
Load testing is the process of putting user demand on a system and measuring its response. It is performed to determine 
a system’s behavior under both normal and anticipated peak load conditions. Load testing helps identify the maximum 
operating capacity of an application, discover any bottlenecks and determine which element(s) is causing degradation. 

Load testing is essential to ensure the scalability and performance of modern systems. As system architectures have grown 
more complex, however, with components distributed across in-house services, cloud providers, and third-party hosting firms, 
the practice of load testing has increasingly come under fire. Weaknesses in load testing methodology – including the inability 
to accurately represent geographically dispersed users, understand the infrastructure their transactions hit, and identify the 
source of bottlenecks – have led many organizations to reduce or eliminate load testing altogether.

Until recently, testers were only able to automate part of the load 
testing process. While test vendors successfully automated the chore 
of applying load to a test infrastructure, they failed to automate the 
rest of the load testing process. As a result, testers were unable 
to understand the root cause of performance isuses in complex 
real-world scenarios.

A new generation of load testing tools now fills this gap. Compuware’s 
360° Web Load Testing combines Saas-based load testing with 
patented dynaTrace technologies to provide the industry’s first 
solution capable of measuring performance in complex, multi-tier and 
cloud-based application environments.

What’s more, this new generation technology provides the insight 
required to help practitioners graduate from standard load testing 
to performance engineering. Equipped with the ability to trace 
transactions through a multi-layer infrastructure, load testers can 
quickly determine the root cause of performance issues. In short,  
they move from problem identifiers to problem solvers. 

This white paper examines the history and current state-of-the-
practice of load testing. It explores how testers can leverage a new 
generation of technology to fill critical test automation gaps and 
deliver substantially greater value to their business.

History

While load testing can be performed at various stages of the software 
development life cycle, it is traditionally performed just prior to 
the initial deployment of a new application. Best practices dictate 
load testing early and often, integrating load measurements at key 
lifecycle checkpoints. Developers can add load to unit tests as parts 
of the application are created. Integration testing can illuminate how 
components work together under load. Concurrency testing can help 

ensure that all areas of the operating environment are configured 
for production demand. And throughput and stress testing can help 
determine the limits and breaking points of the environment.

Regardless of the methodology used, the goal of load testing is to 
uncover performance issues in the operating environment.

LOAD TESTING CAN LEAD TO IMPROVED PERFORMANCE OF: 
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graduate from Load Testing  
to Performance Engineering  
with Compuware 360° Web  
Load Testing

• Host servers

 – Web

 – Application

 – DB

 – VM

 – Cloud

• Application environment

 – JVM

 – CLR

 – Containers

• Database environment

 – Calls

 – Connection pooling

• Network

 – Latency

 – Congestion

• Client-side processing

 – JavaScript

 – Ajax

 – Flash

• Load balancing



2

AutomAtion

Prior to the introduction of automation, load testing was performed 
manually. Groups of users got together in a lab and manually 
executed transactions as detailed in a test plan. Unfortunately, 
this type of testing produced results that could not be measured 
scientifically, were impossible to reproduce and were difficult to 
diagnose and fix.

IBM introduced the first automated load testing tool with a product 
called TPNS (Teleprocessing Network Simulator) in the 1970s. 
Originally designed for SNA terminals and later expanded to simulate 
TCP/IP clients, TPNS captured user activity in scripts and allowed 
those scripts to be replayed in large numbers, thereby imposing load 
on the system under test (SUT). 

In the 1980s, smaller vendors like A&T Systems, Performix, Segue, 
and Promark created load testing products for distributed systems, 
which allowed testing of dumb terminal, client-server, X-windows, and 
web-based systems. 

In 1994, Mercury Interactive (acquired by HP in 2006) created 
LoadRunner, the most commercially successful load testing tool. Now 
in its 11th edition, LoadRunner is the most popular tool for testing 
distributed systems from inside the firewall. Users can configure their 
own hardware to drive hundreds or thousands of emulated users from 
within their internal network against the desired SUT. 

