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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotec
Commission) form the specialized system for worldwide standardization. National bodies th
members of ISO or IEC participate in the development of International Standards through tec
committees established by the respective organization to deal with particular fields of tec

hnical
at are
hnical
hnical

activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international

organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part

in the

work. In the field of information technology, ISO and IEC have established a joint technical comi
ISO/IEC]TC 1.

The procedures used to develop this document and those intended for its further maintenan
described in the ISO/IEC Directives, Part 1. In particular the different approval critéria need
the different types of document should be noted. This document was drafted in @¢cordance wi
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the s
of patent rights. ISO and IEC shall not be held responsible for identifying any or all such
rights. Details of any patent rights identified during the development.of'the document will be
Introduction and/or on the ISO list of patent declarations received (see'www.iso.org/patents).

Any trade name used in this document is information given for'the convenience of users and do
constitute an endorsement.

For an explanation on the meaning of ISO specific térms and expressions related to confd
assessment, as well as information about ISO’s adherence to the WTO principles in the Tec
Barriers to Trade (TBT), see the following URL: Foreword — Supplementary information.

The committee responsible for this documentis\ISO/IEC JTC 1, Information technology, Subcomi
SC 35, User interfaces.

This second edition cancels and replaces-the first edition (ISO/IEC/TR 13066-2:2012), which ha
technically revised.

ISO/IEC/TR 13066 consists of the-following parts, under the general title Information technol
Interoperability with assistive technology (AT):

— Part 1: Requirements.dand recommendations for interoperability

— Part 2: Windows.aceessibility application programming interface (API)

— Part 3: IAccessible2 accessibility application programming interface (API)
— Part 4: Linux/UNIX graphical environments accessibility API

— Part'6: Java accessibility application programming interface (API)
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Introduction

Individuals with a wide range of functional disabilities, impairments, and difficulties require specific
technology to enable computers and software to be accessible to them. This part of ISO/IEC 13066
provides information about the Microsoft® Windows® Automation Frameworks, including Microsoft
Active Accessibility, User Interface (UI) Automation, and the common interfaces of these accessibility
frameworks including the TAccessibleEx interface specification.

The ifitent of this part of ISO/TEC 13066 is to provide information and application programming
interfaces (APIs) needed to use these frameworks. A primary goal of this part of ISO/IEC 13066 isro
ensurg that accessible software applications can be written in such a way that they are fully compatible
with the Microsoft Accessibility APIs available on the Microsoft Windows operating system.

vi © ISO/IEC 2016 - All rights reserved
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Information technology — Interoperability with assistive

technology (AT) —

Part 2:

Windows accessibility application programming
interface (API)

1 Scope

This part of ISO/IEC 13066 specifies services provided in the Microsoft Windows platform to

bnable

assistive technologies (AT) to interact with other software. One goal of this\part of ISO/IEC 13066 is to

define a set of application programming interfaces (APIs) for allowing software applications to
accessible technologies on the Microsoft Windows platform. Another,gaal of this part of ISO/IEC
is to facilitate extensibility and interoperability by enabling implementations by multiple vend
multiple platforms.

This part of ISO/IEC 13066 is applicable to the broad range of ‘ergonomics and how ergonomics aj
human interaction with software systems.

2 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

21
application programming interface
API
standard set of documented and supported routines that expose operating system prograr
interfaces and services to applications

Note 1 to entry: An APl is usually a source code interface that an operating system, library, or service provy
support requests made by Computer programs.

EXAMPLE Examples of operating system services that are exposed by APIs include administrati
management, diagriestics, graphics and multimedia, networking, security, system services, user interfac
accessibility.

2.2
accessibility
degree:te’ which a computer system is easy to use by all people, including those with disabilities

2.3

bnable
13066
br's on

ply to

hming

ides to

bn and
bs, and

accessible nhipr‘f

part of user interface object that is accessible by Microsoft Active Accessibility

Note 1 to entry: An accessible object is represented by an TAccessible interface and a Chi1dId identifier

2.4
Accessible Rich Internet Applications
ARIA

accessibility framework from W3C that exposes web content to assistive technologies such as screen

readers and speech commanding programs

© ISO/IEC 2016 - All rights reserved
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Assistive Technology

AT

technology designed to provide accessibility support to individuals with physical or cognitive
impairments or disabilities

Note 1

2.6

to entry: Assistive Technology can be manifested through both hardware and software.

Acces
Linux|
ATK

progr
2.7

S1bility Toolkit
Accessibility Toolkit

hmming support accessibility features in their applications

autompation

replad

Note 1]
user in

2.8

ement of manual operations by computerized methods

to entry: With respect to this part of ISO/IEC 13066, automation is a way to manipulate an application’s
terface from outside the application.

autonpation element

object

Note 1
Autom|

29
Audidg
AVI

or element that is accessible by the Ul Automation object model

to entry: Similar to accessible objects in Microsoft Active ACcessibility, an automation element in Ul
ation represents a piece or a part of the user interface, such asbutton, window, or desktop.

Video Interleaved

formal that enables both audio and video data in afile container

2.10
C#

progr
Note 1

Note 2
runtin

211

callbd
functi
functi

Note 1
compo)
specifi

hmming language designed for building applications that run on the .NET Framework
to entry: C#, which is an evolution of C and C++, is type safe and object-oriented.

to entry: Because it is compiled as managed code, it benefits from the services of the common language
e, such as language interopérability, security, and garbage collection.

ck function
pn or procedure that third party or client code supplies to a component, often by passing a
pn pointer through the component’s API

to entry: The component may then call this code at specific times. This technique is often used by
nents\to signal client code that some event has taken place, or to request client code to perform some
c Cask.

2.12
client

S

component that uses the services of another component

Note 1

to entry: In this part of ISO/IEC 13066, client refers more specifically to a component that uses the services

of Microsoft Active Accessibility or Ul Automation, or both, to access, identify, or manipulate the user interface
(UI) elements of an application
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2.13

Common Language Runtime

CLR

Microsoft’s commercial implementation of the Common Language Infrastructure (CLI) specification

Note 1 to entry: The CLI provides a specification for executable code and the execution environment in which it runs

Note 2 to entry: At the centre of the CLI are a unified type system, a virtual execution system, and a specification
for multiple programming languages to share the type system and compile into a common intermediate language.

2.14
Component Object Model
COM
object-oriented programming model that defines how objects interact within a single procgss or
between processes

Note 1 to entry: In COM, clients have access to an object through interfaces implemented on the object.

2.15
content view
subset of the control view of the Ul Automation tree

Note 1 to entry: The content view contains Ul items that convey thé-actual information in a user interface,
including Ul items that can receive keyboard focus and some text thdt iSnot a label on a Ul item.

2.16
control pattern
<UI Automation> design implementation that describes a discrete piece of functionality for a control

Note 1 to entry: This functionality can include the visual appearance of a control and the actions it can peiform.

2.17
control view
subset of the raw view of the Ul Automation tree

Note 1 to entry: The control view includes the Ul items that provide information to the user or enable the [iser to
perform an action.

2.18
enumerator
object that iterates thiough its associated collection

Note 1 to entry: An@numerator can be thought of as a movable pointer to any element in the collection.

2.19

Global Uniqué€ Identifier

GUID

uniquexeference number used as an identifier in computer software

2.20
HWND

unique long integer value that is assigned by Microsoft Windows to the current window, where a
window is a primitive of Windows’ Ul management

2.21
in-process
<UI Automation> Microsoft Accessibility code that is executed in a target application’s process

© ISO/IEC 2016 - All rights reserved 3
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2.22

Java Accessibility Application Programming Interface

JAAPI

accessibility framework for the Java™ SE platform that exposes Java applications to assistive
technologies such as screen readers and speech commanding programs

2.23
Java Development Kit
JDK

collection of programming tools

2.24
Java {irtual Machine
JVM
envirgnment in which Java bytecode can be executed

2.25
managed API

API that, when compiled and run, is under the control of an intermediary runtime,infrastructure, like a
virtugl machine

EXAMPLE Microsoft’s Common Language Runtime (CLR) and the Java VirtuallMachine (JVM) are examples
of runfime infrastructures.

Note 1| to entry: Managed code is compiled into an intermediate language construct (for example, byte code)
and thp runtime infrastructure handles the compilation into machine{code. The runtime infrastructure handles
progrgmming constructs like memory management.

2.26

Micrdsoft Active Accessibility

COM-based technology that improves the way accessibility aids work with applications running on
Micropoft Windows

Note 1fto entry: Microsoft Active Accessibility provides dynamic-link libraries (DLLs) that are incorporated into
the opprating system, as well as a COM interfacevand application programming elements that provide reliable
methofs for exposing information about user(interface elements.

2.27
MSDN
the Mjcrosoft Developer Netwark, which is a technical information resource for developers who are
using Microsoft technologies

2.28
Multiple Documentliterface
MDI
A docfiment intenface that allows a window to reside under a parent window

2.29
native API
API that_when compiled and run, is not under the control of an intermediary runtime infrastructure

such as a virtual machine or CLR

Note 1 to entry: Native code compiles directly to machine code, and the developer is responsible for most aspects
of programming constructs (for example, pointers, freeing memory, and so on). Also known as a native API.

2.30

out-of-process

<UI Automation> Microsoft Accessibility code that is executed in a different process from the target
application’s process

4 © ISO/IEC 2016 - All rights reserved
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2.31
providers
<UI Automation> components that expose information about Ul elements

EXAMPLE Such components can be applications, DLLs, and so on.

Note 1 to entry: These include any control, module, or application which implements Ul Automation provider
interfaces.

232

raw view
full tree of Ul Automation element objects in the Ul Automation tree for which the desktop iSthe oot

Note 1 to entry: The raw view closely follows the native programmatic structure of an application,and, therefore,
is the most accurate view of the Ul structure. It is also the base on which the other views of thé€ tree are built.

2.33

root element
element of the Ul Automation tree that represents the current desktop®and whose child elements
represent application windows

Note 1 to entry: Each of these child elements can contain elements representing pieces of Ul such as menus,
buttons, toolbars, and list boxes.

2.34

servers
components of Microsoft Active Accessibility that haveAlN elements and expose information abdut the
Ul elements and/or allow them to be manipulated

EXAMPLE Such components can be applications, BLLs, and so on.
Note 1 to entry: A Microsoft Active Accessibility server has the same role as a Ul Automation provider.

2.35
simple element
<Microsoft Active Accessibility> element that shares an TAccessible object with other peer elements

Note 1 to entry: A simple element relies on the shared IAccessible object (typically its parent in the|object
hierarchy) to expose its properties.

2.36
Services Control Manager
SCM
system process-thdat maintains a database of installed services and driver services, and provfides a
unified and secure means of controlling them

Note 1 to_entry: The database includes information on how each service or driver service should be stafted. It
also enables system administrators to customize security requirements for each service and thereby ¢ontrol
access'to the service.

2:37

system service
application conforming to the interface rules of the Service Control Manager (SCM)

Note 1 to entry: It can be started automatically at system boot, by a user through the Services control panel
applet, or by an application that uses the service functions.

Note 2 to entry: Services can execute even when no user is logged on to the system. File services, indexing service,
memory management, power management, and remote desktop services are examples of services.

© ISO/IEC 2016 - All rights reserved 5
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2.38

Text Services Framework

TSF

simple and scalable framework for the delivery of advanced text input and natural language technologies

Note 1 to entry: TSF can be enabled in applications, or as a TSF text service.

Note 2 to entry: A TSF text service provides multilingual support and delivers text services such as keyboard
processors, handwriting recognition, and speech recognition.

2.39
user interface
Ul
mechgnisms by which a person interacts with a computer system

Note 1|to entry: The user interface provides input mechanisms, allowing users to manipulate a system.

Note 2 to entry: It also provides output mechanisms, allowing the system to produce the‘effects of the users’
manipplation.

2.40
User Interface Automation
UI Automation

UIA
accesdibility framework that exposes applications to software automdtion or to assistive technologies
such ds screen readers and speech commanding programs

2.41
virtual machine
VM
compyiter within a computer, implemented in software

Note 1|to entry: A virtual machine emulates a complete’hardware system, from processor to network card, in a
self-coptained, isolated software environment, enabling the simultaneous operation of otherwise incompatible
operatjing systems

Note 2|to entry: Each operating system runs\n its own isolated software partition.

2.42
Visual Basic
VB
visuall programming envir¢nment from Microsoft based on the BASIC programming language

2.43
Web Accessibility Initiative
WAI
effortjto improye the accessibility of the World Wide Web

2.44
WinEyénts

mechdamisnT tiratattows Servers and tie WiTdows Operating SySTernT to Notify CHENtS WHETT aIT acCessibie
object changes

2.45

World Wide Web Consortium

w3cC

A standards organization for the World Wide Web

6 © ISO/IEC 2016 - All rights reserved
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3 General description and architecture of the Microsoft Windows Automation API

3.1 General description

The Microsoft® Windows® Automation API consists of two accessibility frameworks, Mic
Active Accessibility and User Interface Automation (Ul Automation). The TAccessibleEx int
specification integrates the two accessibility frameworks.

Althauoh Micracoft Activa Accaccihilityy and TIT Avtamaation avg tvasn ifforant framawvnrlre +h
O E e OS50 eV e e SSiphrity—ahia—orxtbito ae——Wo—thrrere e Wot

rosoft
erface

basic

TXIC (=) ¥ TITOCroTT SO TITY

design principles are similar. The purpose of both is to expose rich information about the Ul elg|
used in Windows applications. Developers of accessibility tools can use this information tg help
applications more accessible to people with vision, hearing, or motion disabilities.

3.1.1 Microsoft Active Accessibility overview

Microsoft Active Accessibility is based on the Component Object Model (COM), which defines a co
way for applications and operating systems to communicate. The goal of Microsoft Active Accesq
is to allow custom controls to expose basic information, such as name,docation on screen, or t
control, and state information such as visibility, enabled, or selected.

The accessible object is the central object of Microsoft Active Accessibility and is represented
IAccessible COM interface and an integer ChildId. It allows/applications to expose Ul ele
as a tree structure that represents the structure of the Ul. Each element of this tree exposes a
properties and methods that allow the corresponding Ul élement to be manipulated. Microsoft

ments
make

mmon
ibility
ype of

by an
ments
set of
Active

Accessibility clients can access the programmatic Ul infermation through a standard API. The following

sections describe the main parts of Microsoft Active Accessibility, including accessible object
WinEvents mechanism, the Microsoft Active Accessibility runtime (Oleacc.dll), and Mig
Active Accessibility clients and servers.

3.1.1.1 Microsoft Active Accessibility components
Microsoft Active Accessibility containgthe following main components.

— Accessible Object — A logical Uljelement (such as a button) that is represented by an TAccess
COM interface and a Chi1dTd value.

— The IAccessibkelinterface has properties and methods for obtaining information abo
manipulating Ul elements.

— ChildIdis an identifier for an accessible object that is used together with an TAcces{
instance.to’refer to a specific Ul element.

— WinEvents/— An event system thatallows servers to notify clients when an accessible object ch
For more information, see Clause 8.

— Ofeacc.dll — A run-time dynamic-link library that provides the Microsoft Active Access
API and the accessibility system framework. Oleacc.d1l1 also provides proxy objects f]

s, the
rosoft

ible

ut and

ible

hnges.

ibility
br the

Windows operating system standard controls.

3.1.1.2 Oleacc.dll

The following APIs and functions are included in Oleacc.d11.

— Client APIs — APIs that clients use to request an IAccessible interface pointer (for example,

AccessibleObjectFromX).

— Server APIs — APIs that servers use to return an IAccessible interface pointer to a client (for

example, LresultFromObject).
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APIs for getting localized text for the role and state codes (for example, GetRoleText and
GetStateText).

Helper APIs (for example, AccessibleChildren).

Proxies — Code that provides the defaultimplementation ofan IAccessible interface for standard
USER and COMCTL controls. Because these controls implement the TAccessible interface on
behalf of the system controls, they are known as proxies.

3.1.1.B Microsoft Active Accessibility clients

Micropoft Active Accessibility helps accessibility aids, called clients, interact with standard)‘and
custoim Ul elements of other applications and the operating system. Clients can use Microsoft) Active
Accessibility to access, identify, and manipulate an application’s Ul elements. Clients include aécé¢ssibility
aids, qutomated testing tools, and computer-based training applications.

Clientp must know when the server’s Ul changes so that information can be conveyed to the user. They
are nqtified about changes in the server Ul by registering to receive notifications_6f specific changes
through a mechanism called Window Events, or WinEvents. For more information; see Clause 8.

To leafn about and manipulate a particular Ul element, clients use a pair consisting of an TAccessible
interface and a ChildId.

3.1.1.44 Microsoft Active Accessibility servers

Applidations that interact with and provide information to clierdts'are called servers. Servers include any
contrgl, module, or application that implements Microsoft Active Accessibility. A server uses Microsoft
Active Accessibility to provide information about its Ul elemeénts to clients.

3.1.2 | UI Automation overview

Ul Automation provides programmatic access\to Ul elements on the desktop, enabling assistive
technglogy products such as screen readers.to provide information about the UI to end users and to
manigulate the Ul by means other than standard input. Ul Automation also allows automated test
script to interact with the UI. The Ul Automation Specification is designed so that it can be supported
acrosg platforms other than MicrosoftWindows.

UI Aufomation is broader in scopethan just an interface definition. Ul Automation provides

a et of classes that make it easy for client applications to receive events, retrieve property values,
and manipulate Ul elements,

a¢oreinfrastructure for doingfetch, find, and similar operations efficiently across processboundaries,
asetofinterfaees for providersto expressthe Ulasatree structure, along with some general properties,

a ket of.interfaces that providers use to express other properties and functionality specific to the
cgntrel type. These are the control pattern interfaces.

To improve on MicrosoIt Active Accessibllity, Ul Automation aims to address the rollowing goals:

enable efficient out-of-process clients, while continuing to allow in-process access;
expose more information about the Ul in a way that allows clients to be out-of-process;

coexist with and use Microsoft Active Accessibility, butdo notinherit problems that existin Microsoft
Active Accessibility;

provide an alternative to TAccessible thatis simple to implement.

© ISO/IEC 2016 - All rights reserved
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The Microsoft Windows implementation of Ul Automation features COM-based interfaces and ma
interfaces that are included with the Microsoft .NET Framework.

3.1.2.1 Ul Automation components

UI Automation has four main components, as shown in the following table.

naged

Component Description

Provider API A set of COM interfaces that are implemented by UI Automation providers. Ul
Automation providers are objects that provide information about Ul elements:and
respond to programmatic input.

Client API A set of COM interfaces that enable client applications to obtain informdtjon about
Ul and to send input to controls.

the

UiAutomationCore.dll |The run-time library, sometimes called the Ul Automation core thathandles
communication between providers and clients.

Oleacc.dll The run-time library for Microsoft Active Accessibility and the proxy objects. The

Automation Proxy to support Win32 controls.

library also provides proxy objects used by the Microsoft Active Accessibility to Ul

Ul Automation can be used to create support for custom controls_by using the provider API,
create client applications that use the Ul Automation core to communicate with Ul elements.

3.1.2.2 Ul Automation model

Ul Automation exposes every element of the Ul to client applications as an object represented
IUIAutomationElement interface. Elements are contained in a tree structure, with the dg
as the root element. Clients can filter the raw view of the tree as a control view or a content
Applications can also create custom views.

A UI Automation element exposes propertiés of the control or Ul element that it represents. One o

ind to

by the
b sktop
view.

Fthese

properties is the control type, which defines the basic appearance and functionality of the controll or Ul

element as a single recognizable entity, for example, a button or check box.

In addition, a Ul Automation element exposes one or more control patterns. A control pattern proy

rides a

set of properties that are specificto a particular control type. A control pattern also exposes methodls that

enable client applications te.get more information about the element and to provide input to the ele

Ul Automation provides information to client applications through events. Unlike WinEven
Automation events arg'not based on a broadcast mechanism. Ul Automation clients register for sj
event notifications’and can request that specific properties and control pattern information be
to their event-handlers. In addition, a Ul Automation event contains a reference to the elemer
raised it. Providers can improve performance by raising events selectively, depending on wheth
clients arélistening.

3.1.3~ IAccessibleEx interface

ment.

ts, Ul
becific
assed
t that
er any

Centrols that do not have a Microsoft 1l Automation provider, but that implement the Mig

rosoft

Active Accessibility TAccessible interface, can easily be upgraded to provide some Ul Automation
functionality by implementing the IAccessibleEx interface. This interface enables the control to
expose Ul Automation properties and control patterns, without the need for a full implementation of Ul

Automation provider interfaces such as IRawElementProviderFragment.

The IAccessibleEx interface enables existing applications or Ul libraries to extend their Mic

rosoft

Active Accessibility object model to support Ul Automation without rewriting the implementation
from scratch. With TAccessibleEx, developers can implement only the additional Ul Automation

properties and control patterns needed to fully describe the Ul and its functionality.
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Because the Microsoft Active Accessibility-to-Ul Automation Proxy translates the object models of
IAccessibleEx-enabled Microsoft Active Accessibility servers as Ul Automation object models, Ul
Automation clients do not need to do any extra work. The TAccessibleEx interface can also enable
in-process Microsoft Active Accessibility clients to interact directly with Ul Automation providers.

