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This document is a response to an IBM Benchmark Rebuttal Document to our original benchmark
published at http://msdn.microsoft.com/stocktrader. Microsoft stands behind the original test resu
published there. This document is the Microsoft resge, pointfor-point, to the IBM response to our
original results, and includes new benchmark dagdurther evidence.
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Executive Summary
In late April of 2009, Mrosoft released a comprehensive benchmark regmttitted Benchmarking IBM

WebSphere 7 on IBM Power6 and AlX vs. Microsoft .NET on Hewlett Packard BladeSystem and Windows

Server 2008Recently]BM has circulated a rebuttal document withitanyenterpriseaccounts and
that rebuttal is entittedBenchmarking and Beating Microsoft .NET 3.5 with WebSphefé& IBM

rebuttal document was created by the IBM SWG CPO Performance Team at IBM. This document is the

Microsoft response to that rebuttal dmment.

L.aQa NBodzidllf R20dzyYSyid OSyidiSNB | NRdzyR (62
below. We stand behind all of our original findings, and ptontLJ2 A y i NB a L2y R (2

1 IBM did not publish any Java or .NET source ¢odeeir Friendly Bank or CPO StockTrader
rebuttal benchmarkworkloads. Microsoft follows a full disclosure policy and publishes all
source code and full testing details. This information is available at

Y
L.

http://msdn.microsoft.com/stocktrader IBM needs to publish all source code for their counter

benchmarks.
f L.aQa CNRARSYyRf & . nlolsdleteNSTyFiaihanork].1l agplicatiiat includes

technologiessuch as DCOM that have been obsoletenfi@ny years. This benchmark should be

fully discounted until Microsoft has the chance to review the code and update it for .NET 3

.5,

with newer technologies for ASP.NET, transactions, and Windows Communication Foundation

(WCF) TCP/IP binary remotifwghichreplaced DCOM as the preferred remoting technology).
1 IBM makes several false claims abthé .NET StockTrader:
0 IBM claim The .NET StockTrader does not faithfully reproduce theTEide
application functionality.

Microsoft response thisclaimisfalse the .NET StockTrader 2.04 faithfully reproduces

the IBM WebSphere Trade applicati@using standard .NET Framework technologies

and coding practicesand can be used for fair benchmark comparisons between .NET

3.5 and IBM WebSphere 7.

0 IBM claim The .NE StockTrader uses cliesitle script to shift processing from the
server to the client.
Microsoft responsethisclaimis false, there is no clierside scripting in the .NET
StockTrader application.

o IBM claim The .NET StockTradeses proprietary SQL.
Microsoft responsethe .NET StockTrader uggpicalSQL statements coded for SQL

Server and/or Oracle; and provides a data access layer for both. The IBM WebSphere 7
Trade application similarly uses JDBC queries coded for DB2 and/or Oracle. Neither

implementation uses stored procedures or functions; all business logic runs in the

application server Smple preprepared SQL statements are used in both applications
o IBM claim The .NET StockTrader is not programmed as a universally accessible, thin

client Web application. Hence it runs only on IE, ndtinefoxor other browsers.
Microsoft responseln reality, the .NET StockTrader Web tier is programmed as a

universally accssible, pure thin clieriVeb application. However, a simple issue in the

0S5
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use of HTML comment tags causes issudsnefox these comment tags are being
updated to allow theASP.NET applicatiom properly render in any industry standard
browser, includig Firefox

IBM claim The .NET StockTrader has errors under load.

Microsoft response This is false, and this document includes further benchmark tests
and Mercury LoadRunner details proving this IBM claim to be false.



Introduction

In late April of 2009, Microsoft released a comprehensive benchmark reptitted Benchmarking IBM
WebSphere 7 on IBM Power6 and AlX vs. Microsoft .NET on Hewlett Packard BladeSystem and Windows
Server 2008Recently]BM has circulated a rebuttal docmt within enterprise accountsand that

rebuttal isentitled Benchmarking and Beating Microsoft .NET 3.5 with WebSphefé& IBM rebuttal
document was created by the IBM SWG CPO Performance Team at IBM. This document is the Microsoft
response to thatebuttal document. Ultimately, vendor competition around middle tier software
performance and pricing is healthy for customers, and we believe ongoing exploration of application
server performance and pricing is a key part of that competition.

It is impotant to note that in all Microsofdriven middletier application server benchmarks involving
Microsoft .NET and IBM WebSphere, a policy of full disclosure is followed; as is required in both the IBM
WebSphere Entlser License Agreement and the MicrosblET EndJser License Agreement (see

G. SYOKYIFNJAy3¢E [/ fldzaS Ay GKS NBaLISOGAGS 9![!ava
customers and competing vendors to fully analyze the results, and even replicate the testing on their

own such that flly informed responses can be made. Full disclosure was adhered to in the original
Microsoft benchmarlentitled Benchmarking IBM WebSphere 7 on IBM Power6 and AlX vs. Microsoft

.NET on Hewlett Packard BladeSystem and Windows ServerRii68neans thaalong with the

benchmark results as documented in the paper, any customer or competing vendor is able to download

at a publicly posted Web site the following materials:

All source code used in the benchmark workloads (both the Java and .NET implemshtation
Detailed benchmark results

Detailsof the benchmarking software used, and test script flow(s) ufeedll workloads
Breakout of all software and software versions used in the tests

Detail on the precise hardware used in the tests

Charts showing theest bedsetup, including network diagrams, number of clients

Precise testing methodogy (think times, number of clients, measurement periods, etc.)

