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Introduction

This papepresents detailed benchmark results based on extensive performance and scalability
testingof 64-bit IBM WebSphere 6.1.03 Network Deployment Editiorunning on 64bit Red Hat
Linux Advanced Platform &nd 64-bit Windows Server 20084-bit NET3.5with the Windows
Communication Foundation (WCF). The benchmark focuses on three core workloads:

1 Web Services
1 Messageoriented transaction processingia nessage queuing)
1 DatadrivenWeb application with midditier transaction serviceand data access

The benchmark tests focus on comparing an-esvénd solution based on the IBM Trade 6.1
performance application. Trade 6.1 is a JBE&ed application deveped by IBM as a best
practiceperformancesample application and capacity testing tool for IBM WebSphere 6.1. The
application is available for free download from the IBM WebSphere performance site, and is used
extensively by IBM throughout most of theiore enterprise Redbooks for WebSphere. Since the
application was designed specifically as a performadroesn application, it presents a good
opportunity to compare the performance of IBM WebSphere to the performance of .NET
3.5Windows Server 208running an application server workload.

.NET StockTrader Sample Application and Performance Kit

For the benchmark comparison, Microsofeated an application that is precisely functionally
equivalent tothe Trade 6.1 applicatigrboth in terms of user funimnality andmiddle-tier

database accesgransactional and messaging behavior. This application was created using best
pradice programming techniques for .NET and the Microsoft Application Development platform.
The resulting application, th&ETStockTraderis now published on MSDN as a bpsictice .NET
enterprise application. The .NET StockTrader is a seauvigsted application that utilizes Windows
Communication Foundation (WCF) for its underlying remoting and messaging architecture. The
user interface is alSP.NEHT#Web application that is equivalent to the Trade 6.1 Java Server
Pages (JSP) application. Additionally, the mitidleserviceswritten in C#, mirror the

functionality and transactional characteristics of the backend Tfadleservices which are based on
J2EE and the IBM WebSphere application server.

Multiple Clients with Open Integration to Middle Tier via WCF

As a serviceriented application based on WCF, multiple interoperability scenarios are enabled

with the .NET t8ckTrader. Since bottne J2EE Trade 6.1 and .NET StockTigg@ications expose

their middletier services as industrstandard Web Services, the two applications can be

seamlessly integrated with no code changes required. The JSP Trade 6enftapplication can

fully utilize the .NET middle tier services and messaging capabilities of the .NET StockTrader; and

the ASP.NET StockTrader fremtd application can fully utilize the EB&sed WebSphere Trade 6.1

middle tier services and messaging capaed. This interoperability is possible with the .NET

{2071 ¢NIFRSNJ aAyOS 2/ Cxz aAONRaz2FiQa ySg O2YLRYySyl
programming model, is fundamentally based on open Web Service standards including SOAP, XML
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and the latest WS industry standards. In addition to the ASP.NET Web based application that
integrates via services with the middle tier, the sample also includes a Windows Presentation
Foundation (WPF) desktop client (also developed in C#), that provides adimarinterface to

the middle tier. The WPF client can also seamlessly connect to either .NET middle tier services, or
J2EHTrade 6.1 middle tier services simply by changing the services URL in the configuration page
no code changes are required to achieve thigiaperability.

Full Disclosure Notice

The complete source code, all test scripts and all testing methodology for this benchmark are available
online. Any reader may download and view the actual code for all implementations tested, and may
further perform the benchmark for themselves to verify the results. The benchmark kit can be
downloaded fromhttp://msdn.microsoft.com/stocktrader Extensive time was spent to generate

results that represent optimal tung for the platforms tested, and we are quite confident in the results
We encourage customers to download each kit and perform tbein comparative testing and
functionaland technicateviewsof each application

Tests Performed and Testing Details
Threecorebenchmarktestswere performed

1. Web Services: Remote activation of backend services from thedrahiVeb application.

2. Durable Messaging: Orders placed via transacted/durable queue in lecsgbyed architecture.

3. Web ApplicationAll elemens of application run in a single JVM or CLR instance, ho Web
Services omessaging.In this mode, orders were set to be placed synchronously.

All tests were performed on the same Hewlett Packard DL380 G5 server with dual-qaealintel
EMT64 CPUs (8 ces total); operating at 2.66 GHz. The machine was configured with dual gigabit
NICs and 16GB RAM.