3.2 Architecture

The diagrams in this section show the architectures of Microsoft Active Accessibility, Ul Automatlon

and otherrelatedimplementationsApplicationssuchasword precessingprosramsarecatedserversin
Micropoft Active Accessibility and providers in Ul Automation because they serve or provide information
about|their user interfaces (UI). Accessibility tools such as screen readers are called clients in both
Microjoft Active Accessibility and Ul Automation because they consume and interact with application
Ul inf¢rmation. These diagrams provide an overview of each technology and are not intended-to ptesent
highly detailed views of the architecture and scenarios of Microsoft Active Accessibility, UL Automation,
and ofher implementations discussed in this section.

The system component of the Microsoft Active Accessibility framework, Oleac€/’~d11, aids in the
commfunication between accessibility tools (clients) and applications (servers). The code boundary
indicates the programmatic boundaries between applications that provide ULaecessibility information
and agcessibility tools that interact with the Ul on behalf of users. The boundaty can also be a process
boundpary when Microsoft Active Accessibility clients have their own progess.

Accessibility Tools Applications

gAlepunoq apo)

OLEACC.dIl < COM/ DEOM MSAA Server

[
|

ot | N
C MSAA Proxies ) < ~ontrol Specifc AP >( USER32/COMCTRL)

N T 1
\_ , |

* Alsd process boundary in case of out-of-process MSAA clients.

Figure 1 — Microsoft Active Accessibility

With Ul Automation, tHe7 Ul Automation Core component (UTAutomationCore.dl1) is loaded
into hoth the accessibility tools’ and applications’ processes. This component manages cross-
proceps communigation, and it also provides higher level services such as searching for elements by
propefrty values:
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I
I

Accessibility Tools : Applications
I

Ul Automation | a )

[ Client Code j | COMOTRLY MSAA Server
USERS32
A I ul
l 6? Automation
g I Provider
g
| § ( Ul Automation Proxies
| § Q J
| < Q>Q)
| Q
A 4 | (@2
I
Ul Automation Core Named pipe >[ Ul Automation Core
|
A\

Figure 2 — Ul Autoniation

Using the TAccessibleEx interface, applications can improve the accessibility of existing Midrosoft
Active Accessibility server implementations. Microsoft Active Accessibility server implementations are

exposed to clients via the proxy just as regular UlFAutomation implementations are.

Accessibility Tools

Applications

(MSAA Server

) 3 Ul Automation
Ul Automation S Provider Interfaces
CliedtCode A
e 8 \_
& 5 f
o
?\ )
3 )
MSAA-to-UIA Prox
NS C ’
o) 2
v v
[ Ul Automation Core Named pipe Ul Automation Core

Figure 3 — MSAA-to-UIA Proxy enables Ul Automation clients to access Microsoft Active
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While the MSAA-to-UIA proxy enables Ul Automation clients to access Microsoft Active Accessibility
servers, the UIA-to-MSAA bridge does the inverse. It enables Microsoft Active Accessibility clients to
access Ul Automation providers.

Accessibility Tools Applications

(MSAA Client)

StAutomatiom Provider

, i

|
|
|
|
|
|
|
|
|
|
|
COM/DCOM -to- i
OLEACC.dil T >[ UIA-to-MSAA Bridge ]
|
|
|
|
|

. Aepunog spop

Ul Automation Core

-

* Alsd process boundary in case of out-of-process MSAA clients.

Figure 4 — UIA-to-MSAA Bridge enables Microsoft Active Accessibility clients to access Ul
Automation providers

4 Upsing the API

4.1 [Using the Microsoft Active Accessibility API

In Mi¢rosoft Active Accessibility, evéry Ul element is represented by an TAccessible interface
paireq with a Chi1dId value. A Ul element represented by such a pair is called an accessible object. An
accesdible object exposes properties, including the object’s name, screen location, and other information
needed by accessibility aids. The-accessible object also provides methods that enable clients to perform
an actfion on the corresponding’Ul element.

An acgessible object that-has simple elements associated with it is also called a parent or container.
The pprent is represented by a ChildId value of CHILDID SELF (or 0 “zero”). The children are
repregented by a Hon-zero value (usually a positive sequential number beginning with 1). Child objects
that are represented by a non-zero ChildId value are called simple elements. Simple elements share
the same TAcae’ssible interface with their parent, but they are differentiated by the Chi1d1d value.
The ChildPd assignment is done on a per-instance-of-interface basis, so the IDs must be unique within
that cputext.

For example, a system list box is represented by a proxy object as an accessible object for the overall list
box, and simple elements for each list box item. In this case, the accessible object with CHILDID SELF
is called a parent or container of the list items. The individual objects with non-zero ChildId values
are, on the other hand, called children or list items (contained in the list box).

Simple elements cannot have children of their own. If a Ul element has more than two levels of hierarchy,
the object representation should be structured in multiple levels of accessible objects instead of parent
and simple object pairs.
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4.1.1 Types of Microsoft Active Accessibility support

Microsoft Active Accessibility servers can have two types of support for accessible objects: native and
proxied. An application’s Ul elements determine which type of support is appropriate. Many servers
being written today take full advantage of the system provided proxies. They implement Microsoft
Active Accessibility only for those custom controls that the system does not proxy.

4.1.1.1 Native Microsoft Active Accessibility implementation

Ul elements that implement their own accessible objects are said to provide a native implementation.
Although the development cost for implementing custom accessible objects can be high, the benefit is
complete control over the information exposed to clients. By providing native support, anapplication is
free to innovate in its Ul while remaining 100 % accessible.

If an application uses custom controls or other controls that Oleacc.dl1l cafinet proxy, a pative
implementation will need to be provided.

4.1.1.2 Accessible object proxies

Accessible object proxies provide default accessibility information {6y standard Ul elements:| USER
controls, USER menus, and common controls from comct132.d11, This default supportis availablg from
Oleacc.dll, and it delivers standard Microsoft Active Accessibility support without additional ferver
development work. However, the application has little control over the information that is exposed.

4.1.2 Retrieving an accessible object

Retrieving an accessible object is the first step to,establishing communication between accesdibility
tools and the target application. Microsoft Active>Accessibility clients can initiate this communigcation
by using one of the following AccessibleObj&ctFromX functions provided by Oleacc.d11:

Function Description

AccessibleObjectFromPoint Retrieves an accessible object from a screen coordinate.
AccessibleObjectFromWindow Retrieves an accessible object from a window handle (HWND).
AccessibleObjectFromEvent Retrieves an accessible object from a WinEvent.

4.1.3 The WM_GETOBJECT message

Both Microsoft Active Accessibility and Ul Automation send the WM GETOBJECT message to pbtain
information abo@t)an accessible Ul object on the desktop. Applications (including accesdibility
tools or clients))hever send this message directly. It is sent only by the accessibility frampwork
(Oleacc.d Wfor Microsoft Active Accessibility or UTAutomationCore.dl1 for Ul Automatjon) in
response {ta* calls such as AccessibleObjectFromPoint, AccessibleObjectFromEvenht, or
AccesSibleObjectFromWindow. Ul components that support either Microsoft Active Accesdibility
or UL Automation must handle the message (WM GETOBJECT) correctly.

The return value in response to WM_GETOBJECT depends on whether the window or contrgl that

recelves the message implements Microsott Active Accessibility, Ul Automation, or none of those.

— If implementing Microsoft Active Accessibility for the object and also if the dwObjID (1Param)
was OBJID CLIENT, return the result obtained from LresultFromObject function for the
IAccessible implementation.

— If implementing Ul Automation for the object and also if the dwObjID (1Param)
was UiaRootObjectId, return an interface to the Ul Automation provider using
UiaReturnRawElementProvider function.
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— If

implementing neither Microsoft Active Accessibility nor Ul Automation, allow the message to

pass to DefWindowProc. The accessibility framework will determine if a proxy is available to the
particular Ul element.

— If

dwObjID was neither OBJID CLIENT nor UiaRootObjectId, allow the message to

pass to DefWindowProc. The accessibility framework then will process default providers for

st

andard Ul elements.

Controls can also use custom values in dwObjID to return specific return values or objects to

WM_Gl
nativdg

Micro
two i
UiaR

Becau
Acces

FTOBJECT. OBJID NATIVEOM and OBJID QUERYCLASSNAMEIDX can be used for returninga
object model interface or for requesting a specific Oleacc.d11l proxy.

soft Active Accessibility server and Ul Automation provider implementations (the first
mplementations in the preceding list) can coexist by handling both OBJID CLZENT and
botObjectId accordingly.

se most Windows common controls and USER controls do not implement either Microsoft Active
bibility or Ul Automation, the Ul elements generally don’t handle a WM GETOBJECT message.

Instead, the accessibility framework (Microsoft Active Accessibility or Ul Automation) checks if a proxy

object
the ho

4.1.4

4.1.4.
If the

is available for a particular Ul element. Otherwise, it will provide to thé default proxy object for
st window object.

Special values of Object Identifier

I Using the OBJID_NATIVEOM to expose a native objec¢t model interface

Ul element supports native object models other than Microsoft Active Accessibility or Ul

Automation, it can still expose the custom interface™by responding to WM GETOBJECT with

OBJI

D NATIVEOM parameter in dwObjID (or 1Pardm). Use LresultFromObject to wrap the

interfyce. Clients can retrieve the interface by callingd&cessibleObjectFromWindow function with
OBJIP NATIVEOM as the second parameter.
4.1.4.2 Using the OBJID_QUERYCLASSNAMEIDX to enable certain Oleacc proxy
When| Microsoft Active Accessibility sends a WM GETOBJECT message with the
OBJIDQUERYCLASSNAMEIDX in the object ID, many standard USER or common controls (COMCTL)
return one of the following values.

USER or common-eontrol Return value

Listbox 65536+0

Button 65536+2

Stati¢ 65536+3

Edib 65536+4

Combobox 65536+5

Scrollbar 65536+10

Status 65536+11

Toolbar 65536+12

Progress 65536+13

Animate 65536+14

Tab 65536+15

Hotkey 65536+16

Header 65536+17

Trackbar 65536+18

14
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USER or common control Return value
Listview 65536+19
Updown 65536422
ToolTips 65536+24
Treeview 65536+25
RichEdit 65536+28

Generally, only USER and Windows common controls (comct132.d11) return one of the valGe$ from
the table. If a window returns 0 in response to this message, the window may be one of the fellowing:

— acustom control;
— acontrol other than one of the controls in the previous table;
— an old version of a system control that doesn’t recognize the WM GETOBJECT message.

However, it is possible for the custom control to return a specific return value to enable a USER or
COMCTL proxy object by Oleacc.d1l1l. Such controls must support allnative functions and APIs|of the
corresponding system control.

4.2 Using the UI Automation API

There are two ways of using Ul Automation: to create suppoft for custom controls by using the prpvider
AP], and to create client applications that use the Ul Automation core to communicate with, and rdtrieve
information about, Ul elements.

4.2.1 Ul Automation model

Ul Automation exposes every element of the Ul to client applications as an “automation element]’; that
is, an object represented by the TUTAutomationElement interface. Elements are contained in|a tree
structure, with the desktop as the roofelement. Clients can filter the raw view of the tree as a control
view or a content view. Applications/can also create custom views.

A UI Automation element exposes properties of the control or Ul element that it represents. One of these
properties is the control type, which defines the basic appearance and functionality of the controll or Ul
element as a single recognizable entity, for example, a button or check box.

In addition, a Ul Autemation element exposes one or more control patterns. A control pattern proyides a
set of properties thatare specific to a particular control type. A control pattern also exposes methodls that
enable client applications to get more information about the element and to provide input to the elgment.

NOTE There is no one-to-one correspondence between control types and control patterns. A control pattern
may be supported by multiple control types, and a control may support multiple control patterns, each of which
exposes.different aspects of its behaviour. For example, a combo box has at least two control patterns: ope that
represents its ability to expand and collapse, and another that represents the selection mechanism. However, a
control can exhibit only a single control type.

Ul Automation provides informafion to client applications through events. Unlike WinEvents, Ul
Automation events are not based on a broadcast mechanism. Ul Automation clients register for specific
event notifications and can request that specific properties and control pattern information be passed
to their event handlers. In addition, a Ul Automation event contains a reference to the element that
raised it. Providers can improve performance by raising events selectively, depending on whether any
clients are listening.

The Ul Automation client API and the Ul Automation core provide services such as tree traversal,
searching for elements within the tree, and fetching multiple properties from multiple objects. These
services are exposed by the client API, and implemented by the core Ul Automation DLL, which runs in-
process as necessary to implement these services on behalf of the client.
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4.2.2 Ul Automation tree

Within the Ul Automation tree there is a root element (RootElement) that represents the current
desktop and whose child elements represent application windows. Each of these child elements can
contain elements representing components of the Ul such as menus, buttons, toolbars, and list boxes.
These elements in turn can contain elements such as list items.

The Ul Automation tree is not a fixed structure and is seldom seen in its totality because it might contain
thousands of elements. Parts of it are built as they are needed, and it can undergo changes as elements
are added, moved, or removed.

Ul Aufomation providers support the Ul Automation tree by implementing navigation among_ items
within a fragment, which consists of a root (usually hosted in a window) and a sub-tree. Howéver,
provﬂers are not concerned with navigation between these sub-trees. This is managedcby “the Ul
Autonpation core, using information from the default window providers.

Ul Aufomation provides three default views of the Ul tree. These views are defined\by the type of
filtering performed; the scope of any view is defined by the application. In addition,the application can
apply pther filters on properties; for example, to include only enabled controls in-a control view.

— Rqw View — The raw view of the Ul Automation tree is the full tree of theAutomationElement
objects for which the desktop is the root. The raw view closely follows the native programmatic
stiructure of an application and therefore is the most detailed view-available. It is also the base
o which the other views of the tree are built. Because this view depends on the underlying Ul

framework, the raw view of a WPF button will have a diffefent raw view from that of a Win32

buyitton. The raw view is obtained by searching for elements/without specifying properties or by
ujing RawViewWalker to navigate the tree.

— Cantrol View — The control view of the Ul Automation tree simplifies the assistive technology
product’s task of describing the Ul to the end user and helping that end user interact with the
application because it closely maps to the Ul structure perceived by an end user. The control view is a
sybset of the raw view. Itincludes all Ul items fr‘om the raw view that an end user would understand as
interactive or contributing to the logical structure of the control in the Ul. Examples of Ul items that
cantribute to the logical structure of the*Ul, but are not interactive themselves, are item containers
sych as list view headers, toolbars, menus, and the status bar. Non-interactive items used simply for
layout or decorative purposes will noet be seen in the control view. An example is a panel that was
uged only to lay out the controls‘in a dialogue box but does not itself contain any information. Non-
interactive items that will be seen in the control view are graphics with information and static textin
a fialogue box. Non-interactive items that are included in the control view cannot receive keyboard
fdcus. The control view-is-ebtained by searching for elements that have the IsControlElement
property set to true, or*by using ControlViewWalker to navigate the tree.

— Content View — The-content view of the Ul Automation tree is a subset of the control view. It contains
Ul items that eohvey the true information in a U], including Ul items that can receive keyboard focus
and some textthatis notalabel on a Ul item. For example, the values in a drop-down combo box will
appear in‘the content view because they represent the information being used by an end user. In the

belng presented to the user. The content view is obtalned by searchlng for elements that have the
IsContentElement property setto true, or by using ContentViewWalker to navigate the tree.

4.2.3 Ul Automation control patterns, control types, properties, and events

UI Automation support for control patterns, properties, and events goes beyond the support provided
by the MSAA TAccessible interface.
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A control pattern describes Ul attributes and functionality or features of a user interface element. It is

an interface with properties and methods.

Control patterns support the methods, properties, events, and relationships needed to define a discrete

piece of functionality available in a control.

— The methods allow Ul Automation clients to manipulate the control.

— The properties and events provide information about the control pattern’s functionality, dsyell as

information about the state of the control.

— Control pattern interfaces provide properties and methods for discovering more functignality

about the wunderlying control.

Grouping them together through a spedial-purpos
(GetPatternProvider) distinguishes them from other non-UlI centric inter'faces.

e API

The Ul Automation framework obtains a control pattern interface by using theGetPatternProyider
function of the TRawElementProviderSimple interface. Through the*framework, clients can

query a control for the control patterns that it supports and then interact with the control throu
properties, methods, events, and structures exposed by the supported.control patterns. For ex
for a multiline edit box, Ul Automation providers implement I(Sgroll1Provider. When a

ch the
hmple,
client

knows that an AutomationElement supports the ScrollPatPern control pattern, it can use the

properties, methods, and events exposed by that control pattérn to manipulate the control, or
information about the control.

HCCESS

The following table provides examples of the functionality represented by different control pattefrns.
Functionality Control Pattern

Ability to be checked/unchecked Toggle

Ability to have numeric value set RangeValue

Ability to have text value set Value

Ability to be moved/resized Transform

Ability to show or hide information ExpandCollapse

The following table describes the Ul Automation control patterns.

Control Pattern Description

Annotation — Used to expose the properties of an annotation in a ddcu-
ment, for example comments in the margin that are conngcted
to document text.

Dock Used for controls that can be docked in a docking containgr. For
example, toolbars or tool palettes.

— ODrag — Used for controls that can be docked in a docking container,
for example, toolbars or tool palettes.

et nrnrﬂ"nrgpf — llsed to support dr:\ggthp controls or controls with d rag-
gable items.

ExpandCollapse Used for controls that can be expanded or collapsed. For exam-
ple, menu items in an application such as the File menu.

Grid Used for controls that support grid functionality such as sizing
and moving to a specified cell. For example, the “large icon
view” in Windows Explorer, or simple tables without headers in
Microsoft Word.

Gridltem Used for controls that have cells within grids. The individual

cells should support the Gridltem control pattern; for example,
each cell in the “details” view in Microsoft Windows Explorer.

© ISO/IEC 2016 - All rights reserved
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Control Pattern

Description

Invoke

Used for controls that can be invoked, such as a button.

ItemContainer

Used for controls that hosts a number of children that may be
virtualized.

LegacylAccessible

Used for controls that have legacy [Accessible implementations,
which is supported by a built-in proxy of the UlAutomation-
Core.dll

MultigleView

Used tor controls that can switch between multiple representa-
tions of the same set of information, data, or children; for exam*
ple, alist view control where data is available in thumbnajl,\tile,
icon, list, or detail views.

— ObRjectModel

— Used to expose a pointer to the underlying objectnfodel of a
document. This control pattern allows a client to navigate from
a Ul Automation element into the underlying objé¢t model.

RanggValue

Used for controls that have a range of valuesithat can be applied
to the control; for example, a spinner control containing years
might have a range of 1900 to 2010, while another spinner con-
trol presenting months would have.asange of 1 to 12.

Scroll

Used for controls that can scroll;\for'example, a control that has
scroll bars that are active whenthere is more information than
can be displayed in the viewable area of the control.

Scrolljtem

Used for controls that have individual items in a list that
scrolls; for example,alist control that has individual items in
the scroll list such.assa combo box control.

Selectjon

Used for selectiow/container controls; for example, list boxes
and combo béxes.

Selectjonltem

Used for.individual items in selection container controls, such
as listoxes and combo boxes.

— Spreadsheet

—._Used to expose the contents of a spreadsheet or other grid-
based document. Controls that implement the Spreadsheet
control pattern should also implement the Grid control pattern.

— Spreadsheetltem

— Used to expose the properties of a cell in a spreadsheet

or other grid-based document. Controls that implement the
Spreadsheetltem control pattern should also implement the
GridItem control pattern.

— Styles

— Used to describe a Ul element that has a specific style, fill
color, fill pattern, or shape.

SynchfonizedInput

Used for Ul framework that supports synchronization of input
(such as mouse or keyboard input) simulation so that programs
can direct the action to specific Ul components accurately.

Table

Used for controls that have a grid as well as header infor-
mation; for example, Microsoft Excel® worksheets.

Used for items in a table.

TablelFem

Text

Used for edit controls and documents that expose textual infor-
mation.

TextEdit

— Used for edit controls that modify text programmatically,
for example a control that performs auto-correction or enables
input composition.

— TextChild

— Used to access an element’s nearest ancestor that supports
the Text control pattern.

— TextRange

— Used for retrieving textual content, text attributes, and em-
bedded objects from text-based controls such as edit controls
and documents.

18
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Control Pattern Description

check boxes and some menu items that can be selected.

Toggle Used for controls in which state can be toggled; for example,

Transform Used for controls that can be resized, moved, and rotated.

forms, graphical editors, and drawing applications.

Typical uses for the Transform control pattern are in designers,

Value Used for controls that sustains a data. Value control pattern

allows clients to get or set a3 value (r‘nfa) oncontrols that r]o not

support a range of values; for example, an edit control.

functionality within a tradition graphicali.For example]
a control that supports the Window controel pattern can b
moved or maximized for the application’s window concep

VirtualizedItem Used for a virtualized object in a container that supports the
ItemContainer control pattern.
Window Used for controls that provide fundamental window-based

o

Ul Automation providers implement control patterns to expose the appropriate behaviour for a specific

function supported by the control.

Ul Automation clients access methods and properties of Ul Automation control pattern classes and use

them to get information about the U, or to manipulate the UI.

4.2.3.2 Ul Automation control types

The Ul Automation control types are well-known identifiers that can be used to indicate whalt kind

of control a particular element represents, such ag:acombo box or a button. Each control type
set of conditions that a control must meet in ordey to use the ControlType property. The cong
include specific guidelines for the Ul Automation-tree structure, Ul Automation property values, ¢
patterns, and Ul Automation events.