The tuning parameters/settings used for both .NET and IBM WebSphere

Breakout and precise calculations/sousder any pricing detail when pricing data is included
with the benchmark results

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

Such disclosure is necessary not only for fairness (such that competing vendors can examine and
comment on the tests); but also for customer credibility. We encourage customtrigued by the
original Microsoft test results to download the benchmark kit (the Microsoft .NET StockTrader
download); and perform their own analysis or even replication of the tests conducted so that they can
verify the results for themselves. #&uadition, the Microsoft .NET StockTrader download (which includes
all NET and Java sources tested) includes a turnkey-ageltit benchmark tool with source code (the
Capacity Planner) that is designed to make it easy for customers to perform their @alyisiaragainst

the Web Service workloads included in the download. And the application itself represents a best
practice, performancariven .NET servdrsased application that can be run in a variety of modes as a
learning sample. Finally, the .NET Sloekler also illustrates Hlirectional interoperability between



.NET and Java, based on industry standards for Web Services including SOAP andtv¢sls The
Microsoft benchmark report and .NET StockTrader download (with all .NET and Java sources) can be
downloaded fromhttp://msdn.microsoft.com/stocktrader

Ly L. aQ& NBa&LR y d3BsnchinzkibgandBedtiag MEnsofh . NET 8.Rwith WsiSe 7

IBM did not follow full disclosure. Their paper references two benchmark applications they tested (CPO
StockTrader and Friendly Bank). Howettegy have not published source coder either benchmark
workload (they published neither the Java or .NET implementations). Furthermore, IBM does not fully
disclose the benchmaitest bedsetup with appropriate network diagramdatabase load and other
detailsrequiredto fully analyzeand comment ortheir findings Without the source code to the IBM
applications, customers should immediately call into question the credibility of the IBM results.
Nevertheless, IBM does provide enough deatailtheirkey rebuttal points such that we can respated

these clains to the best of our ability without the source code. That respasisiee focus of this paper.

In summary, & stand by our previouslyublished results and continue tdallenge IBMo meet us in

an independent lab to perform additional testing of theNET StockTrader and WSTest benchmark
workloads and pricing analysis of the middle tier application servers testedur benchmark report

In addition, weinvite the IBM competitive response team to our lab in Redmond, for discussion and
additional testing in their presenceand under their review


http://msdn.microsoft.com/stocktrader

The Microsoft Findings

The findings of the original Microsoft benchmark study (and all .NET and Java source code and testing
details) are available dittp://msdn.microsoft.com/stocktrader Customers should read this full report,

as we stand behind these published results. A summary etttesultsfrom April, 2009s included

below. The complete paper at the address above includes full details inglpdaing breakouts of
hardware and software as tested.

Platforms Tested

1 IBM Power 570 witHBM WebSphere 7 and AlIX 5.3

1 Hewlett Packard BladeSystem C7000 wiBM WebSphere 7 andlicrosoft Windows
Server 2008

1 Hewlett Packard BladeSystem C7000 witticrosoft .NET and Windows Server 2008

IBM Power 570 Hewlett Packard Hewlett Packard
with WebSphere BladeSystem BladeSystem
7 and AIX 5.3 C7000 with C7000 with
WebSphere 7 and Microsoft .NET
Windows Server and Windows
2008 Server 2008
Total Hardware +
Operating System $215,728.08 $50,161.00 $50,161.00
Costs
Middle Tier
Application Server $44,400.00 $37,000.00 $0.00
Licensing Costs
Total Middle Tier
System Cost as $260,128.08 $87,161.00 $50,161.00
Tested
Trade Web
Application 8,016 transactions 11,004 transactions 12,576 transactions
Benchmark per second per second per second
Sustained Peak TPS
Trade Middle Tier
Web Service 10,571 transactions 14,468 transactions 22,262transactions
Benchmark per second per second per second
Sustained Peak TPS
WSTest EcholList
Test Sustained 10,536 transactions 15,973 transactions 22,291 transactions
Peak TPS per second per second per second
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Response to IBM Rebuttal

The IBM rebuttal is centered on two benchmark workloads IBM created but has not publicly published.
So the first point is that IBM should immediately publicly publish their source code, as tested, for both
the Java and .NET workloads they tested. Withbist public disclosure, customers should question the
credibility of their results, especially considering our specific technical copoiats included in this

paper. Inresponse to our original findings, IBM quotes results fhenfollowing two new lenchmark
applications:

1. Friendly Bank (no Java or .NET code publicly published)
2. CPO StockTrader (no Java code published .NET code based on an older version of .NET
StockTradér

IBM Friendly Bank Benchmark
The IBM Friendly Bank Benchmarlsupposedly eeference banking application with J2EE and .NET
implementations. The IBM tests include:

Login and Logout

Deposit/Withdraw/Transfer funds between accounts
View Transaction History (By Account/Customer)
View and Update Customer Profile

= =4 =4 =

This looks like aimteresting benchmark workload, amde are eager to get the source coder both
Java and .NET and perform our own analysis. IBM tested this workload in two modes:

1. Running as a monolithic Web application (wWilgically partitionedoresentation and busires
logic/database access running within the Web JVM/CLR instances on a single application server
talking to a remote databasdut no physical partitioning of the tiers)

2. Running as a distributed application, with the Web physicallyseparated from théusiness
logic/dataaccess tier via remoting.

Microsoft Comments on IBM Friendly Bank Rebuttal Benchmark

Most importantly, IBM notes that the .NET implementation was originally coded for .NET Framework
version 1.1; and no attempt was made to update itthoe latest .NET Framework version 3.5 (SP1). The
.NET Framework 1.1 has been out of date for over 4 years. The most significant aspects of .NET
Framework 3.5 that would impact performance in tremendous ways are:

1 IBM used DCOM for their .NET remotingreséos. DCOM and in fact COM+ serviced
components in general have been a legacy technology (provided for backwards compatibility
only) within .NET since 2005. Performance was a key consideration for retiring DCOM, which
was designed in the misl ¢ ¢p n Gely fofndwhehacy VB and C++ scenarios, and not based on
.NET managed code. For .NET 3.5, the latest remoting technology is Windows Communication
Foundation (WCF); which offers significantly faster performance and adheres to and implements
industry stan@rds for Web Services, REST and*\p®tocols. In addition, this infrastructure



enables TCP/IP binary remoting, which is the fastest remoting technology for .NET to .NET
communication, and is the closest analogous technology to Java/RMI.

1 IBM should bausing the newer System.Transaction Namespace for all transactions against SQL
Server. This new transaction infrastructure was introduced in 2005 with .NET 2.0. It has the
ability not only to perform transactionsuchmore quicklythan COM+ Serviced Conmpents
but also to autepromote transactions to distributed transactions using the Microsoft
Distributed Transaction Coordinator only when needed.

9 IBM should be using the newer ASP.NET Web Form/User control capabilitiesealpdated
significantly withNET 2.0 in 2009\Newer ASP.NET constructs introduced with .NET 2.0 might
easily impact performance in significant ways.

