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The SPECjbb2005 (Java Business Benchmark) is SPEC's benchmark for evaluating the
performance of server side Java. It evaluates the performance of server side Java by
emulating a three-tier client/server system (with emphasis on the middle tier). The benchmark
exercises the implementations of the JVM (Java Virtual Machine), JIT (Just-In-Time) compiler,
garbage collection, threads and some aspects of the operating system. It also measures the
performance of CPUs, caches, memory hierarchy and the scalability of shared memory
processors (SMPs). SPECjbb2005 represents an order processing application for a wholesale
supplier.

1. Executive Summary

Common JVMs used for SPECjbb2005 include:
SUN Java HotSpotE
IBM J9
Oracle JRockit®

For the benchmark documented in this report, the Oracle JRockit® JVM was used on Red Hat
Enterprise Linux (RHEL).

Performance metrics for the SPECjbb2005 benchmark are:
Throughput in Business Operations per Second (BOPS) &
Average throughput per JVM instance in BOPS/JVM

This recently released RHEL benchmark result of 2,150,260 SPECjbb2005 BOPS is the
highest throughput achieved by any x86_64 based server. It is important to note that
RHEL achieved this leading SPECjbb2005 benchmark result despite the fact that the bulk of
the recently published SPECjbb2005 benchmark results on x86_64 based servers have been
on Windows Server 2003, Windows Server 2008 and Solaris.

SPEC® and the benchmark name SPECjbb® are registered trademarks of the Standard
Performance Evaluation Corporation (SPEC). Competitive benchmark results shown below
reflect the best recent SPECjbb2005 benchmark results published on http://www.spec.org as
of March, 2009. The comparison presented below is based on the best published results for
the following operating systems:

Red Hat Enterprise Linux on x86_64

Solaris 10 on x86_64

Windows 2003 Server on x86_64

Windows 2008 Server on x86_64

For the latest SPECjbb2005 benchmark results, visit http://www.spec.org/osqg/[bb2005 .
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Top SPECjbb2005 BOPS by OS (as shown in Figure 1):

1. OS=
a.
b.

C.

d.
e.
f

2. OS=
a.
b.

C.

Red Hat Enterprise Linux 5.3 (x86_64)

NEC Corporation

Server = NEC Express5800/A1160 (16 chips, 96 cores, Intel Xeon X7460, 2.67
GHz, 262 GB RAM)

JVM = Oracle JRockit® 6 P28.0.0 (build P28.0.0-8-109238-1.6.0_05-20090130-
1405-linux-x86_64)

SPECjbb2005 BOPS = 2,150,260

SPECjbb2005 BOPS/JVM = 134,391

Test date: Feb 5, 2009
Solaris 10 10/08

Sun Microsystems, Inc.

Server = Sun Fire X4600 M2 (8 chips, 32 cores, AMD Opteron 8384, 2.7 GHz,
131 GB RAM)

JVM = Java HotSpotE 32-Bit Server VM on Solaris, version 1.6.0_06

www.redh
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f.

&

Performance Release
SPECjbb2005 BOPS = 1,037,851
SPECjbb2005 BOPS/JVM = 129,731
Test date: Nov 11, 2008

3. Microsoft Windows Server 2003 Enterprise x64 Edition SP1

a.
b.

C.

d.
e.
f

Dell Inc.

Server = Dell PowerEdge R900 (4 chips, 24 cores, Intel Xeon X7460, 2.66 GHz,
65 G B RAM)

JVM = Oracle JRockit® 6 P28.0.0 (build P28.0.0-8-109238-1.6.0_05-20090130-
1408-windows-x86_64, compiled mode)

SPECjbb2005 BOPS = 628,291

SPECjbb2005 BOPS/JVM = 157,073

Test date: Feb-2009

4. OS = Microsoft Windows Server 2008 Enterprise with SP1 (64-bit)

a.
b.