Having a well-known identifier makes it easier for assistive technology devices to determine what
of controls are available in the Ul and"how to interact with the controls. The control types in
with Ul Automation provide a much'more comprehensive set of identifiers for indicating control
Microsoft Active Accessibility &ccRole values.

While control type specifications define a set of requirements and recommendations, applicatioj
controls can add more céntrol patterns or properties while they can still use predefined control t

The LocalizedControlType property is alocalized description of the control type, such as “b
for the Button conttol type. The string can be used by the client application to report the Ul inforn
to the users in-Combination with other Ul Automation properties such as Name. For example, §
readers may)say “OK button,” which can be combination of “OK” from the Name property and “b
from the TecalizedControlType property. Controls and applications should never include ¢
type information in the Name property. Otherwise, it will conflict with the control type informat

When LocalizedControlType isnotspecified, the Ul Automation framework will provide the g
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lgealized string according to the desktop Ul language based on the control’s ControlType pra

perty.

If a control supplies a known ControlType (see the list below), then it does not need to separately

implement LocalizedControlType because Ul Automation will supply the corresponding
automatically.

A custom control can supply unique localized values that may differentiate the element from

string

other

controls while the control can still share the same ControlType value for the baseline expectations.

Required, recommended, or prohibited control patterns and properties are defined by each ¢
type specification.
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The current set of control types consists of the following:

AppBar — Image — Spinner
Button — List — Split Button
Calendar — List Item — Status Bar
Check Box — Menu — Tab
Cdmbo Box — Menu Bar — Tab Item
Data Grid — Menu Item — Table
Dgta [tem — Pane — Text
D¢cument — Progress Bar — Thumb
Edit — Radio Button — Title Bar
Group — Scroll Bar — ToolBar
He¢ader — SemanticZoom — _(TgolTip
Header Item — Separator & Tree Item
Hyperlink — Slider — Window

4.2.3.8 Ul Automation properties

Ul Auomation has two main types of properties:

Alitomation element properties — propertie§’ that are applicable to most controls. Examples
include Name, Enabled, and LabgledBy. These properties are exposed through
IRawElementProviderSimple.GetPropertyvValue and are of type

AfitomationProperty.

Control pattern properties — properties that are specific to the functionality represented in the
different control patterns interfaces. Each control pattern interface exposes a corresponding set of
cqntrol pattern properties.

Every|property is identified by a number and a name. The names of properties are used only for
debugging and diagnosis.-Providers use the numeric IDs to identify incoming property requests. Client
applicptions, however,only use AutomationProperty, which encapsulates the number and name, to
identify propertiesthéy want to retrieve.

AutomationRroperty objects representing particular properties are available as fields in various
classep. Forsecurity reasons, managed Ul Automation providers obtain these objects from a separate
set of flasses that are contained in UTAutomationTypes.dl11l.

4.2.3.4 Ul Automation events

Ul Automation providers raise events to notify clients of important changes in the Ul. Clients register
for relevant events and implement event handling methods to receive and process the events when they
occur. For more information, see Clause 8.

4.2.3.5 Ul Automation provider interfaces

UI Automation provider interfaces can be implemented by managed or native providers. The interfaces
expose the same basic information as the Microsoft Active Accessibility IAccessible interface
(locations, tree structure, focus and hit testing support). Code that implements these interfaces is

20
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visible to Ul Automation clients, but is also made available as TAccessible implementations for in-
process or out-of-process Microsoft Active Accessibility clients.

IRawElementProviderSimple is the core interface that Ul Automation providers use to represent
a Ul element. It includes methods that expose whether the implementation is a proxy, and methods to
expose when an HWND is contained within an element. It also includes the GetPropertyValue and
GetPatternProvider methodsthatclientsusetogetpropertyand control patternvalues.Providerscan
alsoimplement the IRawElementProviderFragment and IRawElementProviderFragmentRoot
interfaces to provide additional functionality for complex controls.

4.2.3.6 Custom Ul Automation properties, control patterns, and events

The Ul Automation framework specification defines a comprehensive set of control patterns, propgrties,
and events. The Microsoft Windows implementation of Ul Automation includes the comiplete set of items
defined in the framework specification, and also offers a way to extend the set by registering clistom
control patterns, properties, and events. In the current implementation for native eode, applications are
required to register custom Ul Automation properties, control patterns, andévents before they ¢an be
used. For more information, see Clause 11.

4.3 Using the IAccessibleEx interface

The TAccessibleEx interface allows existing Microsoft Active Accessibility implementatipns to
add support for Ul Automation properties and control patteyns. This is done by defining sceparios
and specifications for the IRawElementProviderS¥mple and IAccessibleEx interfaces
that are specific to Microsoft Active Accessibility senvers. Existing Microsoft Active Accesdibility
implementations can take advantage of the work they have already done in creating their eyisting
implementation.

IRawElementProviderSimple provides aecess to Ul Automation’s control patterns and progerties
and is used as the interface that represents the Ul Element. The TRawElementProviderSimple and
IAccessibleEx interfaces are implemented on the same object, and QueryInterface used to go
from one to the other.

TIAccessibleEx handles TAccessible bridging issues, such as child IDs, and any other issjues in
allowing an TAccessible element to be treated as an automation element of a Ul Automation opject.

In summary:

— Existing Micrasaoft Active Accessibility implementations add support for
IRawElementfProviderSimple (to expose control patterns and properties)| and
IAccessibleEx (to deal with Chi1d1Ids)

— ExistingMicrosoft Active Accessibility clients can use the IRawElementProviderSimplle and
TIAccessibleEx interfaces to access Ul Automation properties and control patterns.

— New*WinEvents constants are defined to represent events from implementations that are extiended
by IAccessibleEx implementations.

4.5.1 I'ne IAccessiblebEx mterrace implementation

Implementing TAccessibleEx is a stepping stone for existing Microsoft Active Accessibility servers
to support Ul Automation provider interfaces (for example, TRawElementProviderSimple). The
advantage of this is that existing accessible object implementations are reused, including TAccessible
properties, the accessible object tree structure, and WinEvents. New code is added only for newly
exposed functionality or features.
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4.3.1.1 Control Patterns: Overlap between Microsoft Active Accessibility and Ul Automation

The following control patterns do not exist in Microsoft Active Accessibility, so they can be used in an
IAccessibleEx implementation.

— Dock control pattern

— Expand Collapse control pattern
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rid Item control pattern

hltiple View control pattern

hnge Value control pattern

croll control pattern

troll Item control pattern
'nchronized Input control pattern
hble control pattern

hble Item control pattern
ransform control pattern

case of the RangeValue and Transform control patterns, some methods overlap between the Ul

Automation (UIA) control pattern and Microsoft Active-Accessibility methods. For example, both the

get
and S
for th
both

hccValue and put accValue methods in MSAA and the RangeValue control pattern Value
ctValue methods in UIA must be implemented. Internally, an implementation can share code
bse Microsoft Active Accessibility and Ul ‘Automation methods. The requirement to implement
Microsoft Active Accessibility and Ul -Automation implementations avoids having a partial

implerentation of a control pattern interface while keeping the TAccessible interface usable by

existi

g Microsoft Active Accessibility clieénts.

The fqllowing Ul Automation control patterns are not required when the control has one of the roles
outlined below. Otherwise, they should be explicitly supported if relevant.
UI Aufomation Control Pattern Microsoft Active Accessibility Role
Invok¢Pattern ROLE_SYSTEM_PUSHBUTTON,
ROLE_SYSTEM_MENUITEM,
ROLE_SYSTEM_BUTTONDROPDOWN,
ROLE_SYSTEM_SPLITBUTTON,
and any other role where accDefaultAction is not NULL.
SelectjonltemPattern ROLE_SYSTEM_LISTITEM,
ROLE_SYSTEM_RADIOBUTTON
SelectionPattern ROLE_SYSTEM_LIST
TogglePattern ROLE_SYSTEM_CHECKBUTTON
ValuePattern ROLE_SYSTEM_TEXT (when it is not read-only),
ROLE_SYSTEM_PROGRESSBAR,
ROLE_SYSTEM_COMBOBOX,
and any other role when accvalue is not NULL.
WindowPattern Automatically supported on top-level Win32 HWNDs.
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4.3.1.2 Properties: Overlap between Microsoft Active Accessibility and Ul Automation

The following Ul Automation properties do not have a corresponding property in Microsoft Active
Accessibility. These Ul Automation properties can be used in an TAccessibleEx implementation.

— AutomationId

— AriaProperties

AN Rl
T ottt T

— ClassName

— ClickablePoint

— ControllerFor

— Culture

— DescribedBy

— FlowsTo

— FrameworkId

— IsContentElement
— IsControlElement
— IsDataValidForForm
— IsRequiredForForm
— ItemStatus

— ItemType

— LabeledBy

— LocalizedControlType
— Orientation

The following UI Automation element properties have some overlap with Microsoft Active Access
properties, so theycan be used in an TAccessibleEx implementation, with the following excep

— AccelegkatorKey and AccessKey — These properties overlap with the Microsoft
Accessibility accKeyboardShortcut property, but can be provided if a control has both an
key(and an accelerator (a shortcut key).

—¢ ControlType — This property overlaps with the Microsoft Active Accessibility accRole pra

ibility
tions.

Active
hccess

perty,

but it can be used to provide more specific control type information.

The following table lists UTAutomation element properties that are already covered by Mic

rosoft

Active Accessibility properties, so they do not need to be used in an TAccessibleEx implementation.

Ul Automation Property Microsoft Active Accessibility Property
Rect BoundingRectangle accLocation

bool HasKeyboardFocus accState, STATE SYSTEM FOCUSED
bool IsEnabled accState, STATE SYSTEM UNAVAILABLE
bool IsKeyboardFocusable accState, STATE SYSTEM FOCUSABLE
bool IsPassword accState, STATE SYSTEM PROTECTED
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Ul Automation Property Microsoft Active Accessibility Property

string HelpText accHelp

string Name accName

int NativeWindowHandle WindowFromAccessibleObject

bool IsOffscreen accState, STATE SYSTEM INVISIBLE/OFFSCREEN
int ProcessId Provided by core UIA

int [] Runtimeld Provided by core UIA

4.3.1.83 Events and the WM_GETOBJECT message

When|extending a Microsoft Active Accessibility implementation with TAccessibleEx, raising and
handljng events is done in the same way as with Microsoft Active Accessibility clients and’ servers.
IAcc¢ssibleEx clients handle WM GETOBJECT messages, and servers use NotifyNinEvent to
raise g¢vents.

In addition to the events defined for TAccessible, the following Ul Automation‘event identifiers may
be usqd with an TAccessibleEx implementation.

UI Automation Events Microsoft Active Accessibility
Events

IsEngbledPropertyChangedEvent EVENT OBJECT STATECHANGE

Item$tatusPropertyChangedEvent n/a

ExpafpdCollapseExpandCollapseStatePropertyChangedE% EVENT OBJECT STATECHANGE
vent

MultlpleViewCurrentViewPropertyChangedEvent n/a
ScrollHorizontallyScrollablePropertyChangedEvent n/a
ScrollHorizontalViewSizePropertyChangedEyent n/a
ScrollVerticallyScrollablePropertyChangedEvent n/a
ScrollVerticalViewSizePropertyChadgedEvent n/a
ToggleToggleStatePropertyChangedEvent EVENT OBJECT STATECHANGE
ScrollHorizontalScrollPercentPropertyChangedEvent EVENT OBJECT_ CONTENTSCROLLED
ScrollVerticalScrollPercenfPropertyChangedEvent EVENT OBJECT CONTENTSCROLLED

For evients that have a Microsoft Active Accessibility EVENT OBJECT <value> associated with them,
IAcc¢ssibleEx implementations should raise both the MSAA event and the listed Ul Automation
event| This allows IAccéssible clients to receive events, but it also communicates more detailed
information to other/clients.

5 EkposingUser Interface Element Information

5.1 [General

Servers communicate with clients by sending event notifications (such as calling NotifyWinEvent)
and responding to client requests for access to Ul elements (such as handling WM GETOBJECT
messages). Servers expose information about a Ul element through the TAccessible interface.

Using Microsoft Active Accessibility, a server application can
— provide information about its custom user interface objects and the contents of its client windows, and

— send notifications to clients when a change occurs in the user interface. Interested clients can then
use MSAA to find out the details of the changes.
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For example, to enable a user to select commands verbally from a word processor custom toolbar, a
speech recognition program must have information about that toolbar. The word processor would
therefore need to make that information available. Microsoft Active Accessibility provides the means
for the word processor to expose information about its custom toolbar and for the speech recognition

program to get that information.

A server’s implementation of the TAccessible interface exposes a set of properties and methods to

clients, see 5.2 and 5.3.

5.2 Exposing Ul Elements with Microsoft Active Accessibility

In Microsoft Active Accessibility, information about Ul elements is exposed by Active'Access
servers. A server uses Microsoft Active Accessibility to provide information about its ‘Ul ele
to clients. Any control, module, or application that uses Microsoft Active Accessibility to d
information about its user interface is considered to be a Microsoft Active Accessibility server.

An application is considered to be a Microsoft Active Accessibility server if itdoes all of the follow
— exposes relevant properties;

— supports navigation among Ul elements;

— supports hit testing;

— generates appropriate WinEvents.

Depending on the application’s design and implementatien, some of these requirements may be sa
by the Microsoft Active Accessibility default support:

5.2.1 How an MSAA Server exposes relevant properties

The IAccessible interface offers a set @f properties and methods that support Ul features ¢
information about, the corresponding accessible object. Not all ITAccessible interface properti
methods are relevant for all Ul elements. The properties supported by an object vary depend
the type of Ul element the object represents. If an object does not support a particular TAccess
property or method, it should return the standard COM error DISP_E MEMBERNOTFOUND.

5.2.1.1 Required propérties
Servers must support the following properties and methods for every object:

— Name (this may’be blank if, for example, there is always one and only one instance of a Ul objec
as a status\bar or tool bar);

— Roleg
— State;

& 'Location (and IAccessible: :accHitTest);

ibility
ments
Xpose

ying:

risfied

f, and
bs and
ng on
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tsuch

— Parent (and IAccessible: :accNavigate);

— ChildCount.

The following properties must be supported if they are applicable to the object:
— KeyboardShortcut;

— DefaultAction (and IAccessible: :accDoDefaultAction);

— Value.
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The following properties must be supported if the object has children:
— Child;
— Focus;

— Selection (and IAccessible: :accSelect), only if the object also supports the concept
of selection.

5.2.1I Optional properties

The following properties are optional, but they provide useful information about the object. In particular,
the Dgscription property should be supported to describe bitmaps and other visual elements;

— De¢scription;

— He¢lporHelpTopic.

5.2.1.B The Accessible Object role

Clientp retrieve an object’s role by calling TAccessible::get accRode; which returns a pre-
defindd accessible object role constant such as ROLE SYSTEM PUSHBUTTON for a button control.
Clientp call GetRoleText retrieve a localized string that describes ‘the object’s role. All accessible
object{roles are predefined.

5.2.2 | Provide support for the Accessible Object structure

In Midrosoft Active Accessibility, user interface elements‘are represented as a hierarchy of accessible
objectls. The clients navigate from one accessible objéct to another using interfaces and methods
availaple from an accessible object.

The hjerarchy of an accessible object is representéd by accParent and accChild properties of the
IAccéssible interface. The IEnumVARIANT interface of the accessible object can be also used. The
optiorlal method accNavigate can offer additional navigation among accessible objects.

5.2.2.l The accParent property of'the IAccessible interface

The JAccessible interface eXposes the hierarchical relationships between objects. Clients can
navigate from a child object te-its’parent object by calling IAccessible: :get accParent.

This applies only to elements'that have fully implemented TAccessible interfaces. For child elements,
those [that are represented by an IAccessible along with a non-zero ChildId value, the parent
elemept is simply the 3Xccessible used witha ChildId of CHILDID SELF.

5.2.2.2 Expesing children

Severg can ‘expose children of an accessible object in one of two ways, using whichever technique the
servel decides is most appropriate. Clients must be able to deal with any server, so while a server can

1 + s 111 1 + 1 h T T 1 1 CP TS TR | 1
ChOSE IHIOW LU CXPUSC ILS UIIIUTICLI, dlly CIHICIIUIITUSL DT dDUIC LU UCdl WILIL DULIT dpPpPIoUdCLlIcCsS.

In the first option, a server can expose its children by implementing TEnumVARIANT on the same
object that implements IAccessible. This interface allows a client to request children using the
IEnumVARIANT: :Next method. This returns a VARIANT for each child requested. This VARIANT
may be either an integer (VT I4) or an IDispatch pointer (VI DISPATCH). If an IDispatch
pointer is returned, the client can use QueryInterface to convert it to an TAccessible, and use
it with CHILDID SELF to represent the child UI element. If an integer is returned, the client must
call get accChild with that VARIANT as a parameter to determine whether the child has its own
IAccessible implementation. If get accChild returns a non-NULL IDispatch pointer, the
client can use QueryInterface to convert it to an TAccessible interface pointer; otherwise, the
integer value must be used with the original parent IAccessible to represent the object.
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In the second option, a server can choose not to implement TEnumVARIANT. In this case, it must
assign ChildId values to its children starting at 1, and incrementing up to the value returned by the
accChildCount property. Because the object’s children can be either full IAccessible or simple
elements, a client must call get accChild with each possible ChildId value to check if a full
TAccessible exists for a given ChildId.

Clients that need to enumerate the children of an accessible object must start by checking whether
the object implements IEnumVARIANT. If ITEnumVARIANT is supported, the client should use the
IEnumVARIANT: :Clone and TEnumVARIANT : : Reset methods to ensure that they have a copy of

the enumeration that is reset to the initial state. The client should then call IEnumVARIANT: {Next
to retrieve VARIANTSs representing the children and, for each integer VARIANT returned, use(get
accChild to check if the child has a corresponding full IAccessible. If and only if IEAUMVARIANT
is not supported, the client can assume that ChildId values are sequential starting at 1, and should
call get _accChild with each value to check if the child has a corresponding full IA€zessiblg.

Note that if a server implements ITEnumVARIANT and only returns IDispatchywvalues, it is possiple for
a server to expose children without ever using Chi1dId values (other than CHILDID SELF).Forsome
types of servers, this may be the simplest approach to adopt.

5.2.2.3 The accNavigate method of the IAccessible interface

While it is optional, the accNavigate method can offer navigation relative to the on-screen logation.
That is, clients can use accNavigate to navigate from an dccessible object to its left, right, [up, or
down. In practice, however, this form of navigation is rarely meaningful to an end user unless the Ul
elements are arranged in a grid structure.

The accNavigate method also features logical navigation (first child, last child, next and preyious);
however, the functionality is already addressed by the TEnumVARIANT interface, and accNaviggte is
optional for the logical navigation as well. The system (Oleacc.d11) does not rely on accNavigate
to support an accessible object structure.

5.2.3 Support hit testing

Microsoft Active Accessibility uses-hit testing to retrieve an IAccessible object for the Ul elenjent at
a specified screen location. The'AccessibleObjectFromPoint function relies on proper sypport
for IAccessible: :accHitTest to find the appropriate Ul element. Therefore, all visual Ul elements
must support hit testing through the accHitTest method.

5.2.4 Generate appropriate WinEvents

Server developers.need to ensure that appropriate WinEvents are generated for all Ul elements, incjluding
window-based\H elements, windowless Ul elements, and Ul elements with highly customized behgviour.

The Windows USER component provides default WinEvent support for standard, HWND-baged Ul
elements/Because USER generates these events automatically, servers need to generate events only for
custem controls, windowless elements, or controls whose events are not already generated by USER.

To send an event, servers call NotifyWinEvent and pass the event constant, an identifier (olhject

ID) for the object, and the HWND of a window that can respond to client requests for more information.
The events that need to be raised vary according to the type of Ul element.

5.2.5 Object identifier
Object identifiers are 32-bit values that identify a type of accessible object within an application. The

identification is also used by Microsoft Active Accessibility servers and Ul Automation providers to
switch return values in response to a WM_GETOBJECT message.
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Clients receive these values in their WinEventProc callback function and use them to identify parts of
a window. Servers also use these values to identify the corresponding parts of a window when calling
NotifyWinEvent or when responding toa WM GETOBJECT message.

Servers can define custom object IDs to identify other categories of objects within their applications.
Custom object IDs must be assigned positive values because Microsoft Active Accessibility reserves
zero and all negative values to use for the standard object identifiers.

5.2.6 —_How MSAA clients access pvpncpd Ul elements

A Micfosoft Active Accessibility client must be notified when the server Ul has changed so that-the
clientfran retrieve information about the changes and render the information to the user. To ensufe that
the client is informed about Ul changes, MSAA uses a mechanism called Window Events, or WinEvents,
to pasp notifications from servers to clients. For more information, see 8.1.

To leafn about and manipulate a particular Ul element, clients use the TAccessible interface. A client
can retrieve an TAccessible interface for a Ul element in the following four ways,

— Callthe AccessibleObjectFromWindow function and pass the Ul element’s window handle.

— C4ll the AccessibleObjectFromPoint and pass a screen location:that lies within the Ul
element’s bounding rectangle.