1 Itis unclear if IBM even ran this application in full ASP.NET 2.0 mode, or in the backwards
compatible(but lower performing) .NETL.1worker processnode. This needs to be configured
within IS itself. In addition, beginning with Windows Server 2008, a new Integrated Pipeline
mode for ASP.NET applications was introduced. The .NET application, if properly coded for the
latest ASP.NT release (beginning with .NET 2.0 in 2005); should be running intdgsated
Pipelinemodeunder Windows Server 2008 and IIS version 7

1 IBM fails to even mention what Windows Server OS was used in their testing (Win Server 2003?
Win Server 20087?); avhether the applications were runnireis older 32bit or newer 64bit
compiled applications on modern server hardware.

1 IBM mentions they have to use more than one worker process foFttendly Bank NET Web
application. This alone speaks to serious issues with their implementation; a roagrNET
ASP.NET Web application will perform, if properly coded to SQL Server, up to full CPU saturation
and peak TPS using a single worker prooashe Welitier.

1 IBM does not even disclose, for this benchmark, what edition/version of SQL Server they used.
Today, SQL Server 2008 is the current release, and they should be using the latest ADO.NET (the
integrated version and .NET data access providers shipgedNET 3.5) data access technology
as we demonstrate in the .NET StockTrader application, as coded for peak performance using
model classes and stateless ADO .NET DataReaders (with System.Transactions used for all
database transactions in the busines=}i It does not appear as if any of thiasdone.

1 No think times were used on client load drivers; they only simulated a very limited number of
client connections; and no detailgere provided on the test bed setup. Contrast this to how the
Microsofttests were conducted for .NET StockTrader (many physical machines, thousands of
simulated users, in a much more realistic test; with full test bed details and network diagrams
published).

Just based on these poirgdone, the Friendly Bank benchmark results published by IBM should be
fully discounted. IBM tested a .NET Framework 1.1 application, built orNtBh and .NET technology
that has been obsolete for overyars. We encourage IBM to send us all sources as tested for both
Java and .NEWe will bring the .NET implementation up to date, test on a realistic test bed setup,
publish our .NET implementation source code and complete test results and details. Such results
would likely be quite valuable for customers.



IBM CPO StockTrader/.NET Benchmark

IBM originally published their implementation of this application as the Trade benchmark application, as
designed and programmed by the WebSphere performance team. This woHdsdtten used for

many years as their standard performandeven kenchmark workload and capacity planning tool for

IBM WebSphere. They have kept this applicatioftiaidate over the years, by publishing updates to

the application through IBM WebSphere 6.1; hence their latest version, publicly downloadable, is Trade
6.1,updated for IBM WebSphere version 6.1. This application is promoted by IBM as a design reference
for high-performance WebSphere/Java applications, and has been benchmarked by IBM on mainframes,
Power6 and x86/x64 hardware; and is deeply usedany IBMRedbookss a reference

application/workload for enterprisascale WebSphere deployments.

For the Microsoft benchmark, two implementations of this workload were tested, with all sources
published on the public Web sitdtp://msdn.microsoft.com/stocktrader

1. We created a .NET implementation of their application that represents afrastice .NET
reference application using the latest .NET Framework 3.5 (SP1) technologies. This application is
not a direct port of the JSP/JDHiased IBM applicatiara direct port of a Java application to
NET/C# would not representabdsiNJF OG A OS ®b9¢ | LILX AOFGA2Y ® !
from one platform to another will typically perform much worse on themedaryd LJ2 NJi S R é
platform, as it will not be based on begtactice design patterns for the secondary platform (it
AYaaSIR gAfft usigtha bedtprariice design paftdra® fddihe original platform
Rather, it is much more valuable tostea .NET implementation that is coded to best .NET
practices for performance and scale. This is perfectly valid if the .NET application is a faithful
replication of the original Java workload. This means the .NET implementation must have
exactly the sara enduser functionality and behavior with respect to transactions, database
integrity, database schema, remote web service cdlisa contractsetc. The .NET StockTrader
version 2.04 is such a faithful replication to the IBM WebSphere Trade performance
application, and customers can look at the code provided for both applicatioasd run both
applicationson their own.

2. We updated the Trade 6.1 IBM Java code for IBM WebSphere 7.0 and ran it against the latest
DB/2 (at the time DB2 version 9.5) with tlsest IBM Java runtime and IBM DB2 JDBC drivers.
The specific updates that were made to the Trade 6.1 application to bring it up to date to
WebSphere 7 were:

a. Streamlining the database access tier to remove EJB 2.0 technologies, and instead use
higher peformance inprocess calls to a business service tier using direct JDBC access to
the database based on pyepared SQL statements.

b. Recompiling and running on the newer IBM JVM (6.x) with latest Java Enterprise
features and deprecated features removed.

c. Ruming on the latest 7.x edition of the IBM HTTP Server (Apache).

d. Running as 64it applications on 6bit WebSphere on modern server hardware (not
older 32bit hardware).

Q)¢
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e. ReLINPINI YYAYy 3T (GKS 2S06 { SNIDA NS WelSakideS G2 dza$sS
technologyand databinding stack; the older JAX RPC technology has been replaced by
JAXWS in the Java and IBM WebSphere staokl performs better than JARPC

f. Ensuring the use of the same data and service contracts between .NET and WebSphere
for all Web Servicddusiness service functions. This is demonstrated by 100% bi
directional, seamless interoperability between the .NET and WebSphere business
service and Ul tiers. This interoperability itself demonstrates that behavioral
functionality between the .NET adldva implementations was strictly adhered to (down
to the database schema, data constructs and transactional behavior of the business
service, data access and Ul tiers).

g. Ensuring that the user interface HTML pages return roughly (actually still a lities i
than the more polished .NET pages) the same number of HTML bytes per request as the
.NET implementation, for fair benchmark comparisons.

h. Microsoft published the full source for the updated Java/WebSphere version 7 Trade
benchmarkapplication and ths can be downloaded as part of the StockTrader
download athttp://msdn.microsoft.com/stocktradefor customer review and testing.

We stand behind both implementations as a very fair comparison of twivatgnt
applications, each coded to their respective platforms hastctices for high
performance.