~0a

Hewlett-Packard Company

Server = HP DL785 G5 (8 chips, 32 cores, AMD Opteron 8384, 2.7 GHz, 64 GB
RAM)

JVM = Oracle JRockit® 6 P28.0.0 (build P28.0.0-8-109238-1.6.0_05-20090130-
1408-windows-x86 64

SPECjbb2005 BOPS =1,181,782

SPEC|jbb2005 BOPS/IJVM = 147,723

Test date: Feb 4, 2009
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2. SPECjbb2005 Benchmark

SPECjbb2005 (Java Server Benchmark) is SPEC's benchmark for evaluating the
performance of server side Java. Like its predecessor, SPECjbb2000, SPECjbb2005
evaluates the performance of server side Java by emulating a three-tier client/server system
(with emphasis on the middle tier). The benchmark exercises the implementations of the JVM
(Java Virtual Machine), JIT (Just-In-Time) compiler, garbage collection, threads and some
aspects of the operating system. It also measures the performance of CPUs, caches, memory
hierarchy and the scalability of shared memory processors (SMPs). SPECjbb2005 provides a
new enhanced workload, implemented in a more object-oriented manner to reflect how real-
world applications are designed and introduces new features such as XML processing and
BigDecimal computations to make the benchmark a more realistic reflection of today's
applications.

SPECjbb2005 Benchmark Highlights
1. Emulates a 3-tier system, the most common type of server-side Java application today.
2. Business logic and object manipulation, the work of the middle tier, predominate.
3. Clients are replaced by driver threads, database storage by binary trees of objects.
4. Increasing amounts of workload are applied, providing a graphical view of scalability.
5. Figure 2 is an architectural schematic of the SPECjbb2005 benchmark process.

client
threads

business logic
engine

(primary focus

object
frees

of measurement)

benchmark process

created in GIMP on Linux

Figure 2
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SPEC]jbb2005 is implemented as a Java 5.0 application emulating a 3-tier system with
emphasis on the middle tier. All three tiers are implemented within the same JVM (though the
benchmark may spawn several JVM instances). Random input selection represents the first
(user) tier. SPECjbb2005 fully implements the middle tier business logic. The third tier is
represented by tables of objects, implemented by Java Collections, rather than a separate
database.

The motivation behind SPECjbb2005 is that it is, and will continue to be, common to use Java
as middleware between a database and customers. SPECjbb2005 is representative of a
middle tier system, with simplifications to isolate it for benchmarking. This strategy saves the
benchmarker the expense of having to invest in a fast database system in order to measure
various JVM systems.

SPEC]jbb2005 is a follow-on release to SPECjbb2000, which was inspired by the TPC-C
benchmark and loosely follows the TPC-C specification for its schema, input generation, and
transaction profile. SPECjbb2005 replaces database tables with Java classes and replaces
data records with Java objects. The objects are held in memory as Java Collection instances
or other Java data objects. SPECjbb2005 runs in a single JVM in which threads represent
terminals, where each thread independently generates random input before calling
transaction specific logic.

SPEC]jbb2005 is totally self contained and self driving (generates its own data, generates its
own multi-threaded operations, and does not depend on any package beyond the JRE).
SPECjbb2005 is memory resident, performs no 1/O to disks, has only local network 1/O, and
has no think times.

SPEC intends that this benchmark measure the overall performance of systems that provide
environments for running server-side Java applications. It is not a JEE benchmark and
therefore it does not measure Enterprise Java Beans (EJBs), servlets, Java Server Pages
(JSPs), etc.

For a full-fledged multi-tier enterpise Java benchmark, SPEC has developed a
comprehensive application server benchmark, SPECjAppServer2004.

2.1 System Modeled by the Benchmark

The system modeled is still a wholesale company, with warehouses that serve a number of
districts. There are a set of operations that customers (also known as users) initiate, such as
placing new orders or requesting the status of an existing order.

Additional operations are generated within the company, such as processing orders for
delivery, entering customer payments, checking stock levels, and requesting a report on
recent activity by a given customer. There is only one user active per warehouse.

A warehouse is a unit of stored data. It contains roughly 25MB of data stored in many objects
in several Collections (HashMaps, TreeMaps).