— S¢t a WinEvent hook, receive a notification, and then call AceessibleObjectFromEvent to
rdtrieve an IAccessible interface pointer for the Ul elemernfzthat generated the event.

— Call an TAccessible method such as accNavigate orget accParent to move to a different
IpAccessibleobject.

5.3 Exposing Ul Elements with Ul Automation

In Ul Automation, information about user interfacé elements is exposed by Ul Automation providers.
In gerjeral, each control or other distinct element in a user interface is represented by a provider. The
provider exposes information about the_element and optionally implements control patterns that
enablg¢ the client application to interact with the control.

5.3.1| Types of providers
Ul Automation providers fall intatwo categories: client-side (or proxy) providers and server-side providers.

Proxy|providers are implemented by Ul Automation clients to communicate with an application that
does 1ot support, or dees’not fully support, Ul Automation. Typically, proxy providers communicate
with the server acrossythe process boundary by sending and receiving Windows messages.

Server-side proyviders are implemented by custom controls or by applications that are based on a Ul
framework that/does not support Ul Automation natively. Server-side providers communicate with
client ppplications across the process boundary by exposing Component Object Model (COM) interfaces
to the|UF Automation core, which services requests from clients.

5.3.2 Ul Automation provider concepts

This section provides brief explanations of some of the key concepts you need to understand in order to
implement Ul Automation providers.

5.3.2.1 Elements

Ul Automation elements are pieces of the Ul that are visible to Ul Automation clients. Examples include
application windows, panes, buttons, tooltips, list boxes, and list items.
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5.3.2.2 Navigation

Ul Automation elements are exposed to clients as a tree. Ul Automation constructs the tree by
navigating from one element to another. Navigation is enabled by the providers for each element, each

of which may point to a parent, siblings, and first and last children.

5.3.2.3 Views

A client can see the Ul Automation tree in three principal views. Raw view contains all elements, c

ntrol

view contains elements that are controls, and content view contains elements that have cant
is the responsibility of the provider implementation to define an element as a content elemer
control element. Control elements may or may not also be content elements, but all confent ele
are control elements.

5.3.2.4 Frameworks

A framework is a component that manages child controls, hit-testing, and rendering in an area
screen. For example, a window, often referred to as an HWND, can serve.as‘a framework that co
multiple Ul Automation element such as a menu bar, a status bar, and buttons.

Container controls such as list boxes and tree views are considered'to be frameworks, becaus
contain their own code for rendering child items and performing hit-testing on them. By cont
Windows Presentation Foundation list box is not a framework;because the rendering and hit-tes
being handled by the containing window.

The Ul in an application can be made up of differeht frameworks. For example, an HWND
application might contain Dynamic HTML (DHTML)-which in turn can contain a component suc
combo box in an HWND.

5.3.2.5 Fragments

A complete sub-tree of elements from a particular framework is called a fragment. The element
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root node of the sub-tree is called a fragment root. A fragment root does not have a parent, but is hosted

within some other framework, usually a window (HWND).

5.3.2.6 Hosts

The root node of every. fragment must be hosted in an element, usually a window (HWND
exception is the desktop, which is not hosted in any other element. The host of a custom control
HWND of the controlitself, not the application window or any other window that might contain g
of top-level contrels.

The host efla’fragment plays an important role in providing Ul Automation services. It e
navigationto the fragment root, and supplies some default properties so that the custom provide
not have.to implement them.

5.3.3 Provider interfaces

. The
is the
roups

hables
r does

A Ul Automation provider exposes information about a Ul element by implementing the
IRawElementProviderSimple interface for the element. The TRawElementProviderFragment
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and IRawElementProviderFragmentRoot are optional interfaces that are implemented for
elements in a complex control to provide additional functionality.

Interface Description
IRawElementProviderSimple Exposes the basic functionality of an element hosted in a window.
IRawElementProviderFragment Exposes additional functionality for an element in a complex

control, including navigating in the fragment, setting focus, and
returning the bounding rectangle of the element.

IRawklementProviderFragmentRoot |Exposes additional functionality for the root element in a complex
control, including locating a child element at specified coordinates
and setting the focus state for the entire control.

Provitllers implement the following optional interfaces to provide added functionality.

Interliace Description

IRawklementProviderAdviseEvents |Enables the provider to track requests for everits:

IRawllementProviderHwndOverride|Enables repositioning of window-based elements in the Ul Automa-
tion tree of a fragment.

To communicate with Ul Automation, providers implement the fuhctionality described in the
followfing table.

Functiionality Implementation

Exposk the provider to Ul Automation. In response to a WM GETOBJECT message sent to the control win-
dow, providers return'the object that implements TRawElement -
ProviderSimp Le.'For fragments, this must be the provider for
the fragment reot:

Provide property values. Implement.IRawElementProviderSimple: :GetProperty-
Value toptovide or override values.

Enabl¢ the client to interact with the Implement interfaces that support each appropriate control

contrql. pattern, such as TInvokeProvider. Control pattern providers

are returned by the provider implementation of IRawElement—
ProviderSimple: :GetPatternProvider.

Raise pvents. Implement UiaRaiseAutomationEvent, and the methods of
IProxyProviderWinEventSink.

Enabl¢ navigating and focusing in/a Implement TRawElementProviderFragment for each element

fragment. within a fragment. Not necessary for elements that are not part of
a fragment.

Enabl¢ focusing and lgcating child Implement IRawElementProviderFragmentRoot. Not neces-

elemepts in a fragnient: sary for elements that are not fragment roots.

5.3.4 | Property values

A proyider exposes information about a Ul element as a set of property values. Providers expose

two types—of property values—autonratiomr—etermemnt—properties,—amd—controt—patterm—properttes:
Automation element properties are exposed through the provider’s implementation of the
IRawElementProviderSimple: :GetPropertyValue method. Control pattern properties
are exposed through the provider’s implementation of the various control pattern interfaces
(IXxxProvider).

5.3.5 Provider navigation

Providers for simple controls, such as a custom button hosted in a window, do not need to
support navigation in the Ul Automation tree. Navigation to and from the element is handled
by the default provider for the host window, which is specified in the implementation of
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IRawElementProviderSimple: :HostRawElementProvider. A provider for a complex custom
control supports navigation between the root node of the fragment and its descendants, and between
sibling nodes.

The structure of a fragment is determined by the provider’s implementation of
IRawElementProviderFragment: :Navigate. For each possible direction from each fragment,
this method returns the provider object for the element in that direction.

The fragment root supports navigation only to child elements. For example, a list box returns the

first item In the [ist when the direction is NavigateDirection FirstChild, and returns-the last
item when the direction is NavigateDirection LastChild. The fragment root does not sypport
navigation to a parent or to siblings; this is handled by the host window provider.

Elements of a fragment that are not the root must support navigation to the parent, and to any siblings
and children they have.

5.3.6 Provider reparenting

Pop-up windows are actually top-level windows, and by default, appear-in the Ul Automation tree as
children of the desktop. In many cases, however, pop-up windows arellogically children of some other
control. For example, the drop-down list of a combo box is logically achild of the combo box. Similarly, a
menu pop-up window is logically a child of the menu. Ul Automatienprovides support to reparert pop-
up windows so that they appear to be children of the associated control.

A provider can reparent a pop-up window by

— implementing all properties and control patterns ‘as usual for that pop-up, as though it were a
control in its own right,

— implementing the IRawElementProvide&Simple: : HostRawElementProvider propdrty so
that it returns the value obtained from UilaHostProviderFromHwnd, where the parametet is the
window handle of the pop-up window,

— implementing the IRawElementProviderFragment::Navigate method for the pgop-up
window and its parent so thathavigation is handled properly from the logical parent to the logical
children, and between sibling:children.

When Ul Automation encounters the pop-up window, it recognizes that navigation is being overtidden
from the default, and skips-over the pop-up window when it is encountered as a child of the desktop.
Instead, the node is reachable only through the fragment.

Reparenting is ngt-suitable for cases where a control can host a window of any class. For example, a
rebar can hostCany type of window in its bands. To handle these cases, Ul Automation suppofts an
alternative form of window relocation, as described in the next section.

5.3.7 \Provider repositioning

UK Automation fragments may contain two or more elements that are each contained in a window.
Because each window has its own default provider that considers the window to be a child of a

containing window, the Ul Automation tree, by default, will show the windows in the fragment as
children of the parent window. In most cases this is desirable behaviour, but sometimes it can lead to
confusion because it does not match the logical structure of the UI.

A good example of this is a rebar control. A rebar contains bands, each of which can contain a window-
based control, such as a toolbar, an edit box, or a combo box. The default window provider for the
rebar window sees the band control windows as children, and the rebar provider sees the bands as
children. Because the window provider and the rebar provider are working in tandem and combining
their children, both the bands and the window-based controls appear as children of the rebar. Logically,
however, only the bands should appear as children of the rebar, and each band provider should be
coupled with the default window provider for the control it contains.
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To accomplish this, the fragment root provider for the rebar exposes a set of children representing
the bands. Each band has a single provider that may expose properties and control patterns. In its
implementation of IRawElementProviderSimple::HostRawElementProvider, the band
provider returns the default window provider for the control window, which it obtains by calling
UiaHostProviderFromHwnd, passing in the control’s window handle (HWND). Finally, the fragment
rootprovider fortherebarimplementsthe IRawElementProviderHwndOverrideinterface,andinits
implementation of TRawElementProviderHwndOverride: :GetOverrideProviderForHwnd,
it returns the appropriate band provider for the control contained in the specified window.

5.3.8 | How UI Automation clients access exposed Ul Elements

From f Ul Automation client’s point of view, each Ul element is represented by an object that implements
the IPTAutomationElement interface. To get information about a Ul element, a client must first
retrieye an ITUTAutomationElement interface for the element, and then use the variou§-properties
and miethods exposed by the interface to retrieve information about the element.

A Ul Automation client application retrieves the ITUTAutomationElement interfacefor a Ul element by

1) cieatinganinstance ofthe CUTAutomation objectandretrievingapointertothe IUTAutomation

interface on the object,

2) cqlling the CreateTreeWalker,
RawViewWalker method to retrieve an TUIAutomationElementTreeWalker interface, and
tHen using the interface to discover and retrieve elements from‘the tree that match the specified

sdarch conditions,

ContentViewWalker, C&€ontrolViewWalker, or

3) cdlling one of the following methods of the TUTAutomati on interface:

Method

Description

Elem¢ntFromHandle

Retrievesithe element that has the specified window handle.

Elem¢ntFromHandleBuildCache

Retrieves the element for the specified window, prefetches
the specified properties and control patterns, and stores the
prefetched items in the cache.

Elem¢ntFromIAccessible

Retrieves the element for the specified accessible object from a
Microsoft Active Accessibility server.

Elem¢ntFromIAccessibleBuildGache

Retrieves the element for the specified accessible object from a
Microsoft Active Accessibility server, prefetches the specified
properties and control patterns, and stores the prefetched
items in the cache.

Elem¢ntFromPoint

Retrieves the element at the specified point on the desktop.

Elem¢ntFromPointBuildCache

Retrieves the element at the specified point on the desktop,
prefetches the specified properties and control patterns, and
stores the prefetched items in the cache.

GetF¢cusedErement

Retrieves the element that has the input focus.

GetF¢cuisedElementBuildCache

Retrieves the element that has the input focus, prefetches
the specified properties and control patterns, and stores the

prefetched items in the cache.

GetRootElement

Retrieves the element that represents the desktop.

GetRootElementBuildCache

Retrieves the element that represents the desktop, prefetches
the specified properties and control patterns, and stores the
prefetched items in the cache.
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6 Exposing Ul Element actions

6.1 Exposing Ul Element actions in MSAA

In MSAA, a user interface element is represented by an accessible object; that is, an object that
exposes the TAccessible interface. This interface supports a number of properties, including the

DefaultAction property which describes the object’s primary method of manipulation fro
user’s viewpoint.

m the

The DefaultAction property is retrieved by calling the accessible object’s TAccessiblées
accDefaultAction method. To perform an object’s default action, clients
TAccessible::accDoDefaultAction.

Not all accessible objects have a default action, and some objects have a default actipn(that is reld
its Value property, such as in the following examples.

— A sselected check box has a default action of “Uncheck” and a value of “Chetked.”
— A cleared check box has a default action of “Check” and a value of “Unchecked.”
— A button labelled “Print” has a default action of “Press,” with no-value.

— A static text control or an edit control that shows “Printer*\has no default action, but has 4
of “Printer.”

The Value property is retrieved by calling the IAccessible: :get Value property.

6.2 Exposing Ul Element actions in Ul Automation

In Ul Automation, an automation element that represents a Ul element exposes a number
Automaton interfaces, including one or more'control pattern interfaces. A control pattern is an int
implementation that exposes a particular@spect of a control’s functionality to Microsoft Ul Autorn
client applications. Clients use the properties and methods exposed through a control patt
retrieve information about a partigular capability of the control, and to invoke the actions th
control can perform. For examplé,a control that presents a tabular interface implements th
control pattern (IGridProvider interface) to expose the number of rows and columns in the
(IGridProvider: :ColumnCount and IGridProvider: :RowCount properties), and to en
client to retrieve items frem'the table (IGridProvider: :GetItem method).

UI Automation uses control patterns to represent common control behaviours. For example, the |
control pattern (ZInvokeProvider interface) is used for controls that can be invoked, s
buttons, and the Scroll control pattern (IScrollProvider interface) is used for controls tha
scroll bars, stich’as list boxes, list views, or combo boxes. Because each control pattern repres
separate area-of functionality, control patterns can be combined to describe the full set of functia
supported(by a particular control.

get
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NOTE An aggregate control is built with child controls that provide the user interface for functionality that

is’exposed by the parent, and the parent should implement all control patterns that are typically associate

d with

its’child controls. In turn, those same control patterns are not required to be implemented by the child controls.

6.2.1 Ul Automation control pattern components

Control patterns support methods, properties, events, and relationships that are required to define a

discrete piece of functionality available in a control.

— The methods allow Ul Automation clients to manipulate the control.

— The properties and events provide information about the functionality and state of the control.

— The relationship between a Ul Automation element and its parent, children, and siblings des
the element structure in the Ul Automation tree.
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Control patterns relate to controls similar to the way interfaces relate to Component Object Model
(COM) objects. In COM, you can query an object to ask what interfaces it supports, and then use those
interfaces to access functionality. In Ul Automation, clients can ask a control which control patterns it
supports, and then interact with the control through the properties, methods, events, and structures
exposed by the supported control patterns.

6.2.2 Control patterns in providers and clients

Ul Automation providersimplement control pattern-interfaces toexpose the appropriate behaviour

for a gpecific piece of functionality that is supported by the control. These interfaces are not directly
exposkgd to clients, but are used by the Ul Automation core to implement another set of client interfaces.
For example, a provider exposes scrolling functionality to Ul Automation through IScrollProvider,
and U] Automation exposes the functionality to clients through TUTAutomationScrollPattern.

6.2.3 | Dynamic control patterns

Some [controls do not always support the same set of control patterns. For example; a multiline edit
contrgl enables vertical scrolling only when it contains more lines of text than-can'be displayed in its

viewable area. Scrolling is disabled when enough text is removed so that scrolling’is no longer required.
For thiis example, IScrollPattern is supported dynamically, depending.en‘the how much text is in
the edit box.
6.2.4 | Control patterns and related interfaces
The fo¢llowing table describes the Ul Automation control patferns. The table also lists the provider
interfaces used to implement the control patterns, and the client interfaces used to access them.
Name] Provider interface/Client interface.“| Description
Dock IDockProvider Used for controls that can be docked in a
IUTAUtomat ionDockPat L& docking container, for example, toolbars or tool
palettes.
ExpandCollapse IExpandCollapseProvider Used for controls that can be expanded or col-
TUTAutomat ionEXpEhdCollapse- le_ipsed, for examplle, menu items in an applica-
tion, such as the File menu.
Pattern
Grid IGridProvider Used for controls that support grid functionali-
TUIAUtoma?ionGridPattern ty, such as sizing and moving to a spe_c1f1ed cell,
for example, the large icon view in Windows
Explorer or simple tables in Microsoft Office
Word.
GridItpm I1GridItemProvider Used for controls that have cells in grids. The
IUTIAutomationGridItemPattern 1ndI1V1dua1 cells should support the .
GridItem pattern, for example, each cell in
Windows Explorer detail view.
Invok¢ IInvokeProvider Used for controls that can be invoked, such as
IUIAutomationInvokePattern buttons.
ItemContainer ITtemContainerProvider Used for controls that can contain other items.
IUTAutomationItemContainer-
Pattern
LegacylAccessible ILegacyIAccessibleProvider Used to expose Microsoft Active Accessibili-
IUTAutomationLegacyIAccessi- %é)rl;fspertles and methods to Ul Automation
blePattern ’
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Name Provider interface/Client interface |Description
MultipleView IMultipleViewProvider Used for controls that can switch between
TUTAutomationMultipleView- multlple representations of the same set of
information, data, or children, for example,
Pattern . . . . .
a list view control where data is available in
thumbnail, tile, icon, list, or detail views.
RangeValue IRangeValueProvider Used for controls that have a range of values.
L UIAut omationRancoValuoRat Forexmppk,aspnnwrcmﬂrdthatdmpbys_
~ years might have a range of 1900 to 2010, |while
tern . .
a spinner control that displays months.wquld
have a range of 1 to 12.
Scroll IScrollProvider Used for controls that can scroll when thete is
IUTAutomationScrollPattern lporenﬁbnnannthancanbe(hqﬂayedlmthe
viewable area of the control!
Scrollltem IScrolllItemProvider Used for controls that lrave individual items in
IUTAUtomat ionsScrol 1T temPat— a list that scrolls, for example, a list contrgl in a
combo box control:
tern
Selection ISelectionProvider Used for sele&tion container controls, for ¢xam-
. , le, li X n m .
IUIAutomationSelectionPat- pie ist bpxps'and combo boxes
tern
Selectionltem ISelectionItemProvider Usedfor individual items in selection contlainer
. . rols, h asli .
TUIAUtomationSelectionTtem— controls, such as list boxes and combo boxes
Pattern
SynchronizedInput |ISynchronizedInputProvidey¥ Used for controls that accept keyboard or
. . mouse input.
IUIAutomationSynchrondizedIn- p
putPattern
Table ITableProvider Used for controls that have a grid and heafler
IUIAutomationTablePattern information
Tableltem ITableItemPfovider Used for items in a table.
IUIAutonmakionTableltemPat-
tern
Text ITeftProvider Used for edit controls and documents that| ex-
IUTAutomationTextPattern pose textual information
TextRange ITextRangeProvider Used for retrieving textual content, text aftrib-
, utes, and embedded objects from text-baspd
IUTAutomationRange .
controls such as edit controls and documgnts.
Toggle IToggleProvider Used for controls where the state can be tpg-
, led, for example, check boxes and checkaple
IUIAutomationTogglePattern 8 ) p
menu items.
Transform ITransformProvider Used for controls that can be resized, movied,
TUTAutomationTransformPat— andro?ﬂed.TypwalustﬂﬂtheITanﬁbrn .
COIILI Ol deLt:l I dIre 111 qulgllﬁ[ S, 10T'1I1S, gl dphl'
tern . . .
cal editors, and drawing applications.
Value IValueProvider Used for controls that have a value that does
TUTAutomationValuePattern nothvaﬂpnaspemﬁedrangatbrexmnpb,a
date-time picker.
VirtualizedItem IVirtualizedItemProvider Used for controls that work with items in a

IUIAutomationVirtual-
izedItemPattern

virtual list.
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Name Provider interface/Client interface |Description

Wind

ow IWindowProvider Used for windows. Examples are top-level appli-
cation windows, multiple-document interface

fUTAutomationWindowPattern (MDI) child windows, and dialog boxes.

7 Keyboard focus

7.1

Acces
focus
them.

MSAA keyboard focus and selection

bible objects can be selected and can receive keyboard focus. The ability to be selected and receive
enables users to interact with application elements, change values, and otherwise manipulate
There are some key differences between object selection and object focus.

— Alfocused object is an object in the entire operating system that receives keyboard iripiit. The object

wiith the keyboard focus is either the active window or a child object of the active window.

— Ajselected object is marked to participate in some type of group operation.

For ejample, a user can select several items in a list view control, but the\foeus is given only to one
object{in the system at a time. Note that focused items are from a selection.of items.

7.1.1

Focus and selection properties and methods

When(a Ul object receives the keyboard focus, either the operating/system or a server raises an EVENT

OBJE

T FOCUS WinEvent to notify clients of the change. The System sends this event for the following

user ipterface elements: list view control, menu bar, pop-up menu, switch window, tab control, tree

view

ontrol, and window object. Server applications must send this event for the accessible objects

that they support.

The s

ystem or servers can raise a number of events to notify clients when the selection changes,

including EVENT OBJECT SELECTION, EVENT OBJECT SELECTIONADD, EVENT OBJECT

SELE

CTTONREMOVE, EVENT OBJECT SELECTIONWITHIN.

Clientp determine whether a particularraccessible object or child element has the focus by calling
IAcc¢ssible::get accFocus. Clienhts determine whether an object is selected, or which children
within an accessible object are.selected, by calling IAccessible::get accSelection. For
objectls such as list views in which more than one child is selected, the parent object must support the
IEnumVARIANT interface, which allows clients to enumerate the selected children.

