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graphical user interface. The test case includes a function that manipulates
the graphical control element.
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TEST GENERATION FOR BROWSER-BASED USER INTERFACE

BACKGROUND

[0001] Graphical user interfaces (GUIs) are tested to ensure that they meet

written specifications. Testing typically involves subjecting a GUI to a set of test
cases, i.e., a set of conditions or operations that attempts to exercise all of the
features of the GUI.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] FIG. 1 is a block diagram of an example system of the present

disclosure;

[0003] FIG. 2 illustrates a flowchart of an exemplary method for generating a
set of test cases with which to test a web browser-based graphical user
interface;

[0004] FIG. 3 illustrates a flowchart of another exemplary method for
generating a set of test cases with which to test a web browser-based graphical
user interface; and

[0005] FIG. 4 depicts an example high-level block diagram of a computer
that can be transformed into a machine that is dedicated to perform the

functions described herein.

DETAILED DESCRIPTION

[0006] The present disclosure broadly discloses a method, computer system,

and non-transitory computer-readable medium for automating test generation
for web browser-based user interface applications. Testing of graphical user
interfaces (GUIs) has trended toward automation. However, the graphical and
interactive nature of GUI software makes tests difficult to automate. Tests of
web browser-based GUIs are even more difficult to automate, because the
content of the browser page may change quickly and unexpectedly as design
and development progresses, especially in an agile software development
environment. As a result, an automated test may fail not because the GUI is

defective, but because the test could not adapt to the changes in the content.
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[0007] Examples of the present disclosure provide a novel method for
automating generation of a set of test cases for use in testing a web browser-
based GUI. For instance, examples of the present disclosure export a web
page written in a markup language such as hypertext markup language (HTML)
into a text file. The text file is parsed for markup language elements, e.g., tags,
associated with graphical control elements of the GUI. Test cases are
generated that include functions that manipulate the graphical control elements,
e.g., functions named for the types of tags parsed from the text file. As a result,
the set of test cases can be generated automatically without needing to program
every graphical control element of the GUI. This frees the test programmer or
test developer from having to find and update every HTML web element
identifier, class, or other element attribute when changing or updating the GUI.
It also frees the test programmer or test developer from having to add detailed
additional programming when a new graphical control element is added to the
GUI. Thus, updates to the set of test cases can be generated automatically as
changes are made to the GUI.

[0008] Within the context of the present disclosure, the term “graphical
control element” is understood to refer to a graphical component of a GUI that
interacts with a user. A user directly manipulates a graphical control element in
order to access or input information or to access application functions.
Graphical control elements include, for example, buttons, menus, drop down
lists, text input fields, and selection boxes, among other components. A
“graphical control element” may also be referred to as a “GUI widget.”

[0009] Furthermore, within the context of the present disclosure, a “test case”
as generated by examples of the present disclosure may not be an executable
test case. For instance, the test case could be an input used by a test script or
an executable test case to exercise a GUI according to a test design.

[0010] FIG. 1 is a block diagram of an example system 100 of the present
disclosure. In one example, the system 100 includes an automated test
generation tool 102. The automated test generation tool 102 may include a
processor, and, in one case, includes a browser debugger. The automated test

generation tool 102 takes as an input a text file 104 into which a markup
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language page 103, such as an HTML page, has been exported. The markup
language page 103 comprises a web browser-based GUI. In one example, the
automated test generation tool 102 also takes as an input metadata 108
associated with graphical control elements of the GUI. The automated test
generation tool 102 generates as output a set 106 of test cases for exercising
the GUI.

[0011] FIG. 2 illustrates a flowchart of an exemplary method 200 for
generating a set of test cases with which to test a web browser-based graphical
user interface (GUI). In one example, the method 200 may be performed by the
test generation tool illustrated in FIG. 1 or by a computer as illustrated in FIG. 4
and discussed below. For simplicity of explanation, the method 200 is
described as being performed by a processor, which could be a component of
the test generation tool or the computer.

[0012] At block 202, the method 200 begins. At block 204, the processor
obtains a text file. The text file comprises a file into which a markup language
page, such as an HTML page, has been exported. The markup language page
may comprise code written in alternative or additional programming languages,
including JavaScript. The markup page comprises a web browser-based GUI.
The processor may export the markup language page into the text file, or the
processor may receive the text file from another device.

[0013] At block 206, the processor parses the text file for markup language
elements associated with graphical control elements. For example, the
processor may parse the text file for basic HTML tags such as <href>, <select>,
or <input>, which indicate the presence of known HTML elements. The
processor may also parse the text file for other types of HTML elements, such
as tables.

