TECHNICAL ISO/IE
REPORT 130

CTR
66-2

Second edition
2016-02-01

Information technology —
Interoperability with assistive
technology (AT) —

Part 2:
Windows accessibility applicatio
programming interface (API)

Technologies de kinformation — Interopérabilité avec les
technologies d’assistance —

Partie 2: Interface de programmation d’applications (API)
d’accessibilité Windows

n

Reference number

@ m ISO/IEC TR 13066-2:2016(E)
It B
© ISO/IEC 2016



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

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

COPYRIGHT PROTECTED DOCUMENT

© ISO/IEC 2016, Published in Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Ch. de Blandonnet 8 « CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11

Fax +41 22 749 09 47
copyright@iso.org

WwWw.iso.org

ii © ISO/IEC 2016 - All rights reserved


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

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

Contents Page
FOT@WOT ... et eeeeeeeeeeeeeeeeeeereeseeeee v
LU o0 Yo L0 Ut 5 () ¢ OSSOSO vi
1 S0P ... 1
2 LS @RI N o U 0 <Y 00 U0 (0 T 1
3 General description and architecture of the Microsoft Windows Automation API............ 7
31 General dpqr‘rip‘rinn 7
3.1.1  Microsoft Active Accessibility overview 7
3.1.2 Ul Automation overview.........c........ .8
3.1.3 [AccessibleEx interface.......... 9
3.2 J N o] oD =Y o 11 ) o< -
4 USING the APL ... e | 12
4.1 Using the Microsoft Active Accessibility APIL.........a S0 fos 12
4.1.1  Types of Microsoft Active Accessibility SUPPOTt..... oot 13
4.1.2  Retrieving an accessible object ...
4.1.3 The WM_GETOBJECT message....
4.1.4  Special values of Object Identifier
4.2 Using the Ul Automation API.........cccorins
4.2.1 UI Automation model
4.2.2 UL AULOMATION TTCE ..o e
4.2.3 Ul Automation control patterns, eontrol types, properties, and events....|.............. 16
4.3 Using the IAccessibIeEX INterface ...y e

4.3.1 The IAccessibleEx interface implementation

5 Exposing User Interface Element INformation ...
5.1 LT 0 T=) - OO SO
5.2 Exposing Ul Elements with Microsoft Active AccesSibility ...
5.2.1 How an MSAA Server exposes relevant properties
5.2.2  Provide supportfor the Accessible Object structure.............cforee 26
5.2.3  SUPPOTt MEAESTING oo
5.2.4  Generate@appropriate WinEvents......
5.2.5  Objectddentifier. ...
5.2.6  How MSAA clients access exposed Ul elements...

5.3 Exposing.Ul-Elements with Ul Automation.............ccoccc..
5.3.1 ~ Types of providers............ccorrrrrr
5.3.2" Ul Automation provider CONCEPLS. ...
5.8.37  Provider iNteIrfaces ..o
5:3.4  Property values...
5.3.5  Provider navigation....

5.3.6  Provider reparenting
5.3.7  Provider repositioning
5.38 How Ul Automation clients access exposed Ul Elements

6 EXpoSing UL EIEMENE ACEIOMIS ...t
6.1 Exposing Ul Element actions in MSAA ... oo
6.2 Exposing Ul Element actions in Ul AUEOMATION ...
6.2.1 Ul Automation control pattern components..
6.2.2  Control patterns in providers and clients.......
6.2.3  Dynamic CONLIOL PALEITIS . ...t
6.2.4  Control patterns and related iNterfaces.......... e
7 KEYDOATT FOCUS ...
7.1 MSAA keyboard focus and selection...........cccccocsns
7.1.1  Focus and selection properties and methods...
7.1.2  Events triggered in menus................
7.2 UI Automation keyboard focus and S€leCtion ...

© ISO/IEC 2016 - All rights reserved iii


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

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

7.2.1
7.2.2
8 02 X
8.1 WinEvents
8.1.1  USER’S T01€ iN WINEVENTS .......ooooooiooeoeeeeeeeeeee et
8.1.2  Receiving event NOtIfICAtIONS ...
8.1.3  Sending events.........
8.1.4  The allocation of WinEvent IDs.....
8.2 Ul Automation events.........eereereeeeence
8.2.1 How providers raise events..................
8.2.2  How clients register for and process events
9 Programmatic modifications of states, properties, values, and text...........mb e
9.1 Ul Automation SPecCifiCations ...
9.1.1  Introduction..........e
9.1.2 Ul Automation elements....
9.1.3 Ul Automation tree........ccccccoooons
9.1.4 Ul Automation properties
9.1.5 Ul Automation CONtrol PATLEITIS ... Sprseses e
9.1.6 Ul Automation control types
L5200 SR/ U] N0 000 b= U (0] 0 W <A T4=) o 10 bt |
10 Depign cONSIAETATIONS ... e e
10Jl  UI Automation design considerations
10.1.1 UI Automation clients.....
10.1.2 Ul Automation Providers ...l
10.1.3 Coexistence and interoperability with\Microsoft Active Accessibility ............... .
10.2  IAccessibleEx design cOnSIderations ........... S
10.2.1 Design consideration for providers'before implementing the
TACCESSIDIEEX INEEITACE . ....ooooooooe oGty .
10.2.2 TAccessibleEx interface forsproviders
10.2.3 TAccessibleEx interface for ClIENTS ...
11 Further INfOrmation ... e
11Jl Microsoft Active Accessibility and Extensibility ..
11 Ul Automation extensibility features
11.2.1 Registration-eficustom Ul Automation properties, events, and control patternsf
11.2.2 How clients-and providers support custom control patterns............
Annex A (jnformative) Microsoft Active Accessibility to Automation Proxy ...
Annex B (jnformative) UL Automation to Microsoft Active Accessibility Bridge ...,
Annex C (Informative)'UI Automation for W3C Accessible Rich Internet Applications
(ARIA) SP@TITICATION ...ttt
Annex D (informative) Other Useful APIs for Development and Support of
ASSISTIVE TECHIOLOGIES ...
BIDLIOZTAPIY ...

© ISO/IEC 2016 - All rights reser

ved


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

ISO/IEC TR 13066-2

Foreword

:2016(E)

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
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 committee,
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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 intent of this part of ISO/IEC 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 is to
ensure thdt 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 Windoews platform
assfistive technologies (AT) to interact with other software. One goal of this\part of ISO/IEC 1
deffine a set of application programming interfaces (APIs) for allowing software application
acgessible technologies on the Microsoft Windows platform. Another goal of this part of ISO

is to facilitate extensibility and interoperability by enabling implementations by multiple v
mulltiple platforms.

This part of ISO/IEC 13066 is applicable to the broad range ef€rgonomics and how ergonomi
hugnan interaction with software systems.

2 | Terms and definitions

Foil the purposes of this document, the followirig-terms and definitions apply.

2.1
apEication programming interface

AP
stajpdard set of documented and-supported routines that expose operating system pro
interfaces and services to appligations

Note 1 to entry: An APl is usu@ally a source code interface that an operating system, library, or service
support requests made by computer programs.

EXAMPLE Examples" of operating system services that are exposed by APIs include adminis
mahagement, diagnostics, graphics and multimedia, networking, security, system services, user intg
accpssibility.

2.
acdessibility
degree te which a computer system is easy to use by all people, including those with disabilit

to enable
3066 is to
b to enable
[EC 13066
endors on

cs apply to

gramming

provides to

[ration and
rfaces, and

ies

2.3
accessible object
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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2.5

Assistive Technology

AT

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

Note 1 to entry: Assistive Technology can be manifested through both hardware and software.

2.6

Accessibility Toolkit
Linux Accessibility Toolkit
ATK
programmnjing support accessibility features in their applications

2.7
automation
replacement of manual operations by computerized methods

Note 1 to eptry: With respect to this part of ISO/IEC 13066, automation is a way to manipulate an applicatipn’s
user interfdce from outside the application.

2.8
automati¢n element
object or dlement that is accessible by the Ul Automation object model

Note 1 to ¢ntry: Similar to accessible objects in Microsoft Active Accessibility, an automation element in Ul
Automation represents a piece or a part of the user interface, such a§button, window, or desktop.

29
Audio Video Interleaved
AVI
format thqt enables both audio and video data in afile container

2.10
C#
programnjing language designed for building applications that run on the .NET Framework

Note 1 to emtry: C#, which is an evolution.of C and C++, is type safe and object-oriented.

Note 2 to eptry: Because it is compiled as managed code, it benefits from the services of the common language
runtime, sych as language interoperability, security, and garbage collection.

2.11
callback function
function dr procedut€ that third party or client code supplies to a component, often by passing a
function ppinter_through the component’s API

specific task

2.12
clients
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

2 © ISO/IEC 2016 - All rights reserved
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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 process or
betiween processes

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

215
content view
suljset 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,
incjuding Ul items that can receive keyboard focus and some text thdt is'not a label on a Ul item.

2.
control pattern
<U] Automation> design implementation that describés a discrete piece of functionality for ajcontrol

Notle 1 to entry: This functionality can include the visual appearance of a control and the actions it cah perform.

2177
control view
sub}set of the raw view of the Ul Automation tree

Notle 1 to entry: The control view includes the Ul items that provide information to the user or enablg the user to
perform an action.

2.
enymerator
object that iterates through its associated collection

Note 1 to entry: An énpimerator can be thought of as a movable pointer to any element in the collectiop.

2.

Glgbal Unique Identifier

GUID

unique reference 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 Virtu
JVM
environmg

2.25

managed
API that, v
virtual m3

EXAMPLE
of runtime

Note 1 to 4
and the ruj

2.26
Microsoft]
COM-base
Microsoft

Note 1 to el1:ltry: Microsoft Active Accessibility provides dynamic-link libraries (DLLs) that are incorporated i

the operati
methods fo

2.27

MSDN
the Micros
using Micr

2.28

Multiple Documentinterface

MDI
A docume

2.29

al Machine

bnt in which Java bytecode can be executed

API

chine

Microsoft’s Common Language Runtime (CLR) and the Java Virttial Machine (JVM) are examj
nfrastructures.

ntry: Managed code is compiled into an intermediate language’ construct (for example, byte cd

Active Accessibility
1 technology that improves the way accessibility aids work with applications running
Windows

g system, as well as a COM interface*and application programming elements that provide reliz
I exposing information about user(interface elements.

oft Developer Network, which is a technical information resource for developers who
osoft technologies

1t interface that allows a window to reside under a parent window

'hen compiled and run, is under the control of an intermediary runtimre infrastructure, lik

e a

bles

de)

time infrastructure handles the compilation into machine cede. The runtime infrastructure handles
programming constructs like memory management.

on

nto
ble

are

native AP

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 program

2.30

ming constructs (for example, pointers, freeing memory, and so on). Also known as a native API.

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

© 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.

2.32
raw view
fulltree of UT'Automation element objects in the Ul Automation tree for which the desktop.is|the root

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

element of the Ul Automation tree that represents the current desktoprand whose child elements

Note 1 to entry: Each of these child elements can contain elements representing pieces of Ul such as menus,

ponents of Microsoft Active Accessibility that have Ulelements and expose informationf about the
lements and/or allow them to be manipulated

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

e 1 to entry: A Microsoft Active Accessibility server has the same role as a Ul Automation provider.

<Mijicrosoft Active Accessibility> element that shares an TAccessible object with other peef elements

sygtem process ‘that maintains a database of installed services and driver services, and provides a
unified and secure means of controlling them

Notle 1 to«ehfry: The database includes information on how each service or driver service should b¢ started. It
als¢ enables system administrators to customize security requirements for each service and thergby control
accpssdo 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 intexfface
Ul
mechanis:[is by which a person interacts with a computer system

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

Note 2 to gntry: It also provides output mechanisms, allowing the system to produce the-gffects of the usprs’
manipulatipn.

2.40
User Interface Automation
UI Automation

UIA
accessibility framework that exposes applications to software autemation or to assistive technologies
such as scteen readers and speech commanding programs

2.41
virtual mpchine
VM
computer within a computer, implemented in software

Note 1 to eptry: A virtual machine emulates a complete'hardware system, from processor to network card, |n a
self-contained, isolated software environment, enabling the simultaneous operation of otherwise incompatjble
operating slystems

Note 2 to entry: Each operating system runsin its own isolated software partition.

