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PREFACE

Software testing is an essential component of the
software development process, ensuring that programs run
properly, rapidly, and securely. As software systems get more
sophisticated, structured and effective testing procedures
become increasingly important.

This book, Software Testing: Principles and Best
Practices, covers key topics such as the Software Development
Life Cycle (SDLC), verification and validation, black-box and
white-box testing, system and acceptance testing, performance
testing, regression testing, and test planning and management.
This book provides a comprehensive understanding of testing
methodologies, tools, and best practices.

The curriculum covers both fundamental and advanced
concepts in Software Testing. It begins with an introduction to
Software Development Life Cycle Models, emphasizing the
importance of quality assurance, verification, and validation.
Students will explore White-Box Testing, focusing on static
and structural testing techniques.

The course then progresses to Black-Box Testing,
detailing its significance, methodologies, and integration into
various testing phases. It further delves into System and
Acceptance Testing, highlighting functional and non-
functional testing approaches.

Advanced topics such as Performance Testing and
Regression Testing are also included, equipping students with
the skills to evaluate software performance and manage system
modifications effectively. Finally, the course introduces Test
Planning, Management, Execution, and Reporting, along
with practical exposure to Quick Test Professional (QTP) for
automated testing.



This structured approach covers topics such as SDLC
models, white-box and black-box testing techniques,
integration and system testing methodologies, performance and
regression testing strategies, and industry best practices for test
planning, execution, and reporting.

With a focus on both theoretical concepts and practical
applications, this book is an excellent resource for students,
software testers, and professionals looking to improve their
testing skills. By adhering to these principles and best practices,
readers may help to create high-quality, dependable, and
efficient software products.

By the end of this course, students will develop a
strong foundation in Software Testing, preparing them for
industry roles in quality assurance, testing automation, and
software validation. The knowledge gained will help them
contribute to delivering robust and error-free software
applications in real-world scenarios.

We hope that this book helps you lay a solid basis for
software testing and inspires a dedication to quality in software
development.

Happy learning!

Mrs.R.GEETHA
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UNIT-I
1.1 FUNCTIONAL SYSTEM TESTING

As functional testing is performed at various testing phases, there are
two obvious problems. One is duplication and other one is gray area.
Duplication refers to the same tests being performed multiple times and gray
area refers to certain tests being missed out in all the phases. A small
percentage of duplication across phases is unavoidable as different teams are
involved.

A test team performing a particular phase of testing may assume that
a particular test will be performed by the next phase.

There are multiple ways system functional testing is performed. There
are also many ways product level test cases are derived for functional testing.
Some of the common techniques are given below.

1. Design/architecture verification

2. Business vertical testing

3. Deployment testing

4. Beta testing Certification, standards, and testing for compliance

Design/Architecture Verification

In this method of functional testing, the test cases are developed and
checked against the design and architecture to see whether they are actual
product-level test cases. Comparing this with integration testing, the test cases
for integration testing are created by looking at interfaces whereas system
level test cases are created first and verified with design and architecture to
check whether they are product-level or component- level test cases. Some of
the guidelines used to reject test cases for system functional testing include the
following.

1. Is this focusing on code logic, data structures, and unit of the
product? (If yes, then it belongs to unit testing.)

2. Is this specified in the functional specification of any component?
(If yes, then it belongs to component testing.)

3. Is this specified in design and architecture specification for
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integration testing? (If yes, then it belongs to integration testing.)

4. Is it focusing on product implementation but not visible to
customers? (This is focusing on implementation—to be covered in
unit/component/integration testing.)

5. Is it the right mix of customer usage and product implementation?
(Customer usage is a prerequisite for system testing.)

Business Vertical Testing

General purpose products like workflow automation systems can be
used by different businesses and services. Using and testing the product for
different business verticals such as insurance, banking, asset management, and
so on, and verifying the business operations and usage, is called “business
vertical testing.” For this type of testing, the procedure in the product is altered
to suit the process in the business.

For example, in loan processing, the loan is approved first by the
officer and then sent to a clerk. In claim processing, the claim is first worked
out by a clerk and then sent to an officer for approval.

Deployment Testing

System testing is the final phase before product delivery. By this time
the prospective customers and their configuration would be known and in
some cases the products would have been committed for sale. Hence, system
testing is the right time to test the product for those customers who are waiting
for it. The short-term success or failure of a particular product release is mainly
assessed on the basis of on how well these customer requirements are met.

Deployment testing is also conducted after the release of the product
by utilizing the resources and setup available in customers’ locations. This is
a combined effort by the product development organization and the
organization trying to use the product. This is called onsite deployment. Even
though onsite deployment is not conducted in the system testing phase, it is
explained here to set the context.
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Onsite deployment testing is done at two stages. In the first stage (Stage
1), actual data from the live system is taken and similar machines and
configurations are mirrored, and the operations from the users are rerun on the
mirrored deployment machine. The objective of the recorder is to help in
keeping the mirrored and live system identical with respect to business
transactions. In the second stage (Stage 2), after a successful first stage, the
mirrored system is made a live system that runs the new product. Regular
backups are taken and alternative methods are used to record the incremental
transactions from the time mirrored system became live. The recorder that was
used in the first stage can also be used here. However, a different method to
record the incremental transaction is advised, for sometimes failures can happen
due to recorder also. If no failures are observed in this (second) stage of
deployment for an extended period (for example, one month), then the onsite
deployment is considered successful and the old live system is replaced by the
new system. Stages 1 and 2 of deployment testing are represented in Figure 1.1.
The coloured figure is available on Illustrations.

Figure 1.1 Stages of deployment testing.

In Stage 1 of Figure 1.1, it can be seen that the recorder intercepts the
user and live system to record all transactions. All the recorded transactions
from the live system are then played back on the product under test under the
supervision of the test engineer (shown by dotted lines). In Stage 2, the test
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engineer records all transactions using a recorder and other methods and plays
back on the old live system (shown again by dotted lines).

Beta Testing

Developing a product involves a significant amount of effort and time.
Delays in product releases and the product not meeting the customer
requirements are common. There are many reasons for a product not meeting
the customer requirements. They are as follows.

1. There are implicit and explicit requirements for the product. A
product not meeting the implicit requirements (for example, ease of
use) may mean rejection by the customer.

2. Since product development involves a good amount of time, some of
the requirements given at the beginning of the project would have
become obsolete or would have changed by the time the product is
delivered.

3. The requirements are high-level statements with a high degree of
ambiguity. Picking up the ambiguous areas and not resolving them
with the customer results in rejection of the product.

4. The understanding of the requirements may be correct but their
implementation could be wrong.

5. Lack of usability and documentation makes it difficult for the
customer to use the product and may also result in rejection.

The list above is only a sub-set of the reasons and there could be many
more reasons for rejection. To reduce the risk, which is the objective of system
testing, periodic feedback is obtained on the product. One of the mechanisms
used is sending the product that is under test to the customers and receiving the
feedback. This is called beta testing. Some of the activities involved in the beta
program are as follows.
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1. Collecting the list of customers and their beta testing requirements
along with their expectations on the product.

2. Working out a beta program schedule and informing the customers.
Not all the customers in the list need to agree to the start date and end date of
the beta program. The end date of a beta program should be reasonably before
the product release date so that the beta testing defects can be fixed before the
release.

3. Sending some documents for reading in advance and training the customer
on product usage.

4. Testing the product to ensure it meets “beta testing entry criteria.” The
customers and the product development/management groups of the vendor
together prepare sets of entry/exit criteria for beta testing.

5. Sending the beta product (with known quality) to the customer and enable
them to carry out their own testing.

6. Collecting the feedback periodically from the customers and prioritizing the
defects for fixing.

7. Responding to customers’ feedback with product fixes or documentation
changes and closing the communication loop with the customers in a timely
fashion.

8. Analyzing and concluding whether the beta program met the exit criteria.

9. Communicate the progress and action items to customers and formally
closing the beta program.

10. Incorporating the appropriate changes in the product.

Deciding on the entry criteria of a product for beta testing and deciding
the timing of a beta test poses several conflicting choices to be made. Sending
the product too early, with inadequate internal testing will make the customers
unhappy and may create a bad impression on quality of product
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Certification, Standards and Testing for Compliance

A product needs to be certified with the popular hardware, operating
system, database, and other infrastructure pieces. This is called certification
testing. A product not working with any of the popular hardware or software or
equipment, may be unsuitable for current and future use. The sales of a product
depend on whether it was certified with the popular systems or not. The product
has to work with the popular systems, as the customer would have already
invested heavily on those.

There are many standards for each technology area and the product may
need to conform to those standards. This is very important as adhering to these
standards makes the product interact easily with other products.

This also helps the customer not to worry too much about the products
future compatibility with other products. As explained, there are many standards
for each technology area and the product development companies select the
standards to be implemented at the beginning of the product cycle. Standards
can be evolving also (for example, Ipv6 in networking and 3G in mobile
technology) and finer details are worked out as and when some implementations
kick off. Some of the standards are evolved by the open community and
published as public domain standards (for example, Open LDAP standard).

There are many contractual and legal requirements for a product.
Failing to meet these may result in business loss and bring legal action against
the organization and its senior management. Some of these requirements could
be contractual obligations and some statutory requirements. Compliance to
FDA This act by the food and drug administration requires that adequate testing
be done for products such as cosmetics, drugs, and medical sciences.

1.1.1 NON-FUNCTIONAL TESTING

The process followed by non-functional testing is similar to that of
functional testing but differs from the aspects of complexity, knowledge
requirement, effort needed, and number of times the test cases are repeated.
Since repeating non-functional test cases involves more time, effort, and
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resources, the process for non-functional testing has to be more robust stronger
than functional testing to minimize the need for repetition.

Setting up the Configuration

The biggest challenge, setting up the configuration, is common to all
types of non-functional testing. There are two ways the setup is done—
simulated environment and real-life customer environment. Due to varied types
of customers, resources availability, time involved in getting the exact setup,
and so on, setting up a scenario that is exactly real-life is difficult. where actual
configuration is difficult to get. Setting up a configuration is a challenge for the
following reasons.

1. Given the high diversity of environments and variety of customers,
it is very difficult to predict the type of environment that will be used commonly
by the customers.

2. Testing a product with different permutations and combinations of
configurations may not prove effective since the same combination of
environment may not used by the customer and testing for several combinations
involves effort and time

3. The cost involved in setting up such environments is quite high.

4. Some of the components of the environment could be from competing
companies products and it may not be easy to get these.

5. The people may not have the skills to set up the environment.

6. It is difficult to predict the exact type and nature of data that the customer
may use. Since confidentiality is involved in the data used by the customer, such
information is not passed on to the testing team.

Coming up with Entry/Exit Criteria

Coming up with entry and exit criteria is another critical factor in non-
functional testing. Table 1.2 gives some examples of how entry/exit criteria can
be developed for a set of parameters and for various types of non-functional
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tests. Meeting the entry criteria is the responsibility of the previous test phase
(that is, integration testing phase) or it could be the objective of dry-run tests
performed by the system testing team, before accepting the product for system
testing.

In order to create a “near real-life” environment, the details regarding
customer's hardware setup, deployment information and test data are collected
in advance.

Table 1.2 Typical entry/exit criteria for non-functional tests.

Product should scale up to
10 million records or
or 1000 users 5000 users

P test o P time Query for 1000 records Query for 10,000 records
= Throughpu should have a response time should have response time
« Latency less than 3 seconds less than 3 seconds
Reliability = Failures per iteration There should be less than There should be less than
= Failures per test 29 failures when queries 0.1% failures when queries
duration are run on 1000 records for are run on 1000 records
24 hours for 48 hours
Stress 'V when da P should be able to Product should be able to
vond the limits i nd 25 cli login withstand 100 clients login

v for 5
ina ation that can
take only 100 clients

for 5 h rsin a ion
that can take only 20 clien

Balancing Key Resources

This section intends to discuss the concepts of non-functional testing
with respect to four key resources—CPU, disk, memory, and network. The four
resources are related to each other and we need to completely understand their
relationship to implement the strategy for non-functional testing.

These four resources in a computer require equal attention as they need
to be judiciously balanced to enhance the quality factors of the product. All
these resources are interdependent. For example, if the memory requirements in
the system are addressed, the need for CPU may become more intensive.

Memory
-

et
Network

Juaater
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Often, customers are perplexed when they are told to increase the
number of CPUs, memory, and the network bandwidth for better performance,
scalability, and other non-functional aspects. This perception of arbitrariness is
created when the rationale and measurable guidelines to specify the level of
performance/scalability improvement to be expected when resources are
adjusted, is not provided. It is easy to tell the customer, “Product A is CPU
intensive, product B requires more memory, and product C requires better
bandwidth,” and so on.

It is equally important to analyze from the perspective of the product
organization that software is becoming more complex as more and more
features get added for every release using different and latest technologies.

Without these assumptions being validated, there cannot be any good
conclusion that can be made out of non-functional testing. The following are
some examples of basic assumptions that can be made about resources and
configuration.

1. The CPU can be fully utilized as long as it can be freed when a high priority
job comes in.

2. The available memory can be completely used by the product as long as the
memory is relinquished when another job requires memory.

3. The cost of adding CPU or memory is not that expensive as it was earlier.
Hence resources can be added easily to get better performance as long as we
can quantify and justify the benefits for each added resource.

4. The product can generate many network packets as long as the network
bandwidth and latency is available and does not cost much. There is a difference
in this assumption that most of the packets generated are for LAN and not for
WAN. In the case of WAN or routes involving multiple hops, the packets
generated by the product need to be reduced.
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5. More disk space or the complete I/O bandwidth can be used for the product
as long as they are available. While disk costs are getting cheaper, IO bandwidth
is not.

6. The customer gets the maximum return on investment (ROI) only if the
resources such as CPU, disk, memory, and network are optimally used. So there
is intelligence needed in the software to understand the server configuration and
its usage.

7. Graceful degradation in non-functional aspects can be expected when
resources in the machine are also utilized for different activities in the server.

8. Predictable variations in performance or scalability are acceptable for
different configurations of the same product.

9. Variation in performance and scalability is acceptable when some parameters
are tuned, as long as we know the impact of adjusting each of those tunable
parameters.

10. The product can behave differently for non-functional factors for different
configurations such as low- end and high-end servers as long as they support
return on investment.

Scalability Testing

The objective of scalability testing is to find out the maximum
capability of the product parameters. As the exercise involves finding the
maximum, the resources that are needed for this kind of testing are normally
very high. For example, one of the scalability test case could be finding out how
many client machines can simultaneously log in to the server to perform some
operations.

The design and architecture give the theoretical values, and
requirements from the customers mention the maximum capability that is
expected. The scalability exercise first verifies the lower number of these two.
When the requirements from the customer are more than what
design/architecture can provide, the scalability testing is suspended, the design
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is reworked, and scalability testing resumed to check the scalability parameters.
Contrary to other types of testing, scalability testing does not end when the
requirements are met. The testing continues till the maximum capability of a
scalable parameter is found out for a particular configuration.

Some of the data needs analysis on a finer granularity. For example, if
the maximum CPU utilization is 100% but only for a short time and if for the
rest of the testing it remained at say 40%, then there is no point in adding one
more CPU. But, the product still has to be analyzed for the sudden spike in the
CPU utilization and it has to be fixed. Thus, merely increasing the resources is
not an answer to achieving better scalability.

Given configuration

RAM—512 MB

Cache size—200 MB

Number of users—100 (Scalable parameter)
With/without indexing—With indexing

No. of Start End  Average Disk CPU Re e |
to add a

o-1
million records

1-10
mullion records

In scalability testing, the demand on resources tends to grow
exponentially when the scalability parameter is increased. Resources growth is
exponential when the scalability parameter increases. The scalability reaches a
saturation point beyond which it cannot be improved (see Figure 1.3). This is
called the maximum capability of a scalability parameter. Even though
resources may be available, product limitation may not allow scalability. This
is called a product bottleneck. Identification of such bottlenecks and removing
them in the testing phase as early as possible is a basic requirement for
resumption of scalability testing.