[0014] At block 208, the processor generates a set of test cases for
exercising the GUI. In one example, the set of test cases involves a set of
functions, or possibly sub-routines, that manipulate the graphical control
elements of the GUI. In one example, the functions are uniquely named for the
types of tags or other markup language elements associated with the specific

graphical control elements that the functions are intended to manipulate. For
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instance, a “select” function may make a selection from a drop down list. In a
further example, the set of test cases may include a generic function that allows
an operation on a markup language element. For instance, a “table-select”
function may select contents from a particular row and column of a table, or a
“find-table” function may locate a row and column of a table containing the
contents of a text search string.

[0015] In one example, generating the set of test cases involves updating an
existing set of test cases to reflect changes to the GUI. In another example,
generating the set of test cases involves generating a new set of test cases.
[0016] The method 200 ends in block 210.

[0017] FIG. 3 illustrates a flowchart of another exemplary method 300 for
generating a set of test cases with which to test a web browser-based graphical
user interface (GUI). In one example, the method 300 may be performed by the
test generation tool illustrated in FIG. 1 or by a computer as illustrated in FIG. 4
and discussed below. For simplicity of explanation, the method 300 is
described as being performed by a processor, which could be a component of
the test generation tool or the computer.

[0018] At block 302, the method 300 begins. At block 304, the processor
obtains a text file. The text file comprises a file into which a markup language
page, such as an HTML page, has been exported. The markup language page
may comprise code written in alternative or additional programming languages,
including JavaScript. The markup page comprises a web browser-based GUI.
The processor may export the markup language page into the text file, or the
processor may receive the text file from another device.

[0019] At block 306, the processor obtains metadata associated with
graphical control elements of the GUI. In one example, the metadata is
associated with custom-written graphical control elements created specifically
for the GUI, e.g., graphical control elements programmed using the JavaScript
programming language. This type of metadata may map specific attributes of
the graphical control elements, such as tags, element identifiers, or classes, to

functions associated with browser actions, such as button clicks or text inputs.
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[0020] At block 308, the processor parses the text file for markup language
elements associated with graphical control elements. For example, the
processor may parse the text file for basic HTML tags such as <href>, <select>,
or <input>, which indicate the presence of known HTML elements. The
processor may also parse the text file for other types of HTML elements, such
as tables. In one example, the processor uses the metadata obtained in block
306 to parse the text file for HTML elements associated with custom-written
graphical control elements that might otherwise not be directly recognizable.
[0021] At block 310, the processor generates a set of test cases for
exercising the GUI. In one example, the set of test cases involves a set of
functions, or possibly sub-routines, that manipulate the graphical control
elements of the GUI. In one example, the functions are uniquely named for the
types of tags or other markup language elements associated with the specific
graphical control elements that the functions are intended to manipulate. For
instance, a “select” function may make a selection from a drop down list. In a
further example, the set of test cases may include a generic function that allows
an operation on a markup language element. For instance, a “table-select”
function may select contents from a particular row and column of a table, or a
“find-table” function may locate a row and column of a table containing the
contents of a text search string.

[0022] In another example, the functions may include browser actions
associated with custom-written graphical control elements. As discussed
above, metadata may map specific attributes of a custom-written graphical
control element to a function associated with a browser action. For instance,
the element identifier “main-menu” may be mapped by the metadata to generate
an action resulting in a “main_menu_wait_for_element_and_click” function that
takes a string argument. When programmed into a test case, this function
would attempt to locate and click on an element matching the string argument in
the “main-menu” drop down menu box.

[0023] In one example, generating the set of test cases involves updating an
existing set of test cases to reflect changes to the GUI. In another example,

generating the set of test cases involves generating a new set of test cases.
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[0024] At block 312, the processor outputs the set of test cases. In one
example, the set of test cases is directly output to a separate tool that controls
the web browser, for instance by causing the web browser to implement actions

such as button clicks. For instance, the set of test cases may be imported by a

test script.
[0025] The method 300 ends in block 314.
[0026] In some examples, the processor that performs the method 200 or the

method 300 is part of a test generation tool that includes a browser debugger.
In this case, the processor may open the markup language page itself and
parse the contents, rather than rely on another device to export the markup
language page to a text file. In this case, the processor may also open and
parse any sub-pages associated with the markup language page (provided that
any necessary mapping of page generator elements is known to the processor).
The processor may be configured in this case to traverse an entire tree of linked
markup language pages, e.g., by clicking and opening <href> tags and then
parsing the content of the opened pages in the JavaScript document object
model (DOM) programming interface.

