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Microsoft Exchange: 
Scalability Testing 
Test report prepared under contract from Microsoft Corporation 

Executive summary 
 
Microsoft Corporation commissioned eTesting Labs to compare the scalability of Exchange 2000 running 
under Windows 2000 Advanced Server and Exchange 5.5 running under Windows NT 4.0 Enterprise Edition. 
Microsoft requested that we perform this comparison using an appropriate test tool to simulate the real-world 
usage of a large population of simulated POP and SMTP users.  We chose the Ziff Davis Email Server Test 
Tool (ZDESTT) for this task. 
The results of our testing, using large numbers of simulated users, showed a significant scalability and 
performance increase from Exchange 5.5 to Exchange 2000. Specifically, we found : 
• Exchange 2000 was 66% more scalable than Exchange 5.5: Exchange 2000 was capable of delivering 

e-mail for 66% more simulated users than Exchange 5.5. On the 4 processor server used, Exchange 
2000 could process the message traffic for up to 83,000 simulated users, whereas Exchange 5.5 could 
only handle up to 50,000 simulated users before reaching its capacity.  

 
• Exchange 2000 latency performance exceeded Exchange 5.5 by more than 20%: At all of the 

simulated user load levels tested, Exchange 
2000 produced lower average server response 
times (by at least 20%) compared to Exchange 
5.5.  
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The performance results generated by ZDESTT show how productive and responsive each server was during 
the measurement phases of the test.  The following are the most significant performance metrics reported by 
ZDESTT. 
 

• Server response time: This is the average time it took the server to respond to client’s 
transaction requests. 
 

• Messages received: This is the total number of messages the clients received during the 
measurement phase of the test.  

 
• Messages sent: This is the total number of messages the clients sent during the measurement 

phase of the test.  
 
We tested both server platforms using a custom test suite that simulated a large population of simulated 
POP/SMTP users.  The custom test was designed by eTesting Labs to simulate from 33,320 to 83,300 
POP/SMTP users that checked their mail every 60 minutes and sent a single 10K byte message to three 
recipients every 60 minutes.  We performed our testing on tuned configurations running on a Compaq Proliant 
6450 server with 4 x 550MHz Pentium III Xeon processors each with 2MB of L2 cache, 4GB of RAM and a 
100GB external Fibre Channel disk array. We tuned each platform based on guidelines provided by Microsoft 
Corporation. Please refer to the Test Methodology section for details on our ZDESTT workloads, tuning, and 
the server configuration. 
 
During our testing, we found that Exchange 2000 provides better overall scalability than Exchange 5.5. At all 
levels of simulated users we tested Exchange 2000 produced lower average server response times and 
consistently good service receiving and delivering e-mail for up to 83,000 of the simulated users described 
above. Exchange 5.5, however, could only process the necessary message traffic for up to 50,000 simulated 
users.  
 
At loads of more than 50,000 simulated users, Exchange 5.5 exhibited a significant build up of requests in the 
incoming mail queues that seriously hampered it’s ability to receive and deliver mail in a timely fashion. In 
fact, during Exchange 5.5 testing with simulated user loads over 50,000, we found these queues at times 
contained more than 100,000 pending items.  
 
Because there is a great deal of difference between 50,000 and 66,640 simulated users, we attempted to 
obtain results with a finer granularity to indicate more precisely the number of simulated users Exchange 5.5 
could support before beginning to build large inbound mail queues. To do this, we created a ZDESTT test 
suite that started with 53,312 simulated users and ended with 59,976 simulated users in increments of 3332 
users per test mix. What we found was that at all additional simulated user levels tested past 50,000, 
Exchange 5.5 created large inbound mail queues.  
 
Because of the large inbound mail queues seen with Exchange 5.5, there was no reason to continue running 
the ZDESTT test suite beyond the 66,640 simulated user level. This is why the Exchange 5.5 results 
displayed in the remainder of this report stop at this point. 
 
