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INTRODUCTION 

 
Testing web applications for performance is fundamentally different and complex than testing them for 

functional correctness.  Various flavors of load generation tools are available to simulate the expected 

load levels on servers, network or web application to test their ability to sustain concurrent heavy load 

under realistic conditions.  In order to carry out effective performance testing of web applications one has 

to ensure that sufficiently powerful hardware is used to generate required load levels.  At the same time, 

one would prefer to avoid investing in unnecessarily expensive hardware ñjust to be sureò.  Having an 

effective model for estimating the load generation capabilities of load generation tools on different 

hardware configurations can greatly help in taking care of both these requirements.  

 

Unfortunately, the only such model we currently have is the simplistic set of benchmarks offered by 

different Commercial Performance test tool vendors.  These benchmarks spell out how many ñvirtual 

usersò their tool can simulate on different hardware configurations.  In fact the load generation capability 

of any tool is a function of multiple factors and not just the underlying hardware configuration. Hence, the 

simplistic model is therefore not usable in practice.  Some of the other factors that affect the load 

generation capacity of a tool include application response sizes, application response times and the 

complexity of client-side activity. 

  

The Performance Engineering group from Aztecsoftôs Expert Services Group attempted to create such a 

model for Performance testing tool ñJMeterò.  We have created an experimental setup wherein we 

measured the sensitivity of JMeter performance to some of the factors described above and used this 

data to construct the model.  This paper describes our experimental setup and presents our model for 

determining load generation capabilities of JMeter. 
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MOTIVATION BEHIND SCALABILITY EXPERIMENTS 

 
During the course of our work on web application performance testing we have had occasions to     

evaluate and use a number of commercial as well as open source load generation tools. But independent 

of the tool in use, some questions that invariably pop up during various phases of Performance testing life 

cycle are:  

 ñHow many load generatorsò would be required to generate ñXò no of virtual users 
[1]

? 

 What is the ñconfiguration of load generatorsò required to simulate the expected number of 

virtual users?  Or conversely, for a given commodity hardware what is the maximum number of 

virtual users that can be simulated efficiently? 

 

In an attempt to answer these frequently asked questions, most commercial tool vendors publish 

standard benchmark figures highlighting the load generation capability of their tools. Typically the load 

generation capability chart for any commercial load generation tool would be represented as below:  

  Hardware Configuration Max # Virtual Users per Agent 

4xPIII, 1GHz,  4 GB RAM 5900 

2xPIII, 1GHz,  2 GB RAM 3600 

1xPIII, 1GHz,  1 GB RAM 1900 

1xPIII, 1GHz,  512 MB RAM 800 

Table 1: Load generation capability chart for  a popular commercial load generation tool   

 

The above table indicates that the load generation capability of the tool (in terms of # virtual users per 

machine/agent) is a function of the underlying hardware configuration. While it is true that hardware 

configuration plays an important role in determining the load generation capability of the tool, it is also 

true that this is not the only deciding factor.   

 

In fact, the ñ# Virtual Users per machineò that can be supported by any load generating tool is not 

only a ófunctionô of the underlying hardware but also depends on various application (application 

under test) specific parameters and tool configurations.  It therefore becomes crucial to examine 

these factors affecting the load generation capability of the tool.  

                                                 
1
 A virtual user is an emulation of a real-world user, whose actions are described in a test script that is compiled 

before test execution. In other words Virtual users are scripts that emulate the steps of a real user using the 

application. To interact with a remote software system a virtual user either communicates directly via a certain 

communication protocol (for example, HTTP/HTTPS, LDAP)  



 

© Aztecsoft, 2008 
http:// www.aztecsoft.com   Page 4 of 12 

1 FACTORS AFFECTING LOAD GENERATION CAPABILITY OF TOOLS 

 

A quick look at the design of load generation tools would provide meaningful insight into the factors that 

affect tool performance. 

 

1.1 How Load Generation Tools Work 
Load generation tools are designed to simulate the interaction of the ñrealò users with the application 

under test. These tools enable us to test application performance by spawning a large number of virtual 

users from a single load generating machine.    

 

At the heart of a load generation tool is the core engine that works at the protocol level to generate the 

traffic/requests which would normally be generated by ñrealò users driving the user interface of the 

application under test. These requests form the basis of a load test script and in essence this is what is 

replayed by the óVirtual Usersô against the application/system under test. 

 

Figure 1: A simplified view of òHow Load Generation Tools Work!ó 

 

Here is how the load generation tool fires a set of requests for a single virtual user: 

It is important to note that the protocol engine fires requests synchronously 

 Protocol engine fires Request A to application under test 

 Protocol engine waits for Response A before it proceeds with execution of Request B 

 Once Response A is received by the protocol engine, it is stored in memory for analysis and 

processing.   This response is discarded from memory only after Request B is sent 

Every simulated virtual user has a ñcostò associated with it in terms of CPU and Memory ñfootprintò. 

Hence the maximum number of virtual user that can be simulated on a given hardware is dictated by the 




