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ABSTRACT 

Systems and methods for a design and runtime environment 
provide navigation maps using a declarative model de?ned 
by recording actual manipulation of a physical or virtual 

Appl, No.1 11/421,407 device. The systems and methods may be used to automati 
cally navigate to application screens eliminating need for a 

Filed: May 31, 2006 test engineer to provide navigation code. 
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SYSTEMS AND METHODS PROVIDING A 
DECLARATIVE SCREEN MODEL FOR 

AUTOMATED TESTING 

RELATED APPLICATIONS 

[0001] This application claims the priority bene?t of US. 
Provisional Application Ser. No. 60/685,958 ?led May 31, 
2005, the contents of Which are incorporated herein by 
reference in their entirety. 

[0002] This application is related to application serial 
number , ?led even date hereWith, entitled “SYS 
TEMS AND METHODS PROVIDING A NORMALIZED 
GUI FOR TESTING DISPARATE DEVICES” (Attorney 
Docket No.1 1642.006US1), application serial number 

, ?led even date hereWith, entitled “SYSTEMS AND 
METHODS FOR GRAPHICALLY DEFINING AUTO 
MATED TEST PROCEDURES” (Attorney Docket No.1 
1642.008US1), application serial number , ?led even 
date hereWith, entitled “SYSTEMS AND METHODS PRO 
VIDING REUSABLE TEST LOGIC”, (Attorney Docket 
No.1 1642.009US1), and application serial number , 
?led even date hereWith, entitled “SYSTEMS AND METH 
ODS FOR MANAGING MULTI-DEVICE TEST SES 
SIONS” (Attorney Docket No.1 1642.011US1), all of the 
above of Which are hereby incorporated by reference in their 
entirety. 

LIMITED COPYRIGHT WAIVER 

[0003] A portion of the disclosure of this patent document 
contains material to Which the claim of copyright protection 
is made. The copyright oWner has no objection to the 
facsimile reproduction by any person of the patent document 
or the patent disclosure, as it appears in the US. Patent and 
Trademark O?ice ?le or records, but reserves all other rights 
Whatsoever. Copyright 2006, TestQuest, Inc. 

BACKGROUND 

[0004] An information-processing system is tested several 
times over the course of its life cycle, starting With its initial 
design and being repeated every time the product is modi 
?ed. Typical information-processing systems include per 
sonal and laptop computers, personal data assistants (PDAs), 
cellular phones, medical devices Washing machines, Wrist 
Watches, pagers, and automobile information displays. 

[0005] Many of these information-processing systems 
operate With minimal amounts of memory, storage, and 
processing capability. Because products today commonly go 
through a siZable number of revisions and because testing 
typically becomes more sophisticated over time, this task 
becomes a larger and larger proposition. Additionally, the 
testing of such information-processing systems is becoming 
more complex and time consuming because an information 
processing system may run on several different platforms 
With different con?gurations, and in different languages. 
Because of this, the testing requirements in today s infor 
mation-processing system development environment con 
tinue to groW. 

[0006] For some organizations, testing is conducted by a 
test engineer Who identi?es defects by manually running the 
product through a de?ned series of steps and observing the 
result after each step. Because the series of steps is intended 

Jan. 4, 2007 

to both thoroughly exercise product functions as Well as 
re-execute scenarios that have identi?ed problems in the 
past, the testing process can be rather lengthy and time 
consuming. Add on the multiplicity of tests that must be 
executed due to system siZe, platform and con?guration 
requirements, and language requirements, and one Will see 
that testing has become a time consuming and extremely 
expensive process. 

[0007] In today’s economy, manufacturers of technology 
solutions are facing neW competitive pressures that are 
forcing them to change the Way they bring products to 
market. Being ?rst-to-market With the latest technology is 
more important than ever before. But customers require that 
defects be uncovered and corrected before neW products get 
to market. Additionally, there is pressure to improve prof 
itability by cutting costs anyWhere possible. 

[0008] Product testing has become the focal point Where 
these con?icting demands collide. Manual testing proce 
dures, long vieWed as the only Way to uncover product 
defects, effectively delay delivery of neW products to the 
market, and the expense involved puts tremendous pressure 
on pro?tability margins. Additionally, by their nature, 
manual testing procedures often fail to uncover all defects. 

[0009] Automated testing of information-processing sys 
tem products has begun replacing manual testing proce 
dures. The bene?ts of test automation include reduced test 
personnel costs, better test coverage, and quicker time to 
market. HoWever, an effective automated testing product can 
be costly and time consuming to implement. The softWare 
methods, interfaces and procedures required to thoroughly 
test an information processing system can be nearly as 
complicated as the information processing system itself. For 
example, many information processing systems provide user 
interfaces that require navigation through a series of screens, 
With each screen potentially requiring input data. In previous 
systems, each test method required the test developer to 
provide code to navigate to the desired screen. If the 
interface changes in subsequent versions of the information 
processing system, the test procedure also typically must be 
modi?ed to re?ect the change. Such changes can be costly 
and time consuming to implement. 