The results imply that Exchange 5.5 suffered from a resource limitation of some kind during these tests when 
attempting to service more than 50,000 simulated users. The performance was not improved by any of 
several additional tuning changes suggested by Microsoft, implying that this test had hit the scaling limits of 
Exchange 5.5.  
 
Additionally, the maximum CPU utilization attained at a load of 66,640 simulated users was approximately 
73% for Exchange 2000 and 89% for Exchange 5.5. This strongly suggests that even if Exchange 5.5 had not 
experienced these resource issues, it’s unlikely that further improvements in performance would occur as 
additional simulated users were added. Please refer to the Test Results section for further details. 
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Figure 1 shows the server response times generated by both Exchange 2000 and Exchange 5.5. Normally 
the server response time increases gradually over the life of the test as more simulated users access the e-
mail server. When the user load on the e-mail server becomes too great for the e-mail server to effectively 
handle, the server response time increases substantially. With regard to average server response time, lower 
scores are better. 
 
Both Exchange 2000 and Exchange 5.5 maintained reasonable average server response times when 
servicing less than 50,000 simulated POP/SMTP users. However, at simulated user levels over 50,000, 
Exchange 5.5 experienced a significant increase in the server response time. Specifically, at a load of 66,640 
simulated users, Exchange 5.5 generated an overall average response time of 1.304 seconds compared to 
0.232 seconds for Exchange 2000 at the same simulated user load point.  
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Figure 1. Average server response time.  
 
Figure 2 compares the rates of messages sent and received per second during the valid phase of the test by 
Exchange 2000 and Exchange 5.5. The rates were computed by dividing the actual number of messages sent 
and received during the valid phase of the test by the number of seconds in the valid phase of the test.  
 
During the test, we expect to observe increasing levels of both messages sent and received until the e-mail 
server becomes saturated. Once saturation occurs, the rate at which messages are sent and received levels 
out and eventually drops as user requests are queued at the server.  
 
At simulated user loads under 50,000, Exchange 2000 and Exchange 5.5 handle comparable levels of e-mail 
messages. However, at a load of 66,640 simulated users, Exchange 2000 achieved a rate of 17.99 messages 
sent per second compared to only 12.61 messages sent per second for Exchange 5.5. Similarly, Exchange 
2000 achieved a rate of 48.84 messages received per second at a load of 66,640 simulated users while 
Exchange 5.5 achieved 19.03 messages received per second. These rates were averaged over the duration 
of the test, in which all of the mailboxes were initially empty.   
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Figure 2. Rate of messages sent and received averaged over the duration of the test 
 
 
A sudden drop in the number of messages received generally indicates that messages are being queued at 
the server and not promptly delivered to the user’s mailboxes.  
 
Because we started the tests with empty mailboxes, the rate of messages received to messages sent 
reported by ZDESTT is not exactly 3:1. However, during the final hour of these tests, when mail is being sent 
to the server at the same rate at which it is being retrieved, the rates of messages received to messages sent 
should be almost exactly 3:1. Figure 3 shows this is true for Exchange 5.5 at a load of 50,000 simulated users 
and for Exchange 2000 at a load of 83,300 simulated users. It’s worth noting that even when loaded with 
30,000 more simulated users than Exchange 5.5, Exchange 2000 maintains the ability to effectively handle 
the test load. 
 

Message Rates Exchange 5.5 ( 50,000 users ) Exchange 2000 ( 83,300 users ) 
Messages Sent per Second 13.9 23.1 

Messages Received per Second 41.7 69.2 
 
Figure 3. Peak rate of messages received and messages sent 
 
In a test of this nature, the e-mail server CPU’s typically become completely saturated resulting in increases 
in average server response time and decreases in the capability of the e-mail server to effectively process 
mail. This was the case with Exchange 2000. At a load of 83,300 simulated users the server CPU’s were 
nearly 100 percent utilized.  
 