2.42
Visual Basic
VB
visual programming environment from Microsoft based on the BASIC programming language

2.43
Web Accepsibility Initiative
WAI
effort to ithpravethe accessibility of the World Wide Web

2.44
WinEvents

mechanism that allows servers and the Windows operating system to notify clients when an accessible
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, Microsoft
Active Accessibility and User Interface Automation (Ul Automation). The IAccessibleEx interface
specification integrates the two accessibility frameworks.

Although Microsoft Active Accessibility and Ul Automation are two different frameworks, the basic
design principles are similar. The purpose of both is to expose rich information about the Ul elements

use
apy

3.1

Mig
wa
is 1]
cor

Th
IA
as

prd
Acq
sed
Wi
Act

3.1
Migq

d Tn Windows applications. Developers of accessibility tools can use this information o
lications more accessible to people with vision, hearing, or motion disabilities.

1 Microsoft Active Accessibility overview

rosoft Active Accessibility is based on the Component Object Model (COM),which defines
y for applications and operating systems to communicate. The goal of Microsoft Active Ad
0 allow custom controls to expose basic information, such as name,location on screen,
trol, and state information such as visibility, enabled, or selected.

~fcessible COM interface and an integer ChildId. It allews applications to expose U
h tree structure that represents the structure of the Ul. Each element of this tree expog
perties and methods that allow the corresponding Ul eléement to be manipulated. Micro
essibility clients can access the programmatic Ul information through a standard API. The
tions describe the main parts of Microsoft Active‘Accessibility, including accessible o
hEvents mechanism, the Microsoft Active Ac€essibility runtime (Oleacc.dll), and
ive Accessibility clients and servers.

.1.1 Microsoft Active Accessibility ceniponents
rosoft Active Accessibility containsthe following main components.

Accessible Object — A logical Ul element (such as a button) that is represented by an TAc
COM interface and a ChildId value.

— The IAccessiblle interface has properties and methods for obtaining information
manipulating Ul elements.

ChildIdis.an identifier for an accessible object that is used together with an TAcq
instance te-refer to a specific Ul element.

WinEvents — An event system that allows servers to notify clients when an accessible obje
For more information, see Clause 8.

@¥eacc.dll — A run-time dynamic-link library that provides the Microsoft Active Ad

ADRL ond thna ~ccnccibhalieyy cvctn e o1 aa A1 71 alcn eaidac ooy o

elp make

a common
cessibility
or type of

e accessible object is the central object of Microsoft Active AgCessibility and is represented by an

| elements
es a set of
boft Active
e following
bjects, the
Microsoft

ressible

about and

essible

't changes.

cessibility

jects for the

i arm—fra QXA
XTI oo e aCtCoSTOTITC Y 5y SCCTIT 11 HAEWOFE

Windows operating system standard controls.

3.1.1.2 Oleacc.dll

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

T O T aroUT provIiatsTproXy OojtT

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
example, LresultFromObject).

© ISO/IEC 2016 - All rights reserved
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GetStateText).

Helper APIs (for example, AccessibleChildren).

APIs for getting localized text for the role and state codes (for example, GetRoleText and

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.

3.1.1.3 Microsoft Active Accessibility clients

Microsoft
custom Ul
Accessibil
aids, autor

Clients my
are notifid
through a

To learn albout and manipulate a particular Ul element, clients use a pair conSisting of an TAccessik

interface 4

3.1.14
Applicatio

control, m
Active Acc

3.1.2 U]

Ul Autom
technolog]
manipulat]
scripts to

across pla

Ul Automd

a set d
and m

acore
aseto

a set (

ty to access, identify, and manipulate an application’s Ul elements. Clients include accessibi
hated testing tools, and computer-based training applications.

st know when the server’s Ul changes so that information can be conveyed to’the user. T
d about changes in the server Ul by registering to receive notifications, of specific chan|
mechanism called Window Events, or WinEvents. For more informatiomn)see Clause 8.

ndacChildId.

Microsoft Active Accessibility servers

s that interact with and provide information to clients-are called servers. Servers include

essibility to provide information about its Ul eléments to clients.

Automation overview

nteract with the Ul. The Ul Atitemation Specification is designed so that it can be suppor
forms other than Microsoft Windows.

tion is broader in scope‘than just an interface definition. Ul Automation provides

anipulate Ul eléments,

nfrastructure for doing fetch, find, and similar operations efficiently across process boundar

finterfaces that providers use to express other properties and functionality specific to

Active Accessibility helps accessibility aids, called clients, interact with standard-{
elements of other applications and the operating system. Clients can use Microsoft Act

pdule, or application that implements Microsoft Active Accessibility. A server uses Microg

htion provides programmatic access\to Ul elements on the desktop, enabling assist
 products such as screen readers. to provide information about the Ul to end users ang
e the Ul by means other than standard input. Ul Automation also allows automated t

finterfaces for providersto express the Ulasatree structure, alongwith some general propert]

hnd
ive
ity

hey
ges

le

hiny
oft

ive

to
est
ted

f classes that makeit easy for client applications to receive events, retrieve property valyes,

ies,
ies,

the

contr

ttype- These are the controt pattern Iterfaces.

To improve on Microsoft Active Accessibility, Ul Automation aims to address the following 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;

Active Accessibility;

provide an alternative to TAccessible thatis simple to implement.

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

© ISO/IEC 2016 - All rights reserved


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

ISO/IEC TR 13066-2

:2016(E)

The Microsoft Windows implementation of Ul Automation features COM-based interfaces and managed
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.

Component

Description

Provider API

A set of COM interfaces that are implemented by Ul Automation providers. Ul
Automation providers are objects that provide information about Ul element

s and

respond to programmatic input.

C

—

i

ent API A set of COM interfaces that enable client applications to obtain information 4

Ul and to send input to controls.

bout the

Ui4

—

\utomationCore.dll | The run-time library, sometimes called the Ul Automation core that handles

communication between providers and clients.

0

—

q

acc.dll The run-time library for Microsoft Active Accessibility and the proxy objects
library also provides proxy objects used by the Microsoft Active Accessibility

Automation Proxy to support Win32 controls.

The
to Ul
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Ul
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end
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3.1

Automation can be used to create support for custom controls by using the provider A
ate client applications that use the Ul Automation core to commiunicate with Ul elements.

.2.2 Ul Automation model

[AutomationElement interface. Elements are contained in a tree structure, with tH
the root element. Clients can filter the raw ¥iew of the tree as a control view or a cor
blications can also create custom views.

[ Automation element exposes properties of the control or Ul element that it represents. O
perties is the control type, which defintes the basic appearance and functionality of the co
ment as a single recognizable entity, for example, a button or check box.

iddition, a Ul Automation element exposes one or more control patterns. A control pattern
of properties that are specificto a particular control type. A control pattern also exposes me
ble client applications t¢ get more information about the element and to provide input to th

Automation provides information to client applications through events. Unlike Win

nt notifications-and can request that specific properties and control pattern information|
their event-handlers. In addition, a Ul Automation event contains a reference to the ele
bed it. Providers can improve performance by raising events selectively, depending on wi
nts arelistening.

.3\ IAccessibleEx interface

PI, and to

Automation exposes every element of the Ul to clieht applications as an object represented by the

e desktop
tent view.

ne of these
ntrol or Ul

provides a
thods that
e element.

Events, Ul

omation events.are not based on a broadcast mechanism. Ul Automation clients register for specific

be passed
ment that
hether any

Controls that do not have a Microsoft Ul Automation provider, but that implement the Microsoft
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 Microsoft
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 Automation,
and other related implementations. Applications such as word processing programs are called servers in
Microsoft Active Accessibility and providers in Ul Automation because they serve or provide information

about their user interfaces (Ul). Accessibility tools such as screen readers are called clients 1n-b

Microsoft
Ul inform4
highly det
and other

The syste
communid

indicates the programmatic boundaries between applications that provide ULaccéssibility informat

Active Accessibility and Ul Automation because they consume and interact with applicat]
tion. These diagrams provide an overview of each technology and are not intendedto-pres
hiled views of the architecture and scenarios of Microsoft Active Accessibility, UlAutomat
mplementations discussed in this section.

m component of the Microsoft Active Accessibility framework, Oleac@-d11, aids in
ation between accessibility tools (clients) and applications (servers). The code bound|

and accesgibility tools that interact with the Ul on behalf of users. The boundary can also be a prod
boundary when Microsoft Active Accessibility clients have their own progéss:
|
1 8
Accessibility Tools : g Applications
4 ) | 2
| g
OLEACC.dIl COM / DCOM MSAA Server
|
|
C MSAA Proxies ) <+ Control Speciic AP >( USER32 / COMCTRL )
A W |

* Also pro

With Ul A
into both
process cd
property

Cess boundary in case of out:of-process MSAA clients.

Eigure 1 — Microsoft Active Accessibility

the accegsibility tools’ and applications’ processes. This component manages crq
mmunigation, and it also provides higher level services such as searching for elementg
Falues.

pbth
ion
ent
on,

the
ary
ion
ess

utomation, the Ul Automation Core component (UTAutomationCore.d11) is loaded

SS-
by
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Ul Automation | 4 )
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Figure 2 — Ul Automation
Using the TAccessibleEx interface, applications ean‘improve the accessibility of existing Microsoft
Actlive Accessibility server implementations. Microsoft Active Accessibility server implemengations are
exjjosed to clients via the proxy just as regular, UIMutomation implementations are.
}
I
Accessibility Tools . \Q : Applications
3
O : (" MSAA Server A
) |
<\ : 3 Ul Automation
Ul Automation | S Provider Interfaces
Client-Code | b
F g\
o) | 3
3 3
\Q/ | ( MSAA-to-UIA Proxy )
I .
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A 4 |
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Ul Automation Core Named pipe Ul Automation Core
|
I
I
I

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.

* Also pro

Figure

i
Accessibility Tools : Applications
(MSAA Client) |
: g Ul Automation Provider
(0]
g
'S
2 |
S | )
I |
COM / DCOM UIA-to-MSAA Bridge
OLEACC i = >[ ° AN ]
|
: N Ul Automation Core
|
|

Cess boundary in case of out-of-process MSAA clients.

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

the API

4 UsinI
4.1 Using the Microsoft Active Accessibility API

In Micros

bft Active Accessibility, every Ul element is represented by an IAccessible interf

paired with a Chi1d1d value. A Ul'element represented by such a pair is called an accessible object.

accessible
needed by]
an action

An access
The parer]
representg
that are r¢
the same 1

object exposes properties, including the object’s name, screen location, and other informat]
accessibility aids. The accessible object also provides methods that enable clients to perfa

dn the corresponding Ul element.

ble object that.has simple elements associated with it is also called a parent or contai
t is represented by a ChildId value of CHILDID SELF (or 0 “zero”). The children

bd by a.ion-zero value (usually a positive sequential number beginning with 1). Child obje
bpresénited by a non-zero ChildId value are called simple elements. Simple elements sh
Aéce'ssible interface with their parent, but they are differentiated by the Chi1dIdva

ace
An
ion

er.
are
cts
are
ue.

TheCchil

j 'd’assignmentis done on a per-instance-of-interface basis, so the IDs must be unique wi

in

that context.

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.

12
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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.

Alt
con
fre

[e

If

Jo—t1o | ] 4 £ £ H 1 43 4 1la] las 4 1o Lial—tla
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hplete control over the information exposed to clients. By providing native support, an apj
e to innovate in its Ul while remaining 100 % accessible.

n application uses custom controls or other controls that Oleacc.dll cannet prox]

implementation will need to be provided.

4.1

Acq
corj
0Ol
dey

4.1

Ref
too
by

.1.2  Accessible object proxies

essible object proxies provide default accessibility information-for standard Ul elemg
trols, USER menus, and common controls from comct132 . d11.,/This default supportis ava
bacc.dll, and it delivers standard Microsoft Active Accessibility support without additic
elopment work. However, the application has little controlever the information that is exp

.2 Retrieving an accessible object

rieving an accessible object is the first step to/establishing communication between ac
ls and the target application. Microsoft ActivesAccessibility clients can initiate this comn
1sing one of the following AccessibleObjeétFromX functions provided by Oleacc.d

benefit is
blication is

U, a native

nts: USER
lable from
nal server
psed.

cessibility
hunication
11:

hction Description

cessibleObjectFromPoint

Retrieves an accessible object from a screen coordipate.

cessibleObjectFromWindow Retrieves an accessible object from a window hand]

e (HWND).

cessibleObjectFromEveny Retrieves an accessible object from a WinEvent.