Microsoft Comments on IBM CPO StockTrader Rebuttal Benchmark
LY L.aQa NBodzidlf LILISNE (KSe YIS aSOSNrft Ayl 00dz

1. First and foremost, they claithat the .NET StockTrader 2.04 benchmark application is not a
faithful reproduction of the WebSpherErade application, but rather is a proprietary
AYLX SYSydardAazy GKFG AyOfdzRSa af AiAsti®assed T ye s
earlier, the .NET StockTrader 2.04 implementation faithfully reproduces the IBM workload
across all tiers, Ul, business services and data access, but uses a .NET design pattern. However,
even this design pattern follows the IBM pattern with the same databdsensa and database
model objects used to represent and pass data between data access, business service and Ul
tiers. This igvident sinceahe WebSphere JSP application can seamlessly intertpeith the
.NET middle tier (via Web Service mode, with rggid@hanges required); and the ASP.NET Web
tier can seamlessly interoperate with the WebSphere/Java middle tier (again, with no code
changes required, just a URI configuration).

2. IBM makes the point that the .NET StockTrader is clearly a different agpli€atii K y L. a Q&
¢NI RS FLIJX AOFGA2Yy o0SOlFdzAaS aGAlG Aa y20 dzyAQDBSNALI
I 00SaaSR dzaAy3 LYyGSNYySG 9ELX 2NBNE YR y2i o0& 2
because of a mistake made in the HTML pages metliiby ASP.NET; and one that should have
been caught by Microsoft with full testing on Firefox, and not just IE. It turns outfhistL
commenttagsembedded in the ASP.NET HTML pages use the follsymgxwithin the pages
to denote different sectionsf the HTML (for example, headers, footers, etc):


http://msdn.microsoft.com/stocktrader

<l eeeeee Begin Main Web Form Declaration ~  -------- >

While Internet Explorer accepts this and renders all pages appropriately, this is not in strict
compliance with HTML guidelines for comment tags, whiclulshimok as follows:

<! --  Begin Main Web Form Declaration - >

Firefox fails to render .NET StockTrader pages appropriately because of this mistaleele

with the comment tagswhich we are working on correcting with an updated downloabeo

made availale athttp://msdn.microsoft.com/stocktrader We apologize for this mistake, and
understand why the IBM team may have drawn the conclusion that the .NET StockTrader is not
a universally accessible Web dipption and in this regaris$ different than the WebSphere

Trade application.

In fact, any customer (or IBM) can simply replace these commenindbge .ASPX pages with

the proper tags as shown above, and see the full functionality/layout of .NEKTS&aler works
great in IE and Firefox, and should in other browsers as virelfthermore, the comment tags

in no way impact the validity of the benchmark results Microsoft publishe@he

benchmarking tool for the Web application workloads was MercoadRunner, and the client
driver simply downloads the full HTML page during test runs, but does not render the pages in
an actual browser. Extreme care was taken in all benchmark runs to ensure the full pages were
downloaded (byte counts taken), withoutrers, and we still fully stand behind our original
results. However, we will correct this simple HTML comment tag issue, and apologize for this
mistake since our intent is to have the .NET StockTrader Web Ul accessible by any-industry
standard browser.

Next, IBM clamsthaa A ONR A2 Fi aSYLJX 28SR Of ASyd &ARS &ONMAL
Fdzy Ol A 2y (This iksiknfly fald€, th&SIBM tdain is wrong No application functionality

in the .NET StockTrader runs on the client; it runs orstger just like the IBM Trade

application. No application functionality is running in client side script, and this will be

immediately evident to any ASP.NET developer that looks at the code. In fact, in all benchmark

test runs, a Mercury benchmark webent is used that does not even process client side script;

so it would be literally impossible to benchmark the .NET StockTrader if it did employ any client

side scripting logicCustomers caseethis for themselves by simptlisabing client-side scipt

in the browser, and the applicatiastill functions as normal. It is unclear why the IBM team

thinks functionality is running in the browser via clieside scripting.lt is not.

Next, IBM claims that in the Web Service workloads, an unneceld3ary Server was inserted

in the IBM WebSphere test runs. In fact, in the IBM WebSphere test runs we used IBM HTTP

Server frontending the IBM WebSphere application server; and in the .NET test runs we used IIS

7 as the fronrtend Web Server frorénding the WCFNeb Service processing. This a typical

RSLX 28YSYyidz gA0K (GKS dzaS 2F SI OK @SYR2NRA LINBT
each case ctocating this server on the same machine running the application logic.

However, it is true IBM has-port HTTP listener (typically port 9080), which could be directly


http://msdn.microsoft.com/stocktrader

exposed on the Internet/Intranet without the use of any HTTP Ser¥his is fully discussed in

the original paper.This would be contrary to IBM beptactice deploymenguidelinestypically

this port is used from a dedicated, fully functional HTTP Server such as Apache or IIS. lItis also
true that IS 7 and .NET have a much more integrated pipeline mode (that preserves process
isolation in separate worker processes) and performs in ggmauch better than IBM

2 S60{ LIKSNBQa LX dAAY | LILINRI OK® 2§ |INBS GKIG (K
better on IBM WebSphere 7 if the benchmark agents talk directly toa Qa A ypoS Ny I t Kd
9080, rather than going througlBM HTTP Serveigache®d 28§ R2 y20 F3INBS (KA
L.aQa 26y Odzali2YSN FdzARIFIyOS FT2NJ RSLX 28YSydT od

results for running IBM WebSphere in this mode, without any HTTP Server. However, it should
be noted that we also publish thexjuivalent Microsoft results using WCF in$wifted mode,

an optional mode WCF Web Services siamilarly runwithout the use ofan HTTP Servelt$

7)t andthis modeprovides higher TPS ratés .NETas well

Additionally, he .NET StockTrader dowal includes the Capacity Planner tool that enables
customers to perform these testsith or without an HTTP Serven their own (all sources are
included)to see thismpactfor themselves

Next, IBM claims they ran the .NET StockTrader 2.0 applicatibeir rebuttal benchmark, and
received significant errors during their test runs, resulting in a loss of business when using .NET.
They do not report what these errors were (they can look in the application event log if these

are processing errors, sia@llserversideexceptions are recorded theye The current version

of .NET StockTrader is version 2.04; and it is unclear why they chose to use an older version;
especially since we have made some bug fixes in the implementatioraludjiwe tested tle

newer 2.04 version in our original papeiHowever, even with the 2.0 version, thenchmark

on .NET should not experience any errors even uihigh load, so theylikelyhave some sort of

script issue or misonfiguration. To illustrate this, Appendiincludes full test details of .NET
StockTradeR.04and WebSphere Trade 7; including all HTTP status codes and error rates;
customersshouly 2 S F2NJ 2dzNJ NBLIX AOF 4GSR &aONARLIG&a GKI GO L
benchmarkthere are no errors ieither test run; with results recorded over a-&tinute
measurement periodising similar hardware as used by IBM in their response

It is possible that IBM did not pralocate enough space for the SQL Server database or
transaction log (as we did fiwoth DB2 and SQL Servel)so, the transaction timeout might

need to be adjusted to 60 or 30 seconds, vs. the default of 15 seconds, as a small number of
transactions might take longer than 15 seconds during these brief databasexigtiosions.