We did not see this behavior with Exchange 5.5. The increase in average response time and decrease in e-
mail processing capability at a load of 66,640 simulated users was caused by the inability of Exchange 5.5 to 
scale well in this scenario and not a saturated server CPU. These inbound mail queues hold e-mail sent to the 
server, but not yet processed. When testing Exchange 5.5 with fewer than 50,000 simulated users, we found 
these queues to hold less than 50 pending requests. During Exchange 5.5 testing with client loads over 
50,000, we found these queues at times contained more than 100,000 pending items. 
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Testing methodology  
 
The following sections provide detailed information about how we setup and ran this test.  This information is 
intended to help the reader understand the methodology and test results. 

Ziff Davis E-mail Server Test Tool 1.0 
 
The Ziff Davis Email Server Test Tool, ZDESTT, is an e-mail server performance-testing tool developed by 
Ziff Davis Media.  ZDESTT consists of software that runs on a testbed of clients and generates a configurable 
load of POP3, SMTP, and/or IMAP4 requests.  The ZDESTT clients measure how responsive and productive 
the server under test is while responding to the client requests.   
 
The ZDESTT client software is a multi-threaded Windows application that executes a configurable workload.  
The workload and the test parameters are defined in a test suite file that is distributed to all the clients at the 
start of a test.  A test suite is broken down into individual test mixes that define the different load points of the 
test.  The following are the most important parameters defined in an individual test mix. 
 
Workload file – This file contains the script of POP3, SMTP and/or IMAP4 commands that the client threads 
will execute. 
Total number of clients – This specifies the total number of clients that will be used to execute the test. 
Number of mailboxes per client – This specifies the range of mailboxes a client will send and receive mail 
to and from. 
Number of threads per client – This specifies how many threads should be running on each client.  Each 
thread will execute the same workload script. 
Ramp up time – The amount of time the clients execute the test mix before starting to take performance 
measurements. 
Ramp down time – The amount of time the clients execute at the end of the mix without taking performance 
measurements. 
Total time – The total amount of test time for the mix.  The amount of time that measurements are taken 
equals the total time minus ramp up and ramp down times. 
Think Time – This specifies how long a client thread should pause between requests. 
Quiet Time – This specifies how long the clients should sit idle between test mixes. 
 
A typical ZDESTT test suite contains multiple test mixes that start with a small number of clients and add 
clients to the mixes as the test progresses.  This technique allows testers to observe how the server functions 
under an increasing workload.   

Custom Test Suite Information 
 
For this testing we created a custom test suite designed to simulate between 33,320 and 83,300 simulated 
POP/SMTP users. The idea behind this custom test was to simulate the activity of more than 80,000 
simulated POP and SMTP users during a peak load period.  The test was based on a user profile as follows: 
 

• Login to e-mail server, read and delete all e-mail every 60 minutes. 
• Send a single 10K message to each of three recipients every 60 minutes. 

 
This test suite consisted of five test mixes that increased the user load from 33,320 up to 83,300 simulated 
users in increments of either 16,600 or 8,330.  Each test mix ran for approximately 6.5 hours with 60-minute 
ramp-up, 5-hour measurement, and 30-minute ramp-down periods.   
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Figure 4 provides the details of the ZDESTT test suite definition for this testing:   
 
Parameter Custom Test 
Mailboxes per client 1666 
Number of test mixes in suite 5 
Clients per test mix 20, 30, 40, 45, 50 
Threads per client 10 
Think Time 22 seconds 
Ramp up (in seconds) 3600 for all mixes 
Ramp down (in seconds) 1800 for all mixes 
Total Time (in seconds) 19800 for all mixes 
Quiet Time (in seconds) 900 for all mixes 
 
Figure 4. Test suite definition 

Server Hardware Configuration 
 

For this testing, Compaq Computer Corporation supplied all the server and disk hardware. This included a 
Proliant 6450 with 4GB of RAM and 4 x 550 MHz Pentium III Xeon processors, each with 2MB of L2 cache. 
The internal disk subsystem consisted of four 9GB SCSI drives connected to a Compaq 3200 Smart Array 
Controller. These four drives were configured into two logical RAID 0 volumes of 9GB and 26GB. Regardless 
of the test, the operating system was installed on the 9GB RAID 0 volume.  
 