4.1

Bot
inf
too
(o1
res
Ac
or |

.3 The WM_GETOBJECT message

h Microsoft Active) Accessibility and Ul Automation send the WM GETOBJECT messagg
brmation aboutan accessible Ul object on the desktop. Applications (including ac
[s or clients)inever send this message directly. It is sent only by the accessibility f
eacc.dhl for Microsoft Active Accessibility or UTAutomationCore.dl1 for Ul Auto
ponse_to-calls such as AccessibleObjectFromPoint, AccessibleObjectFrom
Fes§ibleObjectFromWindow. Ul components that support either Microsoft Active Ac
J{ Automation must handle the message (WM GETOBJECT) correctly.

to obtain
cessibility
ramework
mation) in
bvent, or
cessibility

The return value in response to WM_GETOBJECT depends on whether the window or control that
receives the message implements Microsoft Active Accessibility, Ul Automation, or none of those.

If implementing Microsoft Active Accessibility for the object and also if the dwObjID
was OBJID CLIENT, return the result obtained from LresultFromObject functi
IAccessible implementation.

If implementing Ul Automation for the object and also
was UiaRootObjectId, return an interface to the UI
UiaReturnRawElementProvider function.

if the dwObjID
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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 dwOb3jID was neither OBJID CLIENT nor UiaRootObjectId, allow the message to

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

Controls can also use custom values in dwObjID to return specific return values or objects to
WM GETOBJECT.OBJID NATIVEOM and OBJID QUERYCLASSNAMEIDX can be used for returning a

native object model interface or for requesting a specific 0Oleacc.d11 proxy.
Microsoft | Active Accessibility server and Ul Automation provider implementations (the. fjrst
two impl¢mentations in the preceding list) can coexist by handling both OBJID CLTENT and
UiaRootPbjectId accordingly.
Because njost Windows common controls and USER controls do not implement either-Microsoft Actlive
Accessibiljty or Ul Automation, the Ul elements generally don’t handle a WM GETOBJECT mess3ge.
Instead, tHe accessibility framework (Microsoft Active Accessibility or Ul Automation) checks if a proxy
object is ayailable for a particular Ul element. Otherwise, it will provide to thé default proxy object|for
the host wjindow object.
4.1.4 Special values of Object Identifier
4.1.4.1 Using the OBJID_NATIVEOM to expose a native objectimodel interface
If the UI [element supports native object models other-than Microsoft Active Accessibility or| Ul
Automatidn, it can still expose the custom interface“by responding to WM GETOBJECT with
OBJID NATIVEOM parameter in dwObjID (or 1Paxam). Use LresultFromObject to wrap fthe
interface. (lients can retrieve the interface by callingAccessibleObjectFromWindow function with
OBJID NATIVEOM as the second parameter.
4.1.4.2 Using the OBJID_QUERYCLASSNAMEIDX to enable certain Oleacc proxy
When Microsoft Active Accessibibty sends a WM GETOBJECT message with [the
OBJIDQUERYCLASSNAMEIDX in the(object ID, many standard USER or common controls (COMCITL)
return ong of the following values

USER or commen-control Return value

Listbox 65536+0

Button 65536+2

Statig 65536+3

Edit 65536+4

€ombobox 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 © ISO/IEC 2016 - All rights reserved
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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 values from

th
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a custom control;
a control 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.

vever, it is possible for the custom control to return a specific return value to enable
MCTL proxy object by Oleacc.dl1l. Such controls must support allqative functions and |
responding system control.

Using the Ul Automation API

bre are two ways of using Ul Automation: to create suppert for custom controls by using th

brmation about, Ul elements.

.1 Ul Automation model

Automation exposes every element of the-Ul to client applications as an “automation eler]
hin object represented by the TUTAutgmationElement interface. Elements are containe
icture, with the desktop as the roofelement. Clients can filter the raw view of the tree a
W or a content view. Applications'can also create custom views.

[ Automation element exposés properties of the control or Ul element that it represents. O
perties is the control typeywhich defines the basic appearance and functionality of the co|
ment as a single recognizable entity, for example, a button or check box.

iddition, a Ul Autemation element exposes one or more control patterns. A control pattern
of properties thatare specific to a particular control type. A control pattern also exposes me

['E There is no one-to-one correspondence between control types and control patterns. A con
 be supported by multiple control types, and a control may support multiple control patterns, ea
oses.different aspects of its behaviour. For example, a combo box has at least two control patter
reserits its ability to expand and collapse, and another that represents the selection mechanism.
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llowing:

A USER or
\PIs of the

e provider

,and to create client applications that use the Ul Automation core to communicate with, afd retrieve

nent”; that
din a tree
5 a control

ne of these
ntrol or Ul

provides a
thods that

ble client applications to get more information about the element and to provide input to thie element.

rol pattern
ch of which
hs: one that
However, a

control can exhibit only a single control type.

Ul Automation provides information 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 Automgtion providers support the Ul Automation tree by implementing navigation among ditgms
within a fragment, which consists of a root (usually hosted in a window) and a sub-tree. Howeyer,
providers |are not concerned with navigation between these sub-trees. This is managed (hy-“the| Ul
Automatidn core, using information from the default window providers.

Ul Automation provides three default views of the Ul tree. These views are defined‘by the type of
filtering pgerformed; the scope of any view is defined by the application. In addition, the application fan
apply other filters on properties; for example, to include only enabled controls ina control view.

iew — The raw view of the Ul Automation tree is the full tree of the AutomationElemgnt
objectls for which the desktop is the root. The raw view closely follows the native programmatic
re of an application and therefore is the most detailed view*available. It is also the bpse
on which the other views of the tree are built. Because this view’depends on the underlying Ul

. The raw view is obtained by searching for elements)without specifying properties or by
using RawViewWalker to navigate the tree.

— Contrql View — The control view of the Ul Automation tree simplifies the assistive technolpgy
produkt’s task of describing the Ul to the end user and helping that end user interact with [the
applicption because it closely maps to the Ul structure perceived by an end user. The control viewl|is a
subset of the raw view. Itincludes all Ul items ffom the raw view that an end user would understandl as
interaftive or contributing to the logical striicture of the control in the Ul. Examples of Ul items that
contripute to the logical structure of the U1, but are not interactive themselves, are item containers
such ds list view headers, toolbars, menus, and the status bar. Non-interactive items used simply|{for
layout] or decorative purposes willinot be seen in the control view. An example is a panel that yas
used gnly to lay out the controls.in'a dialogue box but does not itself contain any information. Non-
interagtive items that will be seen in the control view are graphics with information and static textin
a dialggue box. Non-interaetive items that are included in the control view cannot receive keybopard
focus.|The control view-isiobtained by searching for elements that have the IsControlElemgnt
propefty 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 contdins
Ul iterhs that convey the true information in a U], including Ul items that can receive keyboard fofus
and sqme textthatis notalabel on a Ul item. For example, the values in a drop-down combo box yvill
appeal in the content view because they represent the information being used by an end user. Inthe
content'wiew, a combo box and list box are both represented as a collection of Ul items where dne,
or perhaps more than one, item can be selected. That one is always open and one can expand and
collapse is irrelevant in the content view because it is designed to show the data, or content, that is
being presented to the user. The content view is obtained by searching 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, as well as

Information about the state of the control.

— | Control pattern interfaces provide properties and methods for discovering mote, functionality

about the wunderlying control.

Grouping them together through a special-puljpose API
(GetPatternProvider) distinguishes them from other non-UlI centric interfaces.

The Ul Automation framework obtains a control pattern interface by using the GetPatternProvider
funjction of the TRawElementProviderSimple interface. Through the“framework, dlients can
qugry a control for the control patterns that it supports and then intera¢t‘with the control through the
prdperties, methods, events, and structures exposed by the supported control patterns. For example,
for[a multiline edit box, Ul Automation providers implement ¥SerollProvider. Whgn a client
knows that an AutomationElement supports the ScrollPattérn control pattern, it chAn use the
prdperties, methods, and events exposed by that control pattern to manipulate the control} or access

infprmation about the control.

The following table provides examples of the functionality represented by different control gatterns.

Fupctionality Control Pattern
Abljlity to be checked/unchecked Toggle

Abjlity to have numeric value set RangeValue
Abjlity to have text value set Value

Abljlity to be moved/resized Transform
Abljlity to show or hide information ExpandCollapse

The following table describes.the Ul Automation control patterns.

Control Pattern

Description

Anhpotation

— Used to expose the properties of an annotation iff a docu-
ment, for example comments in the margin that are donnected
to document text.

Dok

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

— | Drag

— Used for controls that can be docked in a docking container,

£ 3 E1 1 3
101" €X4lIIPIC, LO0IDAT'S O tOUT PpdICiLES.

— DropTarget

— Used to support draggable controls, or controls with drag-
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

MultipleView

Used for 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 thumbnail, tile,
icon, list, or detail views.

— Object

Model

— Used to expose a pointer to the underlying object' model ¢f a
document. This control pattern allows a client to nayigate fr¢m
a Ul Automation element into the underlying objéct model.

RangeValu

19°)

Used for controls that have a range of values.that can be appljed
to the control; for example, a spinner control’containing yearfs
might have a range of 1900 to 2010, while another spinner cdn-
trol presenting months would have a range of 1 to 12.

Scroll

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

Scrollltem

Used for controls that lkave individual items in a list that
scrolls; for example, a list control that has individual items i
the scroll list such-as§ a combo box control.

Selection

Used for selectien container controls; for example, list boxes
and combo boxes.

SelectionlIt]

em

Used forindividual items in selection container controls, such
as listboxes and combo boxes.

— Spread|

sheet

—-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 pattefn.

— Spread|

sheetltem

— 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, fil
color, fill pattern, or shape.

Synchronij

edInput

Used for Ul framework that supports synchronization of inpyit
(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.

Tableltem

Used for items in a table.

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.

— TextCh

ild

— 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

Toggle Used for controls in which state can be toggled; for example,
check boxes and some menu items that can be selected.

Transform Used for controls that can be resized, moved, and rotated.
Typical uses for the Transform control pattern are in designers,
forms, graphical editors, and drawing applications.

Value Used for controls that sustains a data. Value control pattern
allows clients to get or set a value (data) on controls that do not
support a range of values; for example, an edit control.

VintualizedItem Used for a virtualized object in a container that suppprts the
ItemContainer control pattern.

Wihdow Used for controls that provide fundamental window-pased
functionality within a tradition graphical UL, For example,

a control that supports the Window control pattern qan be
moved or maximized for the application’s window copcept.

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

funjction 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

Th¢ Ul Automation control types are well-known identifiers that can be used to indicate what kind

of ¢ontrol a particular element represents, such as)a*combo box or a button. Each control type has a

set|of conditions that a control must meet in order to use the ControlType property. The ponditions

incJude specific guidelines for the Ul Automation'tree structure, Ul Automation property values, control
patterns, and Ul Automation events.

Haying a well-known identifier makes it-€asier for assistive technology devices to determine what types

of ¢ontrols are available in the Ul and“how to interact with the controls. The control types included

wif
Migq
WHh
cor

Th
for
to

h Ul Automation provide a much more comprehensive set of identifiers for indicating cor
rosoft Active Accessibility accRole values.

ile control type specifi€ations define a set of requirements and recommendations, applic
trols can add more control patterns or properties while they can still use predefined cont

P LocalizedCohtrolType property is alocalized description of the control type, such 3
the Button cantrol type. The string can be used by the client application to report the Ul in
he users in“combination with other Ul Automation properties such as Name. For examj

trols than

ations and
rol types.

s “button”
formation
ble, screen

redders may-say “OK button,” which can be combination of “OK” from the Name property and “button”

fro
tyg

n thelocalizedControlType property. Controls and applications should never inclu
e information in the Name property. Otherwise, it will conflict with the control type infor]

de control
mation.