Both the WebSphere Trade 6.1 and .NET StockTrader can easily be configured to run in eattinesd the
modes above. For each result, we report a peak sustiransaction per second (TPS) throughpaie

as averaged over a 3flinute measuremenperiod as tracked by Mercury LoadRunnBistributed
LoadRunner ageadrive load against theystem testedszia simulated Web users runnitige test script
across40 differentdistributed client test PCdUsers are added to the system until peak throughput is
obtained. Extensive iterative benchmark runs (as required) were done prior to measurement runs to
ensure proper tuning of the middle tier systems. For eafcthe four tessabove, we report the peak
sustainedTPS rateand also @alculated dollar cost per TR® customers can better understand what
that performance costs in normalized measurement across systems. The cost calculations are based
solely on neasuring the middle tier application server software costs (all tests are conducted on the
exact same hardware setup). Notes and details on the pricing of the middle tier application servers is
included in the Appendjxand based obasicpublished pricig from each vendor
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Customersshould understand that full .NET capabilities are included in every edition of Windows Server,
and upgraded versions of .NET are made available for free download from MSDN (for examplés .NET 3.
as tested here). Hence, tleeis no additional or separate application server cost associated with a .NET
application; while commercial J2EE application servers such bSpiere are separately licensghd
typically quite expensive) products. The dollar cost per TPS rates thigtgtfore, surprise some

readers.

It is also important to remember that this is a test of specific workloads based on the Trade 6.1 and
equivalent .NET StockTrader application. Each application, created by the respective vendors for their
platform, howeve, utilizes most (if not all) of the commonly deployed architectural building blocks used
in almost all enterprise applications.

Fair Benchmark Comparisons Between .NET StockTrader and
IBM WebSphere Trade 6.1

Since each application supports many differeabfigurations, it is very important to understand what
constitutes a fair comparison. First, the configurations compared must be equivalent. This means that
the applications must produce the exact same functionality and processing behavior in the
configurations compared. You cannot, for example, compare one application running wiphase
transactions between the message queue and the database, while running the other application with a
two-phase commit across these distributed resources. The .MEKTSader, while based on .NET and

not J2EE, was designed to mirror most of the Trade 6.1 configurations possible with this testing goal in
mind. The key configuration modes Trade &tl .NET StockTradsupport, in any combination, are
discussed below.

Database Access Technology/Programming Model:
WebSphere Trade 6.1:

1 EJB (default)
9 Direct

The EJB mode employs a standard IBM/J2EE recommended development paradigm: JSPs invoke
stateless session beans, which in turn fremd Entity Beans that use ContairManaged Persistence

(CMP). The Direct mode eliminates the Entity Beans and CMP, and instead uses direct JDBC calls to the
database. Both modes use Java model classes to pass data information between tiers.

.NET StockTrader:

Microsoft has a single datccess strategy based on ADO.NET, so there is no mode that equates to this
Trade 6.iconfigurablesetting in the .NET StockTrader application. The ADO.NET implementation uses
C# model classes to pass data between tidtases ADO.NET DataReaders tedlén a separate data
access layer (DAL) as a bpsictice performance programming practice, and to maintain clean
separation of database logic from the other tiers of the application.
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Interface from Web App lication to Backend Business Services:
WebSphee Trade 6.1:

i Standardvialocal invocation of EJB Session Bdams JSP pages, not remote/Rbtsed
invocations)

1 Web Services (JSP pages make remote Web calls to the backend services, which do all
database/transaction work)

Trade 6.1 Web Services are bdon the IBM Web Services/SOAP implementation, which use an Http
transport and XML encoding. These are the only possible transport and encodings supported by the IBM
Web Services programming model. In Web Services mode, you can optionally direct poanefda

their configuration page) to point to any of the .NET Web Service endpoints for StockTrader (discussed
below), and the JSP application will seamlessly work with the .NET middle tier services and data access
layers.

.NET StockTrader:

1 Http_WebService In this mode, the ASP.NET application makes calls to a Wisiaimsied WCF
service called .NET StockTrader Business Services. This-twatsmbfplication self hosting
services is a core new concept introduced with WCF, and allowisesgte be hosted in any
application, not just IIS. In this mode, calls are made from the client over HTTP with XML
encoding.