LoAd testing Process

Regardless of tool, four steps are common to all load testing 
exercises: 

1.) Generate load

2.) Find bottlenecks

3.) Communicate findings with development & operations

4.) Rerun and compare results

To date, automation tools have focused on the first step of the 
process – generating load. Most automation tools, including some 
open source tools, do a respectable job of generating load. Even 
within this first step, however, approaches differ significantly, 
especially for web applications. Some vendors only capture and 
replay HTTP requests made by the web client. Others instantiate 
a full browser for each user during replay, measuring typical 
browser functions as they execute JavaScript, render, and so on, 
and ultimately delivering a much more realistic measurement 
environment.

The problem of generating load has been solved by a multitude of 
solutions. The testing industry, however, has made only half-hearted 
attempts to bring automation to the rest of the load testing process. 
In fact, one could easily argue that the most important part of 
the process—finding bottlenecks—has benefited the least from 
automation.

 WHAt’s most imPortAnt?

A recent survey of load and performance testing professionals posed 
the following question:

“What is your goal when you execute performance and load tests?” 
Below are the top answers and percentage of respondents:

• Find bottlenecks in the application and architecture before 
deployment (91%)

• Measure ability to meet SLAs under anticipated/peak load (82%) 

• Diagnose existing performance issues (76%)

• Understand system breaking point/max load the system can 
support (74%)

• Plan for future capacity (67%)

• Benchmark various system configurations (58%)

These results show that testing professionals are charged with finding 
issues in system applications and architectures that deliver real value 
to the business. Load testing is only a means to this end. Without 
automation, however, professionals are often frustrated by their 
inability to progress to Step 2 in the process – finding bottlenecks. 

tHe move to PerformAnce-engineering

Software vendors have done a good job of automating Step 1 of the 
process – generating load. Yet Step 1 is not enough to accomplish 
the real goal of load testing: finding and fixing bottlenecks. What’s 
lacking is the ability to understand the root cause of performance 
bottlenecks in real-world environments. To achieve this goal, testers 
are left to cobble together disparate, non-integrated tools in an effort 
to monitor the environment of the SUT, including tools to monitor:

• network activity

• operating system utilization

• application resource utilization

• database activity

• virtual machine activity

• load balancing

They then attempt to manually correlate system monitoring 
activity reports with load testing reports, usually by time-stamp, to 
understand the relationship between an increase in response time 
and an increase in system activity. Tedious at best, in most cases 
this process fails to provide a clear answer to the root cause of 
performance problems.

A tool’s effectiveness should be measured by its ability to help 
streamline and automate ALL of the steps in the testing process, not 
just one. It’s time that industry professionals demand holistic solutions 
to complex performance problems—not just load test automation, 
but automation of the entire load test lifecycle. Only then can testers 
achieve their stated goals.

A new generation of load testing solutions incorporates deep 
performance tracing and analysis to fill this missing link. This new 
approach gives load testers the x-ray vision required to view and 
diagnose the performance implications of any SUT. It allows load 
testers to spend less time executing tests and more time solving 
performance issues that have a direct impact on the bottom line. 
Armed with these new insights, load testers can deliver significantly 
greater value to the business.
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Figure 1 below illustrates the difference in activity and results 
between traditional load testing and performance engineering, and 
is a standard by which the effectiveness of testing in an organization 
should be measured.

Issue Traditional Load  
Testing

Performance 
Engineering

Time Spent Testing Test execution consumes 
majority of time

Test execution is a means 
to an end. Minimal

Test execution is a means 
to an end. Minimal

Many iterations so that 
other stakeholders can 
observe performance

Minimal iterations. Test 
data is shared via session 
file

Test Reporting Timer reporting only. No 
link to environment

Timer reports linked to 
resources that caused 
bottlenecks

Isolation of Performance 
Issues

Occurs through multiple 
test iterations and 
correlation of multiple 
monitoring tools

Occurs quickly, in an 
automated fashion

Communication w/ Dev Timer data only. Difficult 
for dev to understand 
associated environmental 
issues

Environmental log/
trace files enable 
dev to understand all 
environment variables and 
quickly drill down to root 
cause of the problem