A java thread represents an active user posting transaction requests within a warehouse.
There is a one-to-one mapping between warehouses and java threads, plus a few threads for
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SPEC]jbb2005 main and various JVM functions. Each thread executes operations in
sequence, with each operation selected from the operation mix using a probability distribution.
As the number of warehouses increases during the full benchmark run, so does the number
of threads.

The Company has three major tables of data, the Item table, the CustomerTable, and the
CustomerbyLastNameTable. Each Warehouse object has its own StockTable and
HistoryTable. Each District has its own OrderTable and NewOrderTable.

There are six different types of transactions that are carried out - NewOrderTransaction,
OrderStatusTransaction, DeliveryTransaction, PaymentTransaction, StockLevelTransaction,
and CustomerReportTransaction.

www.redhat.com 10
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3. Running the Benchmark

A "point” represents the throughput during the measurement interval at a given number of
warehouses. A full benchmark run consists of a sequence of measurement points with an
increasing number of warehouses (and thus an increasing number of threads).

Throughputvs. # Warehouses
(Expected Peak=4 Example)

d

)

Q

o

5

a

=

3’ Points usedto calculate
= SPECjbb2005BOPS
iE

1 2 3 4 5 6 7 8

# Warehouses

Figure 3

A set of sequential points is run starting at 1 warehouse up through the minimum of 8
warehouses or 2 * N warehouses, whichever is higher. N is the number of warehouses that
are expected to yield the peak throughput. Note: the location of the peak, N, is strongly
correlated to the number of CPUs in the system.

3.1 Ramp-up and Ramp-down of the Workload

Each user thread runs a 'while' loop carrying out a randomized series of transactions. When
there is more than one JVM running in the benchmark there is an initial ramp-up period of 3
seconds, to make sure all threads are running before measurement of the transaction rate
begins, and also a ramp-down period of 20 seconds. Measurements are done for 30 seconds
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for warehouses up to the expected peak, and for four minutes after that. Each thread collects
and writes transaction data for future reference. In a single-JVM run with many warehouses,
the start-up time is part of the measurement period and erratic results may be seen before the
expected peak because of the shorter measurement interval.

Warehouse Increments
(Expected Peak=4 Example)
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D 1 T T T T T T T T i
0 100 200 300 400 500 600 700 800 | 900 1000 1100

Time Warehouse
* Measurement
(240 sec)

— |+
Warehouse
Ramp
{30 sec)

Figure 4

3.2 Configuring the System Under Test (SUT)

The SPECjbb2005 benchmark runs on one machine (in a single OS image) as one or more
instances of a single Java application. Use of clusters or aggregations of machines is
specifically disallowed. No network, database, or web server components are required,
only a Java environment.

www.redhat.com 12



3.2.1 Operating System Tuning

Any deviations from the standard, default configuration for the SUT will need to be
documented so an independent party would be able to reproduce the result without further
assistance.

These changes must be "generally available", i.e., available, supported and documented. For
example, if a special tool is needed to change the OS state, it must be provided to users and
documented.

3.2.2 Benchmark Parameters

There are a number of parameters, in two properties files, that control the operation of
SPECjbb2005. Parameter usage is explained in the SPECjbb2005 User Guide. The
properties in the "Fixed Input Parameters" section of the file "SPECjbb.props" must not be
changed from the values as provided by SPEC. The properties in the "Changeable Input
Parameters" section may be set to the appropriate values for a valid run.

All benchmark settings must be reported, as well as the command line used for the reported
run, and for precompilation, if any.

3.3 SPECjbb2005 Performance Metrics

SPEC]jbb2005 produces two throughput metrics, as follows:

- SPECjbb2005 BOPS (business operations per second), which is the overall rate at
which business operations are performed per second, and

- SPECjbb2005 BOPS/JVM, the first metric divided by the number of JVMs running
during the benchmark,

The throughput metrics are calculated as follows:

For each JVM instance, all points (numbers of warehouses) are run, from 1 up to at
least twice the number N of warehouses expected to produce the peak throughput. At
a minimum all points from 1 to 8 must be run.

For all points from N to 2*N warehouses, the scores for the individual JVM instances
are added.