[0010] It is common for independent softWare developers 
to Write softWare programs that must operate on a diverse set 
of computing devices. An example of this is softWare 
developed for mobile phones. Mobile phones are very 
heterogeneous With different operating systems, form fac 
tors, input mechanisms, screen siZes and color, and GUI 
styles. This causes applications to look different and to some 
extent operate differently on each mobile platform, even 
though the basic function of the softWare is preserved. 

[0011] In most softWare development companies the tech 
nicians and engineers responsible for the testing softWare 
applications are not softWare engineers. This is because 
testing technicians and engineers have historically Worked in 
organiZations Where manual testing methods have been the 
principal method of test. Consequently, the level of softWare 
engineering skill in a softWare testing organiZation is typical 
loW. 

[0012] In vieW of the above problems and issues, there is 
a need in the art for the present invention. 
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SUMMARY 

[0013] Some embodiments of the invention provide a 
runtime environment providing canonical de?nition for 
commonly found GUI components and other man machine 
interfaces (physical buttons, audio input/output, touch 
screen etc.) 

[0014] Some embodiments of the invention provide a 
run-time environment providing navigation maps using 
declarative model de?ned at design-time by recording actual 
manipulation of a physical device through a virtual device 
interface. The navigation maps may be used to automatically 
navigate to application screens eliminating need for test 
engineer to provide navigation code. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1A is a block diagram illustrating a system 
incorporating embodiments of the invention. 

[0016] FIG. 1B is a block diagram providing further 
details of a system incorporating embodiments of the inven 
tion; 

[0017] FIG. 1C is a block diagram shoWing the logical 
relationship of various components in a system according to 
embodiments of the invention. 

[0018] FIG. 2 is a block diagram illustrating object man 
agement components according to embodiments of the 
invention. 

[0019] FIG. 3 illustrates an example main screen of a test 
development environment according to embodiments of the 
invention. 

[0020] FIG. 4 provides a How illustrating a test design 
process according to embodiments of the invention. 

[0021] FIGS. 5A-5D illustrate example navigation map 
panels of a test development environment according to 
embodiments of the invention. 

[0022] FIG. 6 illustrates an example test case panel of a 
test development environment according to embodiments of 
the invention. 

[0023] FIG. 7 is a ?owchart illustrating methods according 
to embodiments of the invention. 

DETAILED DESCRIPTION 

[0024] In the folloWing detailed description, reference is 
made to the accompanying draWings that form a part hereof, 
and in Which is shoWn by Way of illustration, speci?c 
embodiments in Which the inventive subject matter may be 
practiced. These embodiments are described in suf?cient 
detail to enable those skilled in the art to practice them, and 
it is to be understood that other embodiments may be utiliZed 
and that structural, logical, and electrical changes may be 
made Without departing from the scope of the inventive 
subject matter. Such embodiments of the inventive subject 
matter may be referred to, individually and/or collectively, 
herein by the term “invention” merely for convenience and 
Without intending to voluntarily limit the scope of this 
application to any single invention or inventive concept if 
more than one is in fact disclosed. 
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[0025] The folloWing description is, therefore, not to be 
taken in a limited sense, and the scope of the inventive 
subject matter is de?ned by the appended claims of the 
invention. 

[0026] In the Figures, the same reference number is used 
throughout to refer to an identical component Which appears 
in multiple Figures. Signals and connections may be referred 
to by the same reference number or label, and the actual 
meaning Will be clear from its use in the context of the 
description. 
[0027] The functions or algorithms described herein are 
implemented in hardWare, and/ or softWare in embodiments. 
The softWare comprises computer executable instructions 
stored on computer readable media such as memory or other 
types of storage devices. The term “computer readable 
media” is also used to represent softWare-transmitted carrier 
Waves. Further, such functions correspond to modules, 
Which are softWare, hardWare, ?rmWare, or any combination 
thereof. Multiple functions are performed in one or more 
modules as desired, and the embodiments described are 
merely examples. A digital signal processor, ASIC, micro 
processor, or any other type of processor operating on a 
system, such as a personal computer, server, a router, or any 
other device capable of processing data including netWork 
interconnection devices executes the softWare. 

[0028] Some embodiments implement functions in tWo or 
more speci?c interconnected hardWare modules or devices 
With related control and data signals communicated betWeen 
and through the modules, or as portions of an application 
speci?c integrated circuit. Thus, the example process How is 
applicable to softWare, ?rmWare, and hardWare implemen 
tations. 

[0029] In the discussion beloW, the terms “design time” 
and “run time” may be used to describe aspects of the 
operation of various embodiments. In general, the term 
“design time” refers to activities and/or operations that take 
place during the design of a particular test case or test set. 
In general, the term “run time” refers to activities and/or 
operations that take place during the execution of a test case 
or a test set of test cases. 