The server was equipped with a single DEC DE500 10/100 Mbps Ethernet NIC. We used this NIC for the 
Exchange 2000 testing. However, we ran into problems attempting to use the DEC NIC with Windows NT 4.0 
Enterprise Edition. For the Exchange 5.5 testing, we removed the DEC DE500 NIC and replaced it with an 
Intel 10/100+ Management Adapter. Using different NIC’s during testing was deemed insignificant since so 
little network bandwidth was actually utilized during the testing. 
 
In addition to the server, Compaq supplied an external StorageWorks RA8000 Fibre Channel Disk Array 
cabinet containing 24 x 4.3GB drives, a 12 port Fibre Channel Storage Hub and a Fibre Channel adapter for 
the server. The Fibre Channel adapter and the Fibre Channel Array were connected to the Fibre channel hub. 
Using software supplied by Compaq, we configured the StorageWorks RA8000 as a single 98GB RAID 0 
volume. For all testing, we ensured the Exchange database was placed on the StorageWorks Disk Array and 
that all log files were located on the server’s internal 26GB RAID 0 volume. 
 
Network Testbed Configuration 
 
To produce the load during the test, we employed a network testbed consisting of 60 Dell OptiPlex G1 
systems. Each system contained a single 400MHz Pentium II processor, 128MB of RAM and a built in 3COM  
3c905B 10/100 Mbps NIC. The clients were connected into a single network segment using two Extreme 
Summit48 switches with all ports configured to auto-detect line speed and duplex mode. This resulted in both 
server and clients communicating at 100 Mbps and full duplex for all tests. 
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Exchange 2000 Configuration and Tuning 
 

For the Exchange 2000 testing, we first installed Windows 2000 Advanced Server and Service Pack 1 on the 
Compaq server and promoted the server to a Domain controller using the Active Directory wizard. We then 
installed the shipping version of Exchange 2000 provided by Microsoft. Using scripts provided by Microsoft, 
we created 100,000 users and mailboxes for use during the testing. After installing Exchange 2000, we tuned 
the system as follows using recommendations supplied by Microsoft. 
 

• Set the msExchSmtpQueueDirectory variable to specify the location of the SMTP queue 
directory. Placed the SMTP queue directory on the StorageWorks RA8000 Fibre Channel disk 
subsystem to minimize potential disk bottlenecks. 

 
• Set the msExchangeParamESECheckpointDepth parameter to 300 to increase the checkpoint 

depth. 
 

• Set the msExchParamESECacheSizeMax parameter to 400,000 pages 
 

• Added the /3GB switch to the boot.ini file. This parameter limits the amount of virtual memory 
utilized by the kernel to 1GB. 

 
• Added HKLM\System\CurrentControlSet\Services\smtpsvc\Queueing\MsgHandleThreshold to 

registry and set equal to 10,000. 
 

• Added HKLM\System\CurrentControlSet\Services\MsExchangeDSAccess\Instance0\CacheTTL 
to the registry and set equal to 1800. 

 
• Set HKLM\System\CurrentControlSet\Services\Inetinfo\Parameters\FileCacheLifeTimeSeconds 

equal to 1200. 
 
 
Exchange 5.5 Configuration and Tuning 

 
For the Exchange 5.5 tests we installed Windows NT 4.0 Enterprise Edition and Service Pack 6 on the 
Compaq Proliant 6450. We then installed Exchange 5.5 and ran the Exchange optimization wizard and set 
parameters as follows using recommendations supplied by Microsoft. 