Resource utilization Macirmourm
N exponential 2202020202020/ mm—————— capability

Resouree ulaatn
—

—_

Scalability parameter

Figure 1.3 Variation of resources with the scalability parameter.
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When there are no product bottlenecks, resources need to be upgraded
to complete scalability testing.

*Scalability should increase 50% when the number of CPUs is doubled from
minimum requirement and 40% thereafter, till a given number of CPUs are
added. Such a test will be applicable if the product is CPU intensive.

*Scalability should increase 40% when memory is doubled from the minimum
requirement and 30% thereafter. This will be applicable if the product is
memory intensive.

*Scalability should increase by at least 30% when the number of NIC cards or
network bandwidth are doubled. This aspect has to be tested if the product is
network intensive.

*Scalability should increase by at least 50% when the I/O bandwidth is doubled.
This aspect has to be tested if the product is I/O intensive.

Reliability Testing

Reliability testing is done to evaluate the product's ability to perform its
required functions under stated conditions for a specified period of time or for
a large number of iterations. Examples of reliability include querying a database
continuously for 48 hours and performing login operations 10,000 times.
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The reliability of a product deals with the different ways a quality
product is produced, with very few defects by focusing on all the phases of
product development and the processes. Reliability here is an all-encompassing
term used to mean all the quality factors and functionality aspects of the product.
This product reliability is achieved by focusing on the following activities.

1. Defined engineering processes Software reliability can be achieved
by following clearly defined processes. The team is mandated to understand
requirements for reliability right from the beginning and focuses on creating a
reliable design upfront.

2. Review of work products at each stage at the end of each stage of the
product development life cycle, the work products produced are reviewed. This
ensures early detection of error and their fixes as soon as they are introduced.

3. Change management procedures many errors percolate to the product
due to improper impact analysis of changes made to the product. Changes
received late during the product development life cycle can prove harmful.

4. Review of testing coverage Allocating time for the different phases
and types of testing can help in catching errors as and when the product is being
developed, rather than after the product is developed.

5. Ongoing monitoring of the product once the product has been
delivered, it is analyzed proactively for any possibly missed errors. In this case
the process as well as the product is fixed for missed defects. This prevents the
same type of defects from reappearing.

The actual number of defects found during various durations of
running tests are compared to find out how well the product is doing compared
with the criterion. This is depicted in Figure 1.4.
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(Defects) (Defects)

D N

Time/iterative tests Time/iterative tests

Defects (b)
——ceeee Reliability criterion

(@)

Figure 1.4 Reliability criteria showing (a) smooth the progress and (b)
spikes.

In Figure 1.4, it can be seen that the product is very close to meeting
the reliability criteria towards the end. Figure 1.4 (a) suggests that the progress
towards meeting the criteria is smooth, whereas in Figure 1.4 (b), the transition
contains spikes. These spikes indicate that defects in the product for the
reliability tests go up and down periodically.

They may be resolved by introducing “sleep” between statements.
Figure 1.5 gives an example of reliability impact on performance.

A

— Reliability defects

—— Response time
-------- Reliability criterion

Time/lterative tests

Figure 1.5 Reliability impact on performance.

In the above graph, while reliability seems to approach the desired
value, response time seems to be erratic. An effective analysis of the system test
results should consider not only the (positive) aspect of the convergence of
reliability criteria to the desired values but should also analyze why
performance is erratic.
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Figure 1.6 Resource utilization over a period of execution of reliability
tests.

cConfiguration details
Memory —1 GB
Processors—=2,SS0 MH=
N/W Bandwidth—100 Mbps

25 clients i 60 clients [ 100 clients

cru

s
Fackets received at serves:

Packets sent from server:

The chart in Figure 1.6 indicates that network utilization is constant
during reliability testing whereas the memory and CPU utilization are going up.
the machine may even run out of memory, hang, or crash, in which case the
machine needs to be restarted. There are different ways of expressing reliability
defects in charts.

1. Mean time between failures is the average time elapsed from between
successive product failures. Details on the time a product failed have to be
maintained to understand its reliability for a specified time frame

2. Failure rate is provided as a function that gives the number of failures
occurring per unit time (the graphs above depict this measurement).

3. Mean time to discover the next K faults is the measure used to predict the
average length of time until the next K faults are encountered.

Hence, selecting a test for reliability test should consider the scenario
closer to real-life usage of the product. To summarize, a “reliability tested
product” will have the following characteristics.

1. No errors or very few errors from repeated transactions.
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2. Zero downtime.
3. Optimum utilization of resources.

4. Consistent performance and response time of the product for repeated
transactions for a specified time duration.

5. No side-effects after the repeated transactions are executed.
Stress Testing

Stress testing is done to evaluate a system beyond the limits of
specified requirements or resources, to ensure that system does not break. Stress
testing is done to find out if the product's behavior degrades under extreme
conditions and when it is denied the necessary resources. It is expected to
gracefully degrade on increasing the load, but the system is not expected to
crash at any point of time during stress testing.

Stress testing helps in understanding how the system can behave
under extreme (insufficient memory, inadequate hardware) and realistic
situations.

The process, data collection, and analysis required for stress testing
are very similar to those of reliability testing. The difference lies in the way the
tests are run. Sometimes, the product may not recover immediately when the
load is decreased. There are several reasons for this.

1. Some transactions may be in the wait queue, delaying the recovery.

2. Some rejected transactions many need to be purged, delaying the recovery.
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3. Due to failures, some clean-up operations may be needed by the product,
delaying the recovery.

4. Certain data structures may have got corrupted and may permanently prevent
recovery from stress point.

The time required for the product to quickly recover from those
failures is represented by MTTR (Mean time to recover). The recovery time
may be different for different operations and they need to be calculated as
appropriate. As explained earlier, several iterations of tests/different operations
are conducted around the stress point and MTTR is calculated from the mean
(average) and plotted as in Figure 1.8.

Stress point

Failure rate
-

Increasing load Decreasing load

Figure 1.7 Stress testing with variable load.

‘ PN . Operation 3
T N\ 7\ / Operation 2

N 3 o ation 1

Iterations

MTTR

Figure 1.8 MTTR for different operations.

In Figure 1.8, the MTTR peaks and comes down as the load is
increased/decreased around the stress point. It can also be noticed that Operation
1 is consistent with recovery time on all iterations (as it touches zero when load
is reduced and mean time is consistent across iterations), whereas Operation 2
does not recover fully after first iteration, and recovery time slightly increases
over iterations in Operation 3.
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The following guidelines can be used to select the tests for stress
testing.

1. Repetitive tests Executing repeated tests ensures that at all times the code
works as expected. There are some operations that are repeatedly executed by
the customer.

2. Concurrency Concurrent tests ensure that the code is exercised in multiple
paths and simultaneously. The operations that are used by multiple users are
selected and performed concurrently for stress testing.

3. Magnitude this refers to the amount of load to be applied to the product to
stress the system. It can be a single operation being executed for a large volume
of users or a mix of operations distributed over different users

4. Random variation as explained earlier, stress testing depends on
increasing/decreasing variable load..

Interoperability Testing

Interoperability testing is done to ensure the two or more products can
exchange information, use information, and work properly together.

N

N =

Systems can be interoperable unidirectional (the exchange of
information is one way) or bi-directional (exchange of information in both
ways). For example, the text available in a text editor can be exported into a
Microsoft Word application using the “Insert-<File” option. But a picture
available in Microsoft Word cannot be exported into text editor.
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The terms “interoperability” and “integration” are used interchangeably
but this is incorrect. Integration is a method and interoperability is the end result.
It is reproduced in Table 1.4 with more explanations and specific context.

Table 1.4 where different types of testing belong.
Description of testing Belongs to
Testing interfaces between product components- Integration testing

Testing information exchange between two or more products-
Interoperability testing

Testing the product with different infrastructure pieces such as OS, Database,
Compatibility testing

Network- Testing whether the objects/binaries created with old version of the
product work with current version-

Backward compatibility testing- Testing whether the product interfaces work
with future releases of infrastructure pieces-

Forward compatibility testing- Testing whether the API interfaces of the
product work with custom-developed components-

APl/integration testing

Interoperability attains more importance in the context of Internet,
which is characterized by a seamless co- existence and inter-operation of
multiple computers and multiple pieces of software. Products need to prove that
they are interoperable to whatever degree possible so that they can be integrated
with other systems. But the product under test needs to interoperate with those
popular products due to pressing business need.

The following are some guidelines that help in improving interoperability.

1. Consistency of information flow across systems when an input is provided to
the product, it should be understood consistently by all systems.
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2. Changes to data representation as per the system requirements when two
different systems are integrated to provide a response to the user, data sent from
the first system in a particular format must be modified or adjusted to suit the
next system's requirement.

3. Correlated interchange of messages and receiving appropriate responses
when one system sends an input in the form of a message, the next system is in
the waiting mode or listening mode to receive the input.

4. Communication and messages when a message is passed on from a system A
to system B, if any and the message is lost or gets garbled the product should
be tested to check how it responds to such erroneous messages. The product
must not crash or hang.

5. Meeting quality factors when two or more products are put together, there is
an additional requirement of information exchange between them. This
requirement should not take away the quality of the products that would have
been already met individually by the products. Interoperability testing needs to
verify this perspective.

The responsibility for interoperability lies more on the architecture,
design, and standards of various products involved in the domain.
Interoperability testing should be restricted to qualify the information exchange
rather than finding defects and fixing them one after another.

1.1.2 ACCEPTANCE TESTING

Acceptance testing is a phase after system testing that is normally done
by the customers or representatives of the customer. The customer defines a set
of test cases that will be executed to qualify and accept the product. These test
cases are executed by the customers themselves to quickly judge the quality of
the product before deciding to buy the product. In cases where the acceptance
tests are performed by the product organization alone, acceptance tests are
executed to verify if the product meets the acceptance criteria defined during
the requirements definition phase of the project.
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Acceptance tests are written to execute near real-life scenarios. Apart
from verifying the functional requirements, acceptance tests are run to verify
the non-functional aspects of the system also.

Acceptance test cases failing in a customer site may cause the product
to be rejected and may mean financial loss or may mean rework of product
involving effort and time.

Acceptance Criteria
Acceptance criteria-Product acceptance

During the requirements phase, each requirement is associated with
acceptance criteria. It is possible that one or more requirements may be mapped
to form acceptance criteria (for example, all high priority requirements should
pass 100%). Whenever there are changes to requirements, the acceptance
criteria are accordingly modified and maintained.

Acceptance testing is not meant for executing test cases that have not
been executed before. Hence, the existing test cases are looked at and certain
categories of test cases can be grouped to form acceptance criteria (for example,
all performance test cases should pass meeting the response time requirements).

Testing for adherence to any specific legal or contractual terms is
included in the acceptance criteria. Testing for compliance to specific laws like
Sarbanes—Oxley can be part of the acceptance criteria.

Acceptance criteria—Procedure acceptance

Acceptance criteria can be defined based on the procedures followed
for delivery. An example of procedure acceptance could be documentation and
release media. Some examples of acceptance criteria of this nature are as
follows.

1. User, administration and troubleshooting documentation should be
part of the release.
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2. Along with binary code, the source code of the product with build
scripts to be delivered in a CD.

3. A minimum of 20 employees are trained on the product usage prior
to deployment. These procedural acceptance criteria are verified/tested as part
of acceptance testing.

Acceptance criteria—Service level agreements

Service level agreements (SLA) can become part of acceptance criteria.
Service level agreements are generally part of a contract signed by the customer
and product organization. For example, time limits to resolve those defects can
be mentioned part of SLA such as

*All major defects that come up during first three months of deployment
need to be fixed free of cost;

*Downtime of the implemented system should be less than 0.1%;
*All major defects are to be fixed within 48 hours of reporting.

With some criteria as above (except for downtime), it may look as
though there is nothing to be tested or verified. But the idea of acceptance testing
here is to ensure that the resources are available for meeting those SLAs.

Selecting Test Cases for Acceptance Testing

The test cases for acceptance testing are selected from the existing set
of test cases from different phases of testing. This section gives some guideline
on what test cases can be included for acceptance testing.

1. End-to-end functionality verification Test cases that include the end-
to-end functionality of the product are taken up for acceptance testing.

2. Domain tests since acceptance tests focus on business scenarios, the
product domain tests are included. Test cases that reflect business domain
knowledge are included.
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3. User scenario tests Acceptance tests reflect the real-life user scenario
verification. As a result, test cases that portray them are included.

4. Basic sanity tests that verify the basic existing behavior of the
product are included. It is necessary to verify that the existing behavior is
retained without any breaks.

5. New functionality when the product undergoes modifications or
changes, the acceptance test cases focus on verifying the new features.

6. A few non-functional tests some non-functional tests are included
and executed as part of acceptance testing to double-check that the non-
functional aspects of the product meet the expectations.

7. Tests pertaining to legal obligations and service level agreements
Tests that are written to check if the product complies with certain legal
obligations and SLAs are included in the acceptance test criteria.

8. Acceptance test data Test cases that make use of customer real-life
data are included for acceptance testing.

Executing Acceptance Tests

If the acceptance testing is done by the product organization, forming
the acceptance test team becomes an important activity.

Acceptance testing is done by the customer or by the representative of
the customer to check whether the product is ready for use in the real-life
environment.

An acceptance test team usually comprises members who are involved
in the day-to-day activities of the product usage or are familiar with such
scenarios. They may not be familiar with the testing process or the technical
aspect of the software. As mentioned earlier, acceptance test team members may
or may not be aware of testing or the process. Hence, before acceptance testing,
appropriate training on the product and the process needs to be provided to the
team. This training can be given to customers and other support functions
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irrespective of who does the acceptance tests, as the effort involved is the same.
When the defect fixes point to scope or requirement changes, then it may either
result in the extension of the release date to include the feature in the current
release or get postponed to subsequent releases. All resolution of those defects
(and unresolved defects) are discussed with the acceptance test team and their
approval is obtained for concluding the completion of acceptance testing.

1.1.3 SUMMARY OF TESTING PHASES

The purpose of this section is to summarize all the phases of testing and
testing types we have seen so far in different chapters.

Multiphase Testing Model

Various phases of testing have been discussed in this chapter and
previous chapters. When these phases of testing are performed by different test
teams, the effectiveness of the model increases. However the big question in
front of this model is in knowing when to start and finish each of the testing
phases. This results in releasing a bad quality product and lack of ownership on
issues. It also creates a repetition of test cases at various phases when a new
build arrives. It may prove counter-productive to the next phase of testing in
case the quality requirements of that phase are not met. These two extreme
situations are depicted in the Figure 1.9. The coloured figure is available on
[lustrations.

Unit testing Too-strict entry criteria
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Figure 1.9 Relationship of entry criteria to time lines.
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The right approach is to allow product quality to decide when to start a
phase and entry criteria should facilitate both the quality requirements for a
particular phase and utilize the earliest opportunity for starting a particular
phase. The team performing the earlier phase has the ownership to meet the
entry criteria of the following phase. This is depicted in Figure 1.10. The
coloured figure is available on Illustrations.

Unit testing Optimized entry criteria
Component
testing )
System
testing
Acceptance

esting
Time line

Figure 1.10 Entry criteria to balance parallelism with quality.

Some sample entry and exit criteria are given in tables 1.5, 1.6, and
1.7. Please note that there are no entry and exit criteria for unit testing as it starts
soon after the code is ready to compile and the entry criteria for component
testing can serve as exit criteria for unit testing. However, unit test regression
continues till the product is released. The criteria given below enables the
product quality to decide on starting/completing test phases at the same time
and creates many avenues for allowing parallelism among test phases.

