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Purpose 

The purpose of this work is proving how the Kayxo Exchange Adapter for BizTalk (KEAB) can 

scale both horizontally and vertically when more hardware is available.  

 

Goals and success criteria 

While keeping a steady usage of the Exchange Server:  

¶ The workload should be distributable among several nodes containing the KEAB, 

effectively lowering the resource usage compared to a single node. This will be referred 

as the ñhorizontal scalingò goal. 

¶ The workload should be distributable among several processors in the same node 

containing the KEAB, lowering each processorôs usage compared to a single processor 

node. This will be referred as the ñvertical scalingò goal. 

The Scalability Test w ill be declared successful if both the vertical scaling and the horizontal 

scaling goals are fulfilled.  

Note : the horizontal scaling resource reduction will be primarily measured in CPU usage.  

 

Additional goals 

If one node should disappear from the network  while the system is in operation, the other 

nodes should automatically take its workload with an acceptable degradation in the 

performance. This will be referred as the ñfailoverò goal. 

The failover goal will only be tested if time allows it.  

 

Out of scope 

Since these tests are focused on the scaling capabilities of the Kayxo Exchange Adapter 

components only, and driven by adding simplicity to the environment preparation, a database 

cluster to ensure the databaseôs high availability has not been implemented.  

Kayxo advises that a real implementation of this deployment should have the database in 

cluster in order to avoid a single point of failure. There is extensive literature and expertise on 

this subject in the market.  

It is also out of the scope of this work stressing the Kayxo Exchange Adapter for BizTalk, tuning 

it in order to optimize its throughput or finding the best combination of hardware configuration 

for a given workload scenario.  Whenever in this work the words ñstressò or ñloadò are used, 
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they should be taken as ñcreating a consistent data stream in order to test the Kayxo Exchange 

Adapter components and their scaling behavior ò. 

 

Architecture, hardware and topology 

The following Architecture and hardware layout will be used to execute the t ests.  

Architecture 
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The Load  Test Application will use  the Write Adapter generating a set of random write 

messages. The messages will be saved in a network share d folder . BizTalk Server will pick -up 

each of these messages and will process them using a n Orchestration to route dynamically each 

message  to the right Exchange Mailbox . When a new item arrives to Exchange Server the 

ñExchange event Handlerò will post the notification to the BizTalk Server Adapter start  the query 

process. For more information about the tools see ñ 

Test application and toolsò in this document.  

On the BizTalk Server Application boxes, t he Windows Load Balancing Services are  used to 

distribute the requests across the servers and BizTalk Server Group built - in balance services are  

used to distribute the message processing . BizTalk Server supports server groups to simplify 

management and pro vide failover capabilities  with  no need of  clustering  services . A BizTalk 

server group is a group of servers that share the ports configuration s and  a message -box 

database.  Because they share a common message -box, servers in a server group can all be 

acti ve and processing documents from the queue  simultaneously . If a server in a group goes 

offline, the remaining servers can continue processing the queue . 

Any applications that might need to use the Kayxo Exchange Adapter components in a different 

fashion, f or example without the BizTalk Server services, should take into account the failover 
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and scaling mechanisms for the writing operations, although the KEAB service itself could be 

deployed in failover and horizontal scaling fashion through NLB or a similar service.  

For more information on  BizTalk Server High Availability follow this link  

For more information about Windows Network Load Balancing follow  this link  

 

Topology 

This is the har dware layout that will be used during these tests  and the services that each 

machine will run . 

KEABSQL

KEABTEST

KEABBTS01 KEABBTS02

KEABEXKEABAD

 

Software KEABDC KEABSQL KEABBTS01 KEABBTS02 KEABEXCHANGE KEABTEST 

Server Role Domain Controller Database & SSO  Application  Application  Email   

Windows 
version 

Microsoft Windows 
Server 2003 Enterprise 
Edition Service Pack 2 
(Build 3790)  

Microsoft Windows 
Server 2003 
Enterprise Edition 
Service Pack 2 (Build 
3790)  

Microsoft Windows 
Server 2003 
Enterprise Edition 
Service Pack 2 (Build 
3790)  