This § a simple configuration change (done via ConfigWeb in the Business Servicéhger).
same would be true of IBM DB2/WebSphere, but their Trade application is already using a 60
second transaction timeout by default, and it is unclear how much spaceptieesilocated to

DB2 in their benchmarkin short, in a proper configuration as shown in Appendix A, .Net
StockTrader runs without any errors under heavy laaldoes the IBM WebSphere 7 Trade
application



It is also possible IBM was running with a .NET worker process maximum queue length that was
too low, resulting in HTTP 503 errors. Under heavy user loads beyond server saturation, the
worker process queukength should be set higher to allow ASP.NETuteug requests vs.

returning Server Too Busy (503) responses. However, the .NET StockTrader 2.04 application
automatically installs worker process application pools with a queue length of 1000, and even in
tests well beyond server saturation, we have ngperienced any 503 errors.

Quite simply; there are no issues running .NET StockTrader 2.04 under full saturation load in a
proper configuration and test bed; the application runs great and is as-&weras the IBM
WebSphere 7 implementation. We werery careful to monitor all test runs for any errors

during test runs, and default install options for the StockTrader 2.04 benchmark application
should work erroifree, as shown in Appendix A of this document.

bSEGZ L.a Ofl AYa prepery menitoCaNRadljdstitie WebBpharé SR (i 2
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literally hundreds of test runs across both the Power6/AlX and Intel/Windows Server setups for
WebSphere 7. We tested difient heap sizes, many different thread settings for the Web
container, different database connection pool sizes; and furthermore carefully turned off
unnecessary features such as access logging and the WebSphere performance monitoring
infrastructure. Albf this was done over a period of many weeks, using performance monitoring
tools on the network, database, and middle tier. We published the tuning settings used, and
fully stand behind these settings.

IBM notes that we did not publish database conti@t pool sizes; which is false; we used
connection pools with 51 connections per JVM/WebSphere instance, as this was optiahal

this is published in the papein addition the SQL Statement cache size was set to 150; which is
plenty large given there arless than 150 different SQL statements in the application to begin
with. Again, we are fully confident in our tuning settings given the number of test runs and the
fact we were able to drive all middle tiers to near 100% server saturation with no betts

other than application server capacity.

IBM did recommend and use one additional JVM tuning settiXgcthreads$ however. In
Appendix A you will see results that incorporate this additional tuning setting. We stand by our
originalresults;this tuning setting had no impact on our-test results (either negative or

positive). We alsadried -Xgcthreads4 (to match threads to number of cores on our system); also
without any impact toour peak measuredesults.

Next, IBM claims that Microsoft 8R & LINE2 LINA S { | NPourfmplgmeddtaiioni SY Sy G & ¢
unlike the IBM Trade application that was designed to be portable across datab@kespoint

warrants some discussion. First, both applications useppepared SQL statements, and

neither uses stred procedures, as tested in the Microsoft benchmark. This is because in past



benchmarks that did use S@krverStored Procedures within .NET, some in the Java

community felt stored procedures not only represented a performance advantage to .NET; but
al in general should not be used in a properly coded application since stored procéttives

data access tietie this tierto the databaséeing used Therefore, in all subsequent .NET/Java
benchmarks (after year 2003, including this benchmark); Maftdgas used prerepared SQL
Statements in benchmarks, and not used SQL Stored Procedures, to eliminate this as a point of
contention. So both applications use greepared SQL statements.

However, even with pr@repared SQL statements, differencessebetween different

databases such as Oracle, SQL Server and IBM DB/2. For example, SQL Server has the construct
of identity seeds, and Oracle does not, instead relying on Sequences to generate unique primary
keys on insertsDB/2 supports both. In gemal, it is almost impossible using ADO.NET or the

Java JDBC API with gmeepared SQL statements to use precisely the same SQL across all major
databasesand end up with a functional application, Amt-mention performancebased

application Many queriegan be the same, but typically bgstactice design for Oracle will not

be the same for begpractice on DB2 or begiractice for SQL Servezven when using basic SQL

for each database (which we didMicrosoft believes in design pattern that placeall SQL

accessn a separatededicated logiclly partitionedtier in the application, called the Data

Access LaydDAL). Different DALs can then easily be created that are optimized for best
performance and full functionality on different databases. sTnables the Ul tier and the

entire business service tier to work without any changes when the backend database
implementation is changed from one database to another; yet still allow optimized performance
and functionality for whatever database the custer chooses. This is how .NET StockTrader is
designed. It would be literally impossible to code the .NET StockTrader for SQL Server, Oracle
and DB2 using the exact same SQL statements. Interestingly, the same is true for Java and IBM
WebSphere. When irg) the Java JDBC API (which today mostégformance applications in

the Java world employ vs. the use of Container Managed Persistence), the same (usually minor)
differences in SQL must be adhered to depending on the database being used for the

deployy Sy G @ L y 6.1appéicaxian, forsarRphe, there are conditional statements
embedded in the data access tier that use different queries depending on whether the database
supports certain SQEJB orderingr not. In the WebSphere 7 version of Teg@vhich we

optimized for IBM WebSphere 7 and DB2); the same is true; wdarsesxample DB2

sequencesn the DB2 data access layer; and Oracle sequences in the Oracle data access
implementation. The syntax between thetwo databasesvith respect to Sequencas simply
different, and the JDBGueries must be different or else the application will not work on both
databases (unless you use an underlying ORM technology/EJBs; however we chose to use the
direct JDBC API approach sincellitesting this proved to be faster than the EJB 3.x/JPA
approach).