[0027] As a result, the examples of the present disclosure improve the
functioning of a computer. For example, a computer may experience better
operation of web browser-based GUIs through automated testing that is more
accurate and more thorough than the testing that is possible without the
improvements provided by the present disclosure. In other words, the
technological art of web browser-based GUIs is improved by providing a
computer that is modified with the ability to automatically and dynamically test
the GUIs, as disclosed by the present disclosure.

[0028] It should be noted that although not explicitly specified, one or more
blocks, functions, or operations of the method 200 or the method 300 described
above may include a storing, displaying and/or outputting step as required for a
particular application. In other words, any data, records, fields, and/or
intermediate results discussed in the methods can be stored, displayed, and/or
outputted to another device as required for a particular application.

Furthermore, blocks, functions, or operations in FIG. 2 and FIG. 3 that recite a
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determining operation, or involve a decision, do not necessarily require that both
branches of the determining operation be practiced. In other words, one of the
branches of the determining operation can be deemed as an optional step.
[0029] FIG. 4 depicts an example high-level block diagram of a computer
that can be transformed into a machine that is dedicated to perform the
functions described herein. Notably, no computer or machine currently exists
that performs the functions as described herein. As a result, the examples of
the present disclosure improve the operation and functioning of the general-
purpose computer to automate test generation for a web browser-based user
interface application, as disclosed herein.

[0030] As depicted in FIG. 4, the computer 400 comprises a hardware
processor element 402, e.g., a central processing unit (CPU), a microprocessor,
or a multi-core processor, a memory 404, e.g., random access memory (RAM)
and/or read only memory (ROM), a module 405 for generating automated tests
of web browser-based GUIs, and various input/output devices 406, e.g., storage
devices, including but not limited to, a tape drive, a floppy drive, a hard disk
drive or a compact disk drive, a receiver, a transmitter, a speaker, a display, a
speech synthesizer, an output port, an input port and a user input device, such
as a keyboard, a keypad, a mouse, a microphone, and the like. Although only
one processor element is shown, it should be noted that the general-purpose
computer may employ a plurality of processor elements. Furthermore, although
only one general-purpose computer is shown in the figure, if the method(s) as
discussed above is implemented in a distributed or parallel manner for a
particular illustrative example, i.e., the blocks of the above method(s) or the
entire method(s) are implemented across multiple or parallel general-purpose
computers, then the general-purpose computer of this figure is intended to
represent each of those multiple general-purpose computers. Furthermore, one
or more hardware processors can be utilized in supporting a virtualized or
shared computing environment. The virtualized computing environment may
support one or more virtual machines representing computers, servers, or other

computing devices. In such virtualized virtual machines, hardware components
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such as hardware processors and computer-readable storage devices may be
virtualized or logically represented.

[0031] It should be noted that the present disclosure can be implemented by
machine readable instructions and/or in a combination of machine readable
instructions and hardware, e.g., using application specific integrated circuits
(ASIC), a programmable logic array (PLA), including a field-programmable gate
array (FPGA), or a state machine deployed on a hardware device, a general
purpose computer or any other hardware equivalents, e.g., computer readable
instructions pertaining to the method(s) discussed above can be used to
configure a hardware processor to perform the blocks, functions and/or
operations of the above disclosed methods. In one example, instructions and
data for the present module or process 405 for generating automated tests of
web browser-based GUls, e.g., machine readable instructions can be loaded
into memory 404 and executed by hardware processor element 402 to
implement the blocks, functions or operations as discussed above in connection
with the exemplary method 200 or method 300. Furthermore, when a hardware
processor executes instructions to perform “operations”, this could include the
hardware processor performing the operations directly and/or facilitating,
directing, or cooperating with another hardware device or component, e.g., a co-
processor and the like, to perform the operations

[0032] In one example, instructions and data for the present module or
process 405 for generating tests for web browser-based user interface
application, e.g., machine readable instructions can be loaded into memory 404
and executed by hardware processor element 402 to implement the blocks,
functions or operations as discussed above in connection with the exemplary
method 200 or method 300. For instance, the module 405 may include a
plurality of programming code components, including a markup language page
exporter component 408, a text parser component 410, and a case generator
component 412. These programming code components may be included in a
computing system that includes an automated test generation tool, such as the

system 100.
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[0033] The markup language page exporter component 406 may be
configured to export a markup language page, such as an HTML page or a
JavaScript page including a GUI, into a text file that is parsable by the text
parser component 410.

[0034] The text parser component 410 may be configured to parse a text file
into which a markup language page has been exported for markup language
elements associated with graphical control elements, including markup
language elements associated with custom-written graphical control elements.
[0035] The case generator component 412 may be configured to generate a
set of test cases for exercising the GUI. In one example, the set of test cases
involves a set of functions, or possibly sub-routines, that manipulate the
graphical control elements of the GUI.