SYSTEM OVERVIEW 

[0030] As noted above, it is common for independent 
softWare developers to Write softWare programs that must 
operate on a diverse set of heterogeneous computing devices 
Where applications to look different and to some extent 
operate differently on each mobile platform, even though the 
basic function of the softWare is preserved. In these types of 
softWare development environments it is essential for an 
automated test system to facilitate and maximiZe the reuse of 
test logic. Without a systematic and automated approach for 
managing the complexity of test logic reuse, automated 
softWare testing is not economically viable. 

[0031] Further, as noted above, in most softWare devel 
opment companies the technicians and engineers respon 
sible for the testing softWare applications are not softWare 
engineers. Given this situation, it is desirable that a produc 
tive and viable tool for automated testing be simple to 
understand, intuitive in its operation, and hide and manage 
as much complexity as possible. 

[0032] FIG. 1A is a block diagram illustrating a system 
100 incorporating embodiments of the invention. In some 
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embodiments, system 100 includes a test development envi 
ronment 102, development repository 120, test management 
repository 130 and a device under test (DUT) 140. 

[0033] DUT 140 may be any type of device incorporating 
processing logic. Such device include but are not limited to 
personal digital assistants (PDAs), cellular telephones, 
mobile computing devices, laptop computers, handheld 
computers, personal computers, server computers main 
frame computers, Workstation computers and combinations 
of the above. DUT 140 may include one or more systems 
under test, including applications that may be tested using 
embodiments of the invention. 

[0034] Test interface 142 provides an interface betWeen 
the DUT 140 and the test development environment 102. 
The test interface communicates commands and stimulus 
from the test development environment 102 to the DUT 140 
and communicates the DUT’s response to the commands 
and stimulus back to the test development environment 102. 
In some embodiments, the test interface is a minimally 
invasive softWare test agent that resides on the DUT. In 
general, the minimally invasive softWare test agent provides 
stimulus to the device and provides a bitmap comprising a 
screen on the device displayed in response to the stimulus. 
Further details on such a minimally invasive softWare test 
agent may be found in US. patent application Ser. No. 
10/322824 entitled “Software Test Agents” Which is hereby 
incorporate by reference herein for all purposes. 

[0035] In alternative embodiments, test interface 142 may 
be a more invasive test interface that examines the user 
interface code and data structures resident on a DUT and 
uses the current state of the code and data to determine hoW 
to stimulate the DUT and hoW to interpret responses from 
the DUT. 

[0036] The DUT may be a physical device that is com 
municably coupled to the test system either directly or 
through a netWork path. Alternatively, the DUT may be an 
emulated device in Which the characteristics of a physical 
device are emulated by softWare operating on a computing 
system that is communicably coupled to the test system 
either directly or though a netWork path. 

[0037] Development repository 120 comprises a database 
of various objects that may be created, read, updated and/or 
deleted using the test development environment 102. In 
some embodiments, development repository 120 may be a 
relational database such as the Microsoft SQL Server data 
base. In alternative embodiments, repository 120 may be a 
set of ?les on a ?le system, an object oriented database, a 
hierarchical database, or an XML database. Development 
repository 120 may contain a variety of objects, include one 
or more of test sets 121, automated test cases 122, test verbs 
123, screen de?nitions 124, navigation maps 125, platform 
data 126, resource sets 127, virtual device de?nitions 128, 
device data 129, global variables 130, data sources 131, 
platform roles 132 and templates 133. Various embodiments 
Will maintain varying combinations of the above-named 
components, and no embodiment need necessarily contain 
all of the above-named components. 

[0038] Test sets 121 comprise sets of one or more auto 
mated test cases 122 along With other logic to control the 
execution or invocation of the automated test cases 122. In 
some embodiments of the invention, a test set references test 
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cases only, and does not reference other types of objects in 
the repository 120. Test sets provide a convenient Way to 
manage groups of test cases that may be applicable for a 
particular type of DUT, or groups of DUTs. 

[0039] Automated test case 122 comprises logic and data 
that provides a discrete test unit for a DUT, or group of 
DUTs. An automated test case 122 is a series of one or more 

test steps and may utiliZe or reference one or more test verbs 
123, screen de?nitions 124 and external code 150. The steps 
in an automated test case may be de?ned using a test case 
editor as described beloW. 

[0040] Test verbs 123 de?ne logic and actions that may be 
performed on the DUT or group of DUTs. Further details on 
test verbs may be found in US. patent application Ser. No. 
10/ 323,095 entitled “Method and Apparatus for Making and 
Using Test Verbs” and in US. patent application Ser. No. 
10/ 323,595 entitled “Method and Apparatus for Making and 
Using Wireless Test Verbs”, each of Which are hereby 
incorporated by reference herein for all purposes. 

[0041] Screen de?nitions 124 comprises data that may be 
used to de?ne one or more screens displayed by softWare 
executing on the DUT. For example, the screen de?nitions 
may comprise application screens for email applications, 
contact manager applications, calendar applications etc. that 
execute on a PDA. The data for a screen de?nition may 

include a bitmap of all or a portion of the screen, and 
references to screen components 133. In some embodiments, 
a screen may be identi?ed by presence of a screen compo 
nent 133 Which is a unique identi?er for a particular screen. 