Table 1.5 Sample entry and exit criteria for component testing.
Entry criteria Exit criteria
Component testing

Periodic unit test progress report showing 70% completion rate

No extreme and critical outstanding defects in features

Stable build (installable) with basic features All 100% component test cases
executed with at least 98% pass workingratio

Component test cases ready for execution Component test progress
report (periodic) and defect trend sorted based on features and analyzed.
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Component level performance and load testing report and analysis of the same.
Table 1.6 Sample entry and exit criteria for integration testing.

Entry criteria  Exit criteria

Integration testing

Periodic component test progress report (with at least 50% completion ratio)
with at least 70% pass rate

No extreme and critical defects outstanding to be fixed
Stable build (installable/upgradeable) with all features integrated
All 100% integration test cases executed with at least 98% pass ratio

Defect arrival showing downward trend Integration test progress report
showing good

Progress and defects showing consistent downward trend

Performance, load test report for all critical features within acceptable range
Product in release format (including documents, media, and so on)

Table 1.7 Sample entry and exit criteria for system and acceptance testing.
Entry criteria  Exit criteria

Acceptance testing

Periodic integration test progress report with at least 50% pass rate for starting
system testing, 90% pass rate for starting acceptance testing

All 100% system test cases executed with at least 98% pass ratio
All 100% acceptance test cases executed with 100% pass rate

Stable build (production format) with all features integrated
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Test summary report all phases consolidated (periodic) and they are analyzed
and defect trend showing downward trend for last four weeks

Defect arrival trend showing downward movement Metrics (quality and
progress metrics) showing product

Readiness for release -No extreme and critical defects outstanding
Performance, load test report for all critical features, system

Working across Multiple Releases

As explained earlier, separate test teams for each phase of testing
increases effectiveness. It also creates an opportunity for a test team to work on
multiple releases at the same time. This way the test teams can be utilized
completely. Figure 1.11 depicts this concept. This figure takes into account only
a few major activities of a testing team such as automation, test case creation,
and test execution to explain the concept.
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Figure 1.11 Exploiting parallelism across test phases to work on multiple
releases simultaneously.

Who Does What and When

Table 1.8 gives an overview of when what tests are executed.
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Table 1.8 the when and what of tests.
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Unit-I1
2.1 Performance Testing
INTRODUCTION

In this Internet era, when more and more of business is transacted
online, there is a big and understandable expectation that all applications run as
fast as possible. When applications run fast, a system can fulfill the business
requirements quickly and put it in a position to expand its business and handle
future needs as well. A system or a product that is not able to service business
transactions due to its slow performance is a big loss for the product
organization, its customers, and its customers’ customers.

2.1.1 FACTORS GOVERNING PERFORMANCE TESTING

There are many factors that govern performance testing. It is critical
to understand the definition and purpose of these factors prior to understanding
the methodology for performance testing and for analyzing the results.

Throughput represents the number of requests/business transactions
processed by the product in a specified time duration. It is important to
understand that the throughput (that is, the number of transactions serviced by
the product per unit time) varies according to the load the product is subjected
to.

Figure 2.1 is an example of the throughput of a system at various
load conditions. The load to the product can be increased by increasing the
number of users or by increasing the number of concurrent operations of the
product.

Throughput [’\

Saturation point

User load

Figure 2.1 Throughput of a system at various load conditions.
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In the above example, it can be noticed that initially the throughput
keeps increasing as the user load increases. This is the ideal situation for any
product and indicates that the product is capable of delivering more when there
are more users trying to use the product. In the second part of the graph, beyond
certain user load conditions (after the bend), it can be noticed that the throughput
comes down.

Throughput represents how many business transactions can be
serviced in a given duration for a given load. It is equally important to find out
how much time each of the transactions took to complete. As was explained in
the first section, customers might go to a different website or application if a
particular request takes more time on this website or application. In reality, not
all the delay that happens between the request and the response is caused by the
product. In the networking scenario, the network or other products which are
sharing the network resources, can cause the delays. let us take an example of a
web application providing a service by talking to a web server and a database
server connected in the network. See Figure 2.2.

Client Web Database
Internet server server
v N A N1 A2
- N4 \ A3 N3
T
Figure 2.2 Example of latencies at various levels—network and
applications.

In the above example, latency can be calculated for the product that
is running on the client and for the network that represents the infrastructure
available for the product. Thus by using the above picture, latency and response
time can be calculated as

Network latency = N1 + N2 + N3 + N4 Product latency = A1 + A2 + A3

Actual response time = Network latency + Product latency
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The discussion about the latency in performance is very important,
as any improvement that is done in the product can only reduce the response
time by the improvements made in Al, A2, and A3. If the network latency is
more relative to the product latency and if that is affecting the response time,
then there is no point in improving the product performance. In such a case it
will be worthwhile looking at improving the network infrastructure.

The testing performed to evaluate the response time, throughput, and
utilization of the system, to execute its required functions in comparison with
different versions of the same product(s) or a different competitive product(s)
is called performance testing.

To summarize, performance testing is done to ensure that a product

» processes the required number of transactions in any given interval
(throughput);

* is available and running under different load conditions (availability);
* responds fast enough for different load conditions (response time);

* delivers worthwhile return on investment for the resources—hardware and
software—and deciding what kind of resources are needed for the product for
different load conditions (capacity planning); and

* is comparable to and better than that of the competitors for different
parameters (competitive analysis and benchmarking).

2.1.2 METHODOLOGY FOR PERFORMANCE TESTING

Performance testing is complex and expensive due to large resource
requirements and the time it takes. Hence, it requires careful planning and a
robust methodology. Performance testing is ambiguous because of the different
people who are performing the various roles having different expectations.
Additionally, a good number of defects that get uncovered during performance
testing may require design and architecture change. A methodology for
performance testing involves the following steps.
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1. Collecting requirements

2. Writing test cases

3. Automating performance test cases
4. Executing performance test cases
5. Analysing performance test results
6. Performance tuning

7. Performance benchmarking

8. Recommending right configuration for the Customers (Capacity
Planning)

Collecting Requirements

Collecting requirements is the first step in planning the performance
testing. Typically, functionality testing has a definite set of inputs and outputs,
with a clear definition of expected results. In contrast, performance testing
generally needs elaborate documentation and environment setup and the
expected results may not well known in advance. Firstly, a
performance  testing requirement should be testable—mnot all
features/functionality can be performance tested. For example, a feature
involving a manual intervention cannot be performance tested as the results
depend on how fast a user responds with inputs to the product. A performance
test can only be carried out for a completely automated product.

Secondly, a performance-testing requirement needs to clearly state
what factors needs to be measured and improved. As discussed in the previous
section, performance has several factors such as response time, latency,
throughput, resource utilization, and others.

Lastly, performance testing requirement needs be associated with the
actual number or percentage of improvement that is desired. For example, if a
business transaction, say ATM money withdrawal, should be completed within
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two minutes, the requirement needs to document the actual response time
expected..

Given the above challenges, a key question is how requirements for
performance testing can be derived. There are several sources for deriving
performance requirements. Some of them are as follows.

1. Performance compared to the previous release of the same product A
performance requirement can be something like “an ATM withdrawal
transaction will be faster than the previous release by 10%.”

2. Performance compared to the competitive product(s) a performance
requirement can be documented as “ATM withdrawal will be as fast as or faster
than competitive product XYZ.”

3. Performance compared to absolute numbers derived from actual need A
requirement can be documented such as “ATM machine should be capable of
handling 1000 transactions per day with each transaction not taking more than
a minute.”

4. Performance numbers derived from architecture and design The architect or
a designer of a product would normally be in a much better position than anyone
else to say what the performance is expected out of the product. There are
two types of requirements performance testing focuses on— generic
requirements and specific requirements. Generic requirements are those that are
common across all products in the product domain area. All products in that
area are expected to meet those performance expectations. Specific
requirements are those that depend on implementation for a particular product
and differ from one product to another in a given domain. An example of
specific performance requirement is the time taken to withdraw cash in an
ATM. During performance testing both generic and specific requirements need
to be tested.

Hence, while documenting the expected response time, throughput,
or any other performance factor, it is equally important to map different load
conditions as illustrated in the example in Table 2.3.
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Table 2.3 Example of performance test requirements.

ATM cash Upto 10,000 Pentium IV/512MB

withdrawal simultaneous access by users RAM/broadband network

ATM cash 40 sec Upto 10,000 Pentium IV/512 MB

withdrawal simultaneous access by users RAM/dial-up network

ATM cash 4 sec More than 10,000 Pentium IV/512MB

withdrawal but below 20,000 RAM/broadband network
simultaneous access by users

Beyond a particular load, any product shows some degradation in performance.
While it is easy to understand this phenomenon, it will be very difficult to do a
performance test without knowing the degree of degradation with respect to
load conditions. Massive degradation in performance beyond a degree is not
acceptable by users. For example, ATM cash withdrawal taking one hour to
complete a transaction (regardless of reason or load) is not acceptable. In such
a case, the customer who requested the transaction would have waited and left
the ATM and the money may get disbursed to the person who reaches the ATM
next! The performance values that are in acceptable limits when the load
increases are denoted by a term called “graceful performance degradation.” A
performance test conducted for a product needs to validate this graceful
degradation also as one of the requirement.

Writing Test Cases

The next step involved in performance testing is writing test cases.
As was briefly discussed earlier, a test case for performance testing should have
the following details defined.

1. List of operations or business transactions to be tested
2. Steps for executing those operations/transactions

3. List of product, OS parameters that impact the performance testing, and their
values
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4. Loading pattern

5. Resource and their configuration (network, hardware, software
configurations)

6. The expected results (that is, expected response time, throughput, and
latency)

7. The product versions/competitive products to be compared with and related
information such as their corresponding fields (steps 2-6 in the above list)

Performance testing is a laborious process involving time and effort.
Not all operations/business transactions can be included in performance testing.
Hence, all test cases that are part of performance testing have to be assigned
different priorities so that high priority test cases can be completed before
others. Absolute priority is indicated by the requirements and the test team
normally assigns relative priority. While executing the test cases, the absolute
and relative priorities are looked at and the test cases are sequenced accordingly.

Automating Performance Test Cases

Automation is an important step in the methodology for performance
testing. Performance testing naturally lends itself to automation due to the
following characteristics.

1. Performance testing is repetitive.

2. Performance test cases cannot be effective without automation and in most
cases it is, in fact, almost impossible to do performance testing without
automation.

3. The results of performance testing need to be accurate, and manually
calculating the response time, throughput, and so on can introduce inaccuracy.

4. Performance testing takes into account several factors. There are far too many
permutations and combination of those factors and it will be difficult to
remember all these and use them if the tests are done manually.
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5. The analysis of performance results and failures needs to take into account
related information such as resource utilization, log files, trace files, and so on
that are collected at regular intervals

End-to-end automation is required for performance testing. Not only
the steps of the test cases, but also the setup required for the test cases, setting
different values to parameters, creating different load conditions, setting up and
executing the steps for operations/transactions of competitive product, and so
on have to be included as part of the automation script.

Executing Performance Test Cases

Performance testing generally involves less effort for execution but
more effort for planning, data collection, and analysis. As discussed earlier,
100% end-to-end automation is desirable for performance testing and if that is
achieved, executing a performance test case may just mean invoking certain
automated scripts. However, the most effort-consuming aspect in execution is
usually data collection. Data corresponding to the following points needs to be
collected while executing performance tests.

1. Start and end time of test case execution

2. Log and trace/audit files of the product and operating system (for future
debugging and repeatability purposes)

3. Utilization of resources (CPU, memory, disk, network utilization, and so on)
on a periodic basis

4. Configuration of all environmental factors (hardware, software, and other
components)

5. The response time, throughput, latency, and so on as specified in the test case
documentation at regular intervals

Another aspect involved in performance test execution is scenario
testing. A set of transactions/operations that are usually performed by the user
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forms the scenario for performance testing. In real life, not all users perform the
same operation all the time and hence these tests are performed.

What performance a product delivers for different configurations of
hardware and network setup, is another aspect that needs to be included during
execution. This requirement mandates the need for repeating the tests for
different configurations. This is referred to as configuration performance tests.

Once performance tests are executed and various data points are
collected, the next step is to plot them. As explained earlier, performance test
cases are repeated for different configurations and different values of
parameters. Hence, it makes sense to group them and plot them in the form of
graphs and charts. Plotting the data helps in making a quick analysis which
would otherwise be difficult to do with only the raw data. Figure 2.4 above
illustrates how performance data can be plotted. The coloured figure is available
on [llustrations.
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Analyzing the Performance Test Results

Analyzing the performance test results require multi-dimensional
thinking. This is the most complex part of performance testing where product
knowledge, analytical thinking, and statistical background are all absolutely
essential.

Before analyzing the data, some calculations of data and
organization of the data are required. The following come under this category.

1. Calculating the mean of the performance test result data
2. Calculating the standard deviation

3. Removing the noise (noise removal) and re-plotting and recalculating the
mean and standard deviation

4. In terms of caching and other technologies implemented in the product, the
data coming from the cache need to be differentiated from the data that gets
processed by the product, and presented

5. Differentiating the performance data when the resources are available
completely as against when some background activities were going on.

An  example of one such activity is  garbage
collection/defragmentation in memory management of the operating system or
a compiler. Once the data sets are organized (after appropriate noise removal
and after appropriate refinement as mentioned above), the analysis of
performance data is carried out to conclude the following.

1. Whether performance of the product is consistent when tests are executed
multiple times

2. What performance can be expected for what type of configuration (both
hardware and software), resources

3. What parameters impact performance and how they can be used to derive
better performance (Please refer to the section on performance tuning)
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4. What is the effect of scenarios involving several mix of operations for the
performance factors

5. What is the effect of product technologies such as caching on performance
improvements (Please refer to the section on performance tuning)

6. Up to what load are the performance numbers acceptable and whether the
performance of the product meets the criteria of “graceful degradation”

7. What is the optimum throughput/response time of the product for a set of
factors such as load, resources, and parameters?

8. What performance requirements are met and how the performance looks
when compared to the previous version or the expectations set earlier or the
competition

9. Sometime high-end configuration may not be available for performance
testing.

Performance Tuning

Analyzing performance data helps in narrowing down the list of
parameters that really impact the performance results and improving product
performance. Once the parameters are narrowed down to a few, the performance
test cases are repeated for different values of those parameters to further analyze
their effect in getting better performance. This performance-tuning exercise
needs a high degree of skill in identifying the list of parameters and their
contribution to performance. The combination of parameters too cause changes
in performance. The relationship among various parameters and their impact
too becomes very important to performance tuning.

There are two steps involved in getting the optimum mileage from performance
tuning. They are

1. Tuning the product parameters and

2. Tuning the operating system and parameters
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There are a set of parameters associated with the product where the
administrators or users of the product can set different values to obtain optimum
performance. Some of the common practices are providing a number of forked
processes for performing parallel transactions, caching and memory size,
creating background activities, deferring routine checks to a later point of time,
providing better priority to a highly used operation/transaction, disabling low-
priority operations, changing the sequence or clubbing a set of operations to suit
the resource availability, and so on. Hence it is important to

1. Repeat the performance tests for different values of each parameter that
impact performance (when changing one parameter you may want to keep the
values of other parameters unchanged).

2. Sometimes when a particular parameter value is changed, it needs changes in
other parameters (as some parameters may be related to each other). Repeat the
performance tests for a group of parameters and their different values.

3. Repeat the performance tests for default values of all parameters (called
factory settings tests).

4. Repeat the performance tests for low and high values of each parameter and
combinations.

Tuning the OS parameters is another step towards getting better
performance. There are various sets of parameters provided by the operating
system under different categories. Those values can be changed using the
appropriate tools that come along with the operating system (for example, the
Registry in MS-Windows can be edited using regedit.exe). These parameters in
the operating system are grouped under different categories to explain their
impact, as given below.