1 Tcp_WebService. In this mode, the ASP.NET application makes calls to the shos Y F
Windows application as with Http_ W&ervice. However, WCF enables this same client and
alYyS K2adG G2 62N vikthiKca®R FGPTasSdgibsed to Htp.ASO R ihig 3 & £
mode, the application is usingCP andbinary encoding between the Web application and
Business Services. WiGtifies the programming model fa@ll remoting in .NET, and separates
transport/encoding standards out from the programming logic. So thehsaf Business
Services program is actually simultaneously supporting Http/XML and Tcp/Binary modes of
operationwith no extra programming. The WCF clients work the same way, and different
clients can simultaneously use different bindings.

1 lISHost_WebService. In this mode, the WCF Business Services are hosted in IIS, as opposed to a
selthost program. IS 6.0 hast services always use Http and XML encoding. However, this is
not a restriction for 11IS 7.0. For this benchmark, all testing was done on IIS 6.0 however.

Order Processing Mode
Trade 6.1

1 Synchronougdefault). In this mode, orders are simply processed as they corfterinthe Web
tier-- either by way of JDBC logic (Direct mode) or EJB/Entity Bean logic (EJB mode).

1 Async TwoPhaseln this mode, JMS is used to integrate withiBM Service Integration Bus
(SB) message queue. In this maaéull two phase distributed transaction takes place when
processing orders, so they are not lost if the database transaction fails. Hence, in this mode it
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ax

makes sense to configure the message queue for persistent stosage ad | & & dZNBR Y
RSt A @dBeNdngection is coordinated by WebSphere JTA transaction facilities.

.NET StockTrader

1 Sync_InProcess. This mode equates to the Synchronous mode for IBM Trade 6.1. There is no
messaging interface, orders are simply presed by Business Services as they come in from the
Web application.

QX
LU

1 ASync_Msmq. This mode equates to running Trade 6.1 with the ASync_TwoPhase configuration,

with the SIB message queue configured for persistent storage. In this mode, the WCF service is
bound to a transacted (durable) MSMQ message queue, and thus presents assured message
delivery, since a two phase distributed transaction is always used when processing off the
message queue into the database. The transaction is coordinated by the MBubestr

Transaction CoordinatqMS DTC)

Caching
Trade 6.1

1 No Caching (default). The name of this mode is a bit misleading. As long as WebSphere is
configured for Servlet Caching, the Market Summary will be cached based on a 3 minute cycle
as defined inthe WebSphere Cachespec.xml.filgll other elements of the application are not
cached, database interactions occur on every requé@siis is necessary, since the Market
Summary query is very heavyweight, and with any real data load, would quickiytheing
database and the app to a crawl if run on every visit to the home page. Since the query is the

same in the .NET StockTrader application, the same is true for .NET StockTrader. For benchmark

runs, we tuned to cache to a 1 minute expirationinbothaa & Ay O0OS dza SNRa g2
market updates a bit more frequently than every three minutes.

 Distributed Map Cachir ¢tKA&d dzaSa L.aQa 58yl YAO /I OKS
Cachespec.xml file, to perform a fairly complex series of cachépg $br the application. This
enables the application to reduce database calls.

1 Command CachingThis is provided for backwards compatibititycethe Distributed Map

dzf R

{ SN

/  OKAy3 NBLX FOSa /2YYFYR /IFTOKAYy3 |a L.aQa LINARY

approach to caching.

.NET StockTrader

The .NET StockTrader uses the .NET cache API (output caching specifically) to cache the Market

Summary page for 60 seconds. We chose not to implement further caching in the application
because it is simply not realisti®Vhile Trade 6.1 can cache stock quotes, account data,
portfolio data and the like (and .NET StockTrader could too if implemented), the simple fact is

GKFG GKA&Z A& y20 I NBFEAAGAO | LILINRBF OK 2NJ aOF OK

cache while distributed (it can keep cached items in sync across clustered servers), is not
invalidated by the data source itself. Hence, an update to a database table by any other
application using the same database would result in possibly corrupt das l@ast presenting
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AYO2NNBOG aqadcrtSé RFEGFE G2 dzaSNAR Ay @KS | LILX A Ol
database updates/deletes/inserts through the Trade 6.1 entity beans, atathe middle tier

would quickly becomeut of sync with the actuadatabase In other words, such a strategy

keepsthe organization from building new applications against a common databéesdxet

Summary information is fine to cache, since its readly and can stand to be 60 seconds stale;

user account balances antbsk price information used on trades cannot. Hence, the .NET

StockTrader does not implement further caching beyond Market Summary.