[0042] Screen components 133 de?ne buttons, menus, 
dialog boxes, icons, and other user interface elements that 
may appear on a screen. 

[0043] A navigation map 125 de?nes screen transitions 
describing the device interactions that may be provided to 
cause the DUT to move from screen to screen. A navigation 
map may include the commands needed to move from one 
screen to another, or from one screen to many other screens 

and vice versa. Further details on navigation maps are 
described beloW. 

[0044] Platform data 126 comprises data that de?nes prop 
erties for abstractions related to platforms, including plat 
form types, platform groups, and platform de?nitions. For 
example a platform type de?nition describes properties of a 
platform that are independent of, or generic to, devices that 
execute the platform system. Examples of various platform 
types include WindoWs Operating System (OS) platforms, 
Symbian OS platforms, PocketPC OS platforms, and Smart 
Phone OS platforms. A platform group describes properties 
of a platform Within a platform type that are generic to 
groups of operating systems Within the type. For example, a 
PocketPC OS platform type may include a group de?ning 
properties for a Pocket PC 2003 operating system and a 
group de?ning properties for a Pocket PC 2003 SE operating 
system. A platform de?nition describes the properties of a 
platform Within a platform group that are generic to one or 
more devices Within the platform group. For example, the 
PocketPC 2003 operating system group may include a 
platform de?nition that de?nes the properties of one or more 
devices utiliZing the PocketPC 2003 operating system. 
Those of skill in the art Will appreciate that various platforms 
types, groups, and de?nitions noW exist and may be devel 
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oped in the future, and that such platforms are Within the 
scope of the inventive subject matter. Further, the boundaries 
and data that de?ne a type or group may vary in various 
embodiments. In some embodiments, the data provided as 
part of a platform group de?nition may include one or more 
of platform name, platform OS, platform GUI (Graphical 
User Interface) style, platform language, platform screen 
resolution, platform screen color depth and other device 
attributes needed to characterize devices. Identi?cation of 
the type of virtual device to be used to represent the platform 
may be also speci?ed. 

[0045] Virtual Device 127 comprises data that de?nes 
properties of an abstraction of a type of device. For example, 
a virtual device may comprise an iPaq type device, or a Treo 
type device. The virtual device data in some embodiments 
includes data that is common or generic to all of the devices 
of a particular platform de?nition. In some embodiments, 
the data de?ning a virtual device may include one or more 
of a device skin, keyboard area, hotspots (including possible 
button states), keyboard properties, touch screen properties, 
glyph draWing properties, and screen capture parameters 
such as the screen capture poll rate. 

[0046] Device 128 comprises data that de?nes the prop 
er‘ties of a particular DUT. In some embodiments, these 
properties include a device name, a device OS version, a 
device GUI style, a device language, a device screen reso 
lution, a device screen color depth, and one or more virtual 
devices that may be associated With the device 128. In 
addition, device properties may include connection related 
properties such as a host name identifying a host in a 
netWork Where the device is connected, a connection type 
(e. g. serial, USB, netWork etc.), a device connection address, 
and other connection related properties such as message 
timeout values and command response timeout values. As 
noted above, the DUT may be a physical device or an 
emulated device. 

[0047] Resource sets 129 comprise data that may be used 
by the screen components described above. For example, in 
some embodiment text strings may be de?ned in various 
languages. A resource set for the text strings for a particular 
language may be used by the above-described components 
to provide language independence or to customiZe the 
system for a particular language. 

[0048] Global variables 130 comprise data that may be 
used Within each logical unit of a test set or test case. 

[0049] Data sources 131 comprises data that may be used 
as a source to provide input data for a test case or test set. 
For example, assume that a test case requires the input of 
multiple contact names and addresses. A data source 131 
may be used to provide the data for the names and addresses. 
A data source 131 may be a table or tables in an external 

RDBMs, or it may be an external ?le such as a text ?le, or 
a spreadsheet ?le. 

[0050] Platform roles 132 represent unique instances of a 
platform de?nition. Platform roles may have several func 
tions. In some embodiments, they make it possible to invoke 
more than one instance of a platform type at one time. 
Additionally, they may make it possible to identify Which 
platform de?nitions are the same device and Which are 
different devices across one or more test sets, test cases and 

test verbs. Further, they may provide an indication of the test 
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role of a particular platform de?nition or device in a test. In 
some embodiments, a DUT may be assigned roles compris 
ing “primary” and “secondary”. In alternative embodiments, 
the user may declare the platform roles. In these embodi 
ments there may be an arbitrary number of roles, and roles 
may be arbitrarily labeled providing a user a great deal of 
?exibility in de?ning automated tests. 