 
• Selected 50,000 or more users 
• Selected Private Store, Public Store and POP3/IMAP 
• 100,000 – 500,000 users in organization 
• Set directory entries so that the datastore was created on the StorageWorks RA8000 Fibre 

Channel RAID volume. 
• Set directory entries so that all transaction logs were created on the 26GB RAID 0 volume on the 

Proliant 6450. 
• Set the maximum number of storage threads to 320 
• Set the maximum number of background threads to 160 
• Set the number of information store users to 100,000 

 
After running the Optimization Wizard, we installed Exchange 5.5 Service Pack 3. After installing the Service 
Pack, we created the Internet Mail Service. We selected defaults for all options with the exception of the site 
address used to generate e-mail addresses. This value was set to the name of the server, COMPAQ_6450.  
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Using the Exchange 5.5 Administrator program, we changed the maximum number of inbound IMC 
connections to 999. 
 
We added the /3GB switch to the boot.ini file. 
 
Finally, we configured the following registry entries.  
 
HKLM\SYSTEM\CurrentControlSet\Services\MSExchangeIS\ParametersNetIF\CredentialsCacheAgeLimit=d
word:000001e0 
 
HKLM\SYSTEM\CurrentControlSet\Services\MSExchangeIS\ParametersNetIF\CredentialsCacheIdle 
Limit=dword:000000f0 
 
HKLM\SYSTEM\CurrentControlSet\Services\MSExchangeIS\ParametersSystem\MailboxCacheAgeLimit=dwo
rd: 000001e0 
 
HKLM\SYSTEM\CurrentControlSet\Services\MSExchangeIS\ParametersSystem\MailboxCacheIdleLimit=dwo
rd: 000001e0 
 
HKLM\SYSTEM\CurrentControlSet\Services\MSExchangeIS\ParametersPrivate\MaxOpenTables=dword:000
186a0 
 
HKLM\SYSTEM\CurrentControlSet\Services\MSExchangeIS\ParametersPrivate\PreferredMaxOpenTables=d
word:000186a0 
 
HKLM\SYSTEM\CurrentControlSet\Services\MSExchangeIMC\Parameters\DisableReverseResolve=dword:0
0000001 
 
HKLM\SYSTEM\CurrentControlSet\Services\MSExchangeIMC\Parameters\ResolverThreads=dword:0000001
0 
 
HKLM\SYSTEM\CurrentControlSet\Services\MSExchangeIMC\Parameters\InQueueHighWaterMark=dword:0
00186a0 
 
HKLM\SYSTEM\CurrentControlSet\Services\MSExchangeIMC\Parameters\InQueueRestartWaterMark=dwor
d:000182b8 
 
HKLM\SYSTEM\CurrentControlSet\Services\MSExchangeIMC\Parameters\InboundThreads=dword:0000000
a 
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Test results 
 
The performance results generated by ZDESTT show how productive and responsive each server was during 
the measurement phases of the test.  The following are the most significant performance metrics reported by 
ZDESTT: 
 
• Server response time: This is the average time it took the server to respond to client’s transaction 

requests.  As a server becomes saturated the response time will typically increase rapidly. 
 

• Messages received: This is the total number of messages the clients received during the measurement 
phase of the test.  Since our tests used three recipients on each message sent by the clients, this metric 
will approach three times the messages sent under ideal performance.  
 

• Messages sent: This is the total number of messages the clients sent during the measurement phase of 
the test.  If the messages received metric begins to drop off but the messages sent continues to rise this 
indicates that the server is failing to keep up and is queuing messages pending final delivery. 
 

In addition to the metrics above, we also ran Performance Monitor during all tests and recorded a variety of 
data relating to CPU utilization and different aspects of the e-mail server under test. With Exchange 2000, the 
Local Delivery Rate counter reported by Performance Monitor is incremented once for each message 
recipient. With Exchange 5.5, the Local Delivery Rate Counter is incremented once per message. Because 
each message sent during the test is to three recipients, the Local Delivery Rate counter in Exchange 2000 
reports results roughly three times that of Exchange 5.5. This explains the difference in the Local Delivery 
Rate counters reported by Performance Monitor in figures 6, 7 and 8. 
 