War Rooms Required to bring all 
stakeholders together to 
diagnose the problem

Eliminated

Comparing Tests Compare timers only Compare timers as well as 
changes in API execution, 
DB calls, system resource 
utilization

Figure 1

PerformAnce engineering - tHe comPuWAre 
soLution

A critical question for any testing professional is, “How do I 
incorporate greater performance insight into my load testing 
activities?” Effective testing must go beyond load generation to 
deliver insight at each phase of the load testing process:

1.) Generate Load

2.) Find Bottlenecks

3.) Communicate Findings with Development & Operations

4.) Rerun and Compare Results

The Compuware 360° Web Load Testing solution is the first to 
automate all phases of the load testing lifecycle. It combines the 
flexibility of the powerful Saas-based load generation engine with the 
diagnostic capability of the award winning dynaTrace APM tool. Let’s 
examine the 360° Web Load Testing solution in the context of our 
four step process.

generAting LoAd

Automated load testing tools have evolved significantly from their 
advent in the 1970s. Today’s tools fall into one of three categories:

INTERNAL LOAD TESTING

The most common form of load testing is internal testing. These tools 
run on servers on the same network as the SUT and generate traffic 
inside the firewall as shown in Figure 2 below. This approach is often 
used by developers to test portions of the code before integration, 

and by testers to understand the performance limits of the hardware 
and software. However, internal testing is prone to false positives 
because it does not account for key variables outside the firewall -- 
network delays, mobile and third-party components, content delivery 
networks, load balancers and other complexities.

Figure 2

EXTERNAL LOAD TESTING

External load testing tools work in a fashion similar to internal tools; 
however, the testing software and hardware are located outside the 
SUT environment. Test drivers are placed on servers outside the local 
network – in cloud servers or servers in other corporate locations. See 
Figure 3. 

Figure 3

External testing is more realistic than internal testing because 
traffic is generated from outside the firewall and is not limited to 
the local network. However, since only one or two external locations 
are typically used to drive traffic, full geographic performance is not 
known. Also, traffic is typically driven from high-bandwidth data 
centers that do not accurately represent the bandwidth and session 
time of real users.
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END-USER LOAD TESTING

Compuware APM Web Load Testing (WLT) is a Saas-based, self-
service, full-featured load testing solution that drives load from two 
sources (See Figure 4):

• Cloud Data Centers – WLT seamlessly integrates the resources of 
commercially available cloud data centers from Amazon, OpSource, 
GoGrid, Rackspace, and others, allowing the user to drive large 
volumes of traffic (1 million plus concurrent users) from multiple 
locations around the world, thereby representing the traffic patterns 
of real users against a web application.

• Last Mile Network – Compuware maintains a network of over 
150,000 desktops in 162 countries around the world. These 
machines are connected to the Internet using local ISPs at various 
bandwidth capabilities and are used as testing agents during a load 
test to provide the most accurate end-user measurement available 
in the testing world.

Figure 4

Other unique features of the WLT solution include:

• Powerful Diagnostic Capability – The real purpose of load testing 
is to isolate bottlenecks in the application and infrastructure. 
Compuware has taken the next step in load testing automation 
by seamlessly integrating the industry’s leading Application 
Performance Management (APM) capabilities. WLT reports link 
directly to application and infrastructure problem areas, saving time 
and resources in searching for bottlenecks.

• Real Browser Execution – Unlike other load testing tools that only 
capture and replay HTTP requests, WLT supports real browsers 
for test execution. Each emulated user starts a real copy of a 
commercial browser (IE or Firefox). Rather than just measuring the 
performance of Get and Post statements, WLT measures render 
time and execution time in the browser. This means that Web 2.0 
applications that feature Flash, Ajax, JavaScript, etc. are actually 
executed and measured in the browser.

• Intuitive Scripting – All WLT customers have access to the APM 
Recorder, an interactive recording tool that captures web-based 
transactions and converts them into scripts. This visual scripting 
tool takes away the pain of the tedious scripting process, yet 
supports advanced scripting requirements.