[0051] Component Templates 134 comprise standard (or 
canonical) de?nitions for various user interface elements for 
a platform type, groups, and de?nition; such as menus, 
icons, buttons, text ?elds etc. The standard de?nitions may 
be used as a basis for de?ning specialiZed instances of the 
user interface elements for a particular platform Within a 
platform type, group, or de?nition. In addition to setting the 
properties for a screen component 133 instance, component 
templates automate the process of identifying the component 
instance on the screen. As an example, the component 
template is dragged onto the screen and the component is 
automatically recogniZed by the template. 
[0052] Test development environment 102 is a set of one 
or more softWare applications that provide a user interface 
for managing the components in repository 120 and for 
designing and managing automated test cases. In some 
embodiments, test development environment 102 includes a 
user interface 104, a code generator 110, and a debugger 
112. In operation, the test development environment 102 
reads one or more objects from the repository 120 that 
become resident objects 114. Resident objects 114 may be 
created, read, updated or deleted using user interface 104. 
Resident objects may be saved back to the repository 120. In 
some embodiments, user interface 114 is a graphical use 
interface that may be used to manipulate objects in reposi 
tory 120. Further details on a user interface according to 
embodiments of the invention are provided beloW With 
reference to FIGS. 3-6. 

[0053] In some embodiments, a virtual device interface 
106 is part of user interface 104. Virtual device interface 106 
provides a representation of a DUT (i.e. a skin) that may be 
used to provide a graphical image of a DUT. The virtual 
device may have hot spots that correspond to buttons on the 
DUT, and may also emulate other aspects of the user 
interface of a DUT. The virtual device 106 may thus be used 
to provide stimulus that is related to the DUT through the 
test interface 142. Responses, from the DUT to the stimulus 
may then be provided through the test interface 142 and any 
screen changes may be shoWn on the virtual device. The 
response may include an updated screen bitmap that re?ects 
changes on a screen of the DUT. Virtual devices provide a 
mechanism to develop tests on devices located at remote 
locations, and designed to provide an interface that may be 
more convenient or easy to use than the actual device. 

[0054] Debugger 112 provides an interface to debug auto 
mated test cases 122. In some embodiments, debugger 112 
provides an interface that alloWs breakpoints to be set at 
certain points in the execution of a test case. In addition, in 
debugger 112 may provide the ability to single step through 
one or more steps in a test case, including stepping into or 
stepping over a sub-component of a test case (eg a test 
verb). Additionally, debugger 112 may provide an interface 
alloWing a user to Watch for changes in the local, interface, 
and global variables used by a test case. 

[0055] Code generator 110 operates to generate executable 
code for a test case. In some embodiments, a user utiliZes 
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user interface 104 to develop and debug a test case 122. In 
some embodiments, the code generator automatically and 
transparently generates and compiles test logic code, for 
example When the test code is ready to be executed or 
debugged. The code generator reads the test case logic and 
data (including navigation maps, screen de?nitions, test 
verbs, and calls to external code) and generates and compiles 
executable code that performs the logic of the test case. In 
some embodiments, code is generated in the C# program 
ming language and is targeted for a Microsoft .net frame 
Work. 

[0056] Test management repository 130 may be used in 
some embodiments to store previously generated test that 
are deployed or otherWise readied for operational use. In 
some embodiments, the execution module or modules 132 
are generated and compiled by code generator 110 and 
linked into a framework. In addition, test management 
repository 150 may manage test session data 154. Session 
data 154 tracks Which DUTs are in use, and Which are 
available for testing. 

[0057] FIG. 1B is a block diagram providing further 
details of a system incorporating embodiments of the inven 
tion. In some embodiments, the system includes test devel 
opment environment 102, repository service 165, test execu 
tion service 170, test management service 175, Web service 
180, and target service 160, Which in some embodiments 
may be communicably coupled via a netWork 185. Network 
185 may be a corporate LAN, intranet, WAN or other 
netWork. Additionally, netWork 185 may include the Inter 
net. It should be noted that some or all of the services shoWn 
in FIG. 1B may be included on a single system, in Which 
case a netWork may not be required in order for such 
collocated services to communicate. 

[0058] Repository service 165 is a repository manager that 
manages development repository 12 and test management 
repository 150. In some embodiments, repository server 165 
may include a database management service such as 
Microsoft SQL server. Repository service 165 provides 
interfaces for other service to create, read, update and delete 
data in the repositories. 

[0059] As noted above, test development environment 102 
may be used to design and test a test application. 

[0060] Web service 180 provides a Web based interface to 
a broWser to alloW users to control test execution for tests 
that have been deployed. Test may be invoked immediately, 
or may be scheduled for future execution using a broWser in 
communication With Web service 180. 

[0061] Test management service 175 controls test sched 
uling. This may include time of day, day of Week scheduling, 
and may also include scheduling test at matching devices 
and platforms become available. When a test is scheduled to 
run, test management service 175 sends a test execution 
command to test execution service 170. 