Microsoft Windows 
Server 2003 Enterprise 
Edition Service Pack 2 
(Build 3790)  

Microsoft Windows 
Server 2003 
Enterprise Edition 
Service Pack 2 
(Build 3790)  

Microsoft 
Windows XP 
Professional 
Service Pack 2 

Additional 
Services 

Active directory Microsoft SQL Server 
2005 

Windows NLB 
Services 

Windows NLB Services Microsoft Exchange 
Server 

Microsoft .NET 
Framework 2.0 

  Enterprise Single Sign 
On Server 

Microsoft BizTalk 
Server 2006 

Microsoft BizTalk 
Server 2006 

  Microsoft 
Windows 
Powershell 

   KEAB License Server KEAB Query & Write KEAB Query & Write   Microsoft Visual 
Studio 2005 

Hardware detail 

This is the physical detail of each of the previous boxes.  

CPU KEABDC KEABSQL KEABBTS01 KEABBTS02 KEABEXCHANGE KEABTEST 

Number of 
CPUs 

1 4 (2 Physical) 4 (2 Physical) 2 (1 Physical) 4 (2 Physical) 2 (1 Physical) 

Name Intel Pentium 4 Intel Xeon Intel Xeon Intel Xeon Intel P6 Processor  

Family / 
Model / 
Stepping 

F 2 7 Intel(R) Xeon(TM) CPU 
3.00GHz 

Intel(R) 
Xeon(TM) CPU 
3.00GHz 

Intel(R) Xeon(TM) 
CPU 3.00GHz 

Intel(R) Xeon(R) 
CPU 5110 @ 
1.60GHz 

Intel P6 Processor 

Supported 
Instructions 
Sets 

MMX, SSE, SSE2 MMX, SSE, SSE2, SSE3, 
x86-64 

MMX, SSE, SSE2, 
SSE3, x86-64 

MMX, SSE, SSE2, 
SSE3, x86-64 

MMX, SSE, SSE2, 
SSE3, x86-64 

MMX, SSE, SSE2, 
SSE3, x86-64 

http://technet.microsoft.com/en-us/library/cc296694.aspx
http://technet.microsoft.com/en-us/library/bb742455.aspx
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CPU Clock 
Speed 

2665.8 MHz 2998.8 MHz 2795.6 MHz 2805.6 MHz 1596.0 MHz 1862.0 MHz 

Clock 
multiplier 

x 20.0 x 15.0 x 14.0 x 14.0 x 1.5 x 7.0 

Front Side Bus 
Frequency 

133.3 MHz 199.9 MHz 199.7 MHz 200.4 MHz 1064.0 MHz 266.0 MHz 

Bus Speed 533.2 MHz 799.7 MHz 798.7 MHz 801.6 MHz 1064.0 MHz 266.0 MHz 

L1 Data Cache 8 KBytes, 4-way set 
associative, 64 Bytes 
line size 

16 KBytes, 8-way set 
associative, 64 Bytes 
line size 

16 KBytes, 8-way 
set associative, 
64 Bytes line size 

16 KBytes, 8-way 
set associative, 64 
Bytes line size 

32 KBytes, 8-way 
set associative, 64 
Bytes line size 

32 KBytes, 8-way 
set associative, 64 
Bytes line size 

L2 Cache 512 KBytes, 8-way set 
associative, 64 Bytes 
line size 

2048 KBytes, 8-way set 
associative, 64 Bytes 
line size 

2048 KBytes, 8-
way set 
associative, 64 
Bytes line size 

2048 KBytes, 8-way 
set associative, 64 
Bytes line size 

32 KBytes, 8-way 
set associative, 64 
Bytes line size 

32 KBytes, 8-way 
set associative, 64 
Bytes line size 

 

Memory KEABDC KEABSQL KEABBTS01 KEABBTS02 KEABEXCHANGE KEABTEST 

Total DDR2-SDRAM PC3200 - 
1024 Mbytes 

DDR2-SDRAM PC3200 - 
2048 Mbytes 

DDR2-SDRAM 
PC3200 - 2048 
MBytes 

DDR2-SDRAM PC3200 - 
2048 MBytes 

DDR2-SDRAM 
PC3200 - 4096 
Mbytes 

DDR2-SDRAM 
PC5300 - 2048 
MBytes 

 

 

Test application and tools 

In order to simulate a reasonable working Exchange environment and KEAB usage, a custom 

test application will be used. The Test Application creates a set of user accounts with mailboxes 

in Exchange and using the user account information the application configures the BizTalk 

Server Receive Locations.  