Wi

Bl LOCa T T ZedContro T Type isotspecified; the Ut Autonmatiomframework wittprovide

he default

localized string according to the desktop Ul language based on the control’s Control Type property.
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 string
automatically.

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

— Combo Box — Menu Bar Tab Item

— Data Grid — Menu Item Table

— Data Iem — Pane Text

— Docunpent — Progress Bar Thumb

— Edit — Radio Button Title Bar

— Group — Scroll Bar Tool Bar

— Header — SemanticZoom ToolTip

— Headerl Item — Separator = Tree Item

— Hyperlink — Slider — Window

4.2.3.3 Ul Automation properties

Ul Automdtion has two main types of properties:

— Automation element properties — properties' that are applicable to most controls. Examples
include Name, Enabled, and LabgledBy. These properties are exposed throyigh
IRawklementProviderSimple.GetiPropertyValue and are of type
AutompationProperty.

— Contrql pattern properties — préperties that are specific to the functionality represented in fthe
differ¢nt control patterns intérfdaces. Each control pattern interface exposes a corresponding seft of
contrgl 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

applications, however only use AutomationProperty, which encapsulates the number and namg, to
identify propertiesthey want to retrieve.

AutomatlonPnoperty objects representing particular properties are available as fields in varipus

classes. Fdrsecurity reasons, managed Ul Automation providers obtain these objects from a separjate

set of class€s that are contained In UL AUutomationlypes .dll.

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
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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.

events. The Microsoft Windows implementation of Ul Automation includes the complete s
ined in the framework specification, and also offers a way to extend the set by.régisteri
corjtrol patterns, properties, and events. In the current implementation for nativie\code, applig
required to register custom Ul Automation properties, control patterns, andevents before t
usdd. For more information, see Clause 11.

de

Using the IAccessibleEx interface

Th¢ TAccessibleEx interface allows existing Microsoft Aetive Accessibility implemen
adq support for Ul Automation properties and control patteins. This is done by defining
specifications for the IRawElementProviderSdimple and IAccessibleEx

are specific to Microsoft Active Accessibility servers. Existing Microsoft Active Ac

implementation.

IR
and
TA
fro

hwElementProviderSimple provides aé¢ess to Ul Automation’s control patterns and

| is used as the interface that represents the Ul Element. The TRawElementProviderSi
~cessibleEx interfaces are implemented on the same object, and QueryInterface

n one to the other.

TA
allq

rcessibleEx handles TAccessible bridging issues, such as child IDs, and any othe
wing an TAccessible element to be treated as an automation element of a Ul Automati

In yummary:

Existing Micresoft  Active Accessibility
IRawElementProviderSimple (to expose
TIAccessiblleEx (to deal with Chi1d1Ids)

implementations
control patterns

add supp
and propert

ExistingMicrosoft Active Accessibility clients can use the IRawElementProvidersS]
IAccessibleEx interfaces to access Ul Automation properties and control patterns.

New-WinEvents constants are defined to represent events from implementations that ar¢

et of items
ng custom
ations are
hey can be

tations to
scenarios
interfaces
cessibility
r existing

properties
mple and
used to go

I issues in
bn object.

for
and

ort
ies)

mple and

b extended

by TAccessibleFx implementations

4.3.1 The IAccessibleEx interface 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

— Grid

control pattern

— Grid
— Mult
— Rangs
— Scro
— Scro
— Syncl
— Tablq
— Tablsg
— Tran

In the cas
Automatio
get accy
and SetV
for these

both Micy
implemen{

Ttem—comrtrot—pattern

lple View control pattern

b Value control pattern

| 1 control pattern

| 1 Ttem control pattern
wronized Input control pattern
b control pattern

b Item control pattern

sform control pattern

e of the RangeValue and Transform control patterns, some methods overlap between the
n (UIA) control pattern and Microsoft ActivelAccessibility methods. For example, both
falue and put accValue methods in MSAA and the RangeValue control pattern val
hlue methods in UIA must be implemented. Internally, an implementation can share c

osoft Active Accessibility and Ul Atlitomation implementations avoids having a par
ation of a control pattern interface while keeping the TAccessible interface usable

existing Mlicrosoft Active Accessibility clients.

The follow
outlined b

ing Ul Automation contrel(patterns are not required when the control has one of the r(
elow. Otherwise, they shoild be explicitly supported if relevant.

Ul
the
ue

hde

Microsoft Active Accessibility and UI Automation methods. The requirement to implemlent

kial
by

les

Ul Automgtion Control Pattern Microsoft Active Accessibility Role

InvokePattIern ROLE_SYSTEM_PUSHBUTTON,

ROLE_SYSTEM_MENUITEM,
ROLE_SYSTEM_BUTTONDROPDOWN,
ROLE_SYSTEM_SPLITBUTTON,

and any other role where accDefaultAction is not NULL.

SelectionltemPattern ROLE_SYSTEM_LISTITEM,
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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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

AriaRole

Th
prd

Ctessitame
ClickablePoint
ControllerFor
Culture
DescribedBy
FlowsTo
FrameworkId
IsContentElement
IsControlElement
IsDataValidForForm
IsRequiredForForm
ItemStatus
ItemType

LabeledBy
LocalizedControlType
Orientation

 following Ul Automation element properties have some overlap with Microsoft Active Ac
perties, so they.can be used in an IAccessibleEx implementation, with the following e

AccelexatorKey and AccessKey — These properties overlap with the Micros
Accessibility accKeyboardShortcut property, but can be provided if a control has botl
keyand an accelerator (a shortcut key).

cessibility
xceptions.

oft Active
h an access

Cantrol Type — This property nvprlnpq with the Microsoft Active AccessibilityaccRold

e property,

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

The following table lists UTAutomation element properties that are already covered by Microsoft
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 [] RuntimeId Provided by core UIA

4.3.1.3 Events and the WM_GETOBJECT message

When ext¢nding a Microsoft Active Accessibility implementation with TAccessibleEx, raising and
handling ¢vents is done in the same way as with Microsoft Active Accessibility clients and’servers.
IAccess]bleEx clients handle WM GETOBJECT messages, and servers use NotifyWihEvent to
raise events.

In addition to the events defined for TAccessible, the following Ul Automation event identifiers may

be used w

th an IAccessibleEx implementation.

Ul Automgdtion Events

Microsoft’Active Accessibility
Events

IsEnabldgddPropertyChangedEvent

EVENT OBJECT STATECHANGE

ItemStafjusPropertyChangedEvent

n/a

ExpandCdllapseExpandCollapseStatePropertyChangedks#

EVENT OBJECT STATECHANGE

vent

MultiplgqViewCurrentViewPropertyChangedEvent n/a
ScrollHrizontallyScrollablePropertyChangedEvent n/a
ScrollHrizontalViewSizePropertyChangedEvent n/a
ScrollvgrticallyScrollablePropertyChangedEvent n/a
ScrollvVdrticalViewSizePropertyChangedEvent n/a

ToggleTd

ggleStatePropertyChangedEvent

EVENT OBJECT STATECHANGE

ScrollH(d

rizontalScrollPercentRropertyChangedEvent

EVENT OBJECT CONTENTSCROLI

ED

ScrollVdg

rticalScrollPercentPropertyChangedEvent

EVENT OBJECT CONTENTSCROLI

ED

For events
IAccess]
event. Thi
informatid

5 Expo

n to other/elients.

sing User Interface Element Information

that have a Micrpsoft Active Accessibility EVENT OBJECT <value> associated with th
| bleEx implementations should raise both the MSAA event and the listed Ul Automat
5 allows IACeessible clients to receive events, but it also communicates more detai

Pm,
ion
led

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.

24
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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
ser]
to
inf

An

Dej
by

5.2

Th
inf
me
the
pra

5.2

Ser

Microsoft Active Accessibility, information about Ul elements is exposed by Active ‘Aqg
vers. A server uses Microsoft Active Accessibility to provide information about.its U
clients. Any control, module, or application that uses Microsoft Active Accessibility
brmation about its user interface is considered to be a Microsoft Active Accessibility serve

application is considered to be a Microsoft Active Accessibility server if it.dees all of the f
exposes relevant properties;
supports navigation among Ul elements;
supports hit testing;
generates appropriate WinEvents.

pending on the application’s design and implementation, some of these requirements may H
Fhe Microsoft Active Accessibility default support:

.1 How an MSAA Server exposes relevahtproperties

e TAccessible interface offers a set*of properties and methods that support Ul featu
prmation about, the corresponding accessible object. Not all TAccessible interface prop
thods are relevant for all Ul elements. The properties supported by an object vary dep
type of Ul element the object represents. If an object does not support a particular ITAc
perty or method, it should return the standard COM error DISP_E MEMBERNOTFOUND.

.1.1 Required properties
vers must supportthe 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 g
as a status bar or tool bar);

Role;

Sfate;

cessibility

elements
to expose
r.

llowing:

e satisfied

es of, and
erties and
ending on
ressible

bject such

Location (and IAccessible: :accHitTest);
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 TAccessible: :accSelect), only if the object also supports the concept
of selection.

5.2.1.2 Optional properties

The followfing properties are optional, but they provide useful information about the object. In particullar,

the Descyiption property should be supported to describe bitmaps and other visual elements!

— Description;

— HelpprHelpTopic.

5.2.1.3 The Accessible Object role

Clients refrieve an object’s role by calling TAccessible::get accRgle, which returns a pre-
defined a¢cessible object role constant such as ROLE SYSTEM PUSHBUTTON for a button contfol.
Clients call GetRoleText retrieve a localized string that describes-the object’s role. All accessjble

object rolds are predefined.

5.2.2 Piovide support for the Accessible Object structure

ble
bds

In Microsd
objects. T
available f]

ft Active Accessibility, user interface elements<are represented as a hierarchy of access
he clients navigate from one accessible object to another using interfaces and meth
rom an accessible object.

The hieragchy of an accessible object is represented by accParent and accChild properties of the

IAccess]ble interface. The IEnumVARIANT-interface of the accessible object can be also used. The
optional method accNavigate can offer additional navigation among accessible objects.

5.2.2.1 The accParent property of'the IAccessible interface

The IAcdessible interface exposes the hierarchical relationships between objects. Clients fan
navigate ffom a child object totits‘parent object by calling IAccessible: :get accParent.

This appli¢s only to elementsthat have fully implemented TAccessible interfaces. For child elements,
those that] are represented by an IAccessible along with a non-zero ChildId value, the parent
element is|simply th€)TAccessible used witha ChildId of CHILDID SELF.

5.2.2.2 Expesing children

Severs canexpose children of an accessible nhjprf in one of two wavys ncing whichever tprhniqnp he

server decides is most appropriate. Clients must be able to deal with any server, so while a server can
chose how to expose its children, any client must be able to deal with both approaches.

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 IEnumVARIANT: : Reset methods to ensure that they have a copy of
the enumeration that is reset to the initial state. The client should then call TEnumVARIANT: : Next

to

ac
is 1
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No
a s¢

typ

5.2

WHh
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Th
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5.2,

Migq
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for
mu

5.2

Ser

window-based Ul elements, windowless Ul elements, and Ul elements with highly customized

Th
ele
cuq

FretrieveYARTANTSsrepresentingthechildrenand,for-eachinteger VARTANT returned;
~Child to checkif the child has a corresponding full IAccessible. If and only if IEray
ot supported, the client can assume that ChildId values are sequential starting a1, g

get accChild with each value to check if the child has a corresponding full TAceess]

e that if a server implements TEnumVARIANT and only returns IDispatchevalues, itis p
rver to expose children without ever using ChildId values (other than CHITDID SELF])
es of servers, this may be the simplest approach to adopt.

.2.3 The accNavigate method of the IAccessible interface

ile it is optional, the accNavigate method can offer navigation relative to the on-scree|
it is, clients can use accNavigate to navigate from an-accessible object to its left, ri
vn. In practice, however, this form of navigation is rarglysmeaningful to an end user un
ments are arranged in a grid structure.

e accNavigate method also features logical navigation (first child, last child, next and
vever, the functionality is already addressed by the ITEnumVARIANT interface, and accNa
ional for the logical navigation as well. The.system (Oleacc.d11) does not rely on acc)
upport an accessible object structure.