[0062] Test execution service 170 receives commands to 
execute one or more tests. Test execution server selects an 

appropriate target service based on test parameters, includ 
ing searching for a matching test platform, and causes a test 
to be executed on a device under test 140 that includes a 
matching platform. 
[0063] FIG. 1C is a block diagram shoWing the logical 
relationship of the various components described above in a 
system according to embodiments of the invention. 
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[0064] FIG. 2 is a block diagram illustrating object man 
agement components according to embodiments of the 
invention. In some embodiments the object management 
components include editor 202, layout object 210 and data 
objects 220. data objects 220 include repository objects 
121-131 above, such as automated test cases 122, test verbs 
123, navigation maps 125, and screen de?nitions 124 
(including screen component and component type de?ni 
tion). 
[0065] Editor 202 comprises any user interface component 
that may be used to visualiZes or change the properties a data 
object 220. Editor 202 may include a vieW 204 and/or a 
model 206. Model 206 is a data object that de?nes the 
business logic of editor 202. VieW 204 is a visual represen 
tation of editor 202 that is presented to the user. 

[0066] Layout object 210 comprises a stored description 
of hoW the data object 220 is shoWn in the given editor 202. 
Not every editor needs a layout object 210. 

[0067] FIG. 3 illustrates an example main screen 300 of a 
test development environment 102 according to embodi 
ments of the invention. In some embodiments, screen 300 
includes one or more of an explorer pane 302, a properties 
pane 306 and a detail pane 304. Explorer pane 302 in some 
embodiments provides a list of categories and objects that 
may exist in a repository, and provides an interface to select 
categories and items for editing. In the example shoWn, 
explorer pane 302 includes user interface elements for test 
sets, test cases, test verbs, navigation maps, global variables, 
data sources, resource tables, custom code, and deployment 
modules. Selection of a user interface element Will typically 
cause the explorer pane to shoW expanded or further details 
or a listing of particular data objects that may be selected for 
vieW, execution and/or editing. In the example shoWn, a 
Pocket PC 2003 platform de?nition have been selected. As 
a result of the selection, property pane 306 has been dis 
played to shoW property values for various properties of the 
platform de?nition. 

[0068] Properties pane 306 in some embodiments displays 
a list of properties associated With a selected item. The 
properties may be selected, and values associated With the 
properties may be changed. Any manner of editing a prop 
erty value may be used, including direct text entry, selection 
from a drop-doWn box, selection from a check box, or other 
user interface editing device knoWn in the art. 

[0069] Detail pane 304 is typically used to provide a 
graphical representation of an interface element selected 
from explorer pane 302. Further details on such graphical 
representations are illustrated beloW With reference to FIGS. 
5-6. 

[0070] FIG. 4 illustrates an example How diagram for test 
design. A typical design How 400 starts at 402 by providing 
templates for components used in de?ning a screen. The 
example How 400 for a test design is a bottom-up design 
How and is not the only How possible. Top-doWn ?oWs and 
inside-out ?oWs are possible and productive as Well. An 
example of a top-doWn How Would be to de?ne a test case 
?rst folloWed by navigation maps and test verbs. The 
purpose of templates is to automate the process of creating 
screen components. The templates may provide standard 
property values and/or bitmap de?nitions for various user 
interface elements of a device under test. In some embodi 
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ments, the templates may include buttons, boxes, menus, 
icons, tables, text ?elds, track bars, and keyboard elements. 

[0071] Next, at 404, a component instance is created. The 
component instance may be created from a template pro 
vided at 402 by dragging the template over or near the 
relevant portion of a screen image as Will be further 
described beloW. In some embodiments components are 
automatically recogniZed Without user action When the 
screen is added to the navigation map. In general, instances 
of components are related to the template used to create the 
component instance. This is desirable, because a change in 
the template may be automatically propagated to all of the 
component instances that refer to the template. Templates 
may signi?cantly reduce the user Workload When creating 
components by automatically recognizing the component on 
the screen, and by automatically setting all the properties of 
the component. 

[0072] At block 406, a screen is de?ned using components 
de?ned at block 404. In some embodiments, a screen is 
de?ned using one or more components, some or all of Which 
must be present in order for the screen to be recogniZed and 
operate properly. A user interface for de?ning a screen 
according to embodiments of the invention is described 
beloW. 

[0073] At bock 408, a navigation map is de?ned using one 
or more screens. In general, a navigation map comprises a 
set of one or more screens as de?ned at block 406, together 
With commands and data that de?ne the transitions from one 
screen to another. A user interface for creating and main 
taining a navigation map is provided beloW. 

[0074] At block 410, a test verb may be de?ned using test 
logic and the navigation maps de?ned at block 408. Simi 
larly, at block 412 a test case may be de?ned using test logic 
the navigation maps de?ned at block 408. The test logic for 
a test case may invoke a test verb. An interface screen for 

de?ning test logic and using navigation maps is described 
beloW. 