So, in a nutshell, we tested the fastest IBM Trade implementation against IBMABRY 3 L . a Qa
SQL statements as incorporated by the IBM WebSphere performance éeahthe fastest .NET
implementation against SQL Server 2008; each data access layer is appropriately coded to the



respective database. We continue to stand behind our results; and customers can examine the
published implementations for themselves.

In addition, Microsoft in gneral does not believe data access tiers should be coded to lowest
common denonmnator database capabilities. Customers choose their database based on
performance and functionality and cost. It seems silly that customers would choose to build
enterprise tass applications without taking advantage of vendpecific features they have

paid for. Itis very straightforward, as illustrated in both the .NET StockTrader (with DALs for
Oracle and SQL Server); and the Trade 7 Java benchmark application (wittosalitienal SQL
based on whether using Oracle or DB2); to isolate all data access in a streamlined data access
layer; and build an optimized data access layer for the database beingalkadng the

database to be easily changed with a simple configonasetting and no changes to Ul or
business service logicThis is largely a philosophical debate between .NET and Java architects;
with .NET focused on interoperability and optimized performance; and Java largely centered on
strict crossplatform and lavest common denominator implementation§Ve believe the .NET
StockTrader 2.04 application and the IBM Trade 7 application each employ typical SQL that
would be used with SQL Server (.NET); and DB2 (Java Tradpet)ively; given that the IBM
performane team themselves constructed the JDIBGed SQL statements for DB2 in their

Trade application

With that said, however, should IBM want to publish or provide us with specific new DB2 SQL
Statements (we used their original SQL as the IBM Performance Taaded for Trade 6.1)

using the JDBC API, we would be happy teest their application using these DB2 SQL
statements. If they want to use DB2 packages and DB2 stored procedures; then they should
publish this data access code, and let us similarly usaieglent SQL Server stored procedures
in the .NET StockTrader.

Instead they haveseeminglycreated a completely new data access tier, and published no

source code or details for this data access tier. Based on their document, which discusses the
use d DB2 packages, it appears they have opted to place all their SQL in DB2 stored procedures;
perhaps even with business logic; while .NET remains true to keeping business logic in a
separate tier and using prerepared SQL statements against SQL Server.

In addition, we find it odd they tested their unpublished CPO StockTrader application using DB2
8.2, and not the latest DB2 9.7 release. Also, they used SQL Server 2005, and not SQL Server
2008 in their testing, even though SQL Server 2008 was used anigfireal Microsoft testing

and has been available for about one year.

Next, IBM show3PSesults (using a revised test script and their unpublished Java code) in their
rebuttal paper that simply dmot make sense. They claim to have tested n@-proc server

with a dedicated &roc database. They show results for WebSphere of 161 transactions per
second, and .NET with 118 transactions per second. These were supposedly taken using a script



that performs the following user actions:

a. Login

b. Buy

c. Sell

d. Portfolio
e. Logout

However, on such a setup we are able to easily produce over 2,800 TPS on IBM WebSphere
using just a £ore server and-8ore database! And we report similar results for .NET for this
data-driven Web application workload. It is unclear whatliBses as their definition of a
transaction; which again speaks to the incomplete nature of their paper. If they define a
transaction as a complete load of the specific user pages (a complete user response) listed
above, as we do; then these results thipyote areimpossible to understand in that they are so
poor for both WebSphere and .NETE is possible they defined a transaction as a series of
pages/user responses grouped together (at a less granular level themli&idualpage

returned to theuser) if so this also seems odd and should be disclosed; because our results are
simply much better on both platformsnowhere nearas low agheir quoted results This also
callsinto question the quality and credibility of their rebuttal benchmark.

Note thatIBM does not comment on the pricing data included in our original report, and broken
out in detail in our original report. The pricing data, in conjunction with the performance data,

is what makes this benchmark so interesting. Why pay much more j@tens that delivers

less performance? They never comment or bring up pricing in their response. We stand behind
the relative pricing data and the detail breakout we provide in the original report; as we stand
behind thefull performance resultaspublished.



Summary

Microsoft stands behind the original results as publishelttt://msdn.microsoft.com/stocktrader

¢CKAA LI LISNI LINPPGARSE NBalLRyaSa G2 S| Gé&chadk L. aQa
AYF2NXYIEGA2Y 0 a-foRts.2A¢ shawn i Ma origirldmhéh®ak paper and with all
source code fully disclosed; IBM WebSphere on Windows significantly outperforms the equivalent
workloads as tested on the IBM Power 570/Power6 serard at a fraction of the overall cost

(hardware and software for the middle tier). In addition, the .NET results on Windows perform the best,
beating IBM WebSphere on Power6; IBM WebSphere on Intel; and at a fraction of the cost of the least
expensivelNebSphere setup tested.

Furthermore, we request that IBM, in the interest of fairness, publicly disclose (as Microsoft has done)
all source code (Java and .NET) used in their response whitepaper.


http://msdn.microsoft.com/stocktrader

Appendix A: Microsoft .NET StockTrader and WebSphere Trade 7 Test

Resultsfl O )" -860 2AO0EOAA 4A00 3A0EDPO
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flow included a heavier emphasis on buys and also included a sell operMierhave replicated these

tests using their modified script flow, and run the benchmark on a singtad application server. We

adFyR o0& 2dzNJ 2NRAIAYIf NB&adzZ G&a Fa LdzofAaAKSRT (KSas$s
satisfy some of tese IBM rebuttatest casesis? dzii f A Yy S Respbngepaper. &l§&3 shouldot be

consideredn any way as a change to our original results (performed on different hardware, and

different test script flow); as the original results remain valid.

Hardware Tested

We have repeated that test script flow as a separate verificationiest. We have used a single quad
core Hewlett Packard Blade BL460c Server, equipped just like the four HP BL460c Blades used in the
original test (although here just a singlabe is testedvs. 4 clustered bladgs

Application Server Hardware

1 HP ProLiant BL460c

1 Quadcore Intel Xeon E5450 CPU (3.00 GHz)
32 GB RAM

2 x1GB NICs

Windows Server 2008 &dit

.NET 3.5 (SP1) it

IBM WebSphere 64it

A single database is useshich is a dual Quadore (8 cores total) Hewlett Packard DLE3® server.

This server is attached to two RAID arrays, each with a dedicated controller. Each RAID array is
configured with a RAID 10 configuration (for fault tolerance), and each arrayghatsysical 10K drives.