1. File system related parameters (for example, number of open files permitted)
2. Disk management parameters (for example, simultaneous disk reads/writes)

3. Memory management parameters (for example, virtual memory page size and
number of pages)
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4. Processor management parameters (for example, enabling/disabling
processors in multiprocessor environment)

5. Network parameters (for example, setting TCP/IP time out)

The products are normally supported on more than one platform.
Hence, the performance tuning procedure should consider the OS parameters
and their effect on all supported platforms for the product.

The charts in Figure 2.5 are examples of what can be achieved by
the performance-tuning exercise. In the charts the expected results (performance
requirements), performance results without tuning (represented as normal), and
tuned results (represented as high) are plotted together. These charts help in
analyzing the effect of tuning with varying resource availability such as CPU
and memory. These tests can also be repeated for different load conditions and
plotted as yet another set of performance data points.
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From the throughput chart, Figure 2.5 (a), you can see that the
expectations on performance was met after tuning up to 32 CPU configurations
and the product has issue with 64 CPU configuration. In the response time
graph, Figure 2.5 (b), the expectations of before tuning and after tuning are met
in both the cases, as long as the memory is 128 MB or more. Where the
expectations are not met, the problems should be analyzed and resolved. The
coloured figure is available on Illustrations.
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Performance Benchmarking

Performance benchmarking is about comparing the performance of
product transactions with that of the competitors. No two products can have the
same architecture, design, functionality, and code. The customers and types of
deployments can also be different. Hence, it will be very difficult to compare
two products on those aspects. End-user transactions/scenarios could be one
approach for comparison. This does away with any bias in the test. The steps
involved in performance benchmarking are the following:

1. Identifying the transactions/scenarios and the test configuration
2. Comparing the performance of different products

3. Tuning the parameters of the products being compared fairly to deliver the
best performance

4. Publishing the results of performance benchmarking

The result of performance benchmarking are published. There are
two types of publications that are involved. One is an internal, confidential
publication to product teams, containing all the three outcomes described above
and the recommended set of actions. The positive outcomes of performance
benchmarking are normally published as marketing collateral, which helps as a
sales tool for the product

Capacity Planning

If performance tests are conducted for several configurations, the
huge volume of data and analysis that is available can be used to predict the
configurations needed for a particular set of transactions and load pattern. This
reverse process is the objective of capacity planning. Performance configuration
tests are conducted for different configurations and performance data are
obtained.

If capacity planning has to identify the right configuration for the
transactions and particular load patterns, then the next question that arises is
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how to decide the load pattern. The load can be the actual requirement of the
customer for immediate need (short term) or the requirements for the next few
months (medium term) or for the next few years (long term). Capacity planning
corresponding to short-, medium-, and long-term requirements are called

1. Minimum required configuration;
2. Typical configuration; and
3. Special configuration.

There are two techniques that play a major role in capacity planning.
They are load balancing and high availability. Load balancing ensures that the
multiple machines available are used equally to service the transactions. This
ensures that by adding more machines, more load can be handled by the product.
Machine clusters are used to ensure availability.

In a cluster there are multiple machines with shared data so that in
case one machine goes down, the transactions can be handled by another
machine in the cluster. When doing capacity planning, both load balancing and
availability factors are included to prescribe the desired configuration.

2.1.3 TOOLS FOR PERFORMANCE TESTING

There are two types of tools that can be used for performance
testing—functional performance tools and load tools.

Functional performance tools help in recording and playing back the
transactions and obtaining performance numbers. This test generally involves
very few machines.

Load testing tools simulate the load condition for performance
testing without having to keep that many users or machines. The load testing
tools simplify the complexities involved in creating the load and without such
load tools it may be impossible to perform these kinds of tests. We list below
some popular performance tools:

* Functional performance tools
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O Win Runner from Mercury

O QA Partner from Compuware
O Silktest from Segue

* Load testing tools

O Load Runner from Mercury

O QA Load from Compuware

O Silk Performer from Segue

There are many vendors who sell these performance tools. The
references at the end of the book point to some of the popular tools. Performance
and load tools can only help in getting performance numbers. The utilization of
resources is another important parameter that needs to be collected.

2.1.4 PROCESS FOR PERFORMANCE TESTING

Performance testing follows the same process as any other testing
type. The only difference is in getting more details and analysis. As mentioned
earlier, the effort involved in performance testing is more and tests are generally
repeated several times. The increased effort reflects in increased costs, as the
resources needed for performance testing is quite high.. A simple process for
performance testing tries to address these aspects in Figure 2.6.

N

Obtain measurable,
tastable requirements

Evaluate
exit criteria

Create a performance
test plan Perform and analyse

performance test
cases

| Design test cases |
N
| Automate test cases | |

N

Ewvaluate entry
criteria

Figure 2.6 Process for performance testing
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Ever-changing requirements for performance is a serious threat to the product
as performance can only be improved marginally by fixing it in the code. As
mentioned earlier, a majority of the performance issues require rework or
changes in architecture and design. Hence, it is important to collect the
requirements for performance earlier in the life cycle and address them, because
changes to architecture and design late in the cycle are very expensive.

The next step in the performance testing process is to create a
performance test plan. This test plan needs to have the following details.

1. Resource requirements all additional resources that are specifically needed
for performance testing need to be planned and obtained. Normally these
resources are obtained, used for performance test, and released after
performance testing is over.

2. Test bed (simulated and real life), test-lab setup the test lab, with all required
equipment and software configuration, has to be set up prior to execution.
Performance testing requires a large number of resources and requires special
configurations..

3. Responsibilities Performance defects, as explained earlier, may cause
changes to architecture, design, and code. Additionally, the teams facing the
customers normally communicate requirements for performance. Multiple
teams are involved in the successful execution of performance tests and all the
teams and people performing different roles need to work together if the
objectives of performance have to be met.

4. Setting up product traces, audits, and traces (external and internal)
Performance test results need to be associated with traces and audit trails to
analyze the results and defects. What traces and audit trials have to be collected
is planned in advance and is an associated part of the test plan.

5. Entry and exit criteria Performance tests require a stable product due to its
complexity and the accuracy that is needed. Changes to the product affect
performance numbers and may mean that the tests have to be repeated. It will
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be counter-productive to execute performance test cases before the product is
stable or when changes are being made.

2.2 CHALLENGES

Performance testing is not a very well understood topic in the testing
community. There are several interpretations of performance testing. Some
organizations separate performance testing and load testing and conduct them
at different phases of testing. While it may be successful in some situations,
sometimes separating these two causes complications. Performance
testing requires a large number and amount of resources such as hardware,
software, effort, time, tools, and people. Even large organizations find these
resources that are needed to meet the objectives of performance testing scarce.

Lack of seriousness on performance tests by the management and
development team is another challenge. Once all functionalities are working
fine in a product, it is assumed that the product is ready to ship. Due to various
reasons specified, performance tests are conducted after the features are stable,
and the defects that come out of these tests need to be looked into very seriously
by the management.

2.2.1 WHAT IS REGRESSION TESTING?

Doctor: Congratulations! The stomach ulcer that was bothering you
and preventing digestion is now completely cured!

Patient: That is fine, doctor, but I have got such a bad mouth ulcer that I can't
eat anything. So there is nothing to digest!

Software undergoes constant changes. Such changes are necessitated
because of defects to be fixed, enhancements to be made to existing
functionality, or new functionality to be added. Anytime such changes are made,
it is important to ensure that

1. The changes or additions work as designed; and
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2. The changes or additions do not break something that is already working and
should continue to work. Regression testing is designed to address the above
two purposes. Let us illustrate this with a simple example.

Regression testing is done to ensure that enhancements or defect
fixes made to the software works properly and does not affect the existing
functionality. Assume that in a given release of a product, there were three
defects—D1, D2, and D3. When these defects are reported, presumably the
development team will fix these defects and the testing team will perform tests
to ensure that these defects are indeed fixed. When the customers start using the
product (modified to fix defects D1, D2, and D3), they may encounter new
defects—D4 and D5. Again, the development and testing teams will fix and test
these new defect fixes. But, in the process of fixing D4 and D5, as an unintended
side- effect, D1 may resurface. Thus, the testing team should not only ensure
that the fixes take care of the defects they are supposed to fix, but also that they
do not break anything else that was already working.

2.2.2 TYPES OF REGRESSION TESTING

Before going into the types of regression testing, let us understand
what a “build” means. When internal or external test teams or customers begin
using a product, they report defects. These defects are analyzed by each
developer who make individual defect fixes. The developers then do appropriate
unit testing and check the defect fixes into a Configuration Management (CM)
System..

There are two types of regression testing in practice.
1. Regular regression testing
2. Final regression testing

A regular regression testing is done between test cycles to ensure
that the defect fixes that are done and the functionality that were working with
the earlier test cycles continue to work. A regular regression testing can use
more than one product build for the test cases to be executed.
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A “final regression testing” is done to validate the final build before
release. The CM engineer delivers the final build with the media and other
contents exactly as it would go to the customer. The final regression test cycle
is conducted for a specific period of duration, which is mutually agreed upon
between the development and testing teams. This is called the “cook time” for
regression testing.

The regression testing types discussed above are represented in
Figure 2.7. The coloured figure is available on Illustrations. Reg. 1 and Reg. 2
are regular regression test cycles and final regression is shown as Final Reg. in
the figure.

Time line

Figure 2.7 Regression testing—types.
2.2.3 WHEN TO DO REGRESSION TESTING?

Whenever changes happen to software, regression testing is done to
ensure that these do not adversely affect adversely the existing functionality. A
regular regression testing can use multiple builds for the test cases to be
executed. However, an unchanged build is highly recommended for final
regression testing. The test cases that failed due to the defects should be
included for future regression testing.

Regression testing is done between test cycles to find out if the
software delivered is as good as or better than the builds received in the past.
As testing involves large amount of resources (hardware, software, and people),
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a quick testing is needed to assess the quality of build and changes to software.
These kind of side-effects need to be fixed immediately before a large number
of people get involved in testing. Regression testing is done whenever such a
requirement arises.

It is necessary to perform regression testing when

1. A reasonable amount of initial testing is already carried out.
2. A good number of defects have been fixed.

3. Defect fixes that can produce side-effects are taken care of.

Regression testing may also be performed periodically, as a pro-
active measure. Regression testing can be performed irrespective of which test
phase the product is in.

The regression testing is both a planned test activity and a need-
based activity and it is done between builds and test cycles. Hence, regression
test is applicable to all phases in a software development life cycle (SDLC) and
also to component, integration, system, and acceptance test phases.

Figure 2.8 summarizes the contents of the above-mentioned sections

- -
Types — Regression Testing
Regular regression
Final regression ﬂ
What 2 Why 2 When 2
Selecternesr:'e'ztlng to Defects creep in when set of defect

e Re2 - due to changes fixes arrive after
efec ixes worl formal testing for
T Tix m
No side-effects coaeuggte'xigﬁngay completed areas
functionality to fail Performed in all

test phases

Figure 2.8
2.2.4 HOW TO DO REGRESSION TESTING?

A well-defined methodology for regression testing is very important
as this among is the final type of testing that is normally performed just before
release. If regression testing is not done right, it will enable the defects to seep
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through and may result in customers facing some serious issues not found by
test teams.

The failure of regression can only be found very late in the cycle or
found by the customers. Having a well- defined methodology for regression can
prevent such costly misses. There are several methodologies for regression
testing that are used by different organizations. The objective of this section is
to explain a methodology that encompasses the majority of them. The
methodology here is made of the following steps.

1. Performing an initial “Smoke” or “Sanity” test

2. Understanding the criteria for selecting the test cases
3. Classifying the test cases into different priorities

4. A methodology for selecting test cases

5. Resetting the test cases for test execution

6. Concluding the results of a regression cycle
Performing an Initial “Smoke” or “Sanity” Test

Whenever changes are made to a product, it should first be made
sure that nothing basic breaks. For example, if you are building a database, then
any build of the database should be able to start it up; perform basic operations
such as queries, data definition, data manipulation; and shutdown the database.
Smoke testing consists of

1. Identifying the basic functionality that a product must satisfy;

2. Designing test cases to ensure that these basic functionality work and
packaging them into a smoke test suite;

3. Ensuring that every time a product is built, this suite is run successfully before
anything else is run; and
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4. If this suite fails, escalating to the developers to identify the changes and
perhaps change or roll back the changes to a state where the smoke test suite
succeeds.

This is important, as a research conducted in the past revealed that
15% of defects are introduced by Configuration Management or build-related
procedures. This is shown in Figure 2.9 The coloured figure is available on
lustrations.
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Figure 2.9 CM defects.
Understanding the Criteria for Selecting the Test Cases

Having performed a smoke test, the product can be assumed worthy
of being subjected to further detailed tests. The question now is what tests
should be run to achieve the dual objective of ensuring that the fixes work and
that they do not cause unintended side-effects.

There are two approaches to selecting the test cases for a regression
run. First, an organization can choose to have a constant set of regression tests
that are run for every build or change. In such a case, deciding what tests to run
is simple. But this approach is likely to be sub-optimal because

1. In order to cover all fixes, the constant set of tests will encompass all features
and tests which are not required may be run every time; and
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2. A given set of defect fixes or changes may introduce problems for which
there may not be ready-made test cases in the constant set. Hence, even after
running all the regression test cases, introduced defects will continue to exist.

A second approach is to select the test cases dynamically for each
build by making judicious choices of the test cases. The selection of test cases
for regression testing requires knowledge of

1. The defect fixes and changes made in the current build;
2. The ways to test the current changes;

3. The impact that the current changes may have on other parts of the system;
and

4. The ways of testing the other impacted parts.

Some of the criteria to select test cases for regression testing are as follows.
1. Include test cases that have produced the maximum defects in the past

2. Include test cases for a functionality in which a change has been made

3. Include test cases in which problems are reported

4. Include test cases that test the basic functionality or the core features of the
product which are mandatory requirements of the customer

5. Include test cases that test the end-to-end behavior of the application or the
product

6. Include test cases to test the positive test conditions
7. Includes the area which is highly visible to the users
Classifying Test Cases

When the test cases have to be selected dynamically for each
regression run, it would be worthwhile to plan for regression testing from the
beginning of project, even before the test cycles start. To enable choosing the
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right tests for a regression run, the test cases can be classified into various
priorities based on importance and customer usage. As an example, we can
classify the test cases into three categories. See Figure 2.10. The coloured figure
is available on [llustrations.

It is important to know the relative priority of test cases for a
successful test execution.

Priornity-0
1052

Priority-1
25953

Priggy 2

Figure 2.10 Classification of test cases—an example.

* Priority-0 These test cases can be called sanity test cases which check
basic functionality and are run for accepting the build for further testing. They
are also run when a product goes through a major change. These test cases
deliver a very high project value to both to product development teams and to
the customers.

* Priority-1 Uses the basic and normal setup and these test cases deliver
high project value to both development team and to customers.

* Priority-2 These test cases deliver moderate project value. They are
executed as part of the testing cycle and selected for regression testing on a need
basis.

Methodology for Selecting Test Cases

Once the test cases are classified into different priorities, the test
cases can be selected. There could be several right approaches to regression
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testing which need to be decided on “case to case” basis. There are several
methodologies available in the industry for selecting regression test cases.

Case 1

If the criticality and impact of the defect fixes are low, then it is
enough that a test engineer selects a few test cases from test case database
(TCDB), (a repository that stores all the test cases that can be used for testing a
product.

Case 2

If the criticality and the impact of the defect fixes are medium, then
we need to execute all Priority-0 and Priority-1 test cases. If defect fixes need
additional test cases (few) from Priority-2, then those test cases can also be
selected and used for regression testing. Selecting Priority-2 test cases in this
case is desirable but not necessary.

Case 3

If the criticality and impact of the defect fixes are high, then we need
to execute all Priority-0, Priority- 1 and a carefully selected subset of Priority-2
test cases. The cases discussed above are illustrated in Figure 2.11. The coloured
figure is available on Illustrations
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Figure 2.11 Methodology for the selection of test cases.