Clientp can also use the IAzcessible: :get accState method to query the selection or focus state

of an @bject, by using-the following flags:

Flag Description

STATE SYSTEMVFOCUSABLE The object is on the active window and is ready to receive
keyboard focus.

STATE C5YSTEM FOCUSED The object has the keyboard focus.

STATE_SYSTEM_ SELECTABLE The object accepts selection.

STATE SYSTEM SELECTED The object is selected.

7.1.1.1 Selecting child objects

Client

s can use the TAccessible: :accSelect method to modify the selection or keyboard focus

among the children of the specified object. This method takes a flag from the SELFLAG enumeration

which

specifies how the object is selected or takes the focus; that is, whether the object is added to the

current selection, replaces the current selection, is removed from the current selection, and so on. If
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IAccessible::accSelect is called with the SELFLAG TAKEFOCUS flag on a child object that has
an HWND, the flag takes effect only if the object’s parent has the focus

7.1.1.2 Performing complex selection operations

The following describes which SELFLAG values to specify when calling TAccessible: :accSelect
to perform complex selection operations.

To simulate a click:

— SELFLAG TAKEFOCUS | SELFLAG TAKESELECTION

To select a target item by simulating CTRL + click:

— SELFLAG TAKEFOCUS | SELFLAG ADDSELECTION

To cancel selection of a target item by simulating CTRL + click:

— SELFLAG TAKEFOCUS | SELFLAG REMOVESELECTION

To simulate SHIFT + click:

— SELFLAG _TAKEFOCUS | SELFLAG EXTENDSELECTI@ON

To select a range of objects and put focus on the last object:

1) Specify SELFLAG TAKEFOCUS on the starting object fo set the selection anchor.

2) Call IAccessible:accSelect again and specify’SELFLAG EXTENDSELECTION | SELHFLAG
TAKEFOCUS on the last object.

To deselect all objects:

1) Specify SELFLAG TAKESELECTIONW®n any object. This flag deselects all selected objects gxcept
the one just selected.

2) Call IAccessible::accSelect again and specify SELFLAG REMOVESELECTION dn the
remaining object.

7.1.2 Events triggered-in‘'menus

Microsoft Active Aceessibility exposes standard menus created with the Microsoft Win32 menu API
and resource files-To’be consistent with standard menus, servers with custom menus trigger EYENT
OBJECT FOCUS,not EVENT OBJECT SELECTION, when a user highlights a menu item.

NOTE Microsoft Active Accessibility does not support the selection of the text contained in edit and rich edit
controlsbecause the text is exposed as a single string in the Value property for these controls.

7.2 Ul Automation keyboard focus and selection

LIL_ A

La nk s | ) 1 1 1 a1 L | 1 dnn - 1 21 - b e
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7.2.1 Focus

Whenever the focus changes from one Ul item to another, the Ul Automation framework raises the
AutomationFocusChangedEvent. A client can receive these focus-changed events by implementing
the ITUTAutomationFocusChangedEventHandler interface and registering the interface by calling
the TUTAutomation: :AddFocusChangedEventHandler. The client receives the focus-changed
event in its IUIAutomationFocusChangedEventHandler::HandleFocusChangedEvent
method. When the client no longer needs to receive focus-changed events, it can call
IUIAutomation: :RemoveFocusChangedEventHandler method to remove the handler.
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Clients can use the IUIAutomation::GetFocusedElement method to retrieve the
Ul Automation element that currently has the focus. Client can determine whether a
given element has the keyboard focus by querying the HasKeyboardFocus property,
either by calling IUIAutomationElement: :CachedHasKeyboardFocus or
IUIAutomationElement: :CurrentHasKeyboardFocus. To determine whether an element
is able to receive the keyboard focus, clients can query the element’s IsKeyboardFocusable
property  using either IUIAutomationElement::CachedIsKeyboardFocusable  or
IUIAutomationElement: :CurrentIsKeyboardFocusable.

Clientp call an element’s TUTAutomationElement: : SetFocus method to sets the keyboard focus
to the|UI Automation element.

A provider implements the IRawElementProviderFragment: :GetFocus and
IRawklementProviderFragmentRoot: :SetFocus methods to support retrieving aid setting
the fogus for Ul elements that have a multi-level structure, such as list boxes and list viewcedntrols. The
Ul Automation framework calls a provider’s IRawElementProviderFragmentRogts: SetFocus
methdd to give the provider a chance to update the state of the focused item. The framework calls the
IRawklementProviderFragment: :GetFocus method to retrieve the provider for the element
that hps the focus.

7.2.2 | Selection

This spction describes the Ul Automation support for selecting items in‘controls that contain a collection
of selgctable items, such as list views and tree views. It also desctibes the Ul Automation support for
select|ng text in a control that acts as a text container.

7.2.2.1 Item selection

In UI Automation, providers support the Selection contrel pattern (ISelectionProvider interface)
for control types that act as containers for a collectieh of selectable child items. Clients use the Selection
contrgl pattern (through the IUIAutomatiofiSelectionPattern interface) to interact with
contajners of selectable child items. The Selection control pattern includes the following properties,
methdds, and events:

Member Description

CanS¢lectMultiple Specifies whether the provider allows more than one child
element to be selected concurrently.

IsSelectionRequired Specifies whether the provider requires at least one child
element to be selected.

GetSg¢lection Retrieves a collection of provider interfaces (IRawElement-
ProviderSimple) for each selected item.

UIA $election_¥nvalidatedEventId Raised when a selection in a container has changed signifi-
cantly.

For each¢ sélectable child item in a container, the Ul Automation provider implements the
Sele¢tionItem control pattern (ISelectionItemProvider interface), while clients use

the SeT=ctiomnItem control patterm (through the TUIATTOMatIonSe1IeCtIioNItEMPattern
interface) to manipulate the selection of items. The SelectionItem control patter includes the
following properties, methods, and events:

Member Description

AddToSelection Adds the current element to the collection of selected items.

IsSelected Gets a value that indicates whether an item is selected.

RemoveFromSelection Removes the current element from the collection of selected
items.
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Member Description

Select Deselects any selected items and then selects the current
element.

SelectionContainer Gets the provider that implements ISelectionProvider
and acts as the container for the calling object.

UIA_SelectionItem ElementAdded- Raised when an item is added to a collection of selected items.

ToSelectionEventId

HIA—Setectionitem EtementRemoved Rafsed whemam item 1S Temoved from a cottection of sefqcted

FromSelectionEventId items.

UIA_SelectionItem ElementSelect- Raised when a call to the Select, AddToSelectigh/or Re-

edEventId moveFromSelection method results in a sinigle’item Heing
selected.

7.2.2.2 Text selection

The UI Automation Text control pattern enables applications and controls t6.expose a simple textjobject
model, enabling clients to retrieve textual content, text attributes, and embedded objects from text-
based controls. To support the Text control pattern, controls implementthe ITextProvider intgrface.
Control types that should support the Text control pattern include the Edit and Document control types,

and any other control type that enables the user to enter text or select read-only text.

The Text control pattern can be used with other Microsoft. ULAutomation control patterns to sypport

several types of embedded objects in the text, including tables, hyperlinks, and command buttons.

The ITextProvider interface includes a number of methods for acquiring text ranges. A text rgnge is
an object that represents a contiguous span of text‘@multiple, disjoint spans of text in a text confainer.
One ITextProvider method acquires a text rafige that represents the entire document, while pthers
acquire text ranges that represent some portion of the document, such as the selected text, the yisible

text, or an object embedded in the text.

A text range object is represented by the TextRange control pattern, which is implemented through
the ITextProvider interface. The TextRange control pattern provides methods and progerties
used to expose information abouft the text in the range, move the end points of the range, select or

deselect text, scroll the range ifite'view, and so on.

7.2.2.2.1 Ul Automation Text Pattern overview

The Text pattern isroné of many predefined control patterns specifically designed for access t
text information.(Fhe Text pattern interface offers a few key methods and properties useful td

rich-
basic

interactions witlt rich text object models, such as SupportedTextSelection property and
GetSelection method. While a Text pattern represents the entire unit of text (for example, all the
text in an-gdit field), accessing the text is done through TextRange object claimed from the Text
pattern. A' TextRange object represents a contiguous portion of the text by a pair of end points.
Multipte instances of TextRange objects can be created from one Text pattern, which enables haphdling

offhon-contiguous or more complex rich text operations.

A - L janl - L L -
A TextRange tan be obtaimed fromra fext pattermusing ome of the fottowinmg e thods:

Text Pattern method Text Pattern ranges acquired

tern supported.

DocumentRange A TextRange of the entire document available the Text pat-

screen coordinate.

RangeFromPoint A degenerate (empty) TextRange nearest to the specified

perlink, spreadsheet, or other embedded object.

RangeFromChild A TextRange enclosing a child element such as an image, hy-
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Text Pattern method

Text Pattern ranges acquired

GetVisibleRanges

An array of disjoint TextRanges from a text container where
each TextRange begins with the first partially visible line
through to the end of the last partially visible line.

7.2.2.2.1.1 Manipulating text using the TextRange object

A TextRange object represents a span of text within the rich text document material by holding

logica

“text pointers” by a pair of Start and End points. TextRange can be manipulated for navigating

through the text, retrieving the text as a string, selecting text, or searching text.

Type of functions TextRange methods Description
Rangg manipulation Clone Retrieves a new TextRange identical to the griginal. This
new range has its own Start and End points,-which are
initially set to the same values as the soutcerange.
Compare Determines whether the pair of endpoints of this Tex-

tRange is the same as that of another TextRange.

CompareEnd points

Determines whether the Start.ot End point of this Tex-
tRange is the same as an enid,point of another Tex-
tRange.

Acquiring text
infornpation

Search FindAttribute Retrieves a TextRangeé.subset that has the specified
attribute value sueh.asIsItalic and IsReadOnly.
FindText Retrieves a TextRange subset that contains the specified
text.
GetAttributeValue Retrieves‘the value of the specified attribute across the

entire T€xtRange.

GetBoundingRectan-
gles

Retrieves a collection of bounding rectangles for each
folly or partially visible line of text in a TextRange.

GetChildren

Retrieves a collection of all embedded objects that fall
within the TextRange.

GetEnclosingElément

Retrieves the innermost Ul Automation element that en-
closes the TextRange.

GetText

Retrieves the plain text of the TextRange.

Logicqdl TextRange
naviggtions

Move

Moves the TextRange the specified number of text units.

MoveEnd point-
ByRange

Moves one end point of a TextRange to the specified end
point of a second TextRange.

MoveEnd pointByUnit

Moves one end point of the TextRange the specified
number of Text Units.

ExpandToEnclosin- Expands (normalizes) the TextRange to the specified
gUnit text unit.
Control/Text Select Creates a selection in the control that corresponds to the
Maniputation TextRange.
AddToSelection Adds the TextRange to the collection of selected text in a

text container that supports multiple, disjoint selections.

RemoveFromSelection

Removes the TextRange from an existing collection of
selected text in a text container that supports multiple,
disjoint selections.

ScrollIntoView

Causes the text control to scroll until the TextRange is
visible in the viewport.

While most TextRange methods are not expected to cause changes to the text in the control, the
Select, AddToSelection, RemoveFromSelection, and ScrollIntoView methods manipulate
the text selection or view of the control where these operations are supported. Other TextRange
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methods are mostly for navigation of the logical document structure by the Start and End points. If
clients need to manipulate (edit, place, move, and so on) actual text in the control, they should use the

Text Services Framework (in the Windows operating system) instead of Ul Automation.

With the Text pattern, many potential text attributes are defined. Providers can choose which attr

ibutes

(for example, IsItalic, IsReadOnly, UnderlineStyle, and so on) are applicable to the available
rich text styles. Clients can retrieve or search for text attributes where it is supported. See the API

reference specification for available Text Attributes.

7.2.2.2.1.2 Manipulations of TextRange

Move, ExpandToEnclosingUnit and other TextRange methods are useful for logical navi
of text within a Text pattern, such as reading a document line by line. Because specific behaviou
expectations are set for each TextRange logical navigation method, clients and providers s
carefully follow the specification remarks. Some logical navigation can be limited by availability
in the control viewport.

7.2.2.2.1.3 Text Pattern, TextRange, and Embedded Objects

Many documents today support embedded objects such as hyperlinks, images, tables, or
interactive elements. With Ul Automation and the Text pattern, those embedded objects are repres

pation
s and
hould
bf text

other
ented

as children of a document object that supports the Text pattern. Some embedded object (siyich as

hyperlink or table) may span across a range of text, and so that clients can choose to interact wi
text without interruption of embedded object boundaries dr otherwise change the interaction m
type of embedded objects.

For more information @o to www.contso.com.

Example 1 — A portion of document that is inserted with a hyperlink

The example document element can be;outlined as a simple pair of automation elements; an autor
element for the control that hosts theentire text (ControlType.Document), and a child of the text ¢
(ControlType.Hyperlink).

Control Type Document
_ -7 www\TextPattern, ...

-
-

Control Type Hyperlink
www\InvokPattern and
-7 ValuePattern, ...

The text contents should be accessible though the Text pattern of the Document element, inc

th the
bde by

hation
ontrol

uding

the hyperlink text “www.contso.com” along with the special text attribute. Ul Automation Clienfts can

acquire the embedded object or associated TextRange by using GetChildren, RangeFrom(

hild

orother functions. While automation elements represent physical Ul elements on screen, Texth

ange

represents logical ranges among text streams.

- For more information, go to www.contso.com.

Y

A text Range from « Hyperlin»_ _ _ ¥ é
Automation element

~ (... continued stream of
text in Text Pattern)

A creation or manipulation of TextRange or the End points will not affect the control or the text (except
for making selection or scroll actions using the TextRange functions). Moving end point by TextRange
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methods only move the logical pointer but it doesn’t move actual text in the control. For examples, see
the reference section for Move and other methods of the TUTAutomationTextRange interface.

The Text pattern allows hosting an embedded object without a span of text. For example, an image
can be hosted among text, and the physical location (screen coordinate) of the image can be acquired
as a bounding rectangle of the child object. The TextRange’s GetText function will not acquire text
information from those embedded objects; the function is expected to return the plain text of the
contents within the range.

Many [modern productivity applications support inline annotations. These can also be treated as
spannfed or non-spanned embedded objects. An inserted annotation object can be a separate annotatien
text fleld (ControlType.Document if it is multiline text), an image (ControlType . Image;-for
example, ink annotation by stylus devices), or something else.

7.2.2.2.1.4 Text pattern and embedded table example

Simildr to hyperlink text in a document, a table is typically realized as child objectof the automation
elemept that supports the Text pattern. Following is an example of a piece of document that is inserted
with g table in four columns in four rows including the header row.

Table:

Header O Headerl Header 2 Header 3
—BT 1‘ 1 zi 1 3" 1

0,2 1,2 2,2 3,2

0,3 1,3 2,3 3,3

Example 2 — A portion of document'that is inserted with a table and a picture

The eyample document object can be outlined as follows in the automation element tree:

ControlType Document

2o~ — — \W/TextPattern,...
»
ControlType Table
o ———— LocalizedControl TypeProperty = « row »,
- w/GridPattern, TablePattern, ...
ControlType Header f ControlType Custom
w/GriditemPattern, ... ..~ (Y = _ ———== == === T = LocalizedControlTypeProperty = « row »,

w/GridltemPattern, ...

ControlTypeEustom

LocalizedControlTypeProperty « row header « or « cell »
w/GridltemPattern, ...

ControlType Image

ControlType Headerltem
w/GridltemPattern, ...

The Text pattern is supported by the root document element. With this example, the inner text in

each table el s partof textstreanr i theText pattermof the Toot document etement,“—TabieT
Header 0 Header 1 Header 2 Header 3 0, 1 1, 1..”BycallingGetChildren from the
TextRange that holds the entire document, clients can acquire an automation element for the table
(ControlType.Table). To drill down to each inner cell, the Grid pattern and/or Table pattern of each
table/cell automation element is useful. The RangeFromChild method of the root document element
obtains the range of inner text within a cell or a table element.
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Text Range from « Image »

V Text Range from « Table »
Table 1 Header 0 Header 1 Header2  Header 3 0, 1 1,1 2, 1 3, 1
7
\/ \/ \/ \/ \/ \/ \/ \/
AT A A A ARARARA
L JAN )
Y Y
Text Ranges from Text Ranges from « Cell %

« Headerltem »

On the other hand, for any given TextRange object within a document, the GetEnclosingElgment
method should acquire the next smallest automation element that covers the'range. If the rangelis not
among an embedded object such as a table cell or link, the function should return the document jobject
that supports the Text pattern.

If the entire table is treated as a separate object (independent froimthe text stream exposed though the
Text pattern), the table element can be treated as a complex émbedded object without a range of text
(similar to an image embedded among text without a range butwith location information relative|to the
rest of the document).

7.2.2.2.1.5 Text pattern and virtualized embedded objects

Where possible, it is recommended that the entire text of the document be supported by the Text
pattern or TextRange (including any text outside the viewport); however, that is not always pg¢ssible
for performance and other reasons. Wherthe off-screen text or embedded objects are “virtuallized”,
providers should consider supporting theVirtualizedItem pattern for virtualized embedded opjects.

NOTE The VirtualizedItem ¢bntrol pattern cannot be associated with a TextRange becpuse a
TextRange is only a logical objectthat representing a portion of text by a pair of end points. In other words,
TextRange is not an automation‘elément.

The TtemContainer pattern can be also supported by the document object in order to suppart the
basic programmatic seareh capabilities besides end-user search features for the document context. The
types of virtualizatjen can vary depending on the document presentation.

For example, if the-document presentation is virtualized while the entire text stream is still available,
the DocumentRange method of the Text control pattern may still create a TextRange object with two
End points‘hat covers the document end to end. However, the outcome of the GetChildren fupction
on the PextRange may be limited by series of placeholder objects. To interact with those virtujalized
embedded objects, clients would need to call the Realize function ‘onthe VirtualizedItemcontrol
pattern. A similar practice could be applied to a table/grid element that is embedded in a dociment
while a portion of the table is off-screen and virtualized.

7.2.2.2.1.6 Leveraging ControlType.Custom in Text Pattern

While the Text pattern offers support for variations of text attributes and embedded objects, not
all document elements and presentations can be defined in advance. For types of elements that are
not supported in attributes or standard control types, providers can leverage the extensibility of Ul
Automation by use the ControlType.Custom.

For example, no Text Attributes are defined for document structure “headers,” which are typically
represented as “header 17, “header 2”, and so on in HTML or other text markup languages.
Instead of exposing the information, a provider can allocate custom child objects defined with
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LocalizedControlType thathave the heading information. Because the LocalizedControlType
property is a human readable string, it can be used directly for reading or interactions by end-users.

For applications and user interfaces that are based on page presentations, the boundary and layout
presentation of “page” can also be expressed as an embedded object with ControlType.Custom
(LocalizedControlType “page”). That way, the embedded object can host other page elements that
cannot easily be part of the document text stream, such as the header and footer fields of each page.
These can be hosted as child objects of the “page” embedded object. (Alternatively, independent Text
control patterns can be supported by each “page” object. This model can work well for applications

such ds authoring tools for slideshow presentations, or page-based desktop publishing environments.}

7.2.2.2.1.7 Lifetime of TextRange claimed

It is npt always guaranteed for TextRange be sustained when the document structure is-changed by
deleting, inserting, or moving the portion of the text. While it is encouraged that Text patteni providers
acconjmodate the changes be reflected to associated TextRange, a new range may.need to be re-
claimg¢d when the host text is changed (Text TextChangedEvent israised).

8 Events

8.1 [WinEvents

The Microsoft Windows operating system includes a feature calléd WinEvents that enables processes
and qpplications running on the Windows desktop to exchange certain types of information.
Accessibility tools that use Microsoft Active Accessibility and“Ul Automation are among the primary
users pf the WinEvents.

In the|context of accessibility, Microsoft Active Accessibility servers and Ul Automation providers use
WinEyents to notify clients of changes in an application UI, such as when a Ul element has been created
or destroyed, or when an element name, state, or¥alue has changed.

8.1.1 | USER’s role in WinEvents

WinEyent support is provided by USER;a fundamental part of the Windows operating system. USER
provides the following:

— apimple way for clients to register for event notifications;
— amechanism for injecting client code into servers;

— rquting of events ffgm servers to interested clients;

— aytomatic eventgeneration for most HWND-based controls.

Event(generation for window (HWND)-based controls is especially important for server developers. As
discudsed éarlier, Oleacc.dl1 provides TAccessible proxies for standard Ul elements. Similarly,
USER pprovides automatic WinEvent support for these same Ul elements. Because USER is involved in

Creatl a“dactrouving mauving racizing and athar actinnce on A1l INA/ND hacad cantrale i+ gonaratac tha
Hat - -oaS €

THT et Oy IS Tt OV It 5 T COTATTIT S ot Ot oo troro—9 e CoITr oo e 5 St ot et e

appropriate WinEvents.

Some WinEvents, including general HWND events, are supported by USER automatically. Other types
of WinEvents are supported by controls (Microsoft Active Accessibility servers), which include state
change or selection events specific to the control behaviours.
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8.1.2 Receiving event notifications

Clients register one or more callback functions (with USER) to receive event notifications. To d

o this,

the client calls SetWinEventHook and specifies which events to receive and how to receive them. The

client may choose to

receive all events or a specific set of events,

receive events from all threads or from a specific thread,

receive events from all processes or from a specific process,

handle events in process or out of process (discussed below).