During our testing, we found that Exchange 2000 provides better overall scalability than Exchange 5.5. At all 
levels of simulated users we tested Exchange 2000 produced lower average server response times and 
consistently good service receiving and delivering e-mail. On the other hand, at loads of more than 50,000 
simulated users, Exchange 5.5 exhibited a significant build up of requests in the incoming mail queues that 
seriously hampered it’s ability to receive and deliver mail in a timely fashion. In fact, during Exchange 5.5 
testing with simulated user loads over 50,000, we found these queues at times contained more than 100,000 
pending items.  
 
The results imply that Exchange 5.5 suffered from a resource limitation of some kind during these tests when 
attempting to service more than 50,000 simulated users. The performance was not improved by any of 
several additional tuning changes suggested by Microsoft, implying that this test had hit the scaling limits of 
Exchange 5.5.  
 
Additionally, the maximum CPU utilization attained at a load of 66,640 simulated users was approximately 
73% for Exchange 2000 and 89% for Exchange 5.5. This strongly suggests that even if Exchange 5.5 had not 
experienced these resource issues, it’s unlikely that further improvements in performance would occur as 
additional users were added.  
 
Figure 5 compares the test results for server response time generated using Exchange 2000 and Exchange 
5.5 and the custom ZDESTT test suite described in the Test Methodology section. Generally, the server 
response time increases over the life of the test. During the early stages of the test, the increase is small as 
the e-mail server easily handles the additional client load. Toward the later stages of the test, average server 
response time increases more rapidly as the e-mail server CPU’s reach total saturation or some other 
bottleneck is encountered. 
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Figure 5. Average server response time 
 
In this case, as the number of simulated users increases from 33,320 to 83,300, Exchange 2000 handles the 
increasing load and reported a maximum average server response time of 0.997 seconds. At simulated user 
loads under 50,000, Exchange 5.5 exhibits average server response time comparable to Exchange 2000. At a 
load of 66,640 simulated users, Exchange 5.5 exhibits an average response time of 1.304 seconds. At this 
point, Exchange 5.5 is unable to effectively handle a load of 66,640 simulated users while Exchange 2000 
experiences no noticeable problems. 
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Figure 6. Rate of messages sent and received averaged over the duration of the test 
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Figure 6 compares the rate of messages sent and received per second over the valid phase of the test. 
Because each simulated user sends mail to three different simulated users and retrieves all messages every 
60 minutes, over the test the rate of messages received should approach three times the rate of messages 
sent. This is the case at all simulated user levels with Exchange 2000 and for Exchange 5.5 up to a load of 
just under 50,000 simulated users.  
 
However, at a load of 66,640 simulated users, Exchange 5.5 experiences a significant decrease in the rate of 
messages sent and received. This corresponds to the user load point where Exchange 5.5 experiences a 
significant increase in average server response time, as shown in Figure 4. 
 
At a simulated user load of 66,640, Exchange 5.5 is not effectively handling the load. To determine why, we 
looked at the Performance Monitor logs generated during the test. Under normal circumstances, we expected 
to see the number of messages sent and received increase during the life of the test until the e-mail server 
CPU(s) becomes fully saturated.  
 
We saw this behavior with Exchange 2000. Figure 7 shows the utilization of the e-mail server CPU’s and the 
rate of messages sent and received during an entire test run using Exchange 2000 as recorded by 
Performance Monitor. The five distinct sections in the graph correspond to the five mixes in the test with each 
section handling a larger number of simulated users.  The following counters are displayed : 
 

• CPU Utilization 
• RETR Rate – rate that mail is retrieved from the users’ mailboxes   
• Local Delivery Rate – the rate at which mail is delivered to users’ mailboxes 

 
As more users begin accessing the server, the number of messages sent and received increases while the 
CPU’s become more utilized. In this case, at a load of 83,300 simulated users, the server CPU’s are nearly 
fully utilized. Because of this, adding users above this number will cause increased overall response time for 
all users as incoming mail queues build to unsustainable levels. 
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Figure 7. Exchange 2000 Performance Monitor data.  
 