It should be notedhowever,that Microsoft introduced a new SQL Cache Dependency feature

for the .NET cache with NETRO I YR dzyft A1 S L. aQad 5Aa0NARO6dziSR /|
invalidated by the data source itself. In other words, a completely separate application (or even
amanual update to a single row of data) will caasel application cachéhat containsthat row

to be invalidated, such that data will remain in sync with the database itstlile this is a great

feature, it is not appropriate for constantly changing détince the subscriptions generate

network traffic). Such constantly changing dateul likely not be cached to begin with. Given

the nature of the benchmark, almost all data is constantly changing ibehehmark runsso

again, for realism we do not use this .NET feature.

Enable Long Run Support
Trade 6.1

1 On (default)
1 Off

This setting was introduced to Trade withebSpherélrade 6.1, apparently because customers running

the benchmark for long periods of time saw steady degradation of performance as user accounts started
to contain more and more orders. This resulted in\heaqueries, and large and steadily increasing
amounts of data being passed between tiers and formatted into the account summary page. Hence,
IBM created this setting. All it does is completely eliminate the recent order query and order display on
the account page. It is understandable that in a benchmark setting, you cannot control the amount of
data as you would in a production dfation (typically, for example, by querying based on order date,

etc. for a restricted set of data). However, there bedter approaches to solve this problem. For

example, capping the maximum orders returned by a given query at a reasonable number (like last 100
orders). EJBSQL, however, does not suph@tcapabilityso IBM chose this option instead.

Despite thisdiscussion, there is a much better way to ensure benchmarks can be run for long periods of
time using Trade 6.1 and StockTradeand a solution that makes the benchmark more realistic at the

same time. That solution is to use a much larger data lo#ttkinlatabase. For example, w0

users, and a benchmark script creating 100 orders per second, it would tak®@secondsd3

minutes) for each visit to the account page to cause a 1000 record SQL query to be run on each request,
followed by passig 1000 records over the network for each user on each request. This is the default
load IBM uses for the databas®Ve chose simply to increase the default data load, which also makes
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the benchmark more realistievery few enterprise production databasevould be so small. We used
500,000 accounts, each with 5 existing orders (2.5 million orders). Now, at 100/orders per second
during a benchmark, it would taks8 days to get to 1000 orders per user.

.NET StockTrader

As mentioned, there is no equivalesetting for StockTrader, instead we run the benchmark for both
applications against a larger, much more realistic data load (500,000 accounts, 5 order per account,
100,000 quotes). We provide a database loader (written in .NET Windows Forms) to lo&Qhoth

Server 2005 and DB2 V9. This loader runs significantly faster than the Trade 6.1 JSP Data Load Page.
This loader program will also reset the database between benchmark runs to the same starting state by
deleting added data records.

In summary, gushould make suretodd St SO0 a9yl o6fS [ 2y 3 wdzy { dzLJLJ2 NIi ¢
benchmark comparisons involving the account page, since this only disables the account page
functionalitywhich is not realistic

Database Load

Asdiscussedwe used a defduload for all benchmark runs (reset between runs) of 500,000 accounts, 5
orders/holdings per account, and 100,000 quotes. This is much more realistic than the IBM default
settings.

Database Configuration

The IBM Trade 6.1 application was tested agaansalliBM configuration, using IBM DB2.59

(Enterprise Edition) as the backend database, and the latest IBM DB2DBC drivers for data access.

The .NET StockTrader was tested against adiatibsoft setup, with a backend SQL Server 2005

database (Rterprise Edition). The benchmark is not a database benchmark: enough capacity was
employed for the database hardware to ensure it was not a bottleneck in any benchmark run. Each
database was deployed to the same- i Windows Serve2008machine, runmig on adual quadcore

Hewlett Packard DL380 G5 @ 2®Hdz. This server uses Intel E6Mprocessorswith 8 cores total The
database was configured with two fast RAID arragsn{& disk access times, 14 drives each in a RAID 10
configuration); logging as directed to one array, the primary database files were stored on the second
array. Each array was configured with its own dedicated controller. Thé éditions of DB2 and SQL
Server were installed. All tuning steps were followed for DB2 accotdlitng Trade 6.1 documentation,
however, additional logging space was configured given the larger data load. The equivalent drive space
was configured for SQL Server logging. The database disk usage was closely monitored to ensure each
run could compleg without requiring the database to extend the logging or data file space during a
benchmark run. This is an important consideration for custom tests.