When an event is generated that matches the specified criteria, USER calls the client’s\callback fu
(or “hook procedure”).

8.1.3 Sending events

To broadcast an event notification to all interested clients, servers call NotifyWinEvent an
information that identifies the type of event and the Ul element to which'the event applies. Clients c
this information to retrieve an TAccessible object for the Ul element and collect more informa

For example, to notify clients that a control’s name has changed, a server calls NotifyWinEver
passes EVENT OBJECT NAMECHANGE in the event parametetr:

When a server calls NotifyWinEvent, USER determines which clients are interested in that part
event and calls their registered callback functions. If nexclients have registered for that event, the s¢

nction

1 pass
nn use
fion.

t and

icular
rver’s

call to NotifyWinEvent is comparable to a “no operation” and the performance impact is negligible.

8.1.4 The allocation of WinEvent IDs

The WinEvent ID must be registered inladvance. Any irregular usage outside of the pre-regi
event ID is not supported. At worst, it.can cause system crashes or totally unexpected behavio
applications and the operating system. At best, irregular usage can cause serious confusion :
processes as WinEvents are alsoiused by the operating system internally. Even with this limi

stered
urs of
imong
ration,

WinEvents serve a key role in Microsoft Active Accessibility and other communication mechanisins.

A pool of WinEvent ID ranges is reserved for specific uses. This reserve can be used and sha
long as the usage meefs;the criteria of the reserve. Creators of WinEvents still need to collabor
avoid collisions amongst themselves, but the reserve helps reduce the risks of unexpected col
and conflicts of future WinEvent usages.

red as
ate to
isions

Ul Automation
Events (System Re-
served)

Type Reservation Currently in use Comments
Microsoft Active 0x0001 to 0xOOFF  |0x0001 to 0x0020 EVENT_SYSTEM_*
Accessibitity/ 0x4001 to 0x40FF | 0x4001 to 0x4007 ~ |EVENT_CONSOLE_*

0x4E00 to Ox4EFF

0x4E20 to 0x4E33

UIA Event IDs

e Z e Wa W RS o WL 4 =k .

ZEOR

Fal
UA7IJUU LU UA7IOTT

FaVle ] le Wa N T Y
UXA7IJ0U U UX7TITID

LA PRl ) 1 D
ulAaTl UlJCl L_y \,uauscu LVCIILIDUS

0x8000 to 0x80FF

0x8000 to 0x8015

EVENT OBJECT *

OEM Reserved

0x0101 to Ox01FF

0x0101 to 0x0122

[Accessible2 Events

Community Reserved

0xA000 to OxAFFF

None

Reserved for new advanced event space
leveraged by Accessibility Interoperabili-

ty Alliance (AIA) specifications

ATOM

0xC000 to OxFFFF

0xC000 to OxFFFF

Reserved for general extensibility pur-

pose for runtime event allocations
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8.1.4.1 Microsoft Active Accessibility/UIl Automation events (System reserved events)

Five ranges of WinEvent IDs are reserved. The first range (0x0001 to 0x00FF) is reserved for system-
level events, typically used for describing situations affecting all applications in the system. The second
range (0x4001 to 0x40FF) is reserved for Windows console specific events. The third (0x4E00 to
0x4EFF) and fourth ranges (0x7500 to 0x75FF) are for the reflection of Ul Automation events. Lastly,
the fifth range (0x8000 to 0x80FF) is for object-level events that pertain to situations specific to objects
within one application.

All Microsoft Active Accessibility and Ul Automation events are pre-defined in header files, which can
be found in the upcoming Windows 7 SDK (for example, WINUSER.h and UTAutomationClient . h.

8.1.4.l.1 OEM reserved events

The I[fccessible2 specification already uses part of this range. The OEM reserved range-is open to
anyone who would like to use WinEvents as a communication mechanism. Developersshould define
and ppblish event definitions along with their parameters (or also with associated object types) for
event processing so that accidental collisions of event IDs can be avoided.

8.1.4.1.2 Community reserved events

The previous two ranges are reserved based on current mainstream usage of WinEvents for
accesdibility and software automation. The Accessibility Interoperability Alliance (AIA) Extensions are
reservyed for any future usage of WinEvent ranges across the inddstry. Due to the nature of WinEvent
architecture, it is highly recommended that developers publish and define a standard specification
beforg any official usage.

8.1.4.1.3 ATOM (Runtime reserved events)
The AITOM range is reserved for general extensibility: purposes for runtime event allocations. No static

usage|of this range is allowed. Using GlobalAl¥ocAtom with a string GUID is recommended as a
preferred method of allocating WinEvents in ATOM.

8.1.4.2 The use of reserves

Accordling to the WinEvent specification, the system reserved area and any other non-defined areas
be consumed without SDKirevision. For any new events, applications should use OEM Reserved
Reserved ranges. When a-new event is defined, it is highly recommended that developers share

8.2

UIAu [ el [ Of d Key Ieadature 10or d ve (e "..:' UCI1 dS SCreeln re dder d 110
screen magnifiers. These Ul Automation clients track events that are raised by Ul Automation providers
when something happens in the Ul and use the information to notify end users.

Efficiency is improved by allowing provider applications to raise events selectively, depending on whether
any clients are subscribed to those events, or not to raise event, if no clients are listening for any events.
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Ul Automation events fall into the following categories.

Event

Description

Property change

Raised by a provider when a property on a Ul Automation element or control pattern
changes. For example, if a client needs to monitor an application’s check box control,

it can register to listen for a property change event on the ToggleState property.
When the check box control is checked or unchecked, the provider raises the event and
the client can act as necessary.

Element action

Raised by a provider when a change in the Ul Tesults from end USer or programinatic
activity; for example, when a button is clicked or invoked through InvokePatitgrn.

Structure change

Raised by a provider when the structure of the Ul Automation tree changés;-The ftruc-
ture changes when new Ul items become visible, hidden, or removed onthe deskfop.

General event

Raised by a provider when actions of global interest to the client occiiv, such as when
the focus shifts from one element to another, or when a window.¢loses.

Some events do not necessarily mean that the state of the Ul has changed. For€xample, if the user abs to
a text-entry field and then clicks a button to update the field, the provider rdises a TextChangedHBvent
even if the user did not actually change the text. When processing an event, it may be necessary for a

client application to check whether anything has actually changed befefe taking action.
Provider may raise the following events when the state of the UL has not changed.

— AutomationPropertyChangedEvent (depending on the property that has changed);
— ElementSelectedEvent;

— InvalidatedEvent;

— TextChangedEvent.

8.2.1 How providers raise events

Providers raise an event regardless of Whether a change in the Ul was triggered by user input or by 4 client
application using Ul Automation. UFAutomation providers use the following functions to raise events:

Function

Description

UiaRaiseAutomationEwent Raises various events, including events triggered b

~<

control patterns.

UiaRaiseAutomatdonPropertyChangedEvent |Raises an event when a Ul Automation property ha

changed

UiaRaiseStruetureChangedEvent Raises an event when the structure of the Ul Automn]ation

tree has changed, for example, by removing or addihg an
element.

To ,optimize performance, a provider can selectively raise events, or raise no events at all if no|client

application is registered to receive them. The following API elements are used for optimization.

API Element Description

UiaClientsArelistening This function ascertains whether any client applications have
subscribed to Ul Automation events.

IRawElementProviderAdviseEvents Implementing this interface on a fragment root enables the
provider to be advised when clients register and unregister
event handlers for events on the fragment.
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8.2.2 How clients register for and process events

Client applications subscribe to events of a particular kind by registering an event handler. To receive
and handle events, a client implements an event-handling object that exposes a callback interface, and
registers the object by calling one of the following methods. The callback interface has a single method;
UI Automation calls this method when the event is processed.

Method Description

AddF peuschangediventHandler Subscribestoeventsthatareratsed-whenthefocus \,haugcb
from on Ul element to another.

AddPropertyChangedEventHandler Subscribes to events that are raised when the value of a prop-
erty changes.

AddStructureChangedEventHandler Subscribes to events that are raised when the struetdre of the
Ul changes.

AddAgtomationEventHandler Subscribes to other types of events.

On shfitdown, or when Ul Automation events are no longer of interest to the application, Ul Automation
clientg should call one or more of the following TUTAutomation methods.

Meth¢d Description

RemoyeAutomationEventHandler Unregisters an event handler that was registered by using
AddAutomationEventHandler.

RemoyeFocusChangedEventHandler Unregisters an eventhandler that was registered by using
AddFocusChangedEventHandler.

RemoyePropertyChangedEventHandler |Unregisters anevent handler that was registered by using
AddProperpyChangedEventHandler or AddProper-
tyChangédEventHandlerNativeArray.

RemoyeStructureChangedEventHandler |Unregisters an event handler that was registered by using
AddStructureChangedEventHandler.

RemoyeAllEventHandlers Unregisters all registered event handlers

9 Programmatic modifications of states, properties, values, and text

9.1 I Automation specifications

This spction provides information about how to work with Ul Automation which is necessary to design
and use the features of Ul-Automation to programmatically modify states, properties, values, text and
introduces the concepts‘of control patterns and control types.

9.1.1 | Introduction

The U] Autdmation Specification provides flexible programmatic access to Ul elements on the Windows
p;enhabling assistive technology products such as screen readers to provide information about

Ul Automation is broader in scope than just an interface definition. It provides the following:

— an object model and functions that make it easy for client applications to receive events, retrieve
property values, and manipulate Ul elements;

— acore infrastructure for finding and fetching across process boundaries;

— aset of interfaces for providers to express the tree structure, general properties, and functionality
of Ul elements;
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— a‘“controltype” property thatallows clients and providers to clearly indicate the common prop
functionality, and structure of a Ul object.

Ul Automation improves on Microsoft Active Accessibility by
— enabling efficient out-of-process clients, while continuing to allow in-process access,

— exposing more information about the Ul in a way that allows clients to be out-of-process,

—  coexistingwith andleveraging Microsoft Active Accessibilitvwithoutinheriting its imitatio

16(E)

erties,
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— providing an alternative to TAccessible thatis simple to implement.

The implementation of the Ul Automation Specification in Windows features Component Object
(COM)-based interfaces and managed interfaces.

9.1.2 Ul Automation elements

Ul Automation exposes every piece of the Ul to client applications as an autemation element. Pro

1S,

Model

viders

supply property values for each element. Elements are exposed as a tree(structure, with the deskitop as

the root element.

Automation elements expose common properties of the Ul eléments they represent. One of| these
properties is the control type, which describes its basic appearance and functionality (for example, a

button or a check box).

9.1.3 Ul Automation tree

The Ul Automation tree represents the entire Ul; the root element is the current desktop, and child

elements are application windows. Each of these child elements can contain elements repres
menus, buttons, toolbars, and so on. These elenients in turn can contain elements like list items,
following illustration shows.

= “Run” dialog
(no name) image (id="12297")
“Type the name of a program, folder, document,
“"Open:" text (id="12305")
"Open:” combo box (id="12298")
"Cancel” button (id="2")
“Browse...” button (id="12288")
& (no name) title bar
-0 “System” menu bar
"Close” button

Type the name of a program, foldgt, document, or Internet
resource, and Windows will open it for you.

(L2

DREDED

Figure 5 — Screen Shot Showing Ul Automation Tree

enting
as the

jor Inter...

Be aware that the order of the siblings in the Ul Automation tree is quite important. Objects that are

next to each other visually should also be next to each other in the Ul Automation tree.

Ul Automation providers for a particular control support navigation among the child elements of that
control. However, providers are not concerned with navigation between these control sub-trees. This is

managed by the Ul Automation core, using information from the default window providers.
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To help clients process Ul information more effectively, the framework supports alternative views of
the automation tree: raw view, control view, and content view. As the following table shows, the type of
filtering determines the views, and the client defines the scope of a view.

Automation tree Description

Raw view The full tree of automation element objects for which the desktop is the
root.

Control view A subset of the raw view that closely maps to the Ul structure as the

user perceives it.

Contept view A subset of the control view that contains content most relevant to the
user, like the values in a drop-down combo box.

9.1.4 | Ul Automation properties

The Yl Automation Specification defines two kinds of properties: automation elemént properties
and cpntrol pattern properties. Automation element properties apply to most. eontrols, providing
fundamental information about the element, such as its name. Control pattern properties apply to
contrgl patterns, which are described next.

Unlik¢ with Microsoft Active Accessibility, every Ul Automation property(is)iidentified by a GUID and a
programmatic name, which makes new properties easier to introduce,

9.1.5 ( UI Automation control patterns

A confrol pattern describes a particular aspect of the functionality of an automation element. For
example, a simple “click-able” control like a button or hyperlink should support the Invoke control
pattern to represent the “click” action.

Each ¢ontrol pattern is a canonical representation «©f possible Ul features and functions. The current
implementation of Ul Automation defines 22 control patterns. The Windows Automation API can also
support custom control patterns. Unlike Microsoft Active Accessibility role or state properties, one
automation element can support multiple Ul"'Automation control patterns.

9.1.6 | UI Automation control types

A control type is an automation elerent property that specifies a well-known control that the element
repregents. Currently, Ul Automation defines 38 control types, including Button, CheckBox, ComboBox,
DataGjrid, Document, Hyperlink, Image, ToolTip, Tree, and Window.

Befor¢ you can assign-a eontrol type to an element, the element needs to meet certain conditions,
including a particular-automation tree structure, property values, control patterns, and events.
HowevYer, you are Hetlimited to these. You can extend a control with custom patterns and properties, as
well af with the-pre-defined ones.

The tdtal nwmber of pre-defined control types is significantly lower than Microsoft Active Accessibility
object{ roles, because Ul Automation control types can be combined to express a larger set of features
while IMierosoft Active Accessibility roles cannot

9.1.7 Ul Automation events

UI Automation events notify applications of changes to, and actions taken with automation elements.
There are four different types of Ul Automation events, and they do not necessarily mean that the visual
state of the Ul has changed. The Ul Automation event model is independent of the WinEvent framework
in Windows, although the Windows Automation API makes Ul Automation events interoperable with
the Microsoft Active Accessibility framework.

For details, see Clause 3 and 9.1.1.
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10 Design considerations

10.1 UI Automation design considerations

This section provides information about how to work with Ul Automation. Information and examples

are provided for both Ul Automation clients and Ul Automation providers. Interoperability be
Microsoft Active Accessibility and Ul Automation is also addressed.

tween

10.1.1 UI Automation clients

There are many different actions that Ul Automation clients can perform. This section-summ
some common procedures performed by clients.

10.1.1.1 Find Ul Automation elements based on a property condition

arizes

This section contains example code that shows how to locate elements within the Ul Automation tree

based on a specific property or properties. In the following example, a set.of property conditio
specified that identify a certain element (or elements) of interest. A seanch for all matching elem
then performed with the FindAll.

/// <summary>
/// Finds all enabled buttons in the specified window element.
/// </summary>
/// <param name = ”elementWindowElement”>An application’ or dialog box window.</param
/// <returns>A collection of elements that meet thé\econditions.</returns>
AutomationElementCollection FindByMultipleConditdgm$ (AutomationElement
elementWindowElement)
{
Condition conditions = new AndConditionk

new PropertyCondition (AutomationElement.IsEnabledProperty, true),

new PropertyCondition (AutomationElement.ControlTypeProperty, ControlType.Button

)

// Find all children that match the specified conditions (for example, buttons
// that are immediate childreqW~of the automation element).
AutomationElementCollectionvelementCollection =

elementWindowElement.EMJALL (TreeScope.Children, conditions);
return elementCollection;

}
10.1.1.2 Navigate among Ul Automation elements with TreeWalker

This section contaifis example code that shows how to navigate among Ul Automation eleme
using the TreeWadker class. The following example uses GetParent to walk up the Ul Automatio
until it finds the)root element, or desktop. The element just below that is the parent window
specified element.

/// <summary>

/// RegPieves the top-level window that contains the specified UI Automation element.
// /[ \$Lsummary>

[/ A <param name = “element”>The contained element.</param>

ns are
bnts is

nts by
n tree
of the

#7) <returns>The containing top-level window element.</returns>

private AutomationkElement GetTopLevelWlndow (AutomationkElement element)
{
TreeWalker walker = TreeWalker.ControlViewWalker;
AutomationElement elementParent;
AutomationElement node = element;
if (node == AutomationElement.RootElement)
{
return node;
}
do
{
elementParent = walker.GetParent (node);
if (elementParent == AutomationElement.RootElement)

{
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break;

}

node = elementParent;

}

while (true);

}
10.1

This

void

{

true

}

return node;

.1.3 Get Ul Automation element properties

section describes how to retrieve properties of a Ul Automation element
PropertyCallsExample (AutomationElement elementList)

/Y The following two calls are equivalent.
Fring name = elementlList.Current.Name;

0]

ngme = elementList.GetCurrentPropertyValue (AutomationElement.NameProperty) agsistring;
/Y The following shows how to ignore the default property, which
/Y would probably be an empty string if the property is not supported.
/Y Passing “false” as the second parameter is equivalent to using the“0Verload
/Y that does not have this parameter.
object help = elementlList.GetCurrentPropertyValue (AutomationElementJ)JHelpTextProperty,
)
if (help == AutomationElement.NotSupported)
{
help = “No help available”;
}
else
{
string helpText = (string)help;

10.1.1.4 Subscribe to Ul Automation events

This

section describes how to subscribe Ul Automation events. The following example code registers

an ev¢nt handler for the event that is raised when a control such as a button is invoked, and removes
it when the application form closes. The evént is identified by an AutomationEvent passed as a
paranjeter to AddAutomationEventHandler.

// Member variables.

Auto
Auto

/17
/17
/17
/17
publ
{

}

/17
/17
/17
/17
/17

mtionElement ElementSubscribeButton;
mationEventHandler UIAeveaflMandler;

<pummary>

Re¢gister an event handler for InvokedEvent on the specified element.
<fsummary>

<param name = “edéméntButton”>The automation element.</param>

i¢ void SubscrikeToInvoke (AutomationElement elementButton)

F (elementButton ! = null)

S

Autemation.AddAutomationEventHandler (InvokePattern.InvokedEvent,
elementButton, TreeScope.Element,
UIAeventHandler = new AutomationEventHandler (OnUIAutomationEvent));
FlementSubscribeButton = elementButton;

<summary>
AutomationEventHandler delegate.

</summary>

<param name = ”“src”>Object that raised the event.</param>
<param name = “e”>Event arguments.</param>

private void OnUIAutomationEvent (object src, AutomationEventArgs e)

{

52

// Make sure the element still exists. Elements such as tooltips
// can disappear before the event is processed.
AutomationElement sourceElement = src as AutomationElement;

if (e.EventId == InvokePattern.InvokedEvent)
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// TODO Add handling code.

// TODO Handle any other events that have been subscribed to.

private void ShutdownUIA ()
{

if (UIAeventHandler ! = null)
{
Automation.RemoveAutomationEventHandler (InvokePattern.InvokedEvent,
ElementSubscribeButton, UIAeventHandler);

}
10.1.1.5 Manipulate a control by UI Automation

This section describes how to retrieve control pattern objects from Ul Automation elements.

It is strongly recommended that a client not use GetSupportedPatterns (a managed
API) or PollForPotentialSupportedPatterns (a native client API). A client shoul
GetCurrentPattern for the key patterns of interest.

Obtain a Specific Control Pattern
1) Getthe AutomationElement whose control patternsyou are interested in.

2) Call GetCurrentPattern or TryGetCurrentPattern to query for a specific pattern.
methods are similar, but if the pattern is not*folind, GetCurrentPattern raises an excd
and TryGetCurrentPattern returns false:

The following example retrieves an AudtomationElement for a list item and obta
SelectionItemPattern from that eletnent.

/// <summary>
/// Sets the focus to a list apd~selects a string item in that list.
/// </summary>
/// <param name = ”listElemept”>The list element.</param>
/// <param name = ”itemText”>The text to select.</param>
/// <remarks>
/// This deselects any turrently selected items. To add the item to the current seled
/// in a multiselect_Jlist, use AddToSelection instead of Select.
/// </remarks>
public void SeléetlistItem (AutomationElement listElement, String itemText)
{
if ((ligtET¥ement == null) || (itemText == " %))
{
throw new ArgumentException (“Argument cannot be null or empty.”);
}
INfstElement.SetFocus () ;
€éndition cond = new PropertyCondition (
AutomationElement.NameProperty, itemText, PropertyConditionFlags.IgnoreCase);

client
d call

These
ption,

ins a

tion

Auntomationblement elementTtem = listFlement FindFir #(T?‘QDthpp Children cond) ¢«
if (elementItem ! = null)
{
SelectionItemPattern pattern;
try
{
pattern = elementItem.GetCurrentPattern (SelectionItemPattern.Pattern) as
SelectionItemPattern;
}
catch (InvalidOperationException ex)
{
Console.Writeline (ex.Message); // Most likely “Pattern not supported.”
return;
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}

pattern.Select();

10.1.2 UI Automation providers

Most of the standard controls in applications that use the Win32, Windows Forms, or Windows
Presentation Foundation (WPF) frameworks are automatically exposed to the Ul Automation system.
Applications that implement custom controls may also implement Ul Automation providers for those
controls, and client applications do not have to take any special steps to gain access to them. This
sectiop demonstrates tasks for writing Ul Automation providers for Ul elements.