3 Support hit testing

rosoft Active Accessibility uses-hit testing to retrieve an IAccessible object for the Ul
becified screen location. The A€cessibleObjectFromPoint function relies on prop
TAccessible: :accHitTest to find the appropriate Ul element. Therefore, all visual U
st support hit testing through the accHitTest method.

.4  Generate appropriate WinEvents
ver developers n€ed to ensure that appropriate WinEvents are generated for all Ul elementd
e Windows USER component provides default WinEvent support for standard, HWNI

ments) Because USER generates these events automatically, servers need to generate even
tom’controls, windowless elements, or controls whose events are not already generated b

use get
VARIANT
nd should
 ble.

ossible for
. For some

n location.
sht, up, or
ess the Ul

previous);
vigateis
lavigate

element at
br support
[ elements

,including
behaviour.

-based Ul
ts only for
y USER.

To send an event, servers call NotifyWinEvent and pass the event constant, an identifier (object
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 exposed Ul elements

e—Aeccessibilityehent-mustbenetified—whentheserverHlhe hanged—se—thatthe
client can fetrieve information about the changes and render the information to the user. To ensurethat
the client {s informed about Ul changes, MSAA uses a mechanism called Window Events, or WintEvents,
to pass notifications from servers to clients. For more information, see 8.1.

To learn alpout and manipulate a particular Ul element, clients use the TAccessible interface. A client
can retrieye an TAccessible interface for a Ul element in the following four ways,

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

— Call the AccessibleObjectFromPoint and pass a screen location that lies within the| Ul
elemept’s bounding rectangle.

— Set a WinEvent hook, receive a notification, and then call AccessibleObjectFromEvent to
retrieye an IAccessible interface pointer for the Ul element that generated the event.

— Call ap TAccessible method such as accNavigate of\get accParent to move to a different
IAcc¢ssibleobject.

5.3 Exppsing Ul Elements with Ul Automation

In Ul Autdmation, information about user interface elements is exposed by Ul Automation providérs.
In generalf each control or other distinct element in a user interface is represented by a provider. The
provider ¢xposes information about the element and optionally implements control patterns that
enable the|client application to interact with the control.

5.3.1 Types of providers
Ul Automafion providers fall inte two categories: client-side (or proxy) providers and server-side providers.

Proxy proyiders are implemented by Ul Automation clients to communicate with an application that
does not qupport, or ddes not fully support, Ul Automation. Typically, proxy providers communidate
with the s¢rver across.the process boundary by sending and receiving Windows messages.

Server-sidg prowiders are implemented by custom controls or by applications that are based on g Ul
framework that’does not support Ul Automation natively. Server-side providers communicate with
client appliications across the process boundary by exposing Component Object Model (COM) interfalces
to the UI 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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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, control
v1ew contains elements that are controls and content v1ew contains elements that have content. It

5.
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.2.4 Frameworks

amework is a component that manages child controls, hit-testing, and rendering in an :
en. For example, a window, often referred to as an HWND, can serve.as a framework th3
[tiple Ul Automation element such as a menu bar, a status bar, and huttons.

itainer controls such as list boxes and tree views are considered-to be frameworks, be
tain their own code for rendering child items and performing-hit-testing on them. By

hdows Presentation Foundation list box is not a framework,'because the rendering and hi
hg handled by the containing window.

e Ul in an application can be made up of different frameworks. For example, an HW

lication might contain Dynamic HTML (DHTMLJ\which in turn can contain a component

hbo box in an HWND.

.2.5 Fragments

pmplete sub-tree of elements from aparticular framework is called a fragment. The elen
t node of the sub-tree is called a fragiment root. A fragment root does not have a parent, by
hin some other framework, usually a window (HWND).

.2.6 Hosts

e root node of every fragment must be hosted in an element, usually a window (HV

ment or a
[ elements

rea of the
t contains

rause they
rontrast, a
[-testing is

/ND in an
such as a

hent at the
tis hosted

VND). The

eption is the desktop, which is not hosted in any other element. The host of a custom control is the

(ND of the control-tself, not the application window or any other window that might cont
op-level conttaols.

e host of\a fragment plays an important role in providing Ul Automation services.
igationto the fragment root, and supplies some default properties so that the custom pro|
have to implement them.

hin groups

It enables
vider does

5.3.

3 Provider interfaces

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.

IRawElementProviderFragmentRoot |Exposes additional functionality for the root element in a complex
4 13 L s 1 3 Lild ol £ ot A | P H £
CUIILT Ul' lll\,luullls JU\,GLIIIS d CITIITu CITIrIcIit ac D}J\.«\rlll\f“ cCovUIruIIIavc -aS

and setting the focus state for the entire control.

Providers implement the following optional interfaces to provide added functionality.

Interface Description

IRawElenentProviderAdviseEvents |Enables the provider to track requests for everts,

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

To commpinicate with Ul Automation, providers implement the functionality described in fhe
following table.

Functionality Implementation

Expose thd provider to Ul Automation. In response toa WM GETOBJECT message sent to the control wip-
dow, providers retush.the object that implements TRawElement -
ProviderSimpde.'For fragments, this must be the provider for]
the fragment root:

Provide prpperty values. ImplementIRawElementProviderSimple: :GetPropertyr
Value to'provide or override values.

Enable the|client to interact with the Implement interfaces that support each appropriate control

control. pattern, such as TInvokeProvider. Control pattern providers

are returned by the provider implementation of TRawElement
ProviderSimple: :GetPatternProvider.

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

Enable nayigating and focusingin a Implement TRawElementProviderFragment for each element

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

Enable foc]:sing and ldgating child Implement IRawElementProviderFragmentRoot. Not neces-

elements if a fragment: sary for elements that are not fragment roots.

5.3.4 Plloperty values

A provider exposes information about a Ul element as a set of property values. Providers expose
two types of property values: automation element properties, and control pattern properties.
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

hy siblings

5.3.6 Provider reparenting

Pop-up windows are actually top-level windows, and by default, appearjin the Ul Automation tree as
children of the desktop. In many cases, however, pop-up windows are’logically children of Jome other
corjtrol. For example, the drop-down list of a combo box is logically,a.child of the combo box. $imilarly, a
mepu pop-up window is logically a child of the menu. Ul Automatiotprovides support to repprent pop-
up windows so that they appear to be children of the associated ¢ontrol.

A provider can reparent a pop-up window by

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

— | implementing the ITRawElementProvidéxSimple: : HostRawElementProvider property so
that it returns the value obtained from U#aHostProviderFromHwnd, where the parameter is the
window handle of the pop-up window;

— | implementing the IRawElemen¥ProviderFragment::Navigate method for the pop-up
window and its parent so thatnavigation is handled properly from the logical parent to [the logical
children, and between sibling-¢hildren.

WHhen Ul Automation encourters the pop-up window, it recognizes that navigation is being gverridden
from the default, and skipsover the pop-up window when it is encountered as a child of the desktop.
Insfead, the node is reachable only through the fragment.

Reparenting is not_suitable for cases where a control can host a window of any class. For example, a
refar can host.any type of window in its bands. To handle these cases, Ul Automation sypports an
alt¢rnative form of window relocation, as described in the next section.

5.3.7 , (Provider repositioning

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 ba
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 a Ul Automation client’s point of view, each Ul element is represented by an object that implemé
the TUIAYtomationElement interface. To get information about a Ul element, a client must f
retrieve an TUTAutomationElement interface for the element, and then use the various properf
and methdds exposed by the interface to retrieve information about the element.

nd

nts
rst
ies

A Ul Autornation client application retrieves the ITUTAutomationElement interfacexfor a Ul element by

1) creatipganinstanceofthe CUTAutomation objectandretrievingapointertothe IUIAutomation
interface on the object,

2) calling the CreateTreeWalker, ContentViewWalker, \E€éntrolViewWalker, |or
RawVjewWalker method to retrieve an IUIAutomationElenentTreeWalker interface, and
then ysing the interface to discover and retrieve elements frourthe tree that match the speciflied
search conditions,

3) calling one of the following methods of the TUTAutomation interface:

Method Description

ElementHromHandle RetrieveSthe element that has the specified window handle.

ElementiromHandleBuildCache Retrieves the element for the specified window, prefetches

théspecified properties and control patterns, and stores the
prefetched items in the cache.

ElementHromIAccessible Retrieves the element for the specified accessible object from a

Microsoft Active Accessibility server.

ElementHromIAccessibleBuildCache |Retrieves the element for the specified accessible object from a

Microsoft Active Accessibility server, prefetches the specifiegl
properties and control patterns, and stores the prefetched
items in the cache.

ElementHromPoint

Retrieves the element at the specified point on the desktop.

ElementHromPointBuildCache

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.

GetFocudedFElement

Retrieves the element that has the input focus.

GetFocusedElementBuildCache

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 from the
user’s viewpoint.

The DefaultAction property is retrieved by calling the accessible object’s TAccessible: :get
acfDefaultAction method. To perform _an _ objects default action, clignts call

IA

No
its

Th

6.2

In
Auf

implementation that exposes a particular, aspect of a control’s functionality to Microsoft UI A

clig
ret
cor
cor
(IG
clig

Ul
cor
but
scr
sef]
suf

NO

rcessible::accDoDefaultAction.

all accessible objects have a default action, and some objects have a default actien that ig
Value property, such as in the following examples.

A selected check box has a default action of “Uncheck” and a value of “Checked.”
A cleared check box has a default action of “Check” and a value of “Urnchecked.”
A button labelled “Print” has a default action of “Press,” with noalue.

A static text control or an edit control that shows “Printer®has no default action, but h
of “Printer.”

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

Exposing Ul Element actions in Ul Automation

omaton interfaces, including one or more control pattern interfaces. A control pattern is a

nt applications. Clients use the properties and methods exposed through a control
Fieve information about a particular capability of the control, and to invoke the actior
trol can perform. For exampl€) a control that presents a tabular interface implement

ridProvider: :ColumnEount and IGridProvider: :RowCount properties), and {
nt to retrieve items from-the table (IGridProvider: : GetItem method).

Automation uses eentrol patterns to represent common control behaviours. For example,
trol pattern (ZInvokeProvider interface) is used for controls that can be invoke
tons, and thé\Scroll control pattern (IScrollProvider interface) is used for controlg
pll bars, stch as list boxes, list views, or combo boxes. Because each control pattern re

ported by a particular control.

['E An aggregate control is built with child controls that provide the user interface for functi

related to

as a value

Ul Automation, an automation element that represents a Ul element exposes a nunmber of Ul

h interface
utomation
battern to
s that the
s the Grid

trol pattern (IGridProvider interface) to expose the number of rows and columns in the table

o enable a

the Invoke
d, such as
that have
presents a

arate ariea of functionality, control patterns can be combined to describe the full set of fupctionality

bnality that

is exposed by the parent, and the parent should implement all control patterns that are typically associated 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 describes
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 providers implement control pattern interfaces to expose the appropriate behaviour
for a specific piece of functionality that is supported by the control. These interfaces are not directly
exposed t¢clients, but are used by the Ul Automation core to Impiement another Set of client interfages.
For examplle, a provider exposes scrolling functionality to Ul Automation through IScrollProwider,
and Ul Aujomation exposes the functionality to clients through TUTAutomationScrollPaktern,

6.2.3 Dynamic control patterns

Some confrols do not always support the same set of control patterns. For example,’a multiline edit
control enpbles vertical scrolling only when it contains more lines of text than€an'be displayed inf its
viewable drea. Scrolling is disabled when enough text is removed so that scrolling is no longer required.
For this eyample, IScrollPattern is supported dynamically, dependingon the how much text i$ in
the edit bgx.

6.2.4 Cgntrol patterns and related interfaces

The following table describes the Ul Automation control patterns. The table also lists the provider
interfacesjused 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
IUTAutomationDockPatted gglcgiltré%.contamer, for example, toolbars or tqol

ExpandCollapse IExpandCollapseProvider Used for controls that can be expanded or colt

lapsed, for example, menu items in an applica

IUIAutomationExpandCollapse- tion, such as the File menu.

Pattern

Grid IGridProvilder Used for controls that support grid functionali-
ty, such as sizing and moving to a specified cgll,
for example, the large icon view in Windows
Explorer or simple tables in Microsoft Office
Word.