With the user account information the Application  creates a set of random write messages and 

puts them as XMLs into a shared folder in the SQL Server box. These messages consist of 

different mails, contacts and appointments.  

The BizTalk messaging engine receives the XMLs containing the messages and their  attributes, 

and routes them to a BizTalk Server application orchestration. This orchestration will 

dynamically change the account and folder in Exchange where each message should be written 

in Exchange. The Kayxo Exchange Adapter will then handle the crea tion of these messages in 

Exchange.  

 

Disks KEABDC KEABSQL KEABBTS01 KEABBTS02 KEABEXCHANGE KEABTEST 

Primary : Unit C 
 

136Gb  68Gb RAID 1 68Gb  68Gb   140Gb RAID 0 149Gb 

Secondary : Unit E 136Gb  50Gb RAID 5 66Gb  66Gb   NA NA 
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KEAB Send Port

BizTalk Receive Port

BizTalk messaging publish & 

subscribe

Create users

Create BizTalk receive locations

Create files

 

Test Application conceptual overview 

For more information on the written objects and their attributes see Appendix II .  

On the BizTalk Server application box the  messaging engine will receive the notifications from 

the Exchange Server triggered by the new objects creation in Exchange (using the KEAB 

Exchange Receive Adapter), and the result of the fetched attributes will be sent by the Test 

Application as an XML t o a folder in the file system.  

File Send port

KEAB Receive port location

BizTalk Receive Port

BizTalk messaging publish & 

subscribe

 

Query Load Test Application conceptual overview 

For more information on the queried objects and their attributes see Appendix I .  

Test router process  

This is the BizTalk Orchestration that will dynamically change the destination Mailbox and Folder 

where each message will be delivered by the Kayxo Exchange Adapter for write operations.  
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Test scenarios 

Load tests have been executed in order to determine the appropriate load that our tools should 

generate on the Exchange Server (KEABEX) to simulate a representative user activity for this 

kind of hardware without stressing it. These test sets have the only purpose of creating a 

consistent data stream in ord er to test the Kayxo Exchange Adapter components and their 

scaling behavior.  

In the vertical test scenario, the Write Load Test Application will be used to generate a workload 

of  two write operations per second , writing the changes to the Exchange Server t hrough the 

KEAB. In the horizontal test scenario, a higher load of twelve messages per second will be used, 

with both BizTalk servers working as described in the corresponding section. To picture the 

amount of load that this rate represents for an Exchange  Server, if we c onsider an organization 

with 10, 000 Exchange users where each one of them receives about 30 mails per working day 

(8 hours) , we would be talking of an average of 10.4 mails per second .  

This means that the actual workload that will be used during these tests is even higher than 10 

thousand users hosted in only one Exchange Server.  

For a further detail of these objects and their attributes, see the Appendix II .  

The objects generated with the Write application will be captured by the KEAB and sent to the 

Query Load Test Application as described above. The predefined attributes that will be fetched 

for each object type can be found at Appendix I .  

All measurements will be done on KEABBTS01 and KEABBTS02 since those are the nodes were 

the Kayxo Exchange Adapter components and the BizTalk applications processing the messages 

will run.  
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The database for BizTalk has been separated in a differe nt node (KEABSQL) to avoid it 

interfering with the measurements since BizTalk is not really an integral  part of the KEAB 

architecture, but a mere destination for processing the messages . 

BizTalk itself might be removed in the future, and for the purposes o f these tests we consider 

that it serves as a good example of any corporate application that could send and process the 

messages in its place.  

 

Scenario 1: vertical comparison 

The first test scenario will be used to measure the vertical scalability goal.  