Test Scripts

Mercury LoadRunner was used to record test scrigisowser interactions that exercise most the
functionality in the application. These were run across 40 client machines (500 MHz Windows XP
desktops with 512 MB RAM). User agents were configured to run with a one second think time between
each request. Each benchmark run included a warmuogo get to steady state, and a 30 minute
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measurement period. TPS rates were determined by LoadRunner by averaging across the 30 minutes.
Error rates were monitored to ensure they remained at less than .01% during the measurement period.
Some droppedonnections and or database deadlock conditions do result from running very large user
loads (great than 1,000 concurrent users at a one second think time) against the applications. Dropped
connections, if any, occurred only during the wanm period asdrger user loads were ramped against

the applications. User loads were run for each application up to a number that represented peak
throughput for that configuration, as determined in many iterative runs (literally hundreds) during the
tuning stages. HEansive time was spent tuning IBM WebSphere (see the appendix) to achieve peak
throughput for the software/hardware configuration tested. IBM does not publishgeteuning guides

for Trade 6.1, and developers must iteratively test and tune the varinabskin WebSphere (there are
many) to get to an optimal setup for a given hardware configuration and software workload. .NET does
not require nearly as much tuning, and in general will scale quite well out of the box, given a properly
coded application. Some tuning was applied, however, and this is documented in detail along with the
WebSphere and Linux tuning in the appendix.

In general, it is fairly straightforward to recognize aspioperly tuned system for both platforms. Given
enough database capdy, each application server running under load should be able to reach full
saturation £100%CPU saturation) when properly tunealssuming good vertical scaling of the
technology/OS across processors, and no external bottlendtksa requirement tateratively test

after adjusting, individually, the core tuning settings for the applicattordetermine peak throughput

and user loads that achieve peak throughput (neither oversaturating or under saturating the middle tier
server being tested) WithTrade 6.1, thes&uning settingsare extensive, including several different

thread pools, connection pools for databases and queue connection factories, Java heap sizes, and the
like. We are quite confident in the results and gystemtuning applied, hwever, should IBM

recommend different (specific) settings, we will be happy toue the benchmark and rpublish new
results. Customers can also run the benchmaitks a great way to really judge the capacity of the two
platforms for a realistic worklad, and then to judge the cost of each platform and compheecostto

the results achieved.

Simulated User Settings

Mercury agents were set to not download images (this is not a web server/network 1/0O benchmark)
during runs. They make requesto the application server, and all processing is completed and just the
HTML returned to the agent. This reduces the overhead on the agent machines, and helps ensure the
40 client machines used in the testing never become an artificial bottleneckaslimportantly, he
agentswere configured to reset connections between iterationso simulate constantly new users
logging into the application, and more fully exercise the underlying networking stacks and HTTP keep
alive system that the application semsand Web serverase to support large concurrent user bases.
Too many benchmarks are simply run withI®threads, no think times and no network resets

between script iterations. These types of benchmarks often produce very different (oftesinfhaged)
results than real world usage conditions. Our settings are meant to much more closely mimic the real
world. Think times (even if just one second) and connection resets between iterations make all the
difference here.
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Changes to the IBM Downloadabl e Version of Trade 6.1 as Used for Testing

2SS glryGSR (G2 FT@2AR YIF{Ay3a OKFIy3aSa G2 L.aQa O2RST |
platform as a bespractice performance application for performance testing and capacity planning. The
only settig we changed, therefore, besides ensuring the cachespec.xml file was only caching Market
Summary as did the .NET application (as previously discussed), was to ensure the application did not
make requests to the Stock Streamer sample Java Client applipatibshed with Trade 6.1. This
application uses a Topltased pub/sub mechanism to sh@awsubset oktock tradesat periodic intervals

in a Java client applicatiorSince we did not implement (at least not yet) this equivalent functionality

for NET StckTrader (we instead did a full blown WPF client); we needed to make sure the Trade 6.1
application was not making JMS calls for each stock trade. This is accomplished easily by merely
changing environment entrig®ublishQuotePriceChangés)the deploynent descriptors that disable

this functionality specifically, or by merely commenting out the call to publish to the JMS topic for the
Streamer application. Correct settings cangmsuredby turning on Trade 6.1 detailed logging, and
ensuring these callare not being made (which we didpf course logging should be turned off for the
actual benchmarkiNote however, that updates to stock prices and volumes remain on
(UpdateQuotePriceVolume)as the .NET StockTrader also updates stock prices and tradimges in

the equivalem fashion for each order placed as part of the buy and sell transactions.