10.1.2.1 Implement core provider interfaces

Every|UI Automation provider must implement one of the following interfaces.

Interface Description

TRawklementProviderSimple This interface represents an instance of a Ul element, and it has

methods that expose property values and pattern interfaces. All
elements exposed to Ul Automation mustimplement this inter-
face at minimum.

IRawflementProviderFragment Adds functionality for an elementin-a complex control, including

navigation within the fragment,'sétting focus, and returning the
bounding rectangle of the element.

IRawlklementProviderFragmentRoot |Adds functionality for thie\root element in a complex control,

including locating a child’element at specified coordinates and
setting the focus state for the entire control.

The fdllowing interfaces provide added functionality but@are not required to be implemented.

Interface Description

IRawklementProviderAdviseEvents |Enables the provider to track requests for events.

IRawflementProviderHwndOverride |Enables repositioning of HWND-based elements within the Ul

Automation tree of a fragment.

10.1.3.2 Expose a server-side Ul'Automation provider

The example code in this section shows how to expose a server-side Ul Automation provider that is
hosted in a System.Windows.Forms.Control window. The example overrides the window
proceglure to handle WICGETOBJECT, which is the message sent by the Ul Automation core service
when p client application requests information about the window.

/17
/17
/17
/17
/17
/17
/17
/17
/17

<pummary>

Handles WM, GETOBJECT message; others are passed to base handler.
<[ summary>
<
<
T

baram-ntame = “m”>Windows message.</param>

remarks>

hisymethod enables UI Automation to find the control.
I 1 L_ll_lL < d.lLlLJlC, L_ll‘: _ILllllJlClllCllL_d.L_J'.Ull UL J.I\d.WLlClllCllL_fJ.U J.\_lCJ. _L J'.ll L_ll‘: o alllc k_,ld.b
as this method.
</remarks>

protected override void WndProc (ref Message m)

{

54

const int WM GETOBJECT = 0x003D;

if ((m.Msg == WM GETOBJECT) && (m.LParam.ToInt32() ==
AutomationInteropProvider.RootObjectId))
{
m.Result = AutomationInteropProvider.ReturnRawElementProvider (
this.Handle, m.WParam, m.LParam,
(IRawElementProviderSimple) this) ;
return;
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}

base.WndProc (ref m);

}
10.1.2.3 Return properties from a Ul Automation provider

The example code in this section demonstrates how a Ul Automation provider can return properties
of an element to client applications. For any property it does not explicitly support, the provider must
return null. This ensures that Ul Automation attempts to obtain the property from another source, such
as the host window provider.

/// <summary>

/// Gets provider property values.

/// </summary>

/// <param name = “propld”>Property identifier.</param>

/// <returns>The value of the property.</returns>

object IRawElementProviderSimple.GetPropertyValue (int propId)

{
if (propId == AutomationElementIdentifiers.NameProperty.Id)

return “Custom list control”;

}
else if (propId == AutomationElementIdentifiers.ControlTypéProperty.Id)

{
return ControlType.List.Id;

}
else if (propId == AutomationElementIdentifiers.IsCohtentElementProperty.Id)

{

return true;

}
else if (propId == AutomationElementIdentifiers.IsControlElementProperty.Id)

{

return true;

}

else

{

return null;
}
}

10.1.2.4 Raise events from a Ul Automation provider

The example code in this section demonstrates howa Ul Automation eventisraised in the implemenftation
of a custom button controli-The implementation enables a Ul Automation client application to sirpulate
a button click. To avoid-unnecessary processing, the example checks ClientsAreListening|to see
whether events should:be raised.

/// <summary>

/// Responds.¥06) a button click, regardless of whether it was caused by a mouse or
/// keyboard ¢lick or by InvokePattern.Invoke.

/// </summgry>

private~v0id OnCustomButtonClicked ()

{

4/s TODO Perform program actions invoked by the control.

// Raise an event.

11 (AUuLomationlinteroprrovider.ClientsAreL1stellng)

{

AutomationEventArgs args = new AutomationEventArgs (InvokePatternIdentifiers.
InvokedEvent) ;
AutomationInteropProvider.RaiseAutomationEvent (InvokePatternIdentifiers.
InvokedEvent, this, args);
}
}

10.1.2.5 Enable navigation in a Ul Automation provider

The example code in this section demonstrates how to implement Navigate for a list item within a list.
The parent element is the list box element and the sibling elements are other items in the list collection.
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The method returns null for directions that are not valid; in this case, FirstChild and LastChild,
because the element has no children.

/// <summary>

/// Navigate to adjacent elements in the automation tree.

/// </summary>

/// <param name = “direction”>Direction to navigate.</param>
/// <returns>The element in that direction, or null.</returns>
/// <remarks>

/// parentControl is the provider for the list box.

/// pfrentltems 15 the collection oOof I1St 1tem providers.
/// <{remarks>
publi¢ IRawElementProviderFragment Navigate (NavigateDirection direction)

{

[

('t myIndex = parentItems.IndexOf (this);
f (direction == NavigateDirection.Parent)

[

return (IRawElementProviderFragment)parentControl;

—

| se if (direction == NavigateDirection.NextSibling)

)

if (myIndex <parentItems.Count - 1)

{

return (IRawElementProviderFragment)parentItems[myIndex\&¥1];

}

—

D

| se if (direction == NavigateDirection.PreviousSibling)

if (myIndex > 0)
{

return (IRawElementProviderFragment)parentItems[myIndex - 1];

}

bturn null;

[n]

}
10.1.3.6 Support control patterns in a Ul Automation provider

This spction shows how to implement one or:thore control patterns on a Ul Automation provider so that
client ppplications can manipulate controlsiand get data from them.

To supjport control patterns,

1) implement the appropriate-interfaces for the control patterns that the element should support,
suych as IInvokeProvidexfor InvokePattern,

2) rdturn the object containing your implementation of each control interface in your implementation
of GetPatternProvider ().

The fpllowing example shows an implementation of ISelectionProvider for a single-selection
customn list box. [éreturns three properties and gets the currently selected item.

#regipn ISeléctionProvider Members

/// <pdmmary>

/// S 46 whether lection f moxr than n item—at o +tim is Supperted
/// </summary>
public bool CanSelectMultiple
{

get

{

return false;

}

}

/// <summary>

/// Specifies whether the list should have an item selected at all times.
/// </summary>

public bool IsSelectionRequired
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get
{
return true;
}
}

/// <summary>
/// Returns the automation provider for the selected list item.

/// </summary>
return The clected jtem return

/// <remarks>
/// MyList is an ArrayList collection of providers for items in the list box.
/// SelectedIndex is the index of the selected item.
/// </remarks>
public IRawElementProviderSimple[] GetSelection()
{
if (SelectedIndex >= 0)
{

IRawElementProviderSimple itemProvider = (IRawElementProviderSimple)
MyList[SelectedIndex];
IRawElementProviderSimple[] providers = { itemProvider .};

return providers;

}
Else

{
return null;
}
}

#endregion ISelectionProvider Members

10.1.3 Coexistence and interoperability with Micresoft Active Accessibility

Ul Automation provider interfaces are not cderived from the Microsoft Active Access
IAccessible COM interface. However, thextl Automation Core does take advantage of ey
Microsoft Active Accessibility implementations.

To coexist with and take advantage of existing Microsoft Active Accessibility implementatior
clients, Ul Automation translates between Microsoft Active Accessibility and Ul Automati
appropriate. Clients using the Ul Automation client API can use its services to search over ey
IAccessible implementations, Code that writes to the Ul automation provider interfaces will §
visible to existing TAccessible client code.

Also, a Microsoft Active(Accessibility implementation can add specific Ul Automation propertig
control patterns in addition to the base accessibility implementations using IAccessibleEx int

Two main ways that information is shared between Ul Automation and Microsoft Active Access
are the “MSAAfo-Ul-Automation Proxy” and “Ul-Automation-to-MSAA Bridge.”

10.1.3.1._MSAA-to-Ul-Automation proxy

ThedMSAA proxy is a component that consumes Microsoft Active Accessibility information and
itavailable through the Ul Automation Client API, mapping the programmatic information and fe

ibility
isting

s and
on as
isting
till be

bs and
brface.

ibility

makes
htures

such as the TAccessible interface to the corresponding Ul Automation features. If a Microsoft

Active

Accessibility serveris extended with Ul Automation properties and patterns using the IAccessibleEx
interface, these too are visible to Ul Automation and clients just as they are to an implementation that

uses Ul Automation provider interfaces.

10.1.3.2 Ul-Automation-to-MSAA bridge

The MSAA Bridge enables client applications that use Microsoft Active Accessibility to access

applications that implement Ul Automation. By bridging Microsoft Active Accessibility a

nd Ul

Automation together, Microsoft Active Accessibility-based clients, such as a screen reader designed for
Windows XP, can still programmatically interact with Ul Automation-based providers of Ul information,
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such as a Windows Presentation Foundation (WPF) application. It is part of the Ul Automation Core
component (UTAutomationCore.dl1).See Annex B for more information.

10.2 IAccessibleEx design considerations

This section provides information about how to work with TAccessibleEx. In addition, it supplies
information and examples on using IAccessibleEx from both client and provider side and it
addresses interoperability between Microsoft Active Accessibility and Ul Automation.

10.2.1 Design consideration for providers before implementing the IAccessibleEx interface

While| TAccessibleEx is very cost-effective way of supporting Ul Automation when an application
already has good Microsoft Active Accessibility server practice, a few technical concerns should b€ taken
into cgnsideration before implementing the TAccessibleEx and Ul Automation Provider interfaces.

— The baseline Microsoft Active Accessibility accessible object hierarchy must be clean

IAccessibleEx cannot correct problems with existing accessible object’hiérarchies. If there
is|an issue with object model structure, you must fix it in Microsoft Active JAccessibility prior to
implementing the TAccessibleEx interface.

— TIRccessibleEx implementation should be compliant with bothlicrosoft Active Accessibility
and Ul Automation specifications

When it is implemented, the resulting object model should be~compliant with both Microsoft Active
Agcessibility and Ul Automation. Tools are available to confirm under both specifications.

10.2.2 IAccessibleEx interface for providers

This gection provides information about how Migrosoft Active Accessibility implementations can
exposk Ul Automation information by using TAccessibleEx and IRawElementProviderSimple.

10.2.2.1 Implement the IServiceProvider‘interface

The fifst step for a provider is to implement IServiceProvider on the existing TAccessible object.
Incomjing calls to QueryService fora'service id of  uuidof (IAccessibleEx) should return
areference to the object implementing TAccessibleEx.

10.2.3.2 Implement the Childld

In Midrosoft Active Accessibility, a Ul element is always identified by the pair of TAccessible COM
interface and a ChiAdZd object identifier. This means that a single TAccessible COM object can
repregent multiple JI*elements.

An TAccessikleEx instance represents a single Ul element, so it must map from the TAccessible
and Childld pair to a corresponding TAccessibleEx. IAccessibleEx includes two methods to
handle this mapping:

— GetObjectForChild — Returns the IAccessibleEx element for the specified child. Returns
S_OK/NULL if this implementation does not use ChildId, does not have an IAccessibleEx for
the specified child, or already represents a child element.

— GetIAccessiblePair —ReturnsanIAccessibleandChildIdpairforthe IAccessibleEx
element. For TAccessible implementations that do not use Chi1dId, the method returns the
corresponding IAccessible objectand CHILDID SELF.

If an accessible object implementation does not use Chi1dId, the methods can still be implemented as
shown in the following code snippet.

58 © ISO/IEC 2016 - All rights reserved


https://standardsiso.com/api/?name=d9fc41ce9b71abf06cf3f5b07d3b6d85

ISO/IEC TR 13066-2:2016(E)

// This sample implements IAccessibleEx on the same object; it could use a tear-off
// or inner object instead.
class MyAccessibleImpl: public IAccessible,
public IAccessibleEx,
public IRawElementProviderSimple
{
public:
HRESULT STDMETHODCALLTYPE GetObjectForChild(long idChild, IAccessibleEx ** pRetVal)
{
This implementatrion doesn’t npport child TD
*pRetVal = NULL;
return S OK;

}

HRESULT STDMETHODCALLTYPE GetIAccessiblePair (IAccessible ** ppAcc, long. % pidChilld)
{

// Assuming that IAccessibleEx is implemented on same object as
// IAccessible...
*ppAcc = static cast <IAccessible *> (this);
(*ppAcc) ->AddRef () ;
*pidChild = CHILDID SELF;
return S OK;
}

10.2.2.3 Implement the IRawElementProviderSimple interfaee

Servers use TRawElementProviderSimple to expose information about Ul Automation progerties
and control patterns. IRawElementProviderSimple includes the following methods.

— ProviderOptions — This method is not used with TAccessibleEx implementations.

— GetPatternProvider — This method is usedto expose control pattern interfaces. It retufns an
object that supports the specified control pattern, or NULL if the control pattern is not suppdrted.

— GetPropertyValue — This methodisised to expose Ul Automation property values.
— HostRawElementProvider — Fhis methodis notused with IAccessibleEx implementations.

An IAccessibleEx server exposes control patterns by implemgnting
IRawElementProviderSimple: :GetPatternProvider. This method takes an ipteger
parameter that specifies the control pattern. The server returns NULL if the pattern is not supported.
If the control pattern intérface is supported, servers return an IUnknown and the client then calls
QueryInterface togetthe appropriate control pattern.

An TAccessibleEx server can support Ul Automation properties (such as LabeledBy, and
IsRequiredEexForm) by implementing IRawElementProviderSimple: :GetPropertyVYalue
and supplying-an’integer PROPERTYID identifying the property as a parameter. This technique gpplies
only to Ul{Automation properties that are not included in a control pattern interface. Proyerties
associated/with a control pattern interface are exposed through the control pattern interface method.
For example, the IsSelected property from the SelectionItem control pattern would be extiposed
withb¥SelectionItemProvider: :get IsSelected.

—10:2-3TAccessibieEximterface forclients

The procedures and samples provided in this section assume an IAccessible client that
is already in process and an existing Microsoft Active Accessibility server. They also assume
that the client has already obtained an IAccessible object by using one of the accessibility
framework APIs such as AccessibleObjectFromEvent, AccessibleObjectFromPoint, or
AccessibleObjectFromWindow.

10.2.3.1 Obtain an IAccessibleEx interface from the IAccessible interface
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1) Call OQueryInterface on the original IAccessible object with an IID of
__uuidof (IServiceProvider).

2) Call IServiceProvider: :QueryService to getthe IAccessibleEx.

10.2.3.2 Handle the Childld

Clients must be prepared for servers witha ChildId value other than CHILDID SELF.After obtaining
an TAccessibleFx froman TAccessible, clients mustcall GetObjectForChildifthe ChildId

value [snot CHILDID SELF (indicating a parent object).

The fpllowing code snippet shows how to an IAccessibleEx for an IAccessible objectand
Chil¢lId pair.

HRESULT GetIAccessibleExFromIAccessible (IAccessible * pAcc, long idChild,
IAccessibleEx ** ppaex)

{
*ppaex = NULL;

First, get IServiceProvider from the IAccessible...
erviceProvider * pSp = NULL;
ESULT hr = pAcc->QuerylInterface(IID IServiceProvider, (void *MNYé& pSp);
F (FAILED (hr))
return hr;
if (pSp == NULL)
return E NOINTERFACE;

F-m H

~

Next, get the IAccessibleEx for the parent objecn./.

hccessibleEx * paex = NULL;

hr = pSp->QueryService(_uuidof (IAccessibleEx), s\uuidof (IAccessibleEx),
(void **)&paex) ;

H

ppp->Release () ;

if (FAILED (hr))
return hr;
if (paex == NULL)

return E_NOINTERFACE;

/{ If this is for CHILDID SELF, wel ré done. Otherwise, we’ve got a child ID,
/f so ask for the object for that,
if (idChild == CHILDID SELF)
{
*ppaex = paex;
return S OK;
}
else

// Get the IAscessibleEx for the specified idChild...
IAccessibleE%/ * paexChild = NULL;
hr = paexyx@etObjectForChild (idChild, &paexChild);
paex->Release () ;
if (FAIRED (hr))
return hr;
ifitRaexChild == NULL)
return E NOINTERFACE;
jppaex = paexChild;

return S OK;

}
10.2.3.3 Obtain the IRawElementProviderSimple interface

The following code snippet demonstrates how, when a client has an TAccessibleEx, it can use
QueryInterface togettothe TRawElementProviderSimple interface.

HRESULT GetIRawElementProviderFromIAccessible (IAccessible * pAcc, long idChild,
IRawElementProviderSimple ** ppELl)

{
* ppEl = NULL;
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// First, get the IAccessibleEx for the IAccessible/idChild pair...
IAccessibleEx * paex;
HRESULT hr = GetIAccessibleExFromIAccessible (pAcc, idChild, &paex);
if (FAILED (hr))

return hr;

// Next, use Querylnterface.
hr = paex->QueryInterface( uuidof (IRawElementProviderSimple), (void **)ppEl);
paex->Release ()
return hr;
)

10.2.3.3.1 Use control patterns

The following code snippet demonstrates how, when a client has, laccess to
IRawElementProviderSimple, it can obtain control pattern interfaces that have beenimplenjented

by providers. Clients can call methods on those interfaces.

// Helper to get a pattern interface from an IAccessible/idChild pair ANGeéts the
// IAccessibleEx, then calls GetPatternObject and QueryInterface.
HRESULT GetPatternFromIAccessible (IAccessible * pAcc, long idChildy
PATTERNID patternId, REFIID #id, void ** ppv)
{
// First, get the IAccesibleEx for this IAccessible/idChild pair...
IRawElementProviderSimple * pel;
HRESULT hr = GetIRawElementProviderSimpleFromIAccessdi¥le (pAcc, idChild, é&pel);
if (FAILED (hr))
return hr;
if (paex == NULL)
return E NOINTERFACE;

// Now get the pattern object...
IUnknown * pPatternObject = NULL;
hr = pel->GetPatternProvider (patternId,\&pPatternObject) ;
pel->Release();
if (FAILED (hr))
return hr;
if (pPatternObject == NULL)
return E NOINTERFACE;

// Finally, QueryInterfacelto the correct interface type...
hr = pPatternObject->Quérylnterface(iid, ppv);
pPatternObject->Release () ;
if (*ppv == NULL)

return E NOINTERFACE;
return hr;

}

HRESULT CalllInwvekePatternMethod (IAccessible * pAcc, long idChild)
{
IInvokePxovider * pPattern;
HRESWLT, hr = GetPatternFromIAccessible (pAcc, varChild,
UIA InvokePatternId,  uuidof (IInvokeProvid
(void **)&pPattern);
+£(FAILED (hr))
return hr;

er),

hr = pPattern->Invoke();
pPattern->Release () ;
return hr;

}
10.2.3.4 Obtain property values

Similar to control patterns, after a client has gained access to TRawElementProviderSimple, it
can access property values. The following code sample shows getting values for the Ul Automation

properties AutomationId (astring), and LabeledBy (areference to another element).

#include <initguid.h>

#include <uiautomationcoreapi.h> // Includes the UI Automation property GUID definitions.
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#include <uiautomationcoreids.h> // Includes definitions of pattern/property IDs.

// Assume we already have a IRawElementProviderSimple * pEl:

VARIANT varValue;

// Get AutomationId property:

varValue.vt = VT EMPTY;

HRESULT hr = pEl->GetPropertyValue (UIA AutomationIdPropertyId, &varValue);
if (SUCCEEDED (hr))

{

if (varValue.vt == VT BSTR)
{
// AutomationId is varValue.bstrVal
}
VariantClear (&varValue) ;
}
// Gef LabeledBy property:
varValue.vt = VT EMPTY;
hr = pEl->GetPropertyValue (UIA LabeledByPropertyId, &varValue);
if (SUECEEDED (hr) )
{
if (varvValue.vt == VT UNKNOWN || varValue.punkVal ! = NULL)
{
// QueryInterface to IRawElementProviderSimple...
IRawElementProviderSimple * pElLabel = NULL;
hr = varValue.punkVal->QueryInterface( uuidof (IRaWElementProviderSimple),
(void**) & ©ELTLabel) ;
if (pElLabel ! = NULL)
{
// Use pElLabel here...
pElLabel->Release () ;
}
}
VariantClear (&varValue) ;
}
The cgde sample in this section applies to properties that are not associated with a control pattern. For
contrgl pattern properties, after the client has gained access to the control pattern interface, they can
call fof property values there.
10.2.3.5 Convert from the IRawElementProviderSimple interface back to an IAccessible interface
If a |client obtains an IRawElementProviderSimple as a property value (for example,
calling GetPropertyVale with UIA LabeledByPropertyId) or returned by a method
(for pxample, ISeleétionProvider::GetSelection, which returns a SAFEARRAY of
IRawklementProviderSimple), a client can obtain a corresponding TAccessible (allowing it to
obtain TAccessiple’properties) as follows:
— First, attempt to QueryInterface to IAccessibleEx.
— Ifpueryinterfacefails,usethe ConvertReturnedElement onthe IAccessibleExinstance
thatthe property was originally obtained from.

— Then use the GetIAccessiblePair method on this new IAccessibleEx to obtain an
IAccessible and ChildId value.

// IRawElementProviderSimple * pVal — an element returned by a property or method
// from another IRawElementProviderSimple.