IUIAutomationGridPattern

Gridltem IGridItemProvider Used for controls that have cells in grids. The
individual cells should support the
GridItem pattern, for example, each cell in
Windows Explorer detail view.

IUIAutomationGridItemPattern

Invoke ITInvokeProvider Used for controls that can be invoked, such af
buttons.

IUIAutomationInvokePattern

ItemContainer IItemContainerProvider Used for controls that can contain other items.

IUIAutomationItemContainer-

Pattern
LegacylAccessible ILegacyIAccessibleProvider Used to expose Microsoft Active Accessibili-
. . roperties and meth [ Automation
IUIAutomationLegacyIAccessi- glignfspe ties and methods to UT Automatio

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.

. For example, a spinner control that displays
IUIAutomationRangeValuePat- . P p pay .
tern years might have a range of 1900 to 2010, while

a spinner control that displays months would
have a range of 1 to 12.
Scijoll IScrollProvider Used for controls that can scroll'when there is
IUTAutomationScrollPattern more information than can be displayed in the
viewable area of the control.
Scrollltem IScrolllItemProvider Used for controls that haye individual items in
IUTAUtomat ionsScrol 1T temPat— a list that scrolls, fonexample, a list cpntrol in a
combo box control:
tern
Selection ISelectionProvider Used for selection container controls) for exam-

, , le, li n m Xes.
IUIAutomationSelectionPat- ple, list bokes and combo boxes
tern

Selectionltem ISelectionItemProvider Used for individual items in selection|container

, , ntrols, h asli X n m Xes.
IUIAutomationSelectionItem- controls, such as list boxes and combg boxes
Pattern

Symchronizedlnput |ISynchronizedInputProvides Used for controls that accept keyboarld or

. ‘ mouse input.
IUIAutomationSynchronizedIn- P
putPattern

Talple ITableProvider Used for controls that have a grid and header
IUIAutomationTablePattern information.

Talpleltem ITableItemProvider Used for items in a table.
IUTAutomationTableItemPat-
tern

Text ITextProvider Used for edit controls and documentq that ex-
LtUFAutomationTextPattern pose textual information.

TextRange ITextRangeProvider Used for retrieving textual content, t¢xt attrib-
TUTAUL omat ionRange utes, and embedded objects from tex{-based

g controls such as edit controls and do¢uments.

Toggle IToggleProvider Used for controls where the state can|be tog-

, led, for example, check boxes and checkable
IUIAutomationTogglePattern 8 ) p

menu items.
Transfermr FRearraformbProrices Ysedforcontrolsthateanberesizedi moved

IUIAutomationTransformPat—
tern

and rotated. Typical uses for the Transform
control pattern are in designers, forms, graphi-
cal editors, and drawing applications.

Value IValueProvider Used for controls that have a value that does
IUTAutomationValuePattern not lay w1th_1n a specified range, for example, 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

Window

IWindowProvider
cation windows, multiple-document interfac

fUTAutomationWindowPattern (MDI) child windows, and dialog boxes.

Used for windows. Examples are top-level appli-

e

7 Keyboard focus

7.1 MSAA keyboard focus and selection

Accessiblelobjects can be selected and can receive keyboard focus. The ability to be selected and reee
les users to interact with application elements, change values, and otherwise manipul

focus ena
them. The

A sele

For examy]

objectint

7.1.1 Fqg

When a Ul

OBJECT_]

user inter
view cont

that they 3

The syste
including
SELECTI

Clients de

IAccess]
within an

objects su

IEnumVA]

Clients can also use theJA€cessible: :get accState method to query the selection or focus st

of an objeq

A focu
with t

re are some key differences between object selection and object focus.

sed object is an object in the entire operating system that receives keyboard jnput. The ob
he keyboard focus is either the active window or a child object of the active;window.

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

le, a user can select several items in a list view control, but the-focus is given only to
he system at a time. Note that focused items are from a selection.ofitems.

cus and selection properties and methods

upport.

EVENT OBJECT SELECTION, EVENT OBJECT SELECTIONADD,
NREMOVE, EVENT OBJECT SELBCTIONWITHIN.

| ble::get accFocus.(lients determine whether an object is selected, or which child
accessible object are{ selected, by calling IAccessible::get accSelection.
Ch as list views in which more than one child is selected, the parent object must support
IANT interface, which allows clients to enumerate the selected children.

t, by using-thefollowing flags:

object receives the keyboard focus, either the operatirig'system or a server raises an EVEN
"OCUS WinEvent to notify clients of the change. The System sends this event for the follow
face elements: list view control, menu bar, pop-up’ menu, switch window, tab control, t
ol, and window object. Server applications must send this event for the accessible objd

m or servers can raise a number of évents to notify clients when the selection chang
EVENT OBJE(

ive
ate

ect

pne

T_
ing
ree
cts

es,
T

termine whether a particularvaccessible object or child element has the focus by calling

ren
For
the

ate

Flag

Description

STATE _SY

STEM/FOCUSABLE The object is on the active window and is ready to receive

kevboard focus.

STATE SYSTEM 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

Clients 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:

— SELFTAG TAKEFQCUS | SFTLFTAG TAKRSELECTTION

To pelect a target item by simulating CTRL + click:

— SELFLAG TAKEFOCUS | SELFLAG ADDSELECTION

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

— SELFLAG TAKEFOCUS | SELFLAG REMOVESELECTION

To pimulate SHIFT + click:

— SELFLAG _TAKEFOCUS | SELFLAG EXTENDSELECTIQON

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

1) [ Specify SELFLAG TAKEFOCUS on the starting objectto set the selection anchor.

2) | Call TAccessible:accSelect again and speciffn SELFLAG EXTENDSELECTION | $ELFLAG
TAKEFOCUS on the last object.

To feselect all objects:

1) [ Specify SELFLAG TAKESELECTION, on any object. This flag deselects all selected objgcts except
the one just selected.

2) | Call TAccessible::accSghect again and specify SELFLAG REMOVESELECTIQN on the
remaining object.
7.1.2 Events triggered infmenus

Migrosoft Active Accessibility exposes standard menus created with the Microsoft Win32|menu API
and resource files( To be consistent with standard menus, servers with custom menus trigg¢r EVENT
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 ajpd rich edit
conftrols because the text is exposed as a single string in the Value property for these controls.

This section describes how keyboard focus and selection is handled in Ul Automation.

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
Ul

either

can use
Automation element that currently has the focus.
given element has

IUIAutomation: :GetFocusedElement method to retrieve
Client can determine whether

the

the keyboard focus by querying the HasKeyboardFocus

by calling IUTIAutomationElement: :CachedHasKeyboardFocus

the

a

property,

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

IUIAutomationElement: :CurrentIsKeyboardFocusable.

or

Clients call an element’s TUTAutomationElement: : SetFocus method to sets the keyboard focus

to the Ul /

vtomation-elamant
orco

A prov
IRawEler

the focus for Ul elements that have a multi-level structure, such as list boxes and list view controls.

UI Automd

T croT CreTreTres

ider implements the IRawElementProviderFragment: :GetFocus
hentProviderFragmentRoot: :SetFocus methods to support retrieving and sett]

q

ition framework calls a provider’'s IRawElementProviderFragmentRooti?: SetFod

nd
ing
[he

us

method to] give the provider a chance to update the state of the focused item. The framework calls fthe
IRawElementProviderFragment: :GetFocus method to retrieve the provider for the element
that has tHe focus.

7.2.2 Sdlection

This sectig
of selectah
selecting

n describes the Ul Automation support for selecting items in.controls that contain a collec]
le items, such as list views and tree views. It also describes the Ul Automation support
ext in a control that acts as a text container.

ion
for

7.2.2.1 Jtem selection

In UI Automation, providers support the Selection control pattern (ISelectionProvider interfdce)

for contro] types that act as containers for a collectionof selectable child items. Clients use the Selectjion

control pattern (through the IUIAutomatiohSelectionPattern interface) to interact with

containerq of selectable child items. The Selection control pattern includes the following propertjes,

methods, and events:

Member Description

CanSeledtMultiple Specifies whether the provider allows more than one child
element to be selected concurrently.

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

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

UIA SeldctionilpvalidatedEventId |Raised when a selection in a container has changed signifi-
cantly.

For each Lselectable child item in 23 container the Ul Automation prnvidnr implpmpnfc he

SelectionItem control pattern (ISelectionItemProvider interface), while clients use
the SelectionItem control pattern (through the IUIAutomationSelectionItemPattern
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 cu

element.

rrent

SelectionContainer
and acts as the container for the calling object.

Gets the provider that implements ISelectionProvider

UIA SelectionItem ElementAdded-
ToSelectionEventId

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

UIA SelectionItem ElementRemoved-

FromSelectionEventId items.

Raised when an item is removed from a collection of selected

Ul
ed

A\ SelectionlItem ElementSelect-
FventId

Raised when a call to the Select, AddToSelect iGxl
moveFromSelection method results in a single it
selected.

or Re—
em being

7.2.2.2 Text selection

Th
mo

e Ul Automation Text control pattern enables applications and controls té.expose a simple
del, enabling clients to retrieve textual content, text attributes, and_embedded objects
baged controls. To support the Text control pattern, controls implement the ITextProvideq
Control types that should support the Text control pattern include the Edit and Document con
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 J1’Automation control patterns
sevieral types of embedded objects in the text, including tables, hyperlinks, and command bu

The¢ ITextProvider interface includes a number of methods for acquiring text ranges. A te
an pbject that represents a contiguous span of text‘ot multiple, disjoint spans of text in a text]
Ong¢ ITextProvider method acquires a text range that represents the entire document, w
acquire text ranges that represent some portion of the document, such as the selected text,
texft, or an object embedded in the text.

A tpxt range object is represented by the TextRange control pattern, which is implementg
the ITextProvider interface. The, TextRange control pattern provides methods and
usqd to expose information aboutthe text in the range, move the end points of the range
dedelect text, scroll the range into view, and so on.

7.2.2.2.1 Ul AutomationText Pattern overview

Th¢ Text pattern is@©ne of many predefined control patterns specifically designed for acce
texit information. The Text pattern interface offers a few key methods and properties usef
interactions with’ rich text object models, such as SupportedTextSelection pro
GefSelection method. While a Text pattern represents the entire unit of text (for exam
text in amedit field), accessing the text is done through TextRange object claimed fron
paffternc A TextRange object represents a contiguous portion of the text by a pair of e
Mulfltiple instances of TextRange objects can be created from one Text pattern, which enable

text object
from text-
interface.
trol types,

Lo support
[tons.

Xt range is
container.
hile others
the visible

d through
properties
, select or

ss to rich-
ul to basic
perty and
ple, all the
n the Text
nd points.
s handling

f 3 1 ralai i 3
0 1TUTI LUllLlsUUUD Ul 111UI'T LUllllJlCA LI'ICIT LTAL UlJCl dllUIlS.

A TextRange can be obtained from a Text pattern using one of the following methods:

Text Pattern method Text Pattern ranges acquired

DocumentRange

A TextRange of the entire document available the Text pat-

tern supported.

RangeFromPoint
screen coordinate.

A degenerate (empty) TextRange nearest to the specified

RangeFromChild
perlink, spreadsheet, or other embedded object.

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
logical “text pointers” by a pair of Start and End points. TextRange can be manipulated for navigating
through the text retrieving the textasa string, cplpr“ring text or cpnrr‘hing text

Type of fupctions TextRange methods Description

Range marfipulation Clone Retrieves a new TextRange identical to the original. This
new range has its own Start and End points,-which are
initially set to the same values as the soukce Tange.

Compare Determines whether the pair of end points of this Tex-
tRange is the same as that of another TextRange.
CompareEnd points Determines whether the Start orEnd point of this Tex-
tRange is the same as an end point of another Tex-
tRange.
Search FindAttribute Retrieves a TextRange-subset that has the specified
attribute value suchtas’IsItalic and IsReadOnly.
FindText Retrieves a Text'Range subset that contains the specifjed
text.
Acquiring fext GetAttributeValue Retrieves the value of the specified attribute across the
information entire TextRange.
GetBoundingRectan- |Retrieves a collection of bounding rectangles for each
gles futlly 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.
Logical TektRange Move Moves the TextRange the specified number of text units.
navigationg MoveBnd point- Moves one end point of a TextRange to the specified end
ByRanhge 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/T vt Select Creates aselectioninthe controlthat Fnrrncpnn(]c tothe
Manipulation TextRange.
AddToSelection Adds the TextRange to the collection of selected text in a

text container that supports multiple, disjoint selections.