Security Settings

Trade 6.1 does not implement any security between the Web application and treng®ie for

example, no encryption of passwordkés place.We made sure the .NET StockTrader similarly did not
implement any extra security, although this would be appropriate for a Wéeted deployment.

ASP.NET Forms Authentication was used as the authentication mechariisranonymous Internet
access ala Tde 6.1) and ASP.NET Forms Auth makes it extremely easy to implement any number of
encryption algorithms simply via a configuration setting. The application, ifdeytoyed on the Web

vs. an Intranetwould require SSL/HTTPS as the primary security rapidm. Customers can configure
IBM HTTP server or |IS for SSL optionally for additional testing if they desire. The Web Services in the
application as implemented by IBM are simply SOAP 1.1 based. They do not emgloy hé&=fore,
neither does the 1 implementation of StockTrader, but the applications present a possible way for
benchmarking of various WSstandards m the future such as Wtomic transactions and WSeliable
Messaging which WCF and .NET fully supplrshould be noted, howeveas the applications do not
require federated security, in the real world neither would likely implement$e8urity for an actual
deployment, considering the overhead and lack of need for it in this specific application as designed.

IBM HTTP Server vs. Port 9080

When benchmarking IBM WebSphere, it is important to understand that while WebSphere provides an
in-process HTTP listener service (port 9080, by defdBl), best practiceecommended deployments

are in conjunction with the fulbblown IBM HTTBerver (a repackaged version of Apache). Hence, for all
configurations, we used IBM HTTP Seagpackaged with WebSphemonfigured with the WebSphere
Plugin. This includes the distributed Web Service benchmark runs, where four client applicatiensserv
execute the JSP Web application-{coated with the IBM HTTP Server); and make requests to the Web
Service Host apphtion server. These requestseanade on port 80 to the IBM HTTP Server that is
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installed on the WebSphere Web Service Huyxilicaion server. This is the recommended IBM
configuration for deploying higload application servers hosting Web Servid&MW HTTP Server tuning
details for Windows and Linux are included in the Appendix.

Web Application Pages Exercised by the Test Scrip ts

The test scripts were designed to drive load on the system in a way that exercises most functionality in
the application, and puts a heavier emphasis on transactions; such as adding new registered users and
buying stocks. The precise flow of the testijsts (exactly the same for all test runs on all platforms) is

listed below. A one second think time (smaller thanwatld, to driving more load per simulated user)

gl a LXIOSR o0SGo6SSy Ittt ! w[ NBIjdzSadiahesuogRiulAy (GKS
completion of the URL request to the server, with valid response/HTML returned.

9 Login random registered user (1 t0G000 users loaded in database; the login includes in both
apps a redirect to the home page, and all the logic to logindisillay home page)

1 Request four random quotes (1 to 100,000 distinct quotes loaded in databasegyost
performed with 4 stocks requested

1 Request four random quotes (1 to 100,000 distinct quotes loaded in databasegyost

performed with 4 stocks requsted)

Visit Portfolio Page

Visit Account Page (no account update performed)

Visit home Page

Logout the Registered user via logout page

Register a new user/submit registration form (this also logs new user in with redirect/display of

home page)

Visit Portfdio Page

Buy a random stock symbol (1 to 100,000 stock symbols in database; buy operation involves a

direct post/submit to the order submission pages, which submit the order for all backend

processing)

Visit Home Page

Buy a random stock

Visit Account Page

Get quotes for 4 random stocks (one post performed with 4 stocks requested)

Buy a random stock

Buy a random stock

Visit Portfolio Page

Visit Home Page

Logout

=A =4 =4 =4 =4

=a =4

=8 =4 =4 =4 =4 4 -4 4

=

32-Bit versus 64-Bit Testing

Middle Tier
For this benchmark, weested only 64bit platforms adollows:

NJ
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1 Windows Server 2008 @it
1 Red Hat Linux Advanced Platform 5 (x8@: there is only one edition, ittike 64-bit OSand
also runs 3zit Linux programs)
1 IBM WebSphere ND 6.1.0.13-6# for Windows X64 and Linux X64.
T .NET 3.5 64it
Database

Thedatabasewas run on 64it Windows Serve2008running the 64bit versions of DB2 \®and SQL

Server 2005. This computer was configured with 16GB of &&lMwo separate SCSI RAID arrays (each
with their own controller) in a RAID 10 configurati@@achRAID array consists of 14 separate drives with
10ms access time; one array was used for logging; the other for primary database data storage, for both
databases.All tests were performed on the same Hewlett Packard DL38@atbhaseserver with dual
guad-core Intel EMI64 CPUs (8 cores total); operating at 2.66 GHz. The machine was configurad with
gigabit NIC and 16GB RAM.