As shown in Figures 5 and 6, Exchange 5.5 running under Windows NT 4.0 Enterprise Edition, showed 
significant increases in average server response time and significant decreases in the rate of messages sent 
and received compared to Exchange 2000 at a load of 66,640 simulated users. Figure 8 shows the 
Performance Monitor data gathered during Exchange 5.5 testing at a load of 66,640 simulated users. 
Counters for the following items are displayed : 
 

• CPU utilization 
• POP3 Message Send Rate – rate that mail is retrieved from the users’ mailboxes   
• Local Delivery Rate – rate at which mail is delivered to users’ mailboxes (Note that this Exchange 

5.5 counter reports messages to muliple recipients on the server once, while Exchange 2000 
reports them once for each recipient.  In this test, this amounts to a factor of three difference in 
the Local Delivery Rate, as all messages in these studies were sent to three recipients on this 
server.) 

• Queued Inbound – the number of inbound messages destined for MS Exchange 
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For approximately the first two hours of the test, everything is performing as expected. The CPU is becoming 
more utilized and the rate at which messages are being sent and received look normal for this stage of the 
test. However, after the initial two hours, the Queued Inbound counter begins to increase dramatically. The  
Queued Inbound object tracks the number of inbound messages received destined for the MS Exchange 
server.  
 
We found that while operating normally, this counter is generally under 50. As long as the number of items in 
the inbound queue is low, the e-mail server is effectively handling the load. If the number of items in the 
queues increases to more than 1000, the e-mail server is not processing the inbound messages as efficiently. 
This leads directly to increases in response time and decreases in the numbers of messages processed by 
the e-mail server. 
 
This can be seen in Figure 8 as well. As the number of messages waiting in the inbound queues increase, the 
POP3 Messages Send Rate and the Local Delivery Rate counters decrease dramatically. This has a 
significant impact on overall e-mail server performance and is the primary reason why Exchange 5.5 exhibits 
a significant increase in average server response time and decrease in receiving and delivering e-mail at a 
load of 66,640 simulated users. 
 

 
 
Figure 8. Exchange 5.5 performance data at 66,640 simulated users. 
 
 
 

 eTesting Labs: Microsoft Exchange Scalability Testing 13 
 
 



 
 

For comparison, Figure 9 shows Exchange 2000 Performance Monitor data for the 66,640 simulated user 
load point. Counters for the following items are displayed: 
 

• CPU Utilization 
• RETR Rate – the rate that mail is retrieved from the users’ mailboxes 
• Local Delivery Rate – the rate at which mail is delivered to users’ mailboxes 

 
Like the first two hours of the Exchange 5.5 test, the CPU utilization and the number of messages sent and 
received increase. After several hours, a steady state is reached. Additionally, there is no noticeable drop off 
in the rate of messages sent and received. These are all indications that Exchange 2000 is effectively 
handling the test load.  
 

 
 
Figure 9. Exchange 2000 performance data at 66,640 simulated users  
 
Because there is a great deal of difference between 49,980 and 66,640 simulated users, we attempted to 
obtain results with a finer granularity to indicate more precisely the number of simulated users Exchange 5.5 
could support before beginning to build large inbound mail queues. To do this, we created a ZDESTT test 
suite that started with 53,312 simulated users and ended with 59,976 simulated users in increments of 3332 
users per test mix.  
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What we found was that at all additional simulated user levels tested past 49,980, Exchange 5.5 created large 
inbound mail queues. The amount of test time that elapsed before the queue began to build was dependent 
on the number of users. Figure 9 shows the amount of elapsed test time after the initialization phase of the 
test completed before the inbound queue begins to build. 
 