• Mobile Load Testing – The APM Recorder enables the creation of 
traditional web scripts and mobile scripts. Both mobile web and 
native application scripting is supported. This allows for the testing 
and tuning of mobile infrastructures with support for thousands of 
mobile devices.

• Shared Scripts –Scripts developed for load testing can be used 
in the Saas portal for monitoring of the application in production, 
allowing the user to measure production performance with the 
same tools used in the pre-production setting.

• Self-Service – The Compuware Saas portal is open for testing 24 
hours per day and 365 days per year. Users can schedule their 
own tests without advanced notice, scheduling, or interaction with 
Compuware.

• Professional Testing Services – Compuware’s testing experts are 
available to assist as needed. Services are available for all aspects 
of the testing process, from test planning to execution and results 
analysis. 

The differences in load testing methods are summarized in Figure 5 
below.

Figure 5

finding BottLenecks

Research tells us that test professionals perform load tests in order 
to find problem areas in the application and infrastructure. To help 
achieve this goal, Compuware has integrated its industry-leading load 
generation and APM tools to provide a direct correlation between 
performance problems and their root cause.
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Let’s explore the drill-down capability of WLT with a typical example, using a sample travel booking application. Reviewing the summary 
information of our sample application, we first observe a sharp increase in the performance of the Destination Search transaction at the 13:49 
time mark in Figure 6.

Figure 6
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Clicking on the hotspot on the graph allows a drill down to the waterfall chart of that transaction. The waterfall chart, shown in Figure 7, details 
each object as processed by the browser on the Destination Search page. Each object is color coded to indicate the resource that contributed 
to the response time of the object. In this example, the worst performing object is the javascript call ‘icefaces-compat.js.jsf’. The 19-second 
execution time is made up of 17 seconds of first byte time and two seconds of content download time. This object spent most of its time waiting 
on a response from the server. 

Figure 7

The option also exists to ‘Open in dynaTrace.’ Selecting this link will provide direct access to the execution path of this object (using PurePath 
Technology®) and a host of other performance information, as shown in Figure 8.
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The PurePath diagram shows the javascript call initiating in the browser, making calls to three third-party services (Google, Twitter, Facebook) 
totalling 18% of the transaction time, and spending the majority of its time (77%) waiting on the internal Java server, whose actual execution 
contributed to 4% of the total execution time. Also note the red semi-circle at the Java server tier, indicating a memory bottleneck in the JVM.

Figure 8
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This strong integration of performance monitoring with WLT removes the guesswork from bottleneck analysis and immediately points to the root 
cause of performance problems. 

The previous example illustrates the integration of performance tracing with load testing on a transactional level. Integration also exists at the 
higher test level as well. Figure 9 illustrates the ability to open the entire load test in dynaTrace from WLT.

Figure 9
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Figure 10

Active dashboards allow the user to drill into transactional details, 
which show that 10% of the search transactions have failed, and view 
the infrastructure detail, which shows memory problems at each tier 
of the infrastructure.

The detailed bottleneck analysis shown above is made possible 
by two powerful, patented capabilities: PureStack™ and PurePath 
Technology®. These technologies are at the heart of dynaTrace’s 
ability to provide diagnostic depth (down to the line of code) and 
width (across the entire infrastructure).

PurePath Technology enables the tracing of transactions throughout 
an infrastructure. Whether components are located inside a confined 
firewall or are distributed across cloud or hosted servers, PurePath 
traces the transactions and understands their key performance 
characteristics. Unlike other APM tools that sample a percentage of 
transactions, PurePath captures all individual transactions, providing 
a complete and thorough understanding of the entire application 
environment.

Where PurePath provides a horizontal view of transactional 
performance across the infrastructure, PureStack provides a vertical 
view of each component in the infrastructure. The PurePath in Figure 
10 above identified a memory issue in the JVM. PureStack allows the 
user to take a vertical view of the Java server and understand useful 
details of the operating system and JVM environment in the context of 
the transaction in question.

Figure 11

The power and integration of 360° WLT and dynaTrace technology 
bring automation to the most important step of the load testing 
process – bottleneck identification. Utilizing these combined 
resources, users spend less time running tests and more time finding 
issues within the application and infrastructure.