IAccessible * pAcc = NULL;
long idChild;

// First, try to QI to IAccessibleEx...
IAccessibleEx * pAccEx = pVal->QuerylInterface( uuidof (IAccessibleEx))
if (!pAccEx)

{
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// If QI fails, and the IRawElementProviderSimple was obtained as a property
// or return value from another IRawElementProviderSimple, then pass it
// to that originating element’s IAccessibleEx.ConvertReturnedvValue:
pAccExOrig->ConvertReturnedElement (pVal, &pAccEXx) ;

}

if (pAccEx)

{
// Call GetIAccessiblePair to get an {IAccessible, idChild}...
pAccEx->GetIAccessiblePair (&pAcc, &idChild);

}

// Finally, use the IAccessible,idChild
if (pAcc)
{

// Use IAccessible methods to get further information about this UI element,
// or pass it to existing code that works in terms of IAccessible.

}

11 Further Information

11.1 Microsoft Active Accessibility and Extensibility

Microsoft Active Accessibility properties and functions cannotVbe extended without break
changing the IAccessible COM interface specification. The result is that new control beh
cannot be exposed through the object model; it tends to be&tatic.

With UI Automation, as new Ul elements are createdy/application developers can introduce c
properties, control patterns, and events to describe the new elements.

11.2 UI Automation extensibility features

The Microsoft Ul Automation API specifiés a predefined core set of properties, control pat
and events. However, applications are_not limited to using these predefined specifications. 1
Automation extensibility features erable third parties to introduce custom, mutually agreed
properties, events, and control patterns to support new Ul elements and application scenari

ng or
hviour
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Automation providers and clienits-can begin using the custom properties, events, and control pafterns

immediately without requiring the core Ul Automation framework to be updated.

11.2.1 Registration of custom Ul Automation properties, events, and control patterns

A custom propernty;-event, or pattern is specified by filling out a UTAutomationProperty
UIAutomationB¥entInfo or UIAutomationPatternInfo structure as appropriate
then calling €he~appropriate Register.. method on the TUIAutomationRegistrar object
returns an‘integer property, event or pattern identifier that can then be used in any Ul Auton
API thatwses such an identifier. For example, the PropertyId returned by RegisterProy
can <thén be wused in IUIAutomationElement::GetCurrentPropertyValue (
IUIRUtomation: :CreatePropertyCondition.
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. This
nation
erty
r in

Tha followinag
e W

1 mitha annranriata ctructural for 2 cnictanm it
TOTT0 5 TIrer et

1
TTTCIT PPTropricce-otr ottt S oo oo toOT T e

— A GUID that uniquely identifies the property, event, or pattern. Note that this GUID is the real
identifier of the item; two properties or events or patterns are considered equivalent if they have the
same GUID. The integer identifier that is returned by the Register.. () method is temporary and
only valid within and for the remainder of the lifetime of the Ul Automation client that called it. It
may return different integer values for the same GUID when called over different runtime instances

of the client.

— Astringthatrepresents the programmatic name for the item. This is used only for debugging pur
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Custom properties also require the following to be specified:

— avalue identifying the type of the property; for example, whether it is a integer or a string.
Custom patterns also require the following to be specified:

— an array of events associated with the pattern;

— an array of properties associated with the pattern;

— IIDs of the pattern’s corresponding provider interface and client interface;

— an array of methods associated with the pattern, for each of which the count of arguments‘and
affgument type must also be specified;

— cqde to create a client interface object;

— cqde to perform marshalling for the pattern’s properties and methods.

11.2.2 How clients and providers support custom control patterns

r to take advantage of newly registered control pattern, both clients-and providers are required
ly a small amount of support code.

— Clients use a client interface object (for example, an TUTAutomatitonCustomPattern interface)
tHat has getters for cached and current properties, as well as.methods.

— Providers implement a provider interface (for example, ar{ICustomProviderinterface) that
has getters for each property, as well as methods.

To support the client API object, the code that registers-a pattern must supply a factory for creating
instar]ces of a Client Wrapper. This wrapper implements the client APl as a COM interface, and forwards
all thg property getter requests and methods callg’to an TUTAutomationPatternInstance thatis
provided by Ul Automation. The UI Automation framework then takes care of marshalling the call.

On the provider side, the code that registers a pattern must also supply a “pattern handler” object
that performs the reverse function of-the Client Wrapper. The Ul Automation Framework forwards
the pijoperty and method requests tothe pattern handler object. The pattern handler then calls the
appropriate method on the target gbjéct’s provider interface.

The Ul Automation framework takes care of all communication between the client and provider, both
of which register corresponding control pattern interfaces. The Client Wrapper and Pattern Handler

need o map only betwee€nC++ interface methods calls with positional arguments and parameters. The
followjing diagram illuStrates this mechanism.
Process Boundary i
IXxxxProvider
IXxxxPatern 1IU/AutomationPatternHandler
IU/AutomationPatterninstance
Client codeg
(e.g. screen= {
reader) ’\‘() )./
(Stub provided by Ul
— Automation) I Pattern _
Client Wrapper Pattern Handler Implementation
Ul Automation Core Ul Automation Core by some Ul

\ Pattern Support code prOVided //

by applications

Figure 6 — Client and Provider Communication Process Diagram
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Annex A
(informative)

Microsoft Active Accessibility to Automation Proxy

A.1 General

Microsoft® Active Accessibility® was the earlier solution for making applications accessible. Midrosoft
Ul Automation is the new accessibility model for Microsoft® Windows® and is inténded to adldress
the needs of assistive technology products and automated testing tools. Ul Autémation offersfmany
improvements over Microsoft Active Accessibility.

This Annex includes the main features of Ul Automation and explains how these features differ from
Microsoft Active Accessibility.

Microsoft® Active Accessibility® was the earlier solution for makipgapplications accessible. Migrosoft
Ul Automation is the new accessibility model for Microsoft® Windows® and is intended to adldress
the needs of assistive technology products and automated testing tools. Ul Automation offers|many
improvements over Microsoft Active Accessibility.

This Annex includes the main features of Ul Automation‘and explains how these features differ from
Microsoft Active Accessibility.

A.2 Servers and Clients

In Microsoft Active Accessibility, server aid client applications communicate directly, largely through
the server’s implementation of the IAccessible interface.

In UI Automation, a core service lies between the server (called a provider) and the client. The core
service makes calls to the interfaces implemented by providers and provides additional servicef such
as generating unique run-time identifiers for elements. Client applications use library functions fo call
the Ul Automation service,

Ul Automation providérscan provide information to Microsoft Active Accessibility clients, and Midrosoft
Active Accessibility servers can provide information to Ul Automation client applications. Hoever,
because MicrosoftActive Accessibility does not expose as much information as Ul Automation, the two
models are not fully compatible.

A.3 Ul'Elements

Microsoft Active Accessibility presents Ul elements either as an TAccessible interface of as a
¢hild identifier. It is difficult to compare two IAccessible pointers to determine if they refer to

the same element.

In Ul Automation, every element is represented as an AutomationElement object. Comparison is
done by using the equality operator or the Equals method, both of which compare the unique run-time
identifiers of the elements.

When an accessible object implements Ul Automation using the IAccessibleEx interface, the
Microsoft Active Accessibility to Ul Automation Proxy treats the enhanced accessible object as an
automation element of the Ul Automation object.
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A.4 Tree Views and Navigation

The user interface (UI) elements on the screen can be seen as a tree structure with the desktop as the root,
application windows as immediate children, and elements within applications as further descendants.

In Microsoft Active Accessibility, many automation elements that are irrelevant to end users are exposed
in the tree. Client applications have to look at all the elements to determine which are meaningful.

UI Automation client applications see the Ul through a filtered view. The view contains only elements

of int§rest: those that give information to the user or enable interaction. Predefined Views of only
contrgl elements and only content elements are available; in addition, applications can define custom
views| Ul Automation simplifies the task of describing the UI to the user and helping the user interact
with the application.

Navigation between elements, in Microsoft Active Accessibility, is either spatial (for example;moving to
the el¢gment that lies to the left on the screen), logical (for example, moving to the next meénw'item, or the
next item in the tab order within a dialogue box), or hierarchical (for example, moving the first child in
a contpiner, or from the child to its parent). Hierarchical navigation is complicated.by. the fact that child
elemepts are not always objects that implement IAccessible.

In Ul |JAutomation, all Ul elements are AutomationElement objects that\support the same basic
functipnality. (From the standpoint of the provider, they are objects-that implement an interface
inherited from IRawElementProviderSimple). Navigation is mainly hierarchical: from parents
to children, and from one sibling to the next. (Navigation between¢siblings has a logical element, as
it may follow the tab order.) One can navigate from any starting*point, using any filtered view of the
tree, By using the TreeWalker class. One can also navigate to'particular children or descendants by
using[FindFirst and FindAl1l methods; for example, it is\very easy to retrieve all elements within a
dialogue box that support a specified control pattern.

Naviggtion in Ul Automation is more consistent thansin*Microsoft Active Accessibility. Some elements
such s drop-down lists and pop-up windows appear twice in the Microsoft Active Accessibility
tree, gnd navigation from them may have unekpécted results. It is actually impossible to properly
implement Microsoft Active Accessibility for a rebar control. Ul Automation enables reparenting and
reposjtioning, so that an element can be placed anywhere in the tree despite the hierarchy imposed by
ownefship of windows.

A.5 Roles and Control Types

Micropoft Active Accessibility) uses the accRole property (IAccessible::get accRole) to
retrieye a description of the element’s role in the Ul, such as ROLE SYSTEM SLIDER or ROLE
SYSTEM MENUITEM. Thérole of an element is the main clue to its available functionality. Interaction
with p control is achieved by using fixed methods such as IAccessible::accSelect and
IAccessible: :decDoDefaultAction. The interaction between the client application and the Ul is
limitefd to what.cainbe done through TAccessible.

In comtrast,, Ul Automation largely decouples the control type of the element (described by the
ControlType property) from its expected functionality. Functionality is determined by the control
patterns-that are supported by the provider through its implementation of specialized interfaces.

Control patterns can be combined to describe the full set of functionality supported by a particular Ul
element. Some providers are required to support a particular control pattern; for example, the provider
for a check box must support the Toggle control pattern. Other providers are required to support one or
more of a set of control patterns; for example, a button must support either Toggle or Invoke. Still others
support no control patterns at all; for example, a pane that cannot be moved, resized, or docked does
not have any control patterns.

Ul Automation supports custom controls, which are identified by the Custom property and can be
described by the LocalizedControlTypeProperty property.
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The following table shows the mapping of Microsoft Active Accessibility roles to Ul Automation

control types.

Microsoft Active Accessibility role

UI Automation control type

ROLE_SYSTEM_PUSHBUTTON Button
ROLE_SYSTEM CLIENT Pane
ROLE_SYSTEM CHECKBUTTON CheckBox
ROLE SYSTEM COMBOBOX ComboBox Ca
ROLE_SYSTEM CLIENT Custom N
ROLE SYSTEM LIST DataGrid ’(, 2
ROLE_SYSTEM LISTITEM Dataltem Read
ROLE_SYSTEM_DOCUMENT Document N
ROLE SYSTEM TEXT Edit N7
ROLE_SYSTEM GROUPING Group A
ROLE_SYSTEM LIST Header S
ROLE_SYSTEM COLUMNHEADER Headerltem A~
ROLE SYSTEM LINK Hyperlink ) \%V
ROLE_SYSTEM_GRAPHIC Image o>
ROLE SYSTEM LIST List o<
ROLE SYSTEM LISTITEM Listitem
ROLE_SYSTEM MENUPOPUP MenieD
ROLE_SYSTEM MENUBAR MénuBar
ROLE_SYSTEM MENUITEM ~_«\|Menultem
ROLE_SYSTEM PANE A |pane
ROLE SYSTEM PROGRESSBAR ES ProgressBar
ROLE_SYSTEM RADIOBUTTON . () RadioButton
ROLE_SYSTEM_SCROLIBAR (U™ ScrollBar
ROLE_SYSTEM_SEPARATOR\\ ’ Separator
ROLE_SYSTEM_SLIDE?-‘C)‘ Slider
—
ROLE_SYSTEM_SPINBUTTON Spinner

ROLE SYSTEM{s\EQ TBUTTON
— .Y

SplitButton

ROLE_SYSTR{)STATUSBAR StatusBar
ROLEisISLWiPAGETABLIST Tab
ROLE_SVSTEM_PAGETAB Tabltem
RQLEY_SYSTEM_TABLE Table
'KOLE_SYSTEM STATICTEXT Text
ROLE_SYSTEM INDICATOR Thumb
ROLE SYSTEM TITLEBAR TitleBar
ROLE_SYSTEM TOOLBAR ToolBar
ROLE_SYSTEM TOOLTIP ToolTip
ROLE_SYSTEM OUTLINE Tree
ROLE_SYSTEM OUTLINEITEM Treeltem
ROLE_SYSTEM WINDOW Window

For more information about the different control types, see 4.2.3.2.
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A.6

States and Properties

In Microsoft Active Accessibility, elements support a common set of properties, and some properties

(such

as accState) must describe very different things, depending on the element’s role. Servers

must implement all methods of IAccessible that return a property, even those that are not relevant

to the

element.

Ul Automation defines many more properties, some of which correspond to states in Microsoft Active
Accessibility. Some are common to all elements, but others are specific to control types and control
patterns. Properties are distinguished by unique identifiers, and most properties can be retrieved by

using
prope

A single method, either GetCurrentPropertyValue or GetCachedPropertyValue. Many
Fties are also easily retrievable from the Current and Cached property access or methods.

A Ul Automation provider does not have to implement irrelevant properties, but can simply~feturn a

null v
prope

nlue for any properties it does not support. Also, the Ul Automation core service cap-gbtain some
rties from the default window provider, and these are amalgamated with propérties explicitly

implemented by the provider.

As we

1 as supporting many more properties, Ul Automation supplies better performance by allowing

multiple properties to be retrieved with a single cross-process call.

The fgllowing table shows the correspondence between properties in the-two models.

Microsoft Active Accessibility UI Automation property ID Remarks

propdrty accessor

get_gccKeyboardShortcut AccessKeyProperty or Accelerfator- |AccessKeyProperty takes prece-

KeyProperty dence if both are present.

get_gccName NameProperty —

get_gccRole ControlTypeProperty See the previous table for mapping
of roles to control types.

get_gccValue ValuePattern.ValueProperty Valid only for control types that
support ValuePattern or RangeVal-

RangeValuePattern. ValueProperty uePattern. RangeValue values

are normalized to 0 to 100, to be
consistent with Microsoft Active
Accessibility behaviour. Value items
use a string.

get_dqccHelp HelpTextProperty —

accLgcation BoundingRectangleProperty —

get_qccDescription Not supported in Ul Automation accDescription did not have a clear
specification within Microsoft Ac-
tive Accessibility, which resulted in
providers placing different pieces of
information in this property.

get_gccHedpTopic Not supported in Ul Automation —

The f ]l}U VA% ills ta]u}c: D]llUVVD VV}liL]ll UI Aut\uuatiuu l)l U}JCI thD CUI'lL CDpUlld tU }\V{ibl UDUft ALtiVC ALLCDD;‘L};}I‘C)’

state constants.

Microsoft Active Accessibility state Ul Automation property Triggers
State
Change?
STATE_SYSTEM CHECKED For check box, ToggleStateProperty Y
For radio button, IsSelectedProperty
STATE_SYSTEM_ COLLAPSED ExpandCollapseState = Collapsed Y
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Microsoft Active Accessibility state UI Automation property Triggers
State
Change?
STATE_SYSTEM EXPANDED ExpandCollapseState = Expanded or Partially- Y
Expanded
STATE_SYSTEM FOCUSABLE IsKeyboardFocusableProperty N
STATE_SYSTEM_ FOCUSED HasKeyboardFocusProperty N
STATE_SYSTEM _HASPOPUP ExpandCollapsePattern for menu items N
STATE_SYSTEM_ INVISIBLE IsOffscreenProperty = True and GetClickable- N
Point causes NoClickablePointException
STATE_SYSTEM LINKED ControlTypeProperty = Hyperlink N
STATE_SYSTEM MIXED ToggleState = Indeterminate N
STATE SYSTEM MOVEABLE CanMoveProperty N
STATE SYSTEM MUTLISELECTABLE CanSelectMultipleProperty N
STATE SYSTEM OFFSCREEN IsOffscreenProperty = True N
STATE SYSTEM PROTECTED IsPasswordProperty N
STATE_SYSTEM READONLY RangeValuePattern.fsReadOnlyProperty and N
ValuePattern.IsReadOnlyProperty
STATE SYSTEM SELECTABLE SelectionItemPattern is supported N
STATE_SYSTEM SELECTED IsSelectedProperty N
STATE SYSTEM SIZEABLE CanResize N
STATE SYSTEM UNAVAILABLE IsEnabledProperty Y

The following states either were not implemented by most Microsoft Active Accessibility control s

or have no equivalent in Ul Automation.

Ervers

Microsoft Active Accessibility state

Remarks

STATE SYSTEM BUSY

Not available in Ul Automation

STATE SYSTEM DEFAULT

Not available in UI Automation

STATE SYSTEM ANIMATED

Not available in Ul Automation

STATE_SYSTEM EXTSELECTABLE Not widely implemented by Microsoft Active Accessibility derv-
ers

STATE_SYSTEM MARQUEED Not widely implemented by Microsoft Active Accessibility derv-
ers

STATE_SYZTEM SELFVOICING Not widely implemented by Microsoft Active Accessibility derv-
ers

STATENSYSTEM TRAVERSED Not available in Ul Automation

STATE_SYSTEM ALERT HIGH Not widely implemented by Microsoft Active Accessibility derv-

ers

STATE SYSTEM ALERT MEDIUM

Not widely implemented by Microsoft Active Accessibility serv-

ers

STATE SYSTEM ALERT LOW

Not widely implemented by Microsoft Active Accessibility serv-

ers

STATE SYSTEM FLOATING

Not widely implemented by Microsoft Active Accessibility serv-

ers

STATE SYSTEM HOTTRACKED

Not available in Ul Automation

STATE SYSTEM PRESSED

Not available in UI Automation

For a complete list of Ul Automation property identifiers, see 3.1.2.
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A.7 Events

The event mechanism in Ul Automation, unlike that in Microsoft Active Accessibility, does not rely on
Windows event routing (which is closely tied in with window handles) and does not require the client
application to set up hooks. Subscriptions to events can be fine-tuned not just to particular events but
to particular parts of the tree. Providers can also fine-tune their raising of events by keeping track of
what events are being listened for.

It is also easier for clients to retrieve the elements that raise events, as these are passed directly to the

event
when

The fI
Autonpation events.

callback. Properties of the element are automatically prefetched if a cache request was active
the client subscribed to the event.

llowing table shows the correspondence of Microsoft Active Accessibility WinEventsijand Ul

WinE

yent

UI Automation event identifier

EVEN]

' OBJECT ACCELERATORCHANGE

AcceleratorKeyProperty property change

EVEN]

' OBJECT CONTENTSCROLLED

VerticalScrollPercentProperty or HorizontalScrollPercent-
Property property change on the associated scroll bars

EVEN]

[ OBJECT CREATE

StructureChangedEvent

EVEN]

' OBJECT DEFACTIONCHANGE

No equivalent

EVEN]

' OBJECT DESCRIPTIONCHANGE

No exact equivalent; perhaps HelpTextProperty or Local-
izedControlTypePreperty property change

EVEN]

' OBJECT DESTROY

StructureChangedEvent

EVEN]

" OBJECT FOCUS

AutomationFgecusChangedEvent

EVEN]

' OBJECT HELPCHANGE

HelpTextProperty change

EVEN]

' OBJECT HIDE

StructureChangedEvent

EVEN]

' OBJECT LOCATIONCHANGE

BoetrndingRectangleProperty property change

EVEN]

' OBJECT NAMECHANGE

NameProperty property change

EVEN]

' OBJECT PARENTCHANGE

StructureChangedEvent

EVEN]

" OBJECT REORDER

Not consistently used in Microsoft Active Accessibility. No
directly corresponding event is defined in Ul Automation.

EVEN]

' OBJECT SELECTION

ElementSelectedEvent

EVEN]

' OBJECT SELECTIONADD

ElementAddedToSelectionEvent

EVEN]

' OBJECT SELECTZONREMOVE

ElementRemovedFromSelectionEvent

EVEN]

 OBJECT SELEEDIONWITHIN

No equivalent

EVEN]

" OBJECT SHbW

StructureChangedEvent

EVEN]

" OBJECI\STATECHANGE

Various property-changed events

EVEN]

" OBJEET VALUECHANGE

RangeValuePattern.ValueProperty and ValuePattern.Value-
Property changed

EVENT

[ SVaToM _ATERDT

AN : 1 4
INU CL‘UIVGICIIL

EVENT SYSTEM CAPTUREEND

No equivalent

EVENT SYSTEM CAPTURESTART

No equivalent

EVENT SYSTEM CONTEXTHELPEND

No equivalent

EVENT SYSTEM CONTEXTHELPSTART

No equivalent

EVENT SYSTEM DIALOGEND

WindowClosedEvent

EVENT SYSTEM DIALOGSTART

WindowOpenedEvent

EVENT SYSTEM DRAGDROPEND

No equivalent
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