RemoveFromSelection |Removesthe 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 attributes
(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

Mo}re, ExpandToEnclosingUnit and other TextRange methods are useful for logical
of fext within a Text pattern, such as reading a document line by line. Because specificbeha

exl
car

ectations are set for each TextRange logical navigation method, clients and-provid

in the control viewport.

7.2

Mal
int
as

.2.2.1.3 Text Pattern, TextRange, and Embedded Objects

hy documents today support embedded objects such as hyperlinks, images, tables
bractive elements. With Ul Automation and the Text pattern, those embedded objects are r¢
children of a document object that supports the Text pattérn. Some embedded objed

hyperlink or table) may span across a range of text, and so thatClients can choose to interac

tex
tyq

Th
ele

e of embedded objects.

For more information\go to www.contso.com.

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

ment for the control that hosts the entire text (ControlType.Document), and a child of the t

(CantrolType.Hyperlink).

Th
the

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

-
-

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

e text contents should be accessible though the Text pattern of the Document element
hyperlink text “www.contso.com” along with the special text attribute. Ul Automation

havigation
yiours and
brs should

efully follow the specification remarks. Some logical navigation can be limited-by'availability of text

or other
presented
t (such as
t with the

t without interruption of embedded object boundaries or etherwise change the interaction mode by

e example document element can be‘outlined as a simple pair of automation elements; an automation

bxt control

including
Llients can

ac

TiTe the embedded Object oI associated TextRange by USINg Getcniltdren, RangerromChild

or other functions. While automation elements represent physical Ul elements on screen, TextRange
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
spanned or non-spanned embedded objects. An inserted annotation object can be a separate annotation
text field (ControlType.Document if it is multiline text), an image (ControlType . Imagé; for
example, ihk annotation by stylus devices), or something else.

7.2.2.2.1.4 Text pattern and embedded table example

Similar to|hyperlink text in a document, a table is typically realized as child object,efithe automation
element tHat supports the Text pattern. Following is an example of a piece of document that is inserfed
with a table in four columns in four rows including the header row.

Table:

 Header 0 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 documentithat is inserted with a table and a picture

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

ControlType Document

== — — \w/TextPattern,...
V<
ControlType Table
o ———— LocalizedControl TypeProperty = « row »,
- w/GridPattern, TablePattern, ...
ControlType Header f ControlType Custom
w/GriditemPattern, ... /<N (e = _ ———== == === 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 cell is part of text stream in the Text pattern of the root document element; “.. Table:
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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Table 1 Header 0 Header 1 Header2  Header3
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Text Ranges from Text Ranges from « Cell®

« Headerltem »

the other hand, for any given TextRange object within a document, the GetEnclosing
thod should acquire the next smallest automation element that covers theTange. If the r:
png an embedded object such as a table cell or link, the function should-return the docun

that supports the Text pattern.

Ift
TeX
(si

res

—

7.2

Wh
paft]
for
prq

NO

Tex
Tex

Th
bas

tyq

For
the

e entire table is treated as a separate object (independent fromi‘the text stream exposed {
t pattern), the table element can be treated as a complex €mbedded object without a ra

nilar to an image embedded among text without a range butwith location information relz

t of the document).

.2.2.1.5 Text pattern and virtualized embedded objects

ere possible, it is recommended that the entire text of the document be supported b
tern or TextRange (including any text outside the viewport); however, that is not alway

viders should consider supporting theWVirtualizedItempattern for virtualized embedd|

[E The VirtualizedItem control pattern cannot be associated with a TextRange
tRange is only a logical object*that representing a portion of text by a pair of end points. In o

tRange is not an automation-element.

e TtemContainer pattern can be also supported by the document object in order to s
ic programmatic search capabilities besides end-user search features for the document cq
es of virtualization'can vary depending on the document presentation.

example, if the document presentation is virtualized while the entire text stream is stil
DocumenBRange method of the Text control pattern may still create a TextRange objed

Eng
on
em

wh

7.2

| points(that covers the document end to end. However, the outcome of the GetChildre
he T&xtRange may be limited by series of placeholder objects. To interact with those ¥
bedded objects clients would need to call theRealize function ‘ontheVirtualizedIt

Element
inge is not
lent object

hough the
hge of text
tive to the

y the Text
's possible

performance and other reasons. When'the off-screen text or embedded objects are “virtualized”,

ed objects.

because a
her words,

ipport the
ntext. The

available,
t with two
n function
irtualized
em control

ile a portion of the table is off-screen and Vlrtuallzed

.2.2.1.6 Leveraging ControlType.Custom in Text Pattern

document

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 as authoring tools for slideshow presentations, or page-based desktop publishing environments.)

7.2.2.2.1.7 Lifetime of TextRange claimed

It is not always guaranteed for TextRange be sustained when the document structure is-changed by
deleting, ihserting, or moving the portion of the text. While it is encouraged that Text pattern providers
accommodate the changes be reflected to associated TextRange, a new range may ireed to be|re-
claimed when the host text is changed (Text TextChangedEvent israised).

8 Events

8.1 WinEvents

The Microsoft Windows operating system includes a feature called\WinEvents that enables processes
and applifations running on the Windows desktop to exchiange certain types of information.
Accessibilfty tools that use Microsoft Active Accessibility and{UI Automation are among the primpry
users of the WinEvents.

In the confext of accessibility, Microsoft Active Accessibility servers and Ul Automation providers pise
WinEvent$ to notify clients of changes in an application Ul, such as when a Ul element has been creafted
or destroyed, or when an element name, state, or walue has changed.

8.1.1 USER’srole in WinEvents

WinEvent|support is provided by USER, a fundamental part of the Windows operating system. USER
provides the following:

— asimple way for clients to register for event notifications;

— amechanism for injecting client code into servers;

— routing of events from servers to interested clients;

— automjatic event/generation for most HWND-based controls.

Event gen¢ratien for window (HWND)-based controls is especially important for server developers] As
discussed |earlier, Oleacc.d1] provides TAccessible proxies for standard Ul elements. Similarly,

USER provides automatic WinEvent support for these same Ul elements. Because USER is involved in
creating, destroying, moving, resizing, and other actions on all HWND-based controls, it generates the
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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Clients register one or more callback functions (with USER) to receive event notifications. To do 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).

WHhen an event is generated that matches the specified criteria, USER calls the client’s'callbad

(or

8.1.3

To
inf
thi

For

“hook procedure”).

Sending events

broadcast an event notification to all interested clients, servers call'NotifyWinEvent
prmation that identifies the type of event and the Ul element to which the event applies. Clie}
b information to retrieve an TAccessible object for the Ul element and collect more info

example, to notify clients that a control’s name has changed,)a server calls NotifyWinH

pagses EVENT OBJECT NAMECHANGE in the event parameter.

WHhen a server calls NotifyWinEvent, USER determines which clients are interested in that
evgnt and calls their registered callback functions. If Ho'clients have registered for that event, t

cal

toNotifyWinEvent is comparable to a “no operation” and the performance impact is ne

8.1.4 The allocation of WinEvent IDs

Th

e WinEvent ID must be registered in\advance. Any irregular usage outside of the pre-|

evgnt ID is not supported. At worst,:if{can cause system crashes or totally unexpected beh

apy

lications and the operating system. At best, irregular usage can cause serious confus

prdcesses as WinEvents are also\rsed by the operating system internally. Even with this

Wi

hEvents serve a key role in Microsoft Active Accessibility and other communication mechd

A pool of WinEvent ID ranges is reserved for specific uses. This reserve can be used and
long as the usage meets\the criteria of the reserve. Creators of WinEvents still need to coll
avdid collisions am@ngst themselves, but the reserve helps reduce the risks of unexpected
and conflicts of future WinEvent usages.

k function

and pass
hts can use
rmation.

vent and

particular
he server’s
gligible.

registered
aviours of
on among
limitation,
Inisms.

shared as
aborate to
collisions

Ty

Reservation Currently in use Comments

pe

Mi¢rosoftActive
Acgessibility/
Ul Autemation

0x0001 to 0x00FF

0x0001 to 0x0020

EVENT SYSTEM *

0x4001 to 0x40FF

0x4001 to 0x4007

EVENT CONSOLE_*

Events (System Re-
served)

0x4E00 to O0x4EFF 0x4E20 to 0x4E33 UIA Event IDs
0x7500 to 0x75FF 0x7530 to 0x759B UIA Property Changed Event IDs
0x8000 to 0x80FF  |0x8000 to 0x8015 EVENT_OBJECT_*

OEM Reserved

0x0101 to Ox01FF

0x0101 to 0x0122

[Accessible2 Events

Community Reserved |0xA000 to 0OxAFFF |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 inthe upcoming Windows 7 SDK (for example, WINUSFER hand UTAutomationClient  h).

8.14.1.1

The IAcce

OEM reserved events

ksible2 specification already uses part of this range. The OEM reserved rangel/is oper

anyone who would like to use WinEvents as a communication mechanism. Developers'should def

and publig
event proq

8.1.4.1.2

h event definitions along with their parameters (or also with associated\object types)
essing so that accidental collisions of event IDs can be avoided.

Community reserved events

The prev

ous two ranges are reserved based on current mainstream usage of WinEvents

accessibility and software automation. The Accessibility Interoperability Alliance (AIA) Extensions

reserved

r any future usage of WinEvent ranges across the industry. Due to the nature of WinEy

architectulre, it is highly recommended that developers publishhand define a standard specificat

before any

8.1.4.1.3

The ATOM
usage of t
preferred

8.1.4.2

According
cannot be
or AIA Res

official usage.

ATOM (Runtime reserved events)

range is reserved for general extensibilityypurposes for runtime event allocations. No st
his range is allowed. Using GlobalAIlocAtom with a string GUID is recommended 4
method of allocating WinEvents in ATOM.

The use of reserves

to the WinEvent specification, the system reserved area and any other non-defined ar
consumed without SDK\revision. For any new events, applications should use OEM Reser
erved ranges. Wherna new event is defined, it is highly recommended that developers sh

the specification openly andwidely prior to actual usage of the events. The Accessibility Interoperabi

Alliance (
among thq

ATOM ran
the range

AIA, http://wwiw.accessinteropalliance.com/) is expected to organize new specificati
AIA Reserved\WinEvent ID Range.

be is kept reserved for general extensibility purpose for runtime event allocations. Do not
for anyistatic / public consumption.
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Ul Automation event notification is a key feature for assistive technologies such as screen readers and
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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Event Description

Property change

changes. For example, if a client needs to monitor an application’s check box

the client can act as necessary.

Raised by a provider when a property on a Ul Automation element or control pattern

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

control,

Element action

Raised by a provider when a change in the Ul results from end user or programmatic
activity; for example, when a button is clicked or invoked through InvokePattern.

Strjucture change Raised by a provider when the structure of the Ul Automation tree changeés,|The struc-
ture changes when new Ul items become visible, hidden, or removed on.the ¢lesktop.

Geperal event Raised by a provider when actions of global interest to the client oecur; such|as when
the focus shifts from one element to another, or when a window-cleses.

Sorpe events do not necessarily mean that the state of the Ul has changed. Forexample, if the user tabs to

a tgxt-entry field and then clicks a button to update the field, the provider raises a TextChangedEvent

evedn if the user did not actually change the text. When processing an gvent, it may be necesgsary for a

clig

Prd

nt application to check whether anything has actually changed before taking action.

vider may raise the following events when the state of the Ul has'not changed.

AutomationPropertyChangedEvent (depending onthe property that has changed);

FElementSelectedEvent;
InvalidatedEvent;

TextChangedEvent.

8.2.1 How providers raise events

Prgviders raise an event regardless of whether a change in the Ul was triggered by user input o1 by a client

application using Ul Automation. UFAutomation providers use the following functions to raiselevents:

Fupction Description

UipRaiseAutomationEvent Raises various events, including events triggerfed by
control patterns.