Clicking the ‘Open in dynaTrace’ link allows analysis of the entire load test, as shown in Figure 10.
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communicAting WitH deveLoPment

Testers and developers alike often express frustration at their 
inability to effectively communicate the details of a performance 
problem. Developers need context and application detail to diagnose 
and resolve a performance issue. Testers often don’t possess 
the knowledge of the application architecture and inner workings 
necessary to describe a problem to the developer. As a result, testers 
repeat tests over and over so that stakeholders can try to obtain the 
necessary detail needed for diagnosis.

A second communication challenge arises when multiple stakeholders 
(developer, DBA, network admin, IT OPS) use different siloed tools 
to examine performance. Each tool typically presents only a narrow 
view of a single component of the infrastructure. Stakeholders may 
gather in a makeshift war room to try to assemble the clues and solve 
the puzzle. These exercises often demand considerable time from the 
most talented players in the organization.

In contrast, 360° WLT provides an irrefutable view of the facts that 
is often compared to the videotape of a crime scene. Integrated 
dynaTrace (figure 12) agents collect performance data about the 
browser, web server, application server, and database tiers, all 
forwarded to the dynaTrace server for analysis. The dynaTrace server 
contains a repository for historical storage of all transactional and 
performance data. Also known as a session file, this historical data 
can be exported and passed around to all interested stakeholders. No 
longer do testers have to execute additional load tests for observation 
by developers and DBAs. Instead, all transactions and performance 
data—a single version of the truth – is available to all stakeholders 
using the free dynaTrace Viewer. 

Figure 12

Session files can also be sent to developers of third-party code so 
that they can isolate the performance problems experienced in the 
test environment.

The benefits of the session file include:

• Reduced test executions

• Seamless communication between testers and developers

• Elimination of war rooms

• All stakeholders on the same page (architects, developers, testers, 
third parties, DBAs, IT OPS)

• Reduced MTTR

communicAting WitH oPerAtions

Members of the production/operations team are vital players in the 
testing lifecycle. Communication between the testing and ops teams 
is essential both before the test, during the test, and after the test.

PRE-TEST COMMUNICATION

Realistic test plans require that the test team answer several key 
questions up front, including:

• What key transactions need to be tested?

• What is the baseline performance history of these key transactions?

• What are the most frequently traveled sections of the app?

• What are the most resource intensive sections of the app?

• What was the high water mark for traffic during the last peak 
season?

• Are there any infrastructure changes that need to be tested?

• Where do our users come from (geography)?

• What devices/browsers do they use?

These questions are usually best answered by the ops team. Proper 
answers to these questions will enable the testing team to develop 
test plans that accurately reflect real world usage and result in a layer 
of protection against the risk of poor performance. But how does the 
ops team obtain this information and communicate to the testing 
team in an easily digestible manner?

Answers to these and other performance history questions are easily 
found in standard dynaTrace dashboards.
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IN-FLIGHT COMMUNICATION

The testing center is an exciting place to be during a load test. The 
participation of the ops team is vital to testing success— especially 
when the test is executed against the live production environment. 
Compuware’s 360° WLT solution quickly raises performance issues to 
the surface and allows ops personnel to take action on these issues 
while the test is running. This optimizes the time of the entire team. 
Armed with the insight provided by 360° WLT, ops teams can quickly: 

• Change network routing

• Add partitions

• Change firewall rules

• Change memory allocations

• Increase queue sizes

• Make VM adjustments

• Adjust load balancing

• Make CDN changes

POST-TEST COMMUNICATION

Upon completion of a load test, test and operations teams should 
touch base on multiple issues. Ops players need to know:

• Which tiers were most affected by the load?

• What were the hotspots (application and OS) by tier?

• Is any part of the infrastructure undersized?

• What part did 3rd parties play in overall performance?

• How did this test compare to the production baseline?

Answers to these questions are quickly obtained by out-of-the-box 
reporting provided in dynaTrace. (See Figures 13 & 14 below).
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comPAring test resuLts

The final step of the load testing process is to run additional tests on the updated application and compare the results of the first test to the 
new test in order to ensure that all issues have been addressed. Automation of the final step of the testing process—comparing results—is vital 
to ensure that real application and infrastructure changes have been implemented, and that no new errors have been introduced in the change 
process.