As published benchmark kits, the two applications do present the chance for customers to run their
own tests, which we highly enarage.
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Benchmark Results

Web Service Benchmark

With Trade 6.1 in Default EJB Mode (Entity Beans/CMP Data Access)

.NET StockTrader and IBM WebSphere Trade 6.1
Remote Web Service Interface From Web App
to Remote Middle Tier Services
Web Servers (Web Service Clients): Ten 2 x 3.2 GHz XEON 4GB RAM
Web Service Host: One dual quatre 2.66 GHz Intel EM@4 16GB RAM

Higher Bar is Better: This is PEdkS as
Averaged Over Mesaurement Period
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WebSphere WebSphere  .NET 3.5/Windows.NET 3.5/Windows.NET 3.5/Windows
6.1/Linux/EJB/Http 6.1/Windows Srv Srv 2008 IIS Srv 2008 Self Srv 2008 Self
- XML 2008/EJB/Http  Hosted/Http- XML Hosted/Http- XML Hosted/Tcp-Binary
XML

Figurel: Peak TPS Rates for the Web Serviest. IBM WebSpherd&rade 6.1 is running in its default EJB/Entity Beans with
ContainerManaged Persistence (CMP)
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.NET StockTrader and IBM WebSphere Trade 6.1
Remote Web Service Interface From Web App
to Remote Middle Tier Services
Web Servers (Web Service Clients): Ten 2 x 3.2 GHz XEON 4GB RAM
Web Service Host: One dual quatre 2.66 GHz Intel EM@4 16 GB RAM

Lower Bar is Better: ThisRsice
Performance Ratio in $ cost per TPS
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WebSphere WebSphere  .NET 3.5/Windows .NET 3.5/Windows .NET 3.5/Windows
6.1/Linux/EJB/Http  6.1/Windows Srv Srv 2008 1IS Srv 2008 Self Srv 2008 Self
XML 2008/EJB/Http  Hosted/Http- XML Hosted/Http- XML Hosted/Tcp-Binary
XML

Figure 2: Price Performance Ratio for the Web Service Test. IBM WebSphere Trade 6.1 is running in its default EJB/Entity
Beans with Container Managed Persistence (CMP). Lower bar indicates better value for performance eidliveee
appendix for pricing calculations, which includes the software cost of the middle tier OS and application server as tested.
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With Trade 6.1 in JDBC Direct Data Access Mode (No Entity Beans or CMP)

.NET StockTrader and IBM WebSphere Trade 6.1
Remote Web Service Interface From Web App
to Remote Middle Tier Services
Web Servers (Web Service Clients): Ten 2 x 3.2 GHz XEON 4GB RAM
Web Service Host: One dual quadre 2.66 GHz Intel EM@4 16GB RAM

3985

Higher Bar is Better: This is PAdkS as
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Figure3: Peak TPS Rates for the Web ServicstTéBM WebSphere Trade 6.1 is running in JDBC mode with no Entity Beans,
instead using JDBC API with SQL statements to access the database.
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.NET StockTrader and IBM WebSphere Trade 6.1
Remote Web Service Interface From Web App
to Remote Middle Tier Services
Web Servers (Web Service Clients): Ten 2 x 3.2 GHz XEON 4GB RAM
Web Service Host: One dual quadre 2.66 GHz Intel EM@4 16GB RAM

Lower Bar is Better: ThisRsice
Performance Ratio in $ cost per TPS
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Figure 4: Price Performance Ratio for the Web Service Test. IBM WebSphere Trade 6.1 is running in JDBCEhnmade
Entity Beans, instead using JDBC API with SQL statements to access the database. Lower bar indicates better value for
performance delivered. See appendix for pricing calculations, which includes the software cost of the middle tier OS and
application server as tested.