This scenario will involve two separate tests:  

Layout #1 : Running the test applications for 30 minutes  using KEABDC, KEABEX, KEABBTS02  

(4 CPUs) and KEABSQL.  

Layout #2 : Running the test applications for 30 minutes  using KEABDC, KEABEX, KEABBTS01  

(2 CPUs) and  KEABSQL.  

The resource usage and throughput between Layout #1 and Layout #2 will be compared. If th e 

average CPU usage on Layout #1  is lower  due to the additional processors and the logs show 

that there are KEAB transactions on more than one processor, then the Vertical Scalability Goal 

has been achieved.  

 

Scenario 2: horizontal scaling and failover 

The second test scenario will be used to mea sure the horizontal scalability and failover goals.  

The NLB service will be configured to split the workload between KEABBTS01 and KEABBTS02 

equally (50% -50%). Note that this is not intended to be an ñintelligentò workload split (since 

both nodes differ in  the amount of CPUs) but it is done this way so the results can be easily 

compared at a glance.  

This scenario will involve the following steps:  

1)  Running the test applications  for 10 minutes  using KEABDC, KEABEX, KEABBTS01, 

KEABBTS02 and KEABSQL.  

2)  Disconnecti ng KEABBTS0 2 by unplugging it from the network.  

3)  Running the test applications for 10 minutes  using KEABDC, KEABEX, KEABBTS01  and 

KEABSQL.  

4)  Reconnecting KEABBTS02  by plugging it again into the network.  

5)  Running the test applications for 10 minutes  using KEABD C, KEABEX, KEABBTS01, 

KEABBTS02 and KEABSQL.  
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In step 1 it will be checked that KEABBTS01 and KEABBTS02 are effectively distributing the 

workload. This step should be sufficient for the Horizontal Scalability Goal.  

In step 3 i t will be checked that KEABBTS0 1 is processing all the workload.  

In step 5 i t will be checked that KEABBTS02  has taken again its share of the workload  and 

reduced KEABBTS01 ôs resources usage. 

These last two steps should demonstrate if the Failover Goal has been achieved.  

 

Test runs and results 
  

Test Run #1 

Test Date 18/06/2008 

Scenario Scenario1 ς Layout #2 

Nodes involved KEABTEST,LOADGEN, KEABEXCHANGE, KEABBTS01, KEABSQL 

Purpose Measure the vertical scalability (4 CPUs) 

Test Log  

15:00 Servers and services up and running 

15:17 Test application launched in KEABTEST 

15:47 Test application finished 

Result The test was successful, results are kept. 

 

  

Test Run #2 

Test Date 18/06/2008 

Scenario Scenario1 ς Layout #1 

Nodes involved KEABTEST,LOADGEN, KEABEXCHANGE, KEABBTS02, KEABSQL 

Purpose Measure the vertical scalability (2 CPUs) 

Test Log 

16:40 Environment clean-up 

16:50 Server and services up and running 

17:01 Load application launched in KEABTEST 

17:31 Load application finished 

Result The test was successful, results are kept. 

 

  

Test Run #3 

Test Date 18/06/2008 

Scenario Scenario2 

Nodes involved KEABTEST,LOADGEN, KEABEXCHANGE, KEABBTS01, KEABBTS02, KEABSQL 
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Purpose Horizontal scalability and failover test 

Test Log 

17:41 Environment clean-up 

17:45 Server and services up and running 

17:48 Load application launched in KEABTEST. 2 write operations per second. 

17:58 The network adapter in KEABBTS02 was unplugged 

17:08 The network adapter in KEABBTS02 was plugged 

18:18 Load application finished 

Result Results are inconclusive due to the low workload Exchange caused in the KEAB components and 
are discarded. The parameters in the test application are changed. 

 

  

Test Run #4 

Test Date 19/06/2008 

Scenario Scenario2 

Nodes involved KEABTEST,LOADGEN, KEABEXCHANGE, KEABBTS01, KEABBTS02, KEABSQL 

Purpose Horizontal scalability and failover test 

Test Log 

09:42 Environment clean-up 

10:15 Server and services up and running 

10:17 Load application launched in KEABTEST. 12 write operations per second. 