Compuware 360° Web Load Testings provides quick identification of any application and infrastructure problem areas, allowing developers to 
implement fixes and turn the application back to testers for further testing. 

Traditional testing tools provide mechanisms to compare response times from one test run to another. However, this surface level comparison is 
not sufficient to ensure that all bottleneck issues have been addressed. In addition to timer-level performance comparisons between test runs 
(see Figure 13), dynaTrace can compare differences in the API calls, database calls, and execution errors.

Figure 13

Figure 14 shows a comparison of the API execution between the two tests. In the first case, the application spent the majority of its time in 
Connection Pooling.

Figure 14
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The second test shows a different API utilization after developers 
and DBAs have addressed the connection pooling problem. Now real 
application APIs are being executed like credit card processing and 
web requests.

summAry

The practice of automated load testing has been around since the 
1970s. However, of the four major steps in the testing process, only 
the first step of load generation has benefited from automation. 
Research shows that the second step, finding bottlenecks, is the most 
critical in terms of aligning with the goals of the organization. Lacking 
automation of this step, testers and developers have struggled to 
patch together disparate tools and data to fix critical performance 
issues.

Compuware’s load testing solution is the first to bring full automation 
to the load test practice. Integrating advanced performance 
monitoring and analysis technologies, Compuware APM Web 
Load Testing enables organizations to move beyond traditional 
load testing limitations to quickly identify performance issues in 
business applications and architectural infrastructures. This type 
of performance engineering will become increasingly important as 
applications become more complex – moving from simple two- or 
three-tier internal architectures to those that are hybrid, distributed in 
the cloud and hosted by third parties.

Compuware enables the migration from load testing to performance 
engineering by automating the four phases of the testing process in 
the following ways:

• Load Generation

 – Real-world user emulation, including over 150,000 Last Mile clients

 – Mobile load testing

 – Use of real browser for high fidelity test execution and measurement

 – Intuitive scripting

 – Self service

 – Integrated root cause analysis

• Problem Identification

 – Seamless integration between WLT and dynaTrace

 – Automatic identification of application and infrastructure hotspots 
with PurePath and PureStack technology

 – Trace problems from the end-user perspective down to the 
infrastructure or visa versa

• Communication with Developers

 – A common platform for diagnosis of performance issues

 – Session files can be passed to remote, offshore, and third-party 
developers

 – Eliminates expensive war room exercises

 – Reduced test execution cycles

• Comparing Test Results

 – Automated comparison of differences between tests

 – Compares response times, API calls, DB calls, execution errors, 
hotspot areas

 – Comparisons can be scheduled to occur automatically

These capabilities result in:

• Reduced test executions

• More focused and purposeful testing

• Automatic identification of problem areas in the application and 
infrastructure

• Seamless communication between testers and developers

• Elimination of war rooms

• All stakeholders on the same page (architects, developers, testers, 
third-parties, DBAs, IT OPS)

• Reduced MTTR of performance problems

• Faster time to market for critical transactions

• Larger and faster return on application investments

ABout comPuWAre APm
Compuware APM is the leader in a new generation of application 
performance management. Unlike traditional APM solutions that are 
heavy, difficult and reactive, Compuware APM is light, smart and 
proactive. Compuware APM is built to manage the complexity of 
today’s most challenging modern applications including mobile, cloud, 
Big Data and SOA. Compuware APM optimizes and monitors tens of 
thousands of applications for more than 5,000 customers, large and 
small, around the globe. Through the lens of end-user experience, our 
customers enjoy faster performance, proactive problem resolution, 
accelerated time-to-market and reduced application management 
costs through smarter analytics, advanced APM automation and a 
unique performance lifecycle foundation. Compuware is recognized 
as a leader in the “Magic Quadrant for Application Performance 
Monitoring” report. Read more about Compuware’s leadership in the 
APM market. 

To learn more about Compuware APM, please visit: 
compuware.com/apm