[0075] At block 414, a test set may be de?nes using one 
or more test cases. Similarly, at block 416 test sequence may 
be de?ned using one or more test cases, one or more test sets, 
or a combination of test cases and test sets. A test sequence 
may include an order of execution for the test cases and test 
sets in the test sequence. 

[0076] At block 418, a test session is de?ned. A test 
session de?nes the global variables, and other test param 
eters for a particular execution of a test sequence, test set, or 
test case. 

[0077] FIGS. 5A-5C illustrate example navigation map 
panels and screen editor panels of a test development 
environment according to embodiments of the invention that 
may be used in the test design process illustrated in FIG. 4. 

[0078] FIG. 5A illustrates example screen interfaces 502 
and 504 for selecting a platform de?nition and device for a 
navigation map. In some embodiments, a platform de?nition 
is selected in the case that multiple polymorphic versions of 
the navigation map have been de?ned. Screen interface 502 
provides an example platform de?nition selection screen. In 
some embodiments, a list of available platform types is 
provided in a list. The desired platform de?nition may be 
selected and used to provide a platform de?nition context for 
the navigation map. 
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[0079] Screen interface 504 provides a device selection 
interface. Screen 504 provides a list of available devices 
de?ned Within the repository. Those devices having 
attributes that match the currently selected platform de?ni 
tion may be highlighted on one manner, While those devices 
Whose attributes do not match the currently selected plat 
form type may be highlighted differently or not highlighted 
at all. For example, in some embodiments, devices having 
attributes that match the currently selected platform de?ni 
tion are displayed using green text, While devices that do not 
match the currently selected platform are displayed using 
red text. 

[0080] FIG. 5B illustrates an example main navigation 
map screen 506 according to embodiments of the invention. 
In the example shoWn, a navigation map has been selected 
from explorer pane 302, and detail pane 304 is updated to 
display the selected navigation map 508. In the example, the 
navigation map 508 includes data for navigating betWeen 
?ve screens 510.1-510.7. Screen 510.1 comprises a main 
screen on the DUT, screen 510.2 comprises a tasks screen on 

the DUT, screen 510.3 comprises a clock screen, screen 
510.4 comprises a main notes screen on the DUT, screen 
510.5 comprises an oWner information screen on the DUT, 
screen 510.6 comprises a email screen, an screen 510.7 
comprises an add notes screen. Each of screens 510.2-510.6 
is reachable from the main screen 510.1, and each screen 
510.2-510.6 can return to the main screen. HoWever, screen 
510.7 is reachable only through main notes screen 510.4. 
Connecting lines 512 illustrate the navigation betWeen the 
screens. In some embodiments, arroWs indicate the direction 
in Which navigation is permitted. As shoWn in FIG. 5B, 
Navigation betWeen screens is not limited to screens that are 
directly connected. For example, to navigate from screen 
510.1 to screen 510.7, the system automatically recogniZes 
that screen 510.6 may be used as an intermediate screen to 

get from screen 510.1 to 510.7. 

[0081] Screens may be added and deleted from the navi 
gation map. In some embodiments, recording buttons 514 
may be used to add screens to a navigation map. The 
recording buttons may include a record button, pause button, 
and stop button. Upon pressing the record button, stimulus 
originating from a virtual device 519 is sent to the DUT and 
is recorded. After the DUT has transitioned to neW screens, 
as seen on the virtual device 519, the user may press the add 
screen button 518. After the add screen button 518 is press 
the screen is added to the navigation map, displayed on 
navigation map 506, and may be saved. A connecting line 
512 called a screen transition is placed on navigation map 
502 connecting the neW screens to the originating screen. 
The connecting line 512 represents the stimulus (transition 
steps) that caused the screen transition. The user may vieW 
or edit the transition step by double-clicking on the line, if 
for any reason the steps need to be changed. 

[0082] When not in record mode, selecting a screen 510 
from navigation map 502 causes the system to issue the 
appropriate commands to navigate to the selected screen on 
the DUT. In addition, the current screen may be highlighted 
on the navigation map 506 using any mechanism for high 
lighting knoWn in the art. For example, the screen border 
may be displayed in a different or brighter color then 
non-selected screens, or the screen 510 may be made 
brighter or made to blink etc. 
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[0083] In some embodiments, a screen may be designated 
as the anchored screen. In this example, the anchored screen 
is designated by an anchor icon 517. A screen anchor is a set 
of input steps that Will cause the DUT to go to the anchored 
screen regardless of What screen the DUT is currently on. 
The system uses screen anchors When/ if it cannot recognize 
the current screen on the DUT. For example, most systems 
have a mechanism for returning a screen to a home or initial 
screen, no matter What screen a DUT may currently be 
displaying. A screen anchor is useful in placing the system 
in a knoWn initial state When a test case begins. In addition, 
an anchor screen may be used to place the system at a knoWn 
screen in the event that the system cannot locate a screen 
during a screen navigation operation. This capability makes 
it possible to continue test execution even though a DUT 
failure has occurred. Avisual indication is shoWn for screens 
Which have screen identi?er de?ned. In the example, screens 
With identi?ers are shoWn With a green checkmark icon 515. 