The Web Services Benchmark Discussion

In this test, the Web Application servers (running the JSP or ASP.NET frordreritig) Web Service
client machines, using Web Services to remotely invoke the service layer, hosted on the Wied Se
Host application server. Both the clients and the host are performing XML serialization-and de
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serialization. The Web Application server clients are accessing the services via a SOAP Proxy (Trade 6.1),
or the WCF client ((NET StockTrader). Welsetest up withten distributed Web Application Servers,

with round-robin load balancing performed from the Mercu@pntrolleras iterations are performed,

such that all four Web Application Servers get equal load. Each in turn makes remote netwmstseq

to the Web Service Host, which is servicingeaillWeb Application Servers. The usel6Meb

Application Servers ensures we do not have a bottleneck on the Web Tier, and we are accurately
comparing just the performance of the Web Service Host agergfor all benchmark runsSome

important conclusions can be drawn from this test:

1. The.NET 3.550AP/HTTRext-XML encodinggonfigurations are significantly faster than IBM
WebSphereespecially when comparing to the EJB/entity bean configuration for Bdgde
GKAOK A& L. aQa NB ORBTYWEBoRedinNID d&fardt 2ohetteNS ©
throughput than theEJBNebSphere configuratioan Linuxn this test

2. Selfhosting WCF services can lead to performance advantages over holliilyVeb Services
in 118 even when operating over an HTFXRIL basicHttpBinding

3. The selhosted WCF servicesan also support, simultaneously, the netTcp WCF binding, with
binary encoding. Thican lead to significant performance boosts for remote calls. The WCF
netTc@Binding replaces .NET Binary Remoting (used with .NET 1.1 and 2.0) as the preferred way
for remote calls between .NET clis and remote .NET serviceSupportingooth HTTP/XML
and TCP/Binary requires no extra development, as WCF unifies the programming model for
HTTPbased Web Services and .NET Biramoted components, and service hosts will listen
simultaneously on all configured endpoints to support any different type efitbn any
platform.

4. The TcpBinary bindingdnetTcpBindingpetween the ASP.NET clients and the Web Service host
offer 108% better throughput than the WQrasidittpBinding used in thdShosted .NET service
tier. The TcgBinary remote mode offer41% letter throughput than the fastest WebSphere
6.1Web Service configuration (JDBC data acd&sbSphere on Linlx

Refer to the appendix for the performance monitor captures for this test taken after initial wigriat
steadystate throughput rates for edcconfiguration.
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Messaging Benchmark - Durable Queue with Two Phase/Distributed Transactions

With Trade 6.1 in Default EJB Mode (Entity Beans/CMP Data Access)

.NET StockTrader and IBM WebSphere Trade 6.1
Asynchronous Orders Test with Durable Message Queue
Application Server: One dual quacbre 2.66 GHz Intel EMd4 16GB RAM

1852

Higher Bar is Better: This is PAdkS as
Averaged Over Mesaurement Perio
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6.1/Linux/EJB/SIB Queué&rv 2008/EJB/SIB Queue2008/WCHVSMQ 4.0
Queue

Figure5: BenchmarKkTPS ratesfor durable messagingests with IBM WebSphere Trade 6riinning in its default EJB data
access mode using entity beansand CMPK S aSaal 3Ay3 Sy3aayS oda{av 2N L. aQa {SNIIAOS
Queue/IJMS messaging engine) arelocated on the same application server as the other parts of the applicatiothis test.
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.NET StockTrader and IBM WebSphere Trade 6.1
Asynchronous Orders Test with Durable Message Queue
Application Server: One dual quacbre 2.66 GHz Intel EMd@4 16GB RAM

Lower Bar is Better: This is
PricePerformance Ratio in §
cost per TPS
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Figure 6 Price performance ratios for the durable message queue order processing test, with IBM WebSphere Trade 6.1

running in its default EJB data access mode using entity beans and CMP, set to Async Orders/TwolRkasessaging

engneba{av 2NJL.aQad {SNBAOS Ly:dSaNI A2y . dicatedBritlielsaind v dzS dzS«k Wa {
application server as the other parts of the application in this test. See appendix for pricing calculations/detail.
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With Trade 6.1 in JDBC Data Access Mode (No Entity Beans or CMP)

.NET StockTrader and IBM WebSphere Trade 6.1
Asynchronous Orders Test with Durable Message Queue
Application Server: One dual quacbre 2.66 GHz Intel EMd4 16GB RAM

1901 Higher Bar is Better: This is PEAKS asSpNs
Averaged Over Mesaurement Perio
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Figure 7 Peak TPS/throughput data for the durable message queue order processing test, with IBM WebSphere Trade 6.1

running in direct JDBC mode with no Entity Beans, and not using Container Managed Persistence {€dP).1 is set to

Async Orders/Two Phas¢ KS Y Saal 3Ay3 Sy3aAaAyS odaf{av 2NIL.aQa {SNBAOS LyisS3
engine) are cdocated on the same application server as the other parts of the application in this test.
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