The summed throughputs for all the points from N warehouses to 2*N inclusive
warehouses are averaged (arithmetic mean is used). This average is the
SPECjbb2005 BOPS metric.

The SPECjbb2005 BOPS/JVM is obtained by dividing the SPECjbb2005 BOPS metric
by the number of JVM instances.

The reporting tool contained within SPECjbb2005 produces a graph of the throughput at all
the measured points with warehouses on the horizontal axis and the summed throughputs on
the vertical axis. All points from 1 to the minimum of 8 or 2*N are required to be run and
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reported.
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4. Configuration Used & Tuning

4.1 Hardware Configuration

Hardware Vendor
Vendor URL
Model

Processor

MHz

# of Chips

# of Cores

# of Cores/Chip
HW Threading Enabled?
Procs Avail to Java
Memory (MB)
Memory Details
Primary cache
Secondary cache
Other cache
Filesystem

Disks

Hardware
NEC Corporation
http://www.nec.com
Express5800/A1160
Intel Xeon processor X7460
2667
16
96
6
N/A
96
262144

64 x 4GB DDR2-667 FBDIMMSs

32KB(l) + 32KB(D) on chip per core
OMB(1+D) on chip (3MB shared per 2cores)

16MB(1+D) on chip per chip
ext3
1 x 73GB SAS

15
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4.2 Software Configuration

Software
Software Vendor Oracle Corporation
Vendor URL http://www.oracle.com
Oracle JRockit(R) 6 P28.0.0 (build P28.0.0-8-109238-1.6.0_05-20090130-
1405-linux-x86_64)
numactl --localalloc taskset -c [0-5,6-11,...,90-95] java -cp jbb.jar:check.jar -
Xms3700m -Xns3100m -Xmx3700m -XlargePages -XXaggressive -
JVM Command Line XXcallProfiling -Xgc:genpar -XXtlaSize:min=4Kk,preferred=512k -
XXthroughputCompaction -XX:+UseStringCache spec.jbb.JBBmain -propfile
SPECjbb.props -id $JVM _id

JVM Version

JVM Initial Heap

Memory (MB) 3700

JVM Maximum Heap

Memory (MB) 3700

JVM Address bits 64

JVM CLASSPATH  1DPiar:
check.jar

/opt/jrockit-jdk1.6.0_05/jre/lib/amd64/jrockit/jrockitl.6.0.jar:
lopt/jrockit-jdk1.6.0_05/jre/lib/amd64/jrockit/jmapi.jar:
/opt/jrockit-jdk1.6.0_05/jre/lib/amd64/jrockit/jmxmapi.jar:
/opt/jrockit-jdk1.6.0_05/jre/lib/amd64/jrockit/rmp.jar:
/opt/jrockit-jdk1.6.0_05/jre/lib/amd64/jrockit/latency.jar:
JVM /opt/jrockit-jdk1.6.0_05/jre/lib/resources.jar:
BOOTCLASSPATH /opt/jrockit-jdk1.6.0_05/jre/lib/rt.jar:
/opt/jrockit-jdk1.6.0_05/jre/lib/sunrsasign.jar:
/opt/jrockit-jdk1.6.0_05/jre/lib/jsse.jar:
/opt/jrockit-jdk1.6.0_05/jre/lib/jce.jar:
/opt/jrockit-jdk1.6.0_05/jre/lib/charsets.jar:
/opt/jrockit-jdk1.6.0_05/jre/classes

OS Version Red Hat Enterprise Linux 5.3 (x86_64)

Tuning
Operating system tunings
mount -t hugetlbfs nodev /mnt/hugepages

echo 40000 > /proc/sys/vm/nr_hugepages
ulimit -n 16000

www.redhat.com 16
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5. Benchmark Results

SPECjbb2005 BOPS = 2,150,260,
SPECjbb2005 BOPS/JVM = 134,391

JVM run JVM Scores
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SPEC license # 9006
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Warehouses SPECJbgg)Igg Irrr]gt.rliz
1 33838 P ien e
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SPEC license # 9006 Tested by: NEC Corporation Test date: Feb 5, 2009
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JVM 8 Scores:

Warehouses SPECJbgg)Igg Irrr]gt.rliz
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SPECjbb2005 | (from 6 to 12) SPECjbgg)gg -L: [ncluded in score calculation
SPEC license # 9006 Tested by: NEC Corporation Test date: Feb 5, 2009
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JVM 9 Scores:

Scores
Warehouses SPECJbgg)Igg Irrr]gt.rliz
1 34197 3 i v
2 65652 120000 1 /
3 90440 J
4 109376 ey /
5 125434 — //
6 136085 * ,/
7 135121 * - /’
8 134587 * /
9 133891 * woonn | /
10 131874 *
11 134191 * 20000 4+
12 131640 *
133913 : 4
SPECjbb2005 | (from 6 to 12) SPECjbgg)gg !L: Included in score calculat uT”j'm‘ .
SPEC license # 9006 Tested by: NEC Corporation Test date: Feb 5, 2009
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JVM 10 Scores:

Warehouses SPECJbgg)Igg Irrr]gt.rliz
1 34349 R e
2 65649 120000 1 Y
3 89803 #
4 109644 100000 - /
5 125220 ¥
6 136940 * e j,f
7 135670 * /
8 135548 * };*
9 133607 * wonol 7
10 132415 * /
11 133188 * 20000 -
12 133510 *
134411 1 i
SPECjbb2005 | (from 6 to 12) SPECjbgg)gg -L: Inclyded 4n score calculat ion
SPEC license # 9006 Tested by: NEC Corporation Test date: Feb 5, 2009
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Warehouses

Ol N oo o bW N -

N S
N = O

SPECjbb2005

BOPS
33944
65283
89728
109099
124584
135796
135204
134717
134482
132509
133387
134118

JVM 11 Scores:

Incl. in
metric

*

*

134316

SPECjbb2005 | (from 6 to 12) [SPECjbb2005

SPEC license # 9006

BOPS

Tested by: NEC Corporation

scores

£0000

40000 -

20000 -

] ]

o

T

} 1 r

4 to] 12
nclyded in score calcul on .
NO T Nu"hl‘} d 1n score C 1?! IJT:tH on

Test date: Feb 5, 2009
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JVM 12 Scores:

scores
Warehouses SPECJbgg)Igg Irrr]gt.rliz
1 33972 ST
2 65585 120000 -+ /
3 90307 /
4 110565 100000 - /
5 125726 oo /
80000 4- /
6 136716 * ,rf
7 136164 * s | ff
8 134358 * };*
9 134664 * — ! ff
10 132620 *
11 134792 * 20000 4
12 132015 *
134476 :
SPECjbb2005 | (from 6 to 12) SPECjbgg)F())g -L: Included in score calculat .n'!m o
SPEC license # 9006 Tested by: NEC Corporation Test date: Feb 5, 2009
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Warehouses
1
2
3
4
5
6
7
8
9

10
11
12

SPECjbb2005

BOPS
33991
64972
88778
109021
124182
135772
134865
134480
133805
133353
133860
133425

JVM 13 Scores:

Incl. in
metric

*

*

134223

SPECjbb2005 | (from 6 to 12) |SPECjbb2005

SPEC license # 9006

BOPS

Tested by: NEC Corporation

scores

£0000

40000 -

20000 -

] ]

o

T

} 1 r

4 to] 12
nclyded in score calcul on .
NO T Nu"hl‘} d 1n score C 1?! IJT:tH on

Test date: Feb 5, 2009
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JVM 14 Scores:

Scores
Warehouses SPECJbgg)Igg Irrr]gt.rliz
1 33953 /H“'—"—"*——-
2 65372 120000 - /
3 89613 /
4 109348 100000 - /
5 124695 . //
6 135272 * T J
7 135381 * | /
8 134226 * /
9 134272 x gizes | /
10 133225 *
11 134565 * 20000 -
12 133450 *
134342 i 12
SPECjbb2005 | (from 6 to 12) SPECjbgg)F())g -L: Included in score calculat ”T,!H N Vel
SPEC license # 9006 Tested by: NEC Corporation Test date: Feb 5, 2009
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Warehouses