One volume/RAID array is used for SQL Server 2008/DB2 V9.7 logging; the other array holds the actual
database file.

Database Server Hardware

1 HP ProLiant DL380 G5

2 Quadcore Intel Xeon E5355 CPUs (2.67 GHz)
64 GB RAM

2x1GB NICs

Windows Server 2008 @it

SQL Server 2008 &t

DB2 V9.7 6bit



The database is loaded with 100,000 quotes; 500,000 accounts; and 500,000 orders/holdings per
account. IBM does not disclosure the database they used in their response document.

Methodolo gy and Scripts

The test bed used to drive load is the same as our original setup, with 32 physical clients running the
Mercury LoadRunner agent, and script think times configured at 1 second. This is a much more realistic
aS0Gdzld GKIy L. abeachmark)whiéhRisetNadsingld2chedt Sonfigured with no think times;
and running just 36 threads. In our tests, as in our original tests, we find peak throughput user loads by
testing iteratively up to server saturation (when response times just begifirt a bit); and then run

the 30 minute measurement period at peak throughput (but not beyond server saturation). In all tests,
we are able to push the application server to near 100% saturation, indicating no external bottlenecks
and an accurate testJust as significantly, we see zero errors for both .NET and WebSphere 7 during the
test runs. IBM had reported significant error rates for .NET StockTrader, and this test proves otherwise
(although they never report what the errors were).

While the resuk very closely mirror our original results (considering this test involves just a single blade
vs. 4 bladesand a single database seryghey should not be directly compared to the original results
since a different script is used (with heavier empblasi buys and sells, as IBM used in their response
whitepaper)and different database hardware is usedllso, readers need to take into account we are
using just a single blade in these tests as the application server, and not four blades as in calr origin
test. The script flow is as follows:

Login
Buy
Portfolio
Sell
Logout

a s wbhpeE

As before, in both .NET and WebSphere test runs, we run the test for awapariod (to get to steady
adFidS0vzr GKSYy OF LJXidzNS NBadz Ga T2 NJ dsposeipapeiwhded S Y S| &
they report ongoing errors returnedve seeno errorsreturned for the .NET StockTrader.
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our original testing, which we continde stand behind. To provide that evidence, we include here the

Mercury LoadRunner analysis files showing a variety of statistics (including error rates, which were zero

for both platforms); as well as CPU utilization charts for the application servataaaldase during the

actual WebSphere and .NET test runs.

Testing Buys and Sells

Testing sell operations via an HTTP stress test tool such as Mercury is a bit tricky, because the Holding ID
for the holding to be sold must be extracted from the HTML on tfglio page. In our test script, we

used LoadRunner scripts that perform a buy operation, then visit the Portfolio page. From the portfolio
page, we extract the most recent Holding ID from the returned HTML (in the script); then pass this onto



the sellpage to sell that holding. It is unclear how IBM accomplished sell operations, although a similar
strategy must have been employed.

In addition, since .NET StockTrader has an additional page that allows users to specify the number of
shares to hold (tB IBM WebSphere Trade application only allows the entire holding to be sold); we
slightly modified the StockTradespx p@e to enable trades to be placelitectly with one submit

operation, just as the IBM WebSphere Trade application works (so the santenoffHTTP submits

per buy and per sell is the same for both test runs). The .NET StockTrader design {subettdiows

partial holding sells)out via the modified StockTrade.aspx page, can operate in the same way as the
IBM WebSphere Trade desifpr fair benchmarking analysis. The other option, of course, is to remove
the added functionality found in the .NET StockTrader application, and process orders with a single page
ala the WebSphere Trade application. Bhghtmodifications made to th&tockTrade.aspx page to

allow orders to be processed in the same way as IBM WebSphere Trade applicasbovanebelow

using System;

using System.Web;

using System.Web.Security;

using System.Text;

using Trade.StockTraderWebApplicationServiceClient;

using Trade.StockTraderWebApplicationModelClasses;

using Trade.StockTraderWebApplicationSettings;
using Trade.Utility;

namespace Trade.Web

{
Allows users to enter number of shares for a buy/sell operation.
public  partial class StockTrade : System.Web.Ul.Page
{
string tradenow = null ;
protected void Page_Load( object sender, EventArgs e)
{
if (TextBoxID.Text == "Refresh" )
Response.Redirect(Settings.PAGE_HOME, true );
string userid = HttpContext.Current.User.ldentity.Name;
if  (userid == null )
logout();
Date.Text = DateTime .Now.ToString(  "f* );
tradenow = ( string )Request[ “tradenow" ];
if  (llsPostBack && tradenow!= "buy" && tradenow!= ‘"sell" )
{
PanelTrade.Visible = false ;
PanelConfirm.Visible = true ;
BSLClient businessServicesClient = new BSLClient();
string  action = Request| "action" [
if  (!Input.InputText(action,StockTraderUtility. EXPRESSION_NAME_10))
Response.Redirect(Settings.PAGE_HOME, true );
if  (action == StockTraderUtility. ORDER_TYPE_BUY)
{
string  quoteSymbol = Request[ "symbol" J;
if  (!Input.InputText(quoteSym bol,StockTraderUtility. EXPRESSION_QUOTE_ID))
Response.Redirect(Settings.PAGE_HOME, true );
QuoteDataUl quote = businessServicesClient.getQuote(quoteSymbol);
TradeOperation.Text = "You have reque  sted to <b>buy</b> shares of " +
quote.quoteLink + " which is currently trading at " + quote.priceWithArrow;
TextBoxID.Text = quote.symbol;
}
else
{

string  holdingID = Request[ "holdingid"  J;
if  (!Input.InputText(holdingID,StockTraderUtility. EXPRESSION_HOLDINGID))



if (tradenow == "buy" || tradenow == "sell* )
ButtonTrade_Click( null , null );

(tradenow == "sell* )

ButtonTrade.Text = "Sell"
holdingID = Convert .ToInt32((  string )Request] "holdingid"  ]);

else if (tradenow == "buy" )

ButtonTrade.Text = "Buy" ;
symbol = Request[  "symbol" ];







The scripts used for buy and sell operations are shown below, for both .NET and WebSphere:

.NET Buy LoadRunner Script




WebSphere 7 Buy LoadRunner Script

.NET Sell LoadRunner Script




WebSphere 7 Sell LoadRunngcript







Benchmark Results
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.NET StockTrader LoadRunner Summary
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Note: .NET StockTrader performs a server Resp@eg@ect in the ASPX cellehind on both the login

page (processing the login, then on successful login directing to the TradeHome.aspx page after proper
encrypted ASP.NET forms authentication ticket information ises&t on logout, redirecting to thedin

page after closing out the user sessiofhis is a standard design for ASP.NET. Because LoadRunner
captures the login and logout pages eashtwo separate http response®ne for the login page with a
status of HTTP 3e@direct; one for the Tradhome page as HTTP 20for examplé; LoadRunner

records twohits per secondor each of these pages.