10:27 The network adapter in KEABBTS02 was unplugged 

10:37 The network adapter in KEABBTS02 was plugged 

10:47 Load application finished 

11:09 Exchange finished the Query Notifications 

Result The test was successful, results are kept. 

 

Detailed histograms and result analysis 

Here are the detailed results for the tests that will be analyzed. This data has been taken from 

the Windows System Performance Counters included with the operative system for resource 

usage statistics, and the ones that are added specifically by the Kayxo Exchange Adapter Core.  

Vertical Scalability Test 

The following graph s show how different values evolved through the duration of the tests. The 

horizontal axis always measures time in seconds. Where CPU capacity is involved, the vertical 

axis contains the total available capacity of the node (e.g.: 400% for a 4 CPU node), so each 

processorôs consumption is stacked on one another. 

The other graphs illustrate the average messages received and sent. Please have in mind that 

messa ges are sent on a probabilistic basis, and only emails and calendar messages are queried 

back, so the amount of queried objects may vary from test to test.  
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Scenario 1 -  Layout #1 ï Vertical scaling with KEABBTS02 (2 CPUs) ï Test Run #2 :  
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Letôs start by the first  graph. The Load Test Application started posting data to BizTalk around the 160th second (orange line). Those 

requests were processed by KEAB in the rate illustrated by the red line. While messages were arriving to Exchange, the Exchan ge server 

fired quer y notifications through the Kayxo Event Handler (light blue line). Those messages were fetched by the KEAB and processed by 

BizTalk in the Query Test Application as described before (blue line).  

The CPU consumption for both CPUs of the KEABBTS02 is illustr ated in the second  graph. It is clear that the load was spread among both 

CPUs and the node was not stressed during this test.  

Letôs see the results for the second configuration. 

Scenario 1 -  Layout #2 ï Vertical scaling with KEABBTS01 (4 CPUs) ï Test Run #1 :  
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This case is similar to the previous one except for the CPU consumption. Each CPU in KEABBTS01 had a lower usage compared 

individually to the CPUs in KEABBTS02 under the same test conditions and load. Keep in mind that both nodes have exactly the same 

hardware resources (disk, memory, CPU speed, etc.) and they differ only in the amount of CPUs.  

Differences may be seen clearly in the following summary table.  

Node Avg 
CPU 
0 

Avg 
CPU 
1 

Avg 
CPU 
2 

Avg 
CPU 
3 

Avg CPU usage 
(all processors) 

Avg sent 
messages/sec(*) 

Avg received 
messages/sec(*) 

Total sent 
messages 

Total read 
messages 

KEABBTS01 11,56 14,50 14,81 17,70 14,64 1,92 1,19 3600 2398 

KEABBTS02 28,49 22,96 - - 25,72 1,81 1,15 3600 2422 

(*) The averages are taken from all the intervals with non -zero values and not the whole test interval, so even with the same amount of total messages results may differ.  

The CPU total load was approximately the same in the two nodes (around fifty per cent ) but it was evenly distributed among all the 

available CPUs, showing that effectively all the involved components scale vertically.  
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Taking a closer look, the following sample of the debug traces added to the components shows how the KEAB Core Components u se all 

the available CPUs in each node for different threads. This behavior is obtained directly from the .NET and OS mechanisms for  multi -

threaded applications.  

 

KEABBTS01  

 

KEABBTS02  

  

 

This data is enough to conclude that the vertical scalability goal has been successfully accomplished and KEAB will take advantage of all 

the available CPUs in the host machine.  
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Horizontal Scalability Test 

Scenario 2 ï Tes t run  # 4 :  

  

This graph shows how many messages were sent by each machine in the time intervals. Around the 640 th  second the KEABBTS02 node 

was unplugged from the network, resulting in the KEABBTS01 taking the entire load. Then, at the second 1240 th  the node was plugged 

again to the network and resumed taking load.  

It is however important t o note that this failover mechanism was carried out by BizTalk since both servers share the same message box 

as described in the Architecture part of this document.  




