[0084] As can be seen from the above, some embodiments 
implement a declarative screen model for automated testing. 
In general, declarative models describe What something is 
like, rather than hoW to create it. For example, a declarative 
model describes the properties of the objects in the model. 

[0085] FIG. 5C illustrates a screen editor 520 according to 
embodiments of the invention. Screen editor 520 may be 
entered upon selecting a screen from navigation map 506 
When the test environment is not in record mode. Screen 
editor 520 includes a component explorer 528, screen bit 
map pane 522, and a screen component list 524. Screen 
bitmap pane 522 displays a bitmap of the currently selected 
screen. 

[0086] Component explorer 528 contains a list of tem 
plates for each type of component that may be used to de?ne 
a screen of a DUT, and Which may be automatically recog 
nized by the system. 

[0087] Screen component list 524 displays a list of com 
ponents de?ned for the screen. The components may be 
recognized components or not recognized components. A 
recognized component is one that the system has success 
fully detected as being present on the screen bitmap 522. In 
some embodiments, recognized components are highlighted 
on the screen bitmap 522. For example, a recognized com 
ponent such as a button may be surrounded by a highlighted 
box. In the example shoWn, oWner button 526 is among the 
components that have been recognized as present in screen 
bitmap 522. Not recognized components are components 
that have been de?ned as possibly being present, but are not 
currently found on screen bitmap 522. In some embodi 
ments, property panel 524 lists the recognized components 
and the unrecognized components de?ned for a particular 
screen. Components in the list may be designated a screen 
identi?ers through the use of a right-click menu. Compo 
nents that have been designated as identi?ers for the screen 
are shoWn by using bolded type for component name 529. A 
screen identi?er is a component or set of components that 
may be used to uniquely recognize a screen. The system then 
uses the screen identi?ers to determine Which screen a DUT 

is currently on, and may also use the screen identi?ers to 
determine that the system has navigated to the correct 
screen. 

[0088] In order to add a component to screen component 
list 524, a user selects the desired component type from 

Jan. 4, 2007 

component explorer pane 528. A recognition rule editor is 
then invoked that alloWs a user to de?ne hoW the component 
Will be recognized on a screen. Or, the user may use a 
component template that is listed under the component type. 
When a component template is used the component is 
automatically created, and therefore the recognition rule 
editor is not invoked. 

[0089] FIG. 5D illustrates a recognition rule editor 530 
according to embodiments of the invention. In the example 
shoWn, a user has indicated that a button is to be recognized. 
The recognition rule editor 530 includes a current screen 
bitmap 522, a recognition mode pane 532, and a bitmap 534. 
Recognition mode 532 controls hoW the button Will be 
recognized. In some embodiments, recognition may be 
position based, text based, or icon based. In position based 
recognition, a particular bit pattern is expected at a particular 
position on the screen. The position may be de?ned using 
four comers, a border search, a line based search, or an 
absolute position. Additionally, recognized components may 
be highlighted on the screen. In some embodiments, recog 
nized components are highlighted by placing a colored 
rectangle around the recognized portion. 

[0090] In text based recognition, text on a button label 
may used to recognize the button. The user may select a 
bitmap for the text, upon Which the system may perform 
optical character recognition in order to determine the actual 
text contained in the bitmap. The user may then verify the 
correct text for the button. 

[0091] In icon based recognition, a bitmap area for the 
button is selected from screen bitmap 522. In some embodi 
ments, the user may de?ne bits Within the bitmap area as 
being signi?cant to the button recognition, or as “don’t care 
bits” in Which the system Will ignore the value for purposes 
of button recognition. For example, a square area may be 
selected that contains a circular button. Pixels in the four 
comers of the selected area that are outside of the circular 
button bitmap may be designated as “don’t care” bits 
because they are not signi?cant in detecting the presence of 
the button. In addition, bits that may be set as part of a 
background color may be designated as “don’t care” bits in 
order to alloW for the same button to be detected no matter 
What background a user has selected. 

[0092] A screen recognition component may be desig 
nated as a template component. In this case, a template is 
de?ned for recognizing the component. Once de?ned, the 
template may be applied to multiple screens Where the same 
button may appear. Thus a user does not have to rede?ne a 
recognition rule for each screen a button may appear on. 
After a component template has been de?ned it appears 
under the parent component type in the component explorer 
list 528. 

[0093] FIG. 6A illustrates an example test design panel 
600 of a test development environment according to 
embodiments of the invention. In general, the test design 
panel is used to create, edit, debug, and run test cases and 
test verbs. The test design panel has three basic modes of 
operation. They are design, debug, and run modes. The 
design mode is used to create and edit test cases and verbs 
through recording on the virtual device 519, or by drag and 
drop construction using test logic blocks. In the example 
shoWn, test panel 600 includes a test case How chart 602 and 
a test logic block list 604. Test logic block list 604 provides 