The IBM WebSphere Trade 7 application uses Servlets to process the login, and the Servlet response on
successful lag is simply one HTTP 200 code.L8adRunner sees each of these pages as a single page

hit each even though precisely equivalent user interactions are taking place as with the .NET
StockTrader scriptHencel.oadRunner recordsits per second as higher for .NET StockTrader than IBM
WebSynere 7Trade; even though the functionality is the same. In all measured results (both in this
response and our original paper); we capttn@sactions per secondot hits per second; which is the

real measure of the two applications performing the sauser interaction with the application

throughout the test runs. This is the metric that should be compéaed was), or else the .NET

StockTrader results would be artificially inflated.



WebSphere 7 Trade LoadRunner Summary
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.NET StockTrader HTTP Responses/Second
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Note: Here you see the HTTP 200 status codes exactly equating to transactions per second, per the
previous note about the impact of Response.Redirect on login and logout pages for the .NET

StockTrader.

Also note there are zero errors returnédring the entire test run, showing the .NET StockTrader does
not have errors under load, unlike the IBM claims in their response document.



IBM WebSphere 7 HTTP Responses/Second
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.NET StockTrader Pass/Fail Transactions per Second
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L
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Throughput
Transaction Summary 2500
Avwerage Tranzaction Respaong 2400
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ann
800

2600
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Total Nurnber of Trangactions

il ||

T
15:00 20000

Elapsed scenario time mm:ss

T
2500 30:00

Legend | Graph Dela\lsl UserNulesl Graph Dalal Raw Datal

Color I Sca\el Measurement | Graph's Minimurm

| Average

| Graph's Maximum

| Graph's Median

I Graph's Std. Devistion I

] ass
[/] 1 F. 2E6.76

2692 962

27857 2692 4

182.8592

‘Generating complete data: 3% |i

Note: There are zerailed transactions
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oadRunner Analysis - WAS_RUNZ2.Ira {(Summary Data)
File Edit Wew Graph Reports Tools Help
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HTTP Responses per Second
HTTP Responses per Second

K| | Il
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. 1 Pass

281.86

2me.211

28258 27955 187.05

Note: There are zero failed transactions, just like the .NET StockTrader test.
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LoadRunner Analysis - Sessionl.Ira {Summary Data) = 5'
File Edit Wew Graph Reports Tools Help
JEHESR | wupg |Floo | BEE 1€ B W
= Ef Sessionl.lra RunningVusersl Hits perSecnndl Thrnughputl Transaction Summary  Average Transaction Response Time | Total Transactions per Second | HTTP Responses perSa:ﬂndI bl I 4

Average Transaction Response Time
Summary Aeport 035 T T L e T g
-] Punning Yusers ; | H H

@ Hits per Second 013 i -------------------
Throughput |

action Summ.

s <Mew Graphy
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[0 N YPURR. SSEP S . S
opas ¥ YAy A
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0500 10:00 1500 20:00 2500 3000 3500
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il ||
Legend | Giraph Details | Usger Notes | Graph Dalal Raw Data |
Color I Scale | Measurement I Graph's Mini... | Graph's &ve... I Graph's Max... | Graph's Me... | Graph's Std.. I Al
=l 1 Buy 0.05 0.061 0.071 0.06 0.005
=l 1 Logout 0.081 0103 0125 0102 0.011
1 Fortfolio 0.039 0.05 0.061 0.05 0.005
HEl 1 Quotes 0.0339 0.05 0.061 0.05 0.008
(= I Damistar Gubeit n nat ni1a Rk n1i7 nnii =

‘Generating complete data: 3% |i |

Note: Response times are consistently flat (I&éss1t.005 seconds) until server saturation is hit, then as

is typical, queuing starts and response times become a factor of the queue size. In the image above, we
show response times for the 30 minute measurement interval at a consistent user load of 2900
simulates users (1 second tx think time between requests). At 2900, request queuing has just started to
kick in as the server is at full saturation for the test script.
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1 LoadRunner Analysis - WAS_RUNZ.Ira (Summary Data) = 5'
File Edit Wew Graph Reports Tools Help

ISR e |[F|oo | CBH & B W

[ [HF WAS_RUNZIa Throughput I Transaction Summary Average Transaction Response Time | Total Transactions per Second | HTTP Responses per Secand I HTTP Responses per Second | bl I 4
T
ol <Mew Graph Average Transaction Response Time

Summary Repart
@ Running YYusers
@ Hits per Second
Throughput

action Summ.

: @ HTTP Responses per Seconc

Average Response Time (seconds)

0me t t T T T
05:00 10:00 1500 20:00 25:00 30:00 35:00
Elapsed scenario time mm:ss
4] I Bl
Legend | Graph Details | User Motes | Graph Dalal Fiaw Data |
Color I Scale | Measurement | Graph's Mini... | Graph's five... | Graph's Mas... | Graph's Me... | Graph's Std... |
. 1 Buy 0.045 0.048 0.053 0.043 0.002
=l 1 Logout 0.0ME nma 0022 n.ma n.om
. 1 Partfolio 0.0 0.023 0.027 0.023 0.001
. 1 Quotes oma 0.0z 0.024 0.0z 0.001
. 1 Register_Submit 0.031 0.034 0.033 0.033 0.002
. 1 Sell 0037 0.033 0.043 0.033 0.002

Note: Response times are considtg flat (less than .005 seconds) until server saturation is hit, then as

is typical, queuing starts and response times become a factor of the queue size. In the image above, we
show response times for the 30 minute measurement interval at a consistemtload of 2900

simulates users (1 second tx think time between requests). At 2900, request queuing has just started to
kick in as the server is at full saturation for the test script.
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