UipRaiseAutomationPropertyChangedEvent |Raises an event when a Ul Automation property has
changed

UipRaiseStructureChangedEvent Raises an event when the structure of the Ul Afitomation

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

adding an

To

f no client

optimize performance, a provider can selectively raise events, or raise no events at all

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

AddFocusChangedEventHandler Subscribes to events that are raised when the focus changes
from on Ul element to another.

AddPropgrtyChangedEventHandler Subscribes to events that are raised when the value of a ptop-
erty changes.

AddStrudtureChangedEventHandler Subscribes to events that are raised when the structupe of the
Ul changes.

AddAutonjationEventHandler Subscribes to other types of events.

On shutdown, or when Ul Automation events are no longer of interest to the application, Ul Automatjion
clients shquld call one or more of the following TUTAutomation methods.

Method Description

RemoveAytomationEventHandler Unregisters an event handlérithat was registered by using
AddAutomationEventHandler.

RemoveFdcusChangedEventHandler Unregisters an event hiandler that was registered by using
AddFocusChangedEventHandler.

RemovePrdopertyChangedEventHandler |Unregisters aievént handler that was registered by using
AddProperbyChangedEventHandler or AddProper-
tyChandedEventHandlerNativeArray.

RemoveSfructureChangedEventHandler |Unregistérs an event handler that was registered by using
AddStructureChangedEventHandler.

RemoveAlllEventHandlers Unregisters all registered event handlers

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

9.1 Ul Automation specifications

This secti¢n provides information about how to work with Ul Automation which is necessary to design
and use the features ofiWUlAutomation to programmatically modify states, properties, values, text and
introduceg the conceptsof control patterns and control types.

9.1.1 Infroduction
The UI Automation Specification provides flexible programmatic access to Ul elements on the Windgws

desktop, enabling assistive technology products such as screen readers to provide information about
the Ul to end users and to manipulate the Ul by means other than standard input.

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 properties,
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,

— coexisting with and leveraging Microsoft Active Accessibility without inheriting its limitations,

ot ic cinmai
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Th¢ implementation of the Ul Automation Specification in Windows features Component Object Model
(CM)-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|Providers
supply property values for each element. Elements are exposed as a treefstructure, with the flesktop as
theroot element.

Automation elements expose common properties of the Ul elements they represent. Ong of these
prdperties is the control type, which describes its basic appearance and functionality (for gxample, a
button or a check box).

9.1.3 Ul Automation tree

Th¢ 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 representing
mehus, buttons, toolbars, and so on. These elements in turn can contain elements like list it¢ms, as the
following illustration shows.

= “Run” dialog

(no name) image (id="12297")
“Type the name of a program, folder, document, or Inter...
“"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, felder, document, or Internet
resource, and Windows will'qien it for you.

(L2

DREDED

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.

Content vigw Asubsetof thecontrotview thatcontaims comtent mostretevant toth
user, like the values in a drop-down combo box.

0

9.1.4 Ul Automation properties

The Ul A@tomation Specification defines two kinds of properties: automation element properties
and contrpl pattern properties. Automation element properties apply to most controls, providing
fundamental information about the element, such as its name. Control pattern properties apply to
control pafterns, which are described next.

Unlike with Microsoft Active Accessibility, every Ul Automation property/is-identified by a GUID and a
programmjatic name, which makes new properties easier to introduce,

9.1.5 Ul Automation control patterns

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

Each conttol 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 glso
support ctistom control patterns. Unlike Microsoft Active Accessibility role or state properties, pne
automatioh element can support multiple Ul\Automation control patterns.

9.1.6 Ul Automation control types

A control {ype is an automation elernent property that specifies a well-known control that the element
represent§. Currently, Ul Automation defines 38 control types, including Button, CheckBox, ComboHox,
DataGrid, Document, Hyperlink, Image, ToolTip, Tree, and Window.

Before yoli can assignta control type to an element, the element needs to meet certain conditiqns,
including |a particular-automation tree structure, property values, control patterns, and events.
However, you are ot limited to these. You can extend a control with custom patterns and properties, as
well as with thepre-defined ones.

The total nuthber of pre-defined control types is significantly lower than Microsoft Active Accessibility
object roles, because UT Automation control types can be combined to express a [arger set of features
while Microsoft 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 between
Microsoft Active Accessibility and Ul Automation is also addressed.

10.1.1 UI Automation clients

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

1041.1.1 Find UI Automation elements based on a property condition

This section contains example code that shows how to locate elements withifi'‘the Ul Automation tree
baded on a specific property or properties. In the following example, a set\of property condlitions are
spdcified that identify a certain element (or elements) of interest. A searCh.for all matching glements is
thein performed with the FindAll.

// /| <summary>

///] Finds all enabled buttons in the specified window elemeht.
/// </summary>

// /| <param name = “elementWindowElement”>An applicatdo®’ or dialog box window.</pafam>
// /| <returns>A collection of elements that meet thelc¢onditions.</returns>
AufomationElementCollection FindByMultipleConditiors (AutomationElement
eldmentWindowElement)

Condition conditions = new AndCondition}
new PropertyCondition (AutomationElement.IsEnabledProperty, true),
new PropertyCondition (AutomationElement.ControlTypeProperty, ControlType.Bufton)
)

// Find all children that match-\the specified conditions (for example, buttons
// that are immediate children™~of the automation element).
AutomationElementCollection, €lementCollection =

elementWindowElement.FifAgAll (TreeScope.Children, conditions);
return elementCollectiohy

}
10{1.1.2 Navigate among Ul Automation elements with TreeWalker

This section contaifis)example code that shows how to navigate among Ul Automation elpments by
usipg the TreeWa'lker class. The following example uses GetParent to walk up the Ul Automation tree
until it finds the'root element, or desktop. The element just below that is the parent window of the
spgcified eletient.

///| <symmary>
// /| Retwieves the top-level window that contains the specified UI Automation elemeht.
// /| <FSummary>

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

/// <returns>The containing top-level window element.</returns>
private AutomationElement GetTopLevelWindow (AutomationElement 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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}

node

}

while

break;

elementParent;

(true) ;

return node;

}

10.1.1.3 Get Ul Automation element properties

This section describes how to retrieve properties of a Ul Automation element.

void Prop

ertyCallsExample (AutomationFlement elementlist)

{
// Th
strin
name

WO
Pal
th
objec
true) ;
if

10.1.1.4 !

This secti
an event h
it when th
parameter

// Member
Automatio
Automatio

/17
/17

<summ|
Regis
/// </sun
/// <para
public vo

The

following two calls are equivalent.
name elementList.Current.Name;
elementList.GetCurrentPropertyValue (AutomationElement .NameProperty)

INEC

as strin
~ following shows how to ignore the default property, which

11d probably be an empty string if the property is not supported.

ssing “false” as the second parameter is equivalent to using the'Oyverload
bt does not have this parameter.

t help elementList.GetCurrentPropertyValue (AutomationElement THelpTextProperty

lp == AutomationElement.NotSupported)

~1p “No help available”;

tring helpText

(string)help;

bubscribe to Ul Automation events

bn describes how to subscribe Ul Automation events. The following example code regist
andler for the event that is raised when a control such as a button is invoked, and remo
e application form closes. The evént is identified by an AutomationEvent passed a
to AddAutomationEventHandler.

variables.
hElement ElementSubscrideButton;
hEventHandler UIAeventHandler;

B ry>

ter an event hamhdler for InvokedEvent on the specified element.
mary>

n name "elementButton”>The automation element.</param>

id SubscoipeToInvoke (AutomationElement elementButton)

l ementBOFton null)

LtOmation.AddAutomationEventHandler (InvokePattern.InvokedEvent,

~.

ers

Ves

S a

elementButton, TreeScope.Element,

E

}

/77
/17
/17
/17
/77
private v

{

<summ
Autom

// Ma
// ca

Autom
if (e

52

UIAeventHandler new AutomationEventHandler (OnUIAutomationEvent)) ;
lementSubscribeButton elementButton;

ary>
ationEventHandler delegate.

</summary>
<param name
<param name

= "src”>0Object that raised the event.</param>
"e”>Event arguments.</param>
oid OnUIAutomationEvent (object src, AutomationEventArgs e)

ke sure the element still exists. Elements such as tooltips
n disappear before the event is processed.

ationElement sourceElement src as AutomationElement;
.EventId == InvokePattern.InvokedEvent)
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// TODO Add handling code.

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

private void ShutdownUIA ()

{

10
Th

It
AP
Ge

Ob
1Y)
2)

if (UIAeventHandler ! = null)
{

Automation.RemoveAutomationEventHandler (InvokePattern.InvokedEvent,
ElementSubscribeButton, UIAeventHandler);

1.1.5 Manipulate a control by Ul Automation

s section describes how to retrieve control pattern objects from UI Automation elements.

) or PollForPotentialSupportedPatterns (a native elient API). A client s
FCurrentPattern for the key patterns of interest.

ain a Specific Control Pattern
Get the AutomationElement whose control patterpsiyou are interested in.

Call GetCurrentPattern or TryGetCurrentPattern to query for a specific patt
methods are similar, but if the pattern is not'found, GetCurrentPattern raises an
and TryGetCurrentPattern returns false.

e following example retrieves an AufomationElement for a list item and
| ectionItemPattern from that element.

<summary>
Sets the focus to a list and selects a string item in that list.
</summary>

<param name = “listElem&nt”>The list element.</param>
<param name = ”itemText”>The text to select.</param>
<remarks>

This deselects apy currently selected items. To add the item to the current s
in a multiselect~\l'ist, use AddToSelection instead of Select.

</remarks>

lic void SelecflListItem(AutomationElement listElement, String itemText)

if ((ligtEiement == null) || (itemText == “ %))
{
£hrow new ArgumentException (“Argument cannot be null or empty.”);

}
I stElement.SetFocus () ;

s strongly recommended that a client not use GetSupportedP@tterns (a managed client

hould call

brn. These
exception,

pobtains a

Plection

Condition cond = new PronertyuCondition(
T

AutomationElement.NameProperty, itemText, PropertyConditionFlags.IgnoreCa

se);

AutomationElement elementItem = listElement.FindFirst (TreeScope.Children, cond);

if (elementItem ! = null)

{

SelectionItemPattern pattern;

try
{
pattern = elementItem.GetCurrentPattern (SelectionItemPattern.Pattern)
SelectionItemPattern;
}
catch (InvalidOperationException ex)
{
Console.WriteLine (ex.Message); // Most likely “Pattern not supported

return;
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IS

}

attern.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
section demonstrates tasks for writing Ul Automation providers for Ul elements.

10.1.2.1

Every UL A

mplement core provider interfaces

utomation provider must implement one of the following interfaces.

Interface

Description

IRawElen

entProviderSimple This interface represents an instance of a U] element, and it ha

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

UT

IRawElen

entProviderFragment Adds functionality for an elementifya complex control, includi

bounding rectangle of the elenient.

navigation within the fragment;setting focus, and returning the

g

IRawElen

entProviderFragmentRoot |Adds functionality for the'root element in a complex control,

including locating a childelement at specified coordinates and
setting the focus state*for the entire control.

The follow

ing interfaces provide added functionality butare not required to be implemented.

Interface

Description

IRawElen

entProviderAdviseEvents |Enables the provider to track requests for events.

IRawElen

entProviderHwndOverride |Epables repositioning of HWND-based elements within the Ul

Automation tree of a fragment.

10.1.2.2

The exam
hosted in
procedure
when a cli

/17
/17
/17

<summ|
Handl
</sumn

Expose a server-side UlAutomation provider

a System.Winddows.Forms.Control window. The example overrides the wind
to handle WM \GETOBJECT, which is the message sent by the Ul Automation core sery
ent application'requests information about the window.

B ry>
es WMNGETOBJECT message; others are passed to base handler.
nar o>

\Hame =

/17

<para

ble code in this section shows how to expose a server-side Ul Automation provider tha is

ow
ice

"m”>Windows message.</param>

/17
/17
/17

<rema

In th
/// as th
/// </rem
protected
{

const
if

A
{

m

r
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((m.Msg

LK

This method enables UI Automation to find the control.

is example,
is method.
arks>

override void WndProc (ref Message m)

the implementation of IRawElementProvider is in the same class

int WM _GETOBJECT 0x003D;

WM GETOBJECT) && (m.LParam.ToInt32()
utomationInteropProvider.RootObjectId