Ol N oo o bW N -

N S
N = O

SPECjbb2005

BOPS
33929
65434
90070
108307
124464
135652
135264
134183
133609
132608
134069
132306

JVM 15 Scores:

Incl. in
metric

*

*

133956

SPECjbb2005 | (from 6 to 12) |SPECjbb2005

SPEC license # 9006

BOPS

scores

120000 4

80000 -+

60000 4

40000 4

20000 4

] ]

o

T

Tested by: NEC Corporation

; x r

4 12
nclyded in score calcul on .
NO T Nu"hl‘} d 1n score C 1?! IJT:tH on

Test date: Feb 5, 2009
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Warehouses
1
2
3
4
5
6
7
8
9

10
11
12

SPECjbb2005
BOPS

33883

65426

90082
109254
125256
135466
135270
135020
133825
132120
134268
132609

JVM 16 Scores:

Incl. in
metric

*

*

134083

SPECjbb2005 | (from 6 to 12) [SPECjbb2005

SPEC license # 9006

BOPS

scores

120000 4-

100000 4-

80000 1

60000 4-

40000 4-

20000 4

o

I
Tested by: NEC Corporation

SPECjbh2005 Version: [SPECjbb2005 1.07, March 15, 2006]
Reporing page, Copyright © 2068007 SPEC. All rights reserved

} 1 T

4 o] 12
nclyded in score calculation .
NO T Nu"hl" d 1n score calc IJTjH on

Test date: Feb 5, 2009
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Appendix I: Leading SPECjbb2005 BOPS/JVM
Numbers

There is a need to run SPECjbb2005 on Red Hat Enterprise Linux in configurations that yield
leadership values for the SPECjbb2005 BOPS/JVM metric. Today, other operating systems
have better SPECjbb2005 BOPS/JVM:

1. OS = Solaris 10 10/08

a.
b.

C.

d.
e.
f

Sun Microsystems, Inc.

Server = Sun Fire X4450 (4 chips, 24 cores, Intel Xeon X7460, 2.67 GHz, 65 GB
RAM)

JVM = Java HotSpotE 64-Bit Server VM on Solaris, version 1.6.0_06
Performance Release

SPECjbb2005 BOPS = 448,262

SPECjbb2005 BOPS/JVM = 448,262

Test date: Aug 15, 2008

2. OS = Microsoft Windows Server 2003 Enterprise x64 Edition

a.
b.

C.

d.
e.

f.

Dell

Server = Dell PowerEdge 2950 11l (2 chips, 8 cores, Intel Xeon X5460, 3.16
GHz, 16 GB RAM)

JVM = BEA JRockit® 6.0 R27.5.0-110-94909-1.6.0_03-20080204-1558-
windows-x86_64)

SPECjbb2005 BOPS = 279,095

SPECjbb2005 BOPS/JVM = 279,095

Test date: Feb 28, 2008

3. OS =Windows Server 2008 Enterprise Edition x64

a.
b.

~®ao0

IBM Corporation

Server = IBM Bladecenter LS42 (2 chips, 8 cores, AMD Opteron 8384, 2.7 GHz,
32 GB RAM)

JVM = IBM J9 2.4 JRE 1.6.0 (build pwa6460sr3-20080924 03)

SPECjbb2005 BOPS = 382,339

SPECjbb2005 BOPS/JVM = 191,170

Test date: Nov 18, 2008
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Appendix Ill: Positioning Industry Standard
Benchmarks

( Clients ]
SPECjbb2005
AN A /AN N\ | L\
SD pss\| (/oLT \ Web Server
orkloa orkloa orkloa “—— (JSP/Servlet)
[y JVM, N [y rYy
JIT,
NetWeaver/ TP -(A plication\Server
SAP Monitor / i (JEE/Beans)
— —
HaniiiEseng
\ J
N_ N_ _/
SAP SD P -H T Cc-C SPECjAppServer2004 SPECweb2005
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