[0036] Furthermore, when a hardware processor executes instructions to
perform “operations”, this could include the hardware processor performing the
operations directly and/or facilitating, directing, or cooperating with another
hardware device or component, e.g., a co-processor and the like, to perform the
operations.

[0037] The processor executing the machine readable instructions relating to
the above described method(s) can be perceived as a programmed processor
or a specialized processor. As such, the present module 405 for generating
automated tests of web browser-based GUls, including associated data
structures, of the present disclosure can be stored on a tangible or physical
(broadly non-transitory) computer-readable storage device or medium, e.g.,
volatile memory, non-volatile memory, ROM memory, RAM memory, magnetic
or optical drive, device or diskette and the like. More specifically, the computer-
readable storage device may comprise any physical devices that provide the
ability to store information such as data and/or instructions to be accessed by a
processor or a computing device such as a computer or an application server.
[0038] It will be appreciated that variants of the above-disclosed and other
features and functions, or alternatives thereof, may be combined into many
other different systems or applications. Various presently unforeseen or

unanticipated alternatives, modifications, variations, or improvements therein
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may be subsequently made by those skilled in the art which are also intended to

be encompassed by the following claims.
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What is claimed is:

1. A method, comprising:

obtaining, by a processor, a text file into which a markup language page
has been exported, wherein the markup language page comprises a web
browser-based graphical user interface;

parsing, by the processor, the text file for a markup language element
associated with a graphical control element of the graphical user interface; and

generating, by the processor, a test case for exercising the graphical user
interface, wherein the test case comprises a function that manipulates the
graphical control element.

2. The method of claim 1, wherein the graphical control element is a
component of the web-browser based graphical user interface that interacts with

a user.

3. The method of claim 1, wherein the markup language element indicates a

presence of a table.

4, The method of claim 1, wherein the markup language element is a
hypertext markup language tag.

5. The method of claim 1, wherein the graphical control element is a
custom-written graphical control element created specifically for the web
browser-based graphical user interface.

6. The method of claim 5, further comprising:

obtaining, by the processor, metadata associated with the graphical
control element, prior to the parsing, wherein the metadata maps an attribute of
the graphical control element to a function associated with an action of a web
browser,

wherein the parsing includes parsing the text file for the attribute of the
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graphical control element that is mapped to the function associated with the

action of the web browser.

7. The method of claim 1, wherein the function is named for the markup

language element.

8. The method of claim 1, further comprising:
outputting, by the processor, the test case to a tool that controls a web

browser.

9. The method of claim 1, wherein the parsing comprises:

parsing a sub-page associated with the markup language page.

10.  The method of claim 1, wherein the test case is added to an existing set

of test cases for the web browser-based graphical user interface.

11.  The method of claim 10, wherein the graphical control element is part of

an update to the web browser-based graphical user interface.

12. A computer system comprising:
a processor;
a storage coupled to the processor;
a user interface device to receive input from a user and present
information to the user in human perceptible form; and
an instruction set to cooperate with the processor and the storage to:
obtain a text file into which a markup language page has been
exported, wherein the markup language page comprises a web browser-
based graphical user interface;
parse the text file for a markup language element associated with

a graphical control element of the graphical user interface; and
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generate a test case for exercising the graphical user interface,
wherein the test case comprises a function that manipulates the graphical

control element.

13. The computer system of claim 12, wherein the instruction set further
cooperates with the processor and the storage to:

obtain metadata associated with the graphical control element, wherein
the metadata maps an attribute of the graphical control element to a function
associated with an action of a web browser; and

parse the text file for the attribute of the graphical control element that is

mapped to the function associated with the action of the web browser.

14. A non-transitory machine-readable storage medium encoded with
instructions executable by a processor, the machine-readable storage medium
comprising:

instructions to obtain a text file into which a markup language page has
been exported, wherein the markup language page comprises a web browser-
based graphical user interface;

instructions to parse the text file for a markup language element
associated with a graphical control element of the graphical user interface; and

instructions to generate a test case for exercising the graphical user
interface, wherein the test case comprises a function that manipulates the

graphical control element.

15.  The non-transitory machine-readable storage medium of claim 14, further
comprising:
instructions to obtain metadata associated with the graphical control
element, wherein the metadata maps an attribute of the graphical control
element to a function associated with an action of a web browser; and
instructions to parse the text file for the attribute of the graphical control
element that is mapped to the function associated with the action of the web

browser.
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