceyptem

A
|

A
|

A

Values

Value Array

index []
Integer Keys

Breadth or Depth-First Order

Possible Hit
\

A

Possible Miss
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Breadth-First vs. Depth-First: SPECjbb2005

Relative improvement, not absolute: see spec.org for the latter
Benefit varies by platform
Not just HashMap! TreeMap, String, etc. also benefit

Depth-First Percent Improvement Over Breadth-First, Single JVM Machine
20

18 -
16- I Without Front
Gache
141 ith Front
— 124
c
[}
O 10
(3]
o 8-
6 _
4 -
2 _
0 _
Intel Harpertown, 8 Intel Clovertown, 8 Sun SPARC US- Sun SPARC Ni-
cores cores IV+, 16 cores agara 1, 8/32
@Sun  Source: Sun Microsystems cores/threads
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& JavaOne

Java

Agenda

> Methodology: Hardware, JVM Machine, Class Libraries,
Applications

> Tools, Tools, Tools

» Case Study 1: SPECjvm2008, FFT Large

> Case Study 2: SPECjbb2005

> Demo

> Performance Analysis Takeaways

» Java Library and JVM Machine Performance Frontiers

Sun.
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= JavaOne

Performance Analysis Takeaways

> Incorporate performance monitoring and analysis into the
development cycle

Including, to the extent possible, production
> Use the avallable tools: they work really well
> Learn and apply basic hardware design knowledge
> The memory system is not your friend

Most performance problems can be traced to its limitations
> Results vary by platform

Optimizing cache utilization matters most when average memory
access time is high relative to processor speed

Test on as many platforms as possible
WORA => do your best to eliminate platform to platform variability

Siceyptem
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& JavaOne

Java

Agenda

> Methodology: Hardware, JVM Machine, Class Libraries,
Applications

> Tools, Tools, Tools

» Case Study 1: SPECjvm2008, FFT Large

> Case Study 2: SPECjbb2005

> Demo

> Performance Analysis Takeaways

> Java Library and JVM Machine Performance Frontiers

Sun.
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Java Library and JVM Machine Performance Frontiers

> Completely dynamic and adaptive execution
Hardware-assisted always-on dynamic profiling
Adaptive garbage collection
Predictability and throughput goals
Real-time

> Ergonomics writ large
Execution history recording and feedback
> High performance computing

Photo-real graphics generation, speech analysis and generation,
financial analysis

Auto-vectorization and concurrentization
Massively parallel Java platform
» Startup and footprint: minimize class loading overhead
Eliminate static variables and initializers, horizontal class dependencies
Minimize object allocation during startup

> Memory-optimal data structures: wide-node TreeMap, B+Trees

JavaOne
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