The above methodology requires that the impact of defect fixes be
analyzed for all defects. This can be a time- consuming procedure. If, for some
reason, there is not enough time and the risk of not doing an impact analysis is
low, then the alternative methodologies given below can be considered.
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* Regress all for regression testing, all priority 0, 1, and 2 test cases
are rerun. This means all the test cases in the regression test bed/suite are
executed.

*Priority based regression for regression testing based on this
priority, all priority 0, 1, and 2 test cases are run in order, based on the
availability of time. Deciding when to stop the regression testing is based on the
availability of time.

* Regress changes for regression testing using this methodology
code changes are compared to the last cycle of testing and test cases are selected
based on their impact on the code

* Random regression random test cases are selected and executed
for this regression methodology.

* Context based dynamic regression A few Priority-0 test cases are
selected, and based on the context created by the analysis of those test cases
after the execution (for example, find new defects, boundary value) and
outcome, additional related cases are selected for continuing the regression
testing.

An effective regression strategy is usually a combination of all of the
above and not necessarily any of these in isolation

Resetting the Test Cases for Regression Testing

After selecting the test cases using the above methodology, the next
step is to prepare the test cases for execution. For proceeding with this step, a
“test case result history” is needed.

In many organizations, not all the types of testing nor all the test
cases are repeated for each cycle. Resetting test cases reduces the risk involved
in testing defect fixes by making the testers go through all the test cases and
selecting appropriate test cases based on the impact of those defect fixes. If there
are defect fixes that are done just before the release, the risk is more;
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1. When there is a major change in the product.
2. When there is a change in the build procedure which affects the product.
3. Large release cycle where some test cases were not executed for a long time.

4. When the product is in the final regression test cycle with a few selected test
cases.

5. Where there is a situation, that the expected results of the test cases could be
quite different from the previous cycles.

6. The test cases relating to defect fixes and production problems need to be
evaluated release after release. In case they are found to be working fine, they
can be reset.

7. Whenever existing application functionality is removed, the related test cases
can be reset.

8. Test cases that consistently produce a positive result can be removed.

9. Test cases relating to a few negative test conditions (not producing any
defects) can be removed.

If you are in Priority-1 and have reached a stage of comfort level in
Priority-0 (say, for example, more than 95% pass rate), then you do not reset
Priority-0 test cases unless there is a major change. This is true with Priority-1
test cases when you are in the Priority-2 test phase. We will now see illustrate
the use of the “reset” flag for regression testing in the various phases.

Component test cycle phase

Regression testing between component test cycles uses only Priority-
0 test cases. For each build that enters the test, the build number is selected and
all test cases in Priority-0 are reset. The test cycle starts only if all Priority-0 test
cases pass.
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Integration testing phase

After component testing is over, if regression is performed between
integration test cycles Priority-0 and Priority-1 test cases are executed. Priority-
1 testing can use multiple builds. In this phase, the test cases are “reset” only if
the criticality and impact of the defect fixes and feature additions are high. A
“reset” procedure during this phase may affect all Priority-0 and Priority-1 test
cases.

System test phase

Priority-2 testing starts after all test cases in Priority-1 are executed
with an acceptable pass percentage as defined in the test plan. In this phase, the
test cases are “reset” only if the criticality and impact of the defect fixes and
feature additions are very high. A “reset” procedure during this phase may affect
Priority-0, Priority- 1, and Priority-2 test cases.

Why reset test cases

Regression testing uses a good number of test cases which have
already been executed and are associated with some results and assumptions on
the result. A “reset” procedure gives a clear picture of how much of testing still
remains, and reflects the status of regression testing. If test cases are not “reset,"
then the test engineers tend to report a completion rate and other results based
on previous builds. This is because of the basic assumption that multiple builds
are used in each phase of the testing and a gut feeling that if something passed
in the past builds, it will pass in future builds also.

Concluding the Results of Regression Testing

Apart from test teams, regression test results are monitored by many
people in an organization as it is done after test cycles and sometimes very close
to the release date. Developers also monitor the results from regression as they
would like to know how well their defect fixes work in the product. Everyone
monitors regression test results as this testing not only indicates about defects
and but also their fixes.
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Since regression uses test cases that have already executed more than
once, it is expected that 100% of those test cases pass using the same build, if
defect fixes are done right. In situations where the pass percentage is not 100,
the test manager can compare with the previous results of the test case to
conclude whether regression was successful or not.

« If the result of a particular test case was a pass using the previous builds and
a fail in the current build, then regression has failed. A new build is required
and the testing must start from scratch after resetting the test cases.

* [f the result of a particular test case was a fail using the previous builds and a
pass in the current build, then it is safe to assume the defect fixes worked.

* If the result of a particular test case was a fail using the previous builds and a
fail in the current build and if there are no defect fixes for this particular test
case, it may mean that the result of this test case should not be considered for
the pass percentage.

* [f the result of a particular test case is a fail using the previous builds but works
with a documented workaround and if you are satisfied with the workaround,
then it should considered as a pass for both the system test cycle and regression
test cycle.

* If you are not satisfied with the workaround, then it should be considered as a
fail for a system test cycle but may be considered as a pass for regression test
cycle. This is illustrated in Table 2.12

Table 2.12 Conclude the results of a regression test cycle

Remarks

FAIL rAss FAIL Need to improve the regression
proc < =

rAss FAIL PASS

EAIL FAIL FAIL

FPASS (with & FAIL
work-arousd)

PASS FASS

58| Page



2.2.5 BEST PRACTICES IN REGRESSION TESTING
Regression methodology can be applied when

1. We need to assess the quality of product between test cycles (both planned
and need based);

2. We are doing a major release of a product, have executed all test cycles, and
are planning a regression test cycle for defect fixes; and

3. We are doing a minor release of a product (support packs, patches, and so on)
having only defect fixes, and we can plan for regression test cycles to take care
of those defect fixes.

Practice 1: Regression can be used for all types of releases.

There can be multiple cycles of regression testing that can be planned
for every release. This applies if defect fixes come in phases or to take care of
some defect fixes not working with a specific build.

Practice 2: Mapping defect identifiers with test cases improves regression

Quality.

When assigning a fail result to a test case during test execution, it is
a good practice to enter the defect identifier(s) (from the defect tracking system)
along so that you will know what test cases to be executed when a defect fix
arrives. Please note that there can be multiple defects that can come out of a
particular test case and a particular defect can affect more than one test case.

Even though ideally one would like to have a mapping between test
cases and defects, the choice of test cases that are to be executed for taking care
of side-effects of defect fixes may still remain largely a manual process as this
requires knowledge of the interdependences amongst the various defect fixes.

Practice 3: Create and execute regression test bed daily.

To solve this problem, as and when there are changes made to a
product, regression test cases are added or removed from an existing suite of
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test cases. This suite of test cases, called regression suite or regression test bed,
is run when a new change is introduced to an application or a product. The
automated test cases in the regression test bed can be executed along with
nightly builds to ensure that the quality of the product is maintained during
product development phases.

Practice 4: Ask your best test engineer to select the test cases.

It was mentioned earlier that the knowledge of defects, products,
their interdependences and a well- structured methodology are all very
important to select test cases. These points stress the need for selecting the right
person for the right job. The most experienced person in the team or the most
talented person in the team may do a much better job of selecting the right test
cases for regression than someone with less experience. Practice 5: Detect
defects, and protect your product from defects and defect fixes.

Another aspect related to regression testing is “protecting your
product from defect fixes.” As discussed earlier, a defect that is classified as a
minor defect may create a major impact on the product when it gets fixed into
the code. It is similar to what a mosquito can do to humans (impact), even
though its size is small. Hence, it is a good practice to analyze the impact of
defect fixes, irrespective of size and criticality, before they are incorporated into
the code. The analysis of an impact due to defect fixes is difficult due to lack of
time and the complex nature of the products.
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Unit-111
3.1 Test Planning
Introduction

In this chapter, we will look at some of the project management
aspects of testing. The Project Management Institute [PMI-2004] defines a
project formally as a temporary endeavour to create a unique product or service.
This means that every project has a definite beginning and a definite end and
that the product or service is different in some distinguishing way from all
similar products or services. Testing is integrated into the endeavor of
creating a given product or service; each phase and each type of testing has
different characteristics and what is tested in each version could be different.

Preparing a Test Plan

Testing—Ilike any project—should be driven by a plan. The test plan
acts as the anchor for the execution, tracking, and reporting of the entire testing
project and covers

1. What needs to be tested—the scope of testing, including clear identification
of what will be tested and what will not be tested.

2. How the testing is going to be performed—breaking down the testing into
small and manageable tasks and identifying the strategies to be used for carrying
out the tasks.

3. What resources are needed for testing—computer as well as human resources.
4. The time lines by which the testing activities will be performed.

5. Risks that may be faced in all of the above, with appropriate mitigation and
contingency plans. Failing to plan is planning to fail.
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Scope Management: Deciding Features to be Tested/Not Tested

For example, there needs to be plans for unit testing integration
testing, performance testing, and acceptance testing, and so on. They can all be
part of a single plan or could be covered by multiple plans. Scope management
pertains to specifying the scope of a project. For testing, scope management
entails

1. Understanding what constitutes a release of a product;

2. Breaking down the release into features;

3. Prioritizing the features for testing;
4. Deciding which features will be tested and which will not be; and
5. Gathering details to prepare for estimation of resources for testing.

The following factors drive the choice and prioritization of features
to be tested. Features that are new and critical for the release the new features
of a release set the expectations of the customers and must perform properly.
These new features result in new program code and thus have a higher
susceptibility and exposure to defects.

Features whose failures can be catastrophic Regardless of whether a
feature is new or not, any feature the failure of which can be catastrophic or
produce adverse business impact has to be high on the list of features to be
tested.

Deciding Test Approach/Strategy

Once we have this prioritized feature list, the next step is to drill
down into some more details of what needs to be tested, to enable estimation of
size, effort, and schedule. This includes identifying

1. What type of testing would you use for testing the functionality?

2. What are the configurations or scenarios for testing the features?
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3. What integration testing would you do to ensure these features work together?
4. What localization validations would be needed?
5. What “non-functional” tests would you need to do?

We have discussed various types of tests in earlier chapters of this
book. Each of these types has applicability and usefulness under certain
conditions.

Setting up Criteria for Testing

The test strategies for the various features and combinations
determined how these features and combinations would be tested. Ideally, tests
must be run as early as possible so that the last-minute pressure of running tests
after development delays (see the section on Risk Management below) is
minimized. A test cycle or a test activity will not be an isolated, continuous
activity that can be carried out at one go. It may have to be suspended at various
points of time because it is not possible to proceed further. When it is possible
to proceed further, it will have to be resumed. Some of the typical suspension
criteria include

1. Encountering more than a certain number of defects, causing frequent
stoppage of testing activity;

2. Hitting show stoppers that prevent further progress of testing (for example,
if a database does not start, further tests of query, data manipulation, and so on
are is simply not possible to execute); and

3. Developers releasing a new version which they advise should be used in lieu
of the product under test (because of some critical defect fixes).When such
conditions are addressed, the tests can resume.

Identifying Responsibilities, Staffing, and Training Needs

Scope management identifies what needs to be tested. The test
strategy outlines how to do it. The next aspect of planning is the who part of it.
Identifying responsibilities, staffing, and training needs addresses this aspect.
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There is also role definition on the dimensions of the modules being tested or
the type of testing. These different roles should complement each other. The
different role definitions should

1. Ensure there is clear accountability for a given task, so that each person
knows what he or she has to do;

2. Clearly list the responsibilities for various functions to various people, so that
everyone knows how his or her work fits into the entire project;

3. Complement each other, ensuring no one steps on an others’ toes; and
4. Supplement each other, so that no task is left unassigned.

Role definitions should not only address technical roles, but also list
the management and reporting responsibilities. This includes frequency, format,
and recipients of status reports and other project-tracking mechanisms. In
addition, responsibilities in terms of SLAs for responding to queries should also
be addressed during the planning stage.

Identifying Resource Requirements

As a part of planning for a testing project, the project manager (or
test manager) should provide estimates for the various hardware and software
resources required. Some of the following factors need to be considered.

1. Machine configuration (RAM, processor, disk, and so on) needed to run the
product under test

2. Overheads required by the test automation tool, if any

3. Supporting tools such as compilers, test data generators, configuration
management tools, and so on

4. The different configurations of the supporting software (for example, OS)
that must be present
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5. Special requirements for running machine-intensive tests such as load tests
and performance tests

6. Appropriate number of licenses of all the software

In addition to all of the above, there are also other implied
environmental requirements that need to be satisfied. These include office
space, support functions (like HR), and so on. Underestimation of these
resources can lead to considerable slowing down of the testing efforts and this
can lead to delayed product release and to de-motivated testing teams. However,
being overly conservative and “safe” in estimating these resources can prove to
be unnecessarily expensive.

Identifying Test Deliverables

The test plan also identifies the deliverables that should come out of
the test cycle/testing activity. The deliverables include the following, all
reviewed and approved by the appropriate people.

1. The test plan itself (master test plan, and various other test plans for the
project)

Test case design specifications

Test cases, including any automation that is specified in the plan

Test logs produced by running the tests

ok v

Test summary reports

This includes entering new defects in the repository and updating the
status of defect fixes after verification. We will see the contents of some of these
deliverables in the later parts of this chapter.

Testing Tasks: Size and Effort Estimation

The scope identified above gives a broad overview of what needs to
be tested. This understanding is quantified in the estimation step. Estimation
happens broadly in three phases.

1. Size estimation
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2. Effort estimation
3. Schedule estimation

Size of the product under test.This obviously determines the amount
of testing that needs to be done. The larger the product, in general, greater is the
size of testing to be done. Some of the measures of the size of product under
test are as follows.

1. Lines of code (LOC) is a somewhat controversial measure as it depends on
the language, style of programming, compactness of programming, and so on.

2. A function point (FP) is a popular method to estimate the size of an
application. Function points provide a representation of application size,
independent of programming language.

3. A somewhat simpler representation of application size is the number of
screens, reports, or transactions. Each of these can be further classified as
“simple,” “medium,” or “complex.” This classification can be based on intuitive
factors such as number of fields in the screen, number of validations to be done,

and so on.

In order to have a better handle on the size estimate, the work to be
done is broken down into smaller and more manageable parts called work
breakdown structure (WBS) units. For a testing project, WBS units are typically
test cases for a given module, test cases for a given platform, and so on. This
decomposition breaks down the problem domain or the product into simpler
parts and is likely to reduce the uncertainty and unknown factors.

Size estimate is expressed in terms of any of the following.
1. Number of test cases
2. Number of test scenarios

3. Number of configurations to be tested
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Size estimate provides an estimate of the actual ground to be covered
for testing. This acts as a primary input for estimating effort. Estimating effort
is important because often effort has a more direct influence on cost than size.
The other factors that drive the effort estimate are as follows. ~ Robustness
of processes Reuse is a specific example of process maturity of an organization.
Existence of well-defined processes will go a long way in reducing the effort
involved in any activity. For example, in an organization with higher levels of
process maturity, there are likely to be

1. Well-documented standards for writing test specifications, test scripts, and so
on;

2. Proven processes for performing functions such as reviews and audits;
3. Consistent ways of training people; and
4. Objective ways of measuring the effectiveness of compliance to processes.

Effort estimate is given in person days, person months, or person
years. The effort estimate is then translated to a schedule estimate. We will
address scheduling in the next sub-section.

Activity Breakdown and Scheduling

Activity breakdown and schedule estimation entail translating the
effort required into specific time frames. The following steps make up this
translation.

1. Identifying external and internal dependencies among the activities

2. Sequencing the activities, based on the expected duration as well as on the
dependencies

3. Identifying the time required for each of the WBS activities, taking into
account the above two factors

4. Monitoring the progress in terms of time and effort
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5. Rebalancing schedules and resources as necessary

Furthermore, these WBS units cannot be executed in any random
order because there will be dependencies among the activities. These
dependencies can be external dependencies or internal dependencies.

1. Availability of the product from developers;

2. Hiring;

3. Training;

4. Acquisition of hardware/software required for training; and
5. Availability of translated message files for testing.

Internal dependencies are fully within the control of the
manager/person performing that activity. For example, some of the internal
dependencies could be.

1. Completing the test specification
2. Coding/scripting the tests
3. Executing the tests

Based on the dependencies and the parallelism possible, the test
activities are scheduled in a sequence that helps accomplish the activities in the
minimum possible time, while taking care of all the dependencies. This
schedule is expressed in the form of a Gantt chart as shown in Figure 3.1. The
coloured figure is available on Illustrations.
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Task Name ml Start Finish
31 | Test schedule for release | 33 days Tue 2/22/00, Thu 4/6/00
2 | Testplan 2 days|Tue 2/22/00 | Wed 2/23/00
3 Tost stratogy 2 days| Tue 2/22/00 | Wod 2/23/00
4 | Dovoloping tost casos 3 days| Thu 2/24/00 | Mon 2/28/00
| 8§ | Roviow of tost cases 1 Gay| Tue 2/29/00 | Tue 2/20/00
6 Porformance benchmark plan 2 days| Wed 3/1/00 | Thu 2/2/00
| 7 | Unittesting 4 days| Fn 3/3/00 Weod 3/8/00
| 8 | integration testing 3 days| Thu 3/0/00 | Mon 3/13/00
| '@ | Buday testing 2 days| Tue 3/14/00| Wed /15/00
10 | Systom tosting 4 days| Thu 3/16/00| Tue 2/21/00
11 | Rogression testing 3 days|Wed 3/22/00 | Fri 3/24/00
12 | Porformance tost 1 3 days| Mon 3/27/00 | Wod 3/20/00
13 | Porformance tost 2 2 days|Thu 3/30/00 | Fri 3/31/00
14 | Documentation and roports 2 days| Mon 4/3/00 | Tue 4/4/00
15 | Usor accoptance tost 1 day| Wod 4/5/00 | Wed 4/5/00
16 1 day| Thu 4/6/00 | Thu 4/6/00

Figure 3.1 Gantt chart.

Communications Management

Communications management consists of evolving and following
procedures for communication that ensure that everyone is kept in sync with the

right level of detail.

Risk Management

Just like every project, testing projects also face risks. Risks are
events that could potentially affect a project's outcome. These events are
normally beyond the control of the project manager. As shown in Figure 3.2,

risk management entails

1. Identifying the possible risks;

2. Quantifying the risks;

3. Planning how to mitigate the risks; and

4. Responding to risks when they become a reality.

|

Figure 3.2 Aspects of risk management.
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As some risks are identified and resolved, other risks may surface.
Hence as risks can happen any time, risk management is essentially a cycle,
which goes through the above four steps repeatedly. Risk  identification
consists of identifying the possible risks that may hit a project. The following
are some of the common ways to identify risks in testing.

1. Use of checklists over time, an organization may find new gleanings on
testing that can be captured in the form of a checklist. For example, if during
installation testing, it is found that a particular step of the installation has
repeatedly given problems, then the checklist can have an explicit line item to
check that particular problem

2. Use of organizational history and metrics when an organization collects and
analyses the various metrics the information can provide valuable insights into
what possible risks can hit a project.

3. Informal networking across the industry the informal networking across the
industry can help in identifying risks that other organizations have encountered.
Risk quantification deals with expressing the risk in numerical terms. There are
two components to the quantification of risk. One is the probability of the risk
happening and the other is the impact of the risk, if the risk happens.

Risk mitigation planning deals with identifying alternative strategies
to combat a risk event, should that risk materialize. For example, a couple of
mitigation strategies for the risk of attrition are to spread the knowledge to
multiple people and to introduce organization-wide processes and standards. To
be better prepared to handle the effects of a risk, it is advisable to have multiple
mitigation strategies.

It is important that these risks be caught early or before they create
serious impact on the testing teams. Hence, we need to identify the symptoms
for each of these risks. These symptoms and their impacts need to be tracked
closely throughout the project.
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Table 3.3 gives typical risks, their symptoms, impacts and
mitigation/contingency plans.

pen

3.1.2 TEST MANAGEMENT

In the previous section, we considered testing as a project in its own
right and addressed some of the typical project management issues in testing. In
this section, we will look at some of the aspects that should be taken care of in
planning such a project. These planning aspects are proactive measures that can
have an across-the- board influence on all testing projects.

Choice of Standards

Standards comprise an important part of planning in any
organization. Standards are of two types—external standards and internal
standards. External standards are standards that a product should comply with,
are externally visible, and are usually stipulated by external consortia.

Internal standards are standards formulated by a testing organization
to bring in consistency and predictability. They standardize the processes and
methods of working within the organization. Some of the internal standards
include

1. Naming and storage conventions for test artifacts;
2. Document standards;

3. Test coding standards; and
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4. Test reporting standards.

Naming and storage conventions for test artefacts every test artifact
(test specification, test case, test results, and so on) have to be named
appropriately and meaningfully. Such naming conventions should enable

1. Easy identification of the product functionality that a set of tests are intended
for; and

2. Reverse mapping to identify the functionality corresponding to a given set of
tests.

As an example of using naming conventions, consider a product P,
with modules MO1, M02, and MO03. The test suites can be named as
PMO1nnnn.<file type>. Here nnnn can be a running sequence number or any
other string. For a given test, different files may be required. For example, a
given test may use a test script (which provides details of the specific actions to
be performed), a recorded keystroke capture file, an expected results file. In
addition, it may require other supporting files (for example, an SQL script for a
database). All these related files can have the same file name (for example,
PMO1nnnn) and different file types (for example, .sh, .SQL, .KEY, .OUT). By
such a naming convention, one can find

* All files relating to a specific test (for example, by searching for all files with
file name PMO1nnnn), and

* All tests relating to a given module (for example, those files starting with name
PMO1 will correspond to tests for module M01) those

While naming and directory standards specify how a test entity is
represented externally, documentation standards specify how to capture
information about the tests within the test scripts themselves. Internal
documentation of test scripts are similar to internal documentation of program
code and should include the following.

1. Appropriate header level comments at the beginning of a file that outlines
the functions to be served by the test.
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2. Sufficient in-line comments, spread throughout the file, explaining the
functions served by the various parts of a test script. This is especially needed
for those parts of a test script that are difficult to understand or have multiple
levels of loops and iterations.

3. Up-to-date change history information, recording all the changes made to the
test file.

Test coding standards Test coding standards go one level deeper into
the tests and enforce standards on how the tests themselves are written. The
standards may

1. Enforce the right type of initialization and clean-up that the test should do to
make the results independent of other tests;

2. Stipulate ways of naming variables within the scripts to make sure that a
reader understands consistently the purpose of a variable. (for example, instead
of using generic names such as 1, j, and so on, the names can be meaningful such
as network init flag);

3. Encourage reusability of test artifacts (for example, all tests should call an
initialization module init env first, rather than use their own initialization
routines); and

4. Provide standard interfaces to external entities like operating system,
hardware, and so on. For example, if it is required for tests to spawn multiple
OS processes, rather than have each of the tests directly spawn the processes,
the coding standards may dictate that they should all call a standard function,
say, create_os_process. By isolating the external interfaces separately, the tests
can be reasonably insulated from changes to these lower-level layers.

Test Infrastructure Management

Testing requires a robust infrastructure to be planned upfront. This
infrastructure is made up of three essential elements.

1. A test case database (TCDB)
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2. A defect repository
3. Configuration management repository and tool

A test case database captures all the relevant information about the
test cases in an organization. Some of the entities and the attributes in each of
the entities in a TCDB are given in Table3.4

Entity Purpose Attributes
Testcase | Records all  the  “static” | * Test case ID
information about the tests * Test case name (file
name)

e Test case owner
» Associated files for
the test case

Test case - Product cross- reference

Provides a mapping between the tests and the corresponding product
features; enables identification of tests for a given feature

* Test case ID
* Module ID
Test case run history

Gives the history of when a test was run and what was the result;
provides inputs on selection of tests for regression runs

e Test case ID
* Run date
* Time taken

* Run status (success/failure)
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Test case— Defect cross- reference

Gives details of test cases introduced to test certain specific defects
detected in the product; provides inputs on the selection of tests for regression
runs

» Test case ID
» Defect reference # points to a record in the defect repository)

A defect repository captures all the relevant details of defects
reported for a product. The information that a defect repository includes is given
in Table 3.5

Information in a defect repository.
Defect details Records all the “static” information about the tests

e Defect ID

e Defect priority/severity

o Defect description

o Affected product(s)

e Any relevant version information

e Environmental information(for example,OS version)

e Customers who encountered the problem (could be reported by the
internal testing team also)

e Date and time of defect occurrence

Defect test details

Provides details of test cases for a given defect. Cross- references the TCDB
*  Defect ID
*  TestcaseID

Fix details Provides details of fixes for a given defect; cross- references
the configuration management repository
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. Defect ID
. Fix details (file changed, fix release information)

These could include communication between the testing team and
development team, customer communication, and so on. Provides insights into
effectiveness of communication

. Test case ID
. Defect reference #
. Details of communication

Yet another infrastructure that is required for a software product
organization (and in particular for a testing team) is a software configuration
management (SCM) repository. An SCM repository also known as (CM
repository) keeps track of change control and version control of all the
files/entities that make up a software product. A particular case of the
files/entities is test files. Change control ensures that

1. Changes to test files are made in a controlled fashion and only with proper
approvals.

2. Changes made by one test engineer are not accidentally lost or overwritten
by other changes.

3. Each change produces a distinct version of the file that is recreatable at any
point of time.

4. At any point of time, everyone gets access to only the most recent version of
the test files (except in exceptional cases).

TCDB, defect repository, and SCM repository should complement
each other and work together in an integrated fashion as shown in Figure 3.6.
For example, the defect repository links the defects, fixes, and tests. The files
for all these will be in the SCM. The Meta data about the modified test files will
be in the TCDB. Thus, starting with a given defect, one can trace all the test

76 |Page



cases that test the defect (from the TCDB) and then find the corresponding test
case files and source files from the SCM repository.

Figure 3.6 Relationship SCM, AR, and TCDB.

Similarly, in order to decide which tests to run for a given regression run,

1. The defects recently fixed can be obtained from the defect repository and
tests for these can be obtained from the TCDB and included in the regression
tests.

2. The list of files changed since the last regression run can be obtained from
the SCM repository and the corresponding test files traced from the TCDB.

3. The set of tests not run recently can be obtained from the TCDB and these
can become potential candidates to be run at certain frequencies

Test People Management
Developer: These testing folks... they are always nitpicking!
Tester: Why don't these developers do anything right?!

Sales person: When will I get a product out that I can sell?!

People management is an integral part of any project management.
Often, it is a difficult chasm for engineers- turned-managers to cross.
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Integrating with Product Release

Ultimately, the success of a product depends on the effectiveness of
integration of the development and testing activities. These job functions have
to work in tight unison between themselves and with other groups such as
product support, product management, and so on. The following are some of
the points to be decided for this planning.

1. Sync points between development and testing as to when different types of
testing can commence. For example, when integration testing could start, when
system testing could start and so on. These are governed by objective entry
criteria for each phase of testing (to be satisfied by development).

2. Service level agreements between development and testing as to how long it
would take for the testing team to complete the testing. This will ensure that
testing focuses on finding relevant and important defects only.

3. Consistent definitions of the various priorities and severities of the defects.
This will bring in a shared vision between development and testing teams, on
the nature of the defects to focus on.

4. Communication mechanisms to the documentation group to ensure that the
documentation is kept in sync with the product in terms of known defects,
workarounds, and so on.

3.1.3 TEST PROCESS
Putting Together and Base lining a Test Plan

A test plan combines all the points discussed above into a single
document that acts as an anchor point for the entire testing project. A template
of a test plan is provided in Appendix B at the end of this chapter. Appendix A
gives a check list of questions that are useful to arrive at a Test Plan.

An organization normally arrives at a template that is to be used
across the board. Each testing project puts together a test plan based on the
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template. Should any changes be required in the template, then such a change is
made only after careful deliberations (and with appropriate approvals).

Test Case Specification

Using the test plan as the basis, the testing team designs test case
specifications, which then becomes the basis for preparing individual test cases.
We have been using the term test cases freely throughout this book. Hence, a
test case specification should clearly identify

1. The purpose of the test: This lists what feature or part the test is intended for.
The test case should follow the naming conventions (as discussed earlier) that
are consistent with the feature/module being tested.

2. Items being tested, along with their version/release numbers as appropriate.

3. Environment that needs to be set up for running the test case: This can include
the hardware environment setup, supporting software environment setup (for
example, setup of the operating system, database, and so on), and setup of the
product under test (installation of the right version, configuration, data
initialization, and so on).

4. Input data to be used for the test case: The choice of input data will be
dependent on the test case itself and the technique followed in the test case (for
example, equivalence partitioning, boundary value analysis, and so on). The
actual values to be used for the various fields should be specified
unambiguously (for example, instead of saying “enter a three-digit positive
integer,” it is better to say “enter 789

5. Steps to be followed to execute the test: If automated testing is used, then,
these steps are translated to the scripting language of the tool. If the testing is
manual, then the steps are detailed instructions that can be used by a tester to
execute the test.

6. The expected results that are considered to be “correct results.” These
expected results can be what the user may see in the form of a GUI, report, and
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so on and can be in the form of updates to persistent storage in a database or in
files.

7. A step to compare the actual results produced with the expected results: This
step should do an “intelligent” comparison of the expected and actual results to
highlight any discrepancies. By “intelligent” comparison, we mean that the
comparison should take care of “acceptable differences” between the expected
results and the actual results, like terminal ID, user ID, system date, and so on.

8. Any relationship between this test and other tests: This can be in the form of
dependencies among the tests or the possibility of reuse across the tests.

Update of Traceability Matrix

In particular, the traceability matrix is a tool to validate that every
requirement is tested. The traceability matrix is created during the requirements
gathering phase itself by filling up the unique identifier for each requirement.
Subsequently, as the project proceeds through the design and coding phases, the
unique identifier for design features and the program file name is entered in the
traceability matrix.

Identifying Possible Candidates for Automation

The test case design forms the basis for writing the test cases. Before
writing the test cases, a decision should be taken as to which tests are to be
automated and which should be run manually. Some of the criteria that will be
used in deciding which scripts to automate include

1. Repetitive nature of the test;
2. Effort involved in automation;
3. Amount of manual intervention required for the test; and

4. Cost of automation tool.
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Developing and Baselining Test Cases

Based on the test case specifications and the choice of candidates for
automation, test cases have to be developed. The development of test cases
entails translating the test specifications to a form from which the tests can be
executed. If the test case is a manual test case, then test case writing maps to
writing detailed step-by-step instructions for executing the test and validating
the results

1. What was the change;
2. Why the change was necessitated,
3. Who made the change;
4. When was the change made;
5. A brief description of how the change has been implemented; and
6. Other files affected by the change.
Executing Test Cases and Keeping Traceability Matrix Current

The prepared test cases have to be executed at the appropriate times
during a project. For example, test cases corresponding to smoke tests may be
run on a daily basis. System testing test cases will be run during

1. Defects from the earlier test cycles that are fixed in the current build; and
2. New defects that get uncovered in the current run of the tests.

The defect repository should be the primary vehicle of
communication between the test team and the development team.

Collecting and Analyzing Metrics

When tests are executed, information about test execution gets collected in test
logs and other files. The basic measurements from running the tests are then
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converted to meaningful metrics by the use of appropriate transformations and
formulae

Preparing Test Summary Report

At the completion of a test cycle, a test summary report is produced.
This report gives insights to the senior management about the fitness of the
product for release. We will see details of this report later in the chapter.

Recommending Product Release Criteria

What it provides is an evidence of what defects exist in the product,
their severity, and impact. As we discussed earlier, the job of the testing team is
to articulate to the senior management and the product release team While
“under testing,” a product could be a risk “over testing” a product trying to
remove “that last defect” could be as much of a risk!

1. What defects the product has;

2. What is the impact/severity of each of the defects; and

3. What would be the risks of releasing the product with the existing defects.
3.1.4 TEST REPORTING

Testing requires constant communication between the test team and
other teams (like the development team). Test reporting is a means of achieving
this communication. There are two types of reports or communication that are
required: test incident reports and test summary reports (also called test
completion reports).

Test incident report

A test incident report is a communication that happens through the
testing cycle as and when defects are encountered. Earlier, we described the
defect repository. A test incident report is nothing but an entry made in the
defect repository. Each defect has a unique ID and this is used to identify the
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incident. The high impact test incidents (defects) are highlighted in the test
summary report.

Test cycle report

As discussed, test projects take place in units of test cycles. A test
cycle entails planning and running certain tests in cycles, each cycle using a
different build of the product. As the product progresses through the various
cycles, it is to be expected to stabilize. A test cycle report, at the end of each
cycle, gives

1. A summary of the activities carried out during that cycle;

2. Defects that were uncovered during that cycle, based on their severity and
impact;

3. Progress from the previous cycle to the current cycle in terms of defects fixed;
4. Outstanding defects that are yet to be fixed in this cycle; and

5. Any variations observed in effort or schedule (that can be used for future
planning).

Test summary report

The final step in a test cycle is to recommend the suitability of a
product for release. A report that summarizes the results of a test cycle is the
test summary report.

There are two types of test summary reports.
1. Phase-wise test summary, which is produced at the end of every phase

2. Final test summary reports (which has all the details of all testing done by
all phases and teams, also called as “release test report™)

A summary report should present

1. A summary of the activities carried out during the test cycle or phase
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2. Variance of the activities carried out from the activities planned. This
includes

3. The tests that were planned to be run but could not be run (with reasons);

4. Modifications to tests from what was in the original test specifications (in this
case, the TCDB should be updated);

5. additional tests that were run (that were not in the original test plan);

6. differences in effort and time taken between what was planned and what was
executed; and

7. any other deviations from plan.

10. Summary of results should include

11. tests that failed, with any root cause descriptions; and

12.severity of impact of the defects uncovered by the tests.

13.Comprehensive assessment and recommendation for release should include
14. “Fit for release” assessment; and

15. Recommendation of release.

Recommending Product Release

Based on the test summary report, an organization can take a
decision on whether to release the product or not. Ideally, an organization would
like to release a product with zero defects

3.2 Quick Test Professional (QTP)

Introduction to QTP

QTP is an automated testing tool used to verify whether applications
behave according to requirements. It allows testers to create automated test
scripts that simulate user actions.QTP stands for Quick Test Professional, a
product of Hewlett Packard (HP). This tool helps testers to perform an
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automated functional testing seamlessly, without monitoring, once script
development is complete.

HP QTP uses Visual Basic Scripting (VBScript) for automating the
applications. The Scripting Engine need not be installed exclusively, as it is
available as a part of the Windows OS. The Current version of VBScript is 5.8,
which is available as a part of Win 7. VBScript is NOT an object-oriented
language but an object-based language.

3.2.1 Overview of QTP
Quick Test Professional (QTP) is an automated functional testing tool
developed by Mercury Interactive and later acquired by Hewlett-Packard. QTP
is widely used for testing desktop, web-based, and client-server applications. In
later years, QTP was renamed as Unified Functional Testing (UFT).
Need for Automation Testing
Manual testing becomes difficult when:

e Applications become large

e Repeated execution is required

e Regression testing is frequent

e Time constraints exist

e Human errors increase
Automation tools like QTP help overcome these issues.
Where QTP Fits in?

QTP is a Functional testing tool, which is best suited for regression
testing of the applications. QTP is a licensed/commercial tool owned by HP,
which is one of the most popular tools available in the market.

QTP History and Evolution

HP Quick Test Professional was originally owned by Mercury
Interactive and it was acquired by HP. Its original name was Astra Quick Test
and later named as Quick Test Professional but the latest version is known as
Unified Functional Tester (UFT).
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Advantages

* Developing automated tests using VBScript does not require a highly skilled
coder and is relatively easy when compared to other object oriented
programming languages.

* Easy to use, ease of navigation, results validation, and Report generation.

* Readily Integrated with Test Management Tool (Hp-Quality Center) which
enables easy scheduling and monitoring. Can also be used for Mobile
Application Testing. Since it is an HP product, full support is provided by HP
and by its forums for addressing technical issues.

Version History

Now let us take a look at the version history of QTP
Versions Timelines

Astra Quick Test v1.0 to v5.5 - Mercury

May 1 to Aug 2001
Interactive ay 1998 to Aug 200

QuickTs:st Professional v6.5 to v9.0 - Mercury Sep 2003 to Apr 2006
Interactive

Hp-QuickTest Professional v9.1 to v11.0 -

. Feb 2007 to Sep 2010
Acquired and Released by HP © O 5P

Hp-Unified Functional Testing v11.5 to v11.53 2012 to Nov 2013

Disadvantages

e Unlike Selenium, QTP works in Windows operating system only. Not
all versions of Browsers are supported and the testers need to wait for
the patch to be released for each one of the major versions.
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e Having said, that it is a commercial tool, the licensing cost is very high.
Even though scripting time is less, the execution time is relatively
higher as it puts load on the CPU & RAM.

3.2.2 Testing an Application using QTP
Testing an application using Quick Test Professional (QTP) involves

automating the testing process to verify whether the software application
behaves according to the specified requirements. QTP helps testers execute
functional and regression tests efficiently by simulating user actions and
validating outputs.
Introduction to Application Testing using QTP
Application testing in QTP involves:

e Recording user actions

e Generating automation scripts

o Executing test cases

e Verifying results

e Reporting defects
QTP automates repetitive testing tasks and improves testing accuracy.
Objectives of Testing using QTP
The main objectives are:

e Verify application functionality

¢ Detect defects

¢ Reduce manual effort

e Improve test coverage

e Perform regression testing

e Save testing time
Prerequisites for QTP Testing
Before testing an application using QTP, the following are required:
Software Requirements

e QTP/UFT installed

e Application under test (AUT)

e Required add-ins

e Test environment setup
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Knowledge Requirements
Tester should know:
¢ Functional testing concepts
e VBScript basics
e Application workflow
e Test case design
QTP Testing Process
The application testing process in QTP follows several stages.
Requirement Analysis

!
Test Planning

!
Test Case Design

!
Record Test

!
Enhance Script

!

Execute Test

l
Analyze Results

l

Defect Reporting
Launching QTP
Steps to Open QTP

1. Click Start Menu

2. Select QTP/UFT

3. Choose required Add-ins

4. Open QTP main window
Selecting Add-ins
Add-ins allow QTP to recognize objects from different technologies.
Common Add-ins

e Web Add-in
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e Java Add-in

e NET Add-in

e SAP Add-in

e Oracle Add-in
Creating a New Test
Steps

1. Open QTP

2. Click File — New Test

3. Select Test Type

4. Save the test
Recording a Test
Recording captures user actions on the application.
Steps for Recording

1. Click Record button

2. Specify application URL/path

3. Perform actions on application

4. Click Stop button
Example Script
SystemUtil.Run "iexplore.exe","www.gmail.com"
Browser("Gmail").Page("Gmail"). WebEdit("name:=identifier").Set "admin"
Browser("Gmail").Page("Gmail"). WebButton("text:=Next").Click
Understanding Test Objects
QTP identifies objects during recording.
Examples of Objects

o Browser

o Page

¢ Button

e Textbox

e Checkbox

e Link
Object Repository
The Object Repository stores object properties.
Types
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Local Repository
Used within a single test.
Shared Repository
Shared across multiple tests.
Enhancing the Test Script
Recorded scripts can be modified for better performance.
Enhancements include:

e Parameterization

e Checkpoints

e Synchronization

e Functions
Parameterization
Parameterization allows testing with multiple inputs.
Without Parameterization
WebEdit("username").Set "admin"
With Parameterization
WebEdit("username").Set DataTable("Username",dtGlobalSheet)
Browser("Google").Page("Google").Sync
Need for Synchronization

¢ Slow internet

e Dynamic loading

e Avoid execution failures
Best Practices for QTP Testing

e Use reusable functions

e Maintain shared repositories

¢ Use synchronization points

e Use meaningful names

e Perform regular maintenance

¢ Validate outputs properly
Advantages of Testing using QTP

e Faster execution

e Accurate results

e Reusable scripts
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e Better regression testing

e Reduced manual work

e Improved productivity
Limitations of QTP

e Expensive tool

e Requires scripting skills

e High maintenance effort

e Limited open-source support
Sample Complete Login Test Script
SystemUtil.Run "iexplore.exe","http://example.com"
Browser("Example").Page("Login"). WebEdit("name:=username").Set
"admin"
Browser("Example").Page("Login"). WebEdit("name:=password").Set
"admin123"
Browser("Example").Page("Login"). WebButton("name:=Login").Click
Browser("Example").Page("Home").Check CheckPoint("HomePage")
Real-Time Example of QTP Testing
Banking Application Testing
QTP can test:

e Account login

e Fund transfer

e Balance inquiry

e Transaction history
Automation ensures:

e Accuracy

e Security validation

e Faster regression testing
QTP Reporting Mechanism
QTP provides detailed reports.
Report Includes

e Execution summary

e Passed/failed tests

e Step details
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e Error screenshots

e Execution logs
Role of QTP in Regression Testing
Regression testing checks whether new changes affect existing functionality.
QTP is highly useful because:

e Scripts are reusable

e Large test suites can run automatically

e Frequent testing becomes easier
Maintenance of QTP Scripts
Scripts require updates when:

e Ul changes

e Object properties change

e New features added
Proper maintenance improves reliability.
Testing Tools

Tools from a software testing context, can be defined as a product
that supports one or more test activities right from planning, requirements,
creating a build, test execution, defect logging and test analysis.

Classification of Tools

Tools can be classified based on several parameters. It includes —
The purpose of the tool

The activities that are supported within the tool
The type/level of testing it supports.
The kind of licensing (open source, freeware, commercial)

The technology used
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QTP - Automated Testing Process

For any automated tool implementation, the following are the
phases/stages of it. Each one of the stages corresponds to a particular activity
and each phase has a definite outcome

Appropriate
Tool
Selection

T Automation
e —u
= — Process e -

Evaluate

the suitable
framework
Build the
Proof of

Concept

Framewworkk

o Test Automation Feasibility Analysis — First step is to check if the
application can be automated or not. Not all applications can be
automated due to its limitations.

e Appropriate Tool Selection — The next most important step is the
selection of tools. It depends on the technology in which the application
is built, its features and usage.

e Evaluate the suitable framework — upon selecting the tool, the next
activity is to select a suitable framework. There are various kinds of
frameworks and each framework has its own significance. We will deal
with frameworks in detail later in this tutorial.

¢ Build Proof of Concept — Proof of Concept (POC) is developed with
an end-to-end scenario to evaluate if the tool can support the automation
of the application. It is performed with an end-to-end scenario, which
ensures that the major functionalities can be automated.

e Develop Automation Framework — After building the POC,
framework development is carried out, which is a crucial step for the
success of any test automation project. Framework should be built after
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diligent analysis of the technology used by the application and also its
key features.

e Develop Test Script, Execute, and Analyze — Once Script
development is completed, the scripts are executed, results are analyzed
and defects are logged, if any. The Test Scripts are usually version
controlled.

QTP - Environment SetUp

QTP is a commercial tool and the trial version can be downloaded from HP site
directly. Only the current version, which is Unified functional testing (11.5x) is
available for download. Following is the URL from where the trial version can
be downloaded.

The Download URL — QTP

Installation Procedure

Step 1 — Click the "Trials and Demos" link and select "HP Unified Functional
Testing 11.50 CC English SW E-Media Evaluation" as shown below —

Functional Testing
Modernize your functional testing practices.

T I

HP Application Lifecycle 11.50 Engli=h S\W E-Medla Evatuation

HP Quatity Center 11.50 SW E-Media Evatuation
HP Sprinter 11.0 SW E-Media Evatuation

H1P Unifiea Functional Testing 11.50 €C English SW E-Madia Evatuation
A holistic approach to functional testing Software Prod

I Overview Rotate

Step 2 — After Selecting "HP Unified Functional Testing 11.50", the download
wizard opens. Fill in the Personal details and click Next.

L i —

P UniTicd Funcoionat Testing 1 1.50 €C Englisih SW E-Modia Evalaacion
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Step 3 — Read the Terms of Use and click "NEXT"

€D Avout yoursmtr > €D Tmrmsof service >

HP Unified Functional Testing 11.50 €C English SW E-Media Evaluation

creE
€0 10

Step 4 — The Download window opens. Now, click the "Download" button

P Ancat yoursotr > €0 Tormms of service > @F Dosentond

HP Unificd Fanctional Testing 11.50 €C Englizsh SW E-Mecdia Evalaation

You may nows vour ana

Step 5 — The downloaded file will be of the format .RAR. Now you need to
unzip the archive and the folder contents would be as shown below and execute
the Setup.exe.

Step 6 — Upon Executing the Setup File, in order to install, select "Unified
Functional Testing Set up" from the list as shown below
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Step 7 — Then click Next to continue.

B TV T P R ST e P P B Sy Ty P

Step 8 — In the Custom Set up Window, select the plugins that are required for
your automation i.e. you should select the plugins based on the technology of
your application under test. For Example, if your application is based on .NET
then you should ensure that you select .NET.

———

Step 9 — After selecting the required plugins for installation, click Next. After
the completion of installation, you will end up with a Finish button Window.

Step 10 — Once you complete your installation, the "Additional Installation
Requirements" Dialog box opens. Select everything in the list other than "Run
License Installation Wizard" and click "RUN". We Need NOT select "Run
License Installation Wizard" because we are installing the trial version, which,
by default, gives a license for 30 days.
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Step 11 — After the completion of Additional Installation Requirements, a tick
mark is shown, which in turn states that the components are installed
successfully. Now, click Close.

—_— o~

Launching UFT and Add ins Page

Step 1 — After Installation, application can be launched from the Start Menu as
shown in the figure.

Step 2 — The license page appears. You can click Continue as we have installed
the trial license.

Unified Functional Testing =

“ol License Warning
The software license in use will expire in 29 days

To continue using Unified Functional Testing once this license expires. you must install a
wvald icense

Click Continue to work with cument license
oY el N hcen: 1.

Install License Continue

Step 3 — The Add-ins dialog box opens for the user to select the required add-
ins.Note — Do not load all the add-ins but just the required add-ins and click OK
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Step 4 — After loading the required add-ins, the UFT 11.5 tool opens for the user
and the first glimpse of the UFT looks, as shown below

QTP - Record and Playback

Recording a test corresponds to recording the user actions of the
application under test so that UFT automatically generates the scripts that can
be played back. Record and Playback can give us the first impression of the
tool, whether it can support the technology or not, if the initial settings are done
correctly.

Steps for Record and Playback are as follows —

Step 1 — Click "New" test from the Start Page as shown below —

Step 2 — Clicking "New" Link, a new test window opens and the user needs to
select the test type. Select "GUI Test", give a name for the test and the location
where it needs to be saved

Noew Test - =<

Select type:
"
-_ AP Test
e Business FProcess Test
L] Susiness Frocess Fiow

raarme SuITest2
scation CauserssshambDocumentsiUniMed Funclional Testing

utian rame

[ Create_] cance
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Step 3 — Once a New test is created, the new test screen opens as shown below.
Now, click the "Actionl1" tab, which is created with 1 action by default.