Number of users Elapsed time 
53,312 4.25 hours 
56,644 3.25 hours 
59,976 2.60 hours 
66,640 1.75 hours 
 
Figure 10. Elapsed time  
 
For each simulated user load point, there is a one hour ramp up period before any results are recorded and a 
one half-hour ramp down period at the end of the test where no results are recorded. These are designed to 
allow the e-mail server to achieve a steady state before recording any results. During all but the 53,312 
simulated user load, the number of messages in the inbound queue had grown substantially during the phase 
of the test where results were being recorded. This significantly impacted the results reported during the 
testing. 
 
Generally, in a test of this nature, the e-mail server CPU’s becomes completely saturated as the test 
progresses resulting in increases in average response time and decreases in the capability of the e-mail 
server to effectively process mail. This was the case with Exchange 2000. At a load of 83,300 simulated users 
the server CPU’s are nearly 100 percent utilized after the test reached a steady state. 
 
We did not see this behavior with Exchange 5.5. The increase in average response time and decrease in e-
mail processing capability at a load of 66,640 simulated users was a direct result of a dramatic increase in the 
size of the inbound mail queues. These queues hold e-mail sent to the server, but not yet processed. Under 
normal circumstances, we found these queues to hold less than 50 pending requests. During Exchange 5.5 
testing with client loads over 50,000, we found these queues contained more than 100,000 pending items. 
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Appendix 
 
Windows 2000 Advanced Server System  
Machine Type Compaq Proliant 6450 
BIOS Compaq BIOS P11 (4/19/2000) 
Processors 4 550 MHz Pentium III Xeon 
L2 Cache 2MB 
Expansion Bus 64-bit/33MHz PCI 
Memory 4GB 
Disk(s) Refer to Test Methodology section 
Disk Controller Compaq SmartArray 3200 Wide Ultra2 SCSI w/56MB 

cache. 
Disk Configuration Refer to Test Methodology section 
Network Adapter(s) 1 DEC DE500 10/100 NIC 
OS Windows 2000 Advanced Server  
OS Updates Service Pack 1.0 
Fibre Channel adapter Emulex 64-bit PCI connected to a 12-port Compaq Fibre 

Channel hub. 
 
Figure 11. Windows 2000 Advanced Server configuration 
 
Windows NT 4.0 Enterprise Edition  
Machine Type Compaq Proliant 6450 
BIOS Compaq BIOS P11 (4/19/2000) 
Processors 4 550 MHz Pentium III Xeon 
L2 Cache 2MB 
Expansion Bus 64-bit/33MHz PCI 
Memory 4GB 
Disk(s) Refer to Test Methodology section 
Disk Controller Compaq SmartArray 3200 Wide Ultra2 SCSI w/56M cache 
Disk Configuration Refer to Test Methodology section 
Network Adapter(s) 1 Intel 10/100+ Management Adapter 
OS Windows NT Server 4.0 Enterprise Edition 
OS Updates Service Pack 6.0 
Fibre Channel Adapter Emulex 64-bit PCI connected to a 12-port Compaq Fibre 

Channel hub. 
 
Figure 12. Windows NT 4.0 Enterprise Edition server configuration 
 

 eTesting Labs: Microsoft Exchange Scalability Testing 16 
 
 



 
 

 
Network Testbed clients  
Machine Type Dell OptiPlex G1 
BIOS Phoenix ROM BIOS PLUS Version 1 
Processor(s) 400Mhz PII 
L2 Cache 512K 
Expansion Bus 32-bit PCI 
Memory 128MB 
Disk(s) 1 4GB IDE 
Network Adapter(s) 1 3Com FastEthernet XL 3C905B 
OS Windows NT Workstation 4.0 
OS Updates Service Pack 4 
 
Figure 13. Network testbed configuration 
 
 Network Configuration  
Media All the clients and server were connected to the switches via auto-negotiation to 

100Mbps full duplex.   
Switches 2 48 port Extreme Summit48 switches configured in Layer 2 mode.   
Segments 1 network segment of 60 clients 
 
Figure 14. Network configuration 
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