Step 4 — Click the "Record" Menu and select "Record and Run Settings" as
shown below

Testing\GUITest2

Search Design Run Resources ALM Tools Window

~E e - © - | @ Recrd

TR X Gumes a

~
B Sgnain
Library Functions A g 1

Web Event Recording Configuration

Local Functions Record And Run Setftings

Step 5 — The Record and Run Settings dialog box opens and based on the type
of application, one can select Web, Java, or Windows Applications. For
Example, here, we will record a Web Based Application
(http://easycalculation.com/).

Po——

Step 6 — Click Record. The Internet Explorer opens automatically with the web
address https://www.easycalculation.com/ as per the settings. Click the
"Numbers" link under "Algebra" and key in a number and hit "Calculate". After
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http://easycalculation.com/

completion of the action, click the "Stop" button in the record panel. You will
notice that the script is generated as shown below —

GUITest2* Actont X Stan Page

ser("Free Online Math Calculator™).Page("Free Online Math Calculator™).Link( Numsbers™).Click
ser("Free Online Math Calculator”).Page(“Numbers Calculator - Math™).link("Square Root").Click
ser("Free Online Math Calculator™).Page("Square Root Calculator™).WebEdit(“n”).Set "10™
Browser ("Free Online Math Calculator™).Page(“Square Root Calculator™).WebButton(“calculate™).Click

Step 7 — Now playback the script by clicking the playback button. The Script
replays and the result is displayed.

Users\shan\Documents\Unified Functional Testing\GUllest2

Design Record

o
L

i 2 GUITest2* Action1 X | StartPage

Step 8 — The result window is opened, by default, which exactly shows the
timestamp of execution, pass and failed steps

Significance of Record and Playback

It is used as the preliminary investigation method to verify if UFT can support
the technology/application.

Used to create a test a basic functionality of an application or feature that does
not require long-term maintenance.

It can be used for recording both mouse movements and keyboard inputs.
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Modes of Recording

Normal Recording — This is the default Recording mode that records the objects
and the operations performed on the application under test.

Analog Recording — This records not only the keyboard actions but also the
mouse movements relative to the screen or the application window.

Low-Level Recording — This records the exact co-ordinates of the objects
independent of the fact whether UFT recognizes the object or NOT. It just
records the co-ordinates, hence does NOT record mouse movements.

Insight Recording — UFT records operations, based on its appearance and not
based on its native properties.

How to Choose Recording Modes

After clicking the Recording button, the user can choose the recording
mode from the recording pane that appears on the screen, once the recording
starts. The selection can be made from any of the ones that has been discussed
above.

]
)

Recording GUITest2
(™) Action1 <= [ - 8 = Q-

£2 Analog Recording. ..

(0
v
€

FS Low-Level Recording

&2 Insight Recording

You will see that the following scenario is recorded in all the modes
and the same action has been recorded under various circumstances.

Launch IE - https://www.easycalculation.com/ Click "Numbers" under
"Algebra" Click "Square Root" link

Enter a value to calculate the square root. Let us say 10 Hit Calculate Script
Recorded under Default, Analog and Low Level recording mode is given below
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Browser ("
Browser ("™
Browser ("
Browser ("™
Window (™

Browser("

Browser (™

* INSIGHT RECORDING rODE

Free Online Math Calculator™).InsightObject( ).Click
Free Online Math Calculator").Insightobject(“.'f).Cllick

Free Online Math Calculator™).InsightObject(”™ ~ ).Click
Free Online Math Calculator”).InsightObject( ).Click

Windows Internet Explorer™).WinObject("Internet Explorer_Server”).Type

Free Online Math Calculator™).InsightObject( ).Click

Free Online Math Calculator™).Insightobject¢(Caiculate], ., ,

“1o"

QTP - Object Repository

Object Repository is a collection of object and properties with which

QTP will be able to recognize the objects and act on it. When a user records a
test, the objects and its properties are captured by default. Without
understanding objects and its properties, QTP will NOT be able to play back the

scripts.

Click on each one of the following topics to know more about Object Repository
and its associated features

S.No.
1

Topic & Description
Object Spy and its Features
To understand the usage of object spy and its associated
functionalities.
Working with Object Repository
Adding, editing, deleting objects from an Object Repository and
its associated functionalities.
Types of Object Repository
Deals with shared Object and local Object Repository and their
context with respect to scripting.
User-defined Objects
Deals with the circumstances to use the User-Defined Objects.

Object Repository in XML

Deals with converting OR's to XML and using the object Repository

as XML.
Comparing and Merging OR
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https://www.tutorialspoint.com/qtp/qtp_object_spy.htm
https://www.tutorialspoint.com/qtp/qtp_add_objects_to_or.htm
https://www.tutorialspoint.com/qtp/qtp_or_types.htm
https://www.tutorialspoint.com/qtp/qtp_user_defined_objects.htm
https://www.tutorialspoint.com/qtp/qtp_or_as_xml.htm
https://www.tutorialspoint.com/qtp/qtp_comparing_and_merging_or.htm

Operations such as Compare OR', Merge OR's to effectively work
with Object Repository
7 Ordinal Identifiers
Circumstances where the ordinal identifiers are used and its
advantages.
8 Child Objects
Using Child Objects for effective scripting

QTP - Actions

Actions helps testers to divide scripts into groups of QTP
statements. Actions are similar to functions in VBScript; however, there are a
few differences. By default, QTP creates a test with one action.

VBScript Functions are supported by

Action is an in-built feature of both VBScript and QTP.

QTP.

Actions parameters are passed by Function parameters are passed either by
value only. by value or by ref.

Actions have extension .mts Functions are saved as .vbs or .gfl
Actions may or may not be Functions are always reusable.

reusable.

The properties of the action can be accessed by right clicking on the Script
Editor Window and selecting "Properties".

Action properties contains the following information —
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Action Name Location

Reusable Flag

Input Parameters Output Parameters
Types of Actions

There are three types of actions —

Non-reusable action — An action that can be called only in that specific test in
which it has been designed and can be called only once.

Reusable action — An action that can be called multiple times, any test in which
it resides, and can also be used by any other tests.

External Reusable action — It is a reusable action stored in another test. External
actions are read-only in the calling test, but it can be used locally with the
editable copy of the Data Table information for the external action.

QTP - Datatables

A DataTable, similar to Microsoft Excel, helps the testers to create
data-driven test cases that can be used to run an Action multiple times. There
are two types of Datatables —

Local DataTable — Each action has its own private datatable, also known as
local datatable, which is can also be accessed across actions.

Global DataTable — Each test has one global data sheet that is accessible across
actions.

The data sheet can be accessed from the "Data" Tab of QTP as shown below —
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Data -3 X
Al |
| o ) - ) [y ] o ] o] ] ] o) < Jr [ J] (| ] [ ] [y () ol ] [l R
1 |
2
3 I Global Data Sheet I
; ,Local Data Sheet per Action l
6
7
8
= _ =
<« » Global A ActionT A Calc: e /A Copy of Calculste ] I« »
= Oulpul Bg Actve Screen | (L1 Data| g Emors

To execute a test case for some specified number of iterations, one can set the
iterations of global datatable in the Test Settings dialog, that can be accessed
using File — Settings — Run(Tab) as shown below —

3.2.3 Creating Check Points in QTP

Checkpoints, as the name says it all, refer to a validation point that
compares the current value of specified properties or current state of an object
with the expected value, which can be inserted at any point of time in the script.

Types of Checkpoints
Sr.No. Type & Description

Standard Checkpoint-Verifies the property values of an object in

1 application under test and supported by all add-in environments.

) Bitmap Checkpoint- Verifies an area of your application as a
bitmap

3 File Content Checkpoint - Verifies the text in a dynamically
generated or accessed file such as .txt,.pdf

4 Table Checkpoint -Verifies the information within a table. Not all

environments are supported.

Text Checkpoint- Verify if the text that is displayed within a
5 defined area in a Windows-based application, according to

specified criteria.
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Text Area Checkpoint-Verifies if the text string is displayed
6 within a defined area in a Windows-based application, according to
specified criteria.

Accessibility Checkpoint- Verifies the page and reports the areas
7  of the Web site that may not conform to the World Wide Web
Consortium (W3C) Web Content Accessibility Guidelines

Page Checkpoint - Verifies the characteristics of a Web page. It

8 can also check for broken links.

9 Database Checkpoint - Verifies the contents of a database
accessed by the application under test.

10 XML Checkpoint - Verifies the content of the .xml documents or

.xml documents in Web pages and frames
Inserting CheckPoint
When the user wants to insert a checkpoint, one has to ensure that most

of the checkpoints are supported during the recording sessions only. Once the
user stops recording, checkpoints are not enabled.

Given below is the checkpoint menu, when the user is NOT in the
recording mode.

2 HP Unified Functionsl Testing - C B
Q) rie Edit - View - Search - - Record - Run - Resowces - ALM - Tools -  Window -  Help -

B+ -BH @ e P ec
<

=an

AlteF12

Test Objects
59 Free Online Math Casculator
D Froe Online Math Caloulator_2
] Windows Internet Explorer

Given below is the checkpoint menu, when the user is in the recording mode.
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=anmnEe=p -8 s =)

All Checkpoints are Enabled
When the Recording Inprogress

Recording GUITest2

@ Adweet < 2 ottt 8% 9-8 I

.

| Shows Recording in Progress l

Example: The checkpoints are added for the application under test -
"http://easycalculation.com/"

1. Inserted Standard Checkpoint

Status = Browser("Math Calculator").Page("Math
Calculator").Link("Numbers").Check CheckPoint("Numbers")
If Status Then

print "Checkpoint Passed" Else

Print "Checkpoint Failed"

End if

2. Inserted BitMap Checkpoint

imgchkpoint = Browser("Math Calculator").Page("Math
Calculator").Image("French").Check CheckPoint("French")
If imgchkpoint Then

print "Checkpoint Passed" Else

Print "Checkpoint Failed" End if
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Viewing Checkpoint Properties

After inserting, in case a tester want to change the values, we can do so
by right clicking on the keyword 'checkpoint' of the script and navigating to
"Checkpoint Properties" as shown below —

*("Free Online Math Calculator_2°).Page(“Free Online Math Calculator™).Link("Musbers”).Check Checks Chickpore Propecies.
Otyact propenties e
R oz Citex
By Cogy cueC
0 Paste Ctriey
R Delete
Comment Ctrield
Uncomment CtiieShitet
Indent Tad
O ShteTsd
$200a0 Checipoint F12
< Insent Output Value CtieF12
Insert Siep »
Acson
-
& InsetRemove Breaipoint Fe
adle Breaspoint CueF9
oen Step
Dezug from Step
Runto Step
&
Selectall Ciniva

You can locate the same checkpoints in object repository, as well, as
shown below. It exactly shows what type of checkpoint is used and what are the
expected values, and time out values.

=) TestObects
£ Free Online Math Calculator
#-[) Free Online Math Caiculator
@ [ Numbers Calculator - Math
& [ Square Root Calculator
£ Free Online Math Calculator_2
@ [] Windows Internet Explorer
Checkpoint and Output Objects
9 Expression
#ft Free Online Math Calculator and Converter
1 Free Online Math Calculator and Converter_2

g French

oyl |

oas

)

108 |Page



3.2.4 Testing Database Application using QTP

As such, QTP does not provide any built-in support to connect to
database, however using VBScript testers will be able to connect and interact
with databases using ADODB objects. ADODB has 4 properties or methods
with which we will be able to work with the databases. They are —

ADODB.Connection — Used to establish a connection to the Database

ADODB.Command — Used to execute a SQL command(Queries or Stored
Procedures)

ADODRB .Fields — Used to fetch a particular column from a record set after
executing a query/stored proc

ADODB.Recordset — Used to fetch data from a database
How to connect to Database?

Databases can be connected using Connection strings. Each
database differs in the way we connect to them. However, the connection strings
can be built with the help of www.connectionstrings.com

Let us see how to connect to the database with the following parameters —
Database Type — MSSQL SERVER

Server Name — SQLEXPRESS

Database Name — Trial User Id —sa

password — Password123

The output of the Query is shown in the SQL Server Management Studio as
follows
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SHAN-PC\SQLEXPR...] - dbo.EMPLOYEE " SQLQuery2.sql - SH...SS.Trial (sa (510~
Select NAME from dbo.EMPLOYEE WHERE AGE=29

Dim objConnection

'Set Adodb Connection Object

Set objConnection = CreateObject("ADODB.Connection")

Dim objRecordSet

'Create RecordSet Object

Set objRecordSet = CreateObject("ADODB.Recordset")

Dim DBQuery 'Query to be Executed

DBQuery = "Select NAME from dbo.EMPLOYEE where AGE = 29"
'Connecting using SQL OLEDB Driver

objConnection.Open "Provider = sqloledb.1;Server =\SQLEXPRESS; User Id
= sa;Password=Password123;Database = Trial"

'Execute the Query

objRecordSet.Open DBQuery,objConnection
'Return the Result SetValue = objRecordSet.fields.item(0) msgbox Value
' Release the Resources objRecordSet.Close
objConnection.Close

Set objConnection = Nothing Set objRecordSet = Nothing
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Result: On executing the above script, the output is shown in the message box
as shown below

F5 P Unified Funcional Testing - GG sers o - Testing..| == | 08

>< == <= optons

3.2.5 Testing a Web Application using QTP

Web application testing using Quick Test Professional (QTP) is the
process of verifying whether a web-based application functions correctly in
different conditions. QTP automates user actions on web pages and validates
outputs such as text, links, forms, buttons, and database updates.

Introduction to Web Application Testing

A web application is software accessed through a web browser using
the internet or intranet.

Examples:

*Banking websites
*E-commerce websites
*Online portals

*Social networking sites

QTP automates testing of such applications.
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Introduction

Testing a web application in QTP (QuickTest Professional, now known
as UFT One or Micro Focus Unified Functional Testing) involves automating
user actions like clicking links, entering data, and validating outcomes to ensure
the application works as intended. It uses VBScript for scripting, supports
record-and-playback, and includes an object repository to store and identify web
elements. [1, 2, 3, 4]

1. Setup and Preparation

*Load Web Add-in: Launch QTP/UFT and ensure the "Web" add-in is
selected in the Add-in Manager.

*Configure Browsers: Use Automation > Record and Run Settings to
configure the browser (e.g., Chrome, Firefox, or Internet Explorer) and define
the startup URL.

*Enable Browser Extensions: Ensure HP/Micro Focus BHO (Browser
Helper Object) is enabled in browser tools. [5, 6, 7]

2. Creating a Web Test Case

*Record Scenario: Start recording to capture user actions. QTP
generates VBScript steps in the Expert View and table-based steps in the
Keyword View. [4, 6, 8, 9]

*Object Repository: QTP automatically adds objects (buttons, text
boxes) to the Local Object Repository during recording. [4]

*Descriptive Programming: For highly dynamic web applications, use
descriptive programming to identify objects at runtime without relying on the
Object Repository. [5, 10]

3. Enhancing the Test

*Checkpoints: Insert checkpoints (e.g., standard, text, image, page) to
validate that the application displays expected results.
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*Synchronization: Use Browser(...).Sync or WaitProperty to handle
varying application response times, ensuring QTP waits for a page to load
completely.

*Parameterization (Data-Driven Testing): Replace hardcoded values
with data from Excel spreadsheets or internal data tables to run the same test
with multiple data sets. [2, 4, 5, 10]

4. Execution and Reporting
*Run Test: Execute the test and monitor it in real-time.

*Analyze Results: Review the Run Results Viewer to see Passed/Failed
steps, with screenshots for debugging. [2, 4, 6, 11, 12]

Best Practices for Web Testing in QTP

*Use Shared Object Repositories: For large projects, utilize shared
repositories to manage objects centrally rather than local ones.

*Avoid Excessive Recording: Use recording to get started, but build the
framework using descriptive programming or descriptive object repositories for
better maintenance.

*Clean Up Browsers: Set the Run Settings to "Close the browser when
the test closes" to maintain a clean environment. [2, 5, 7, 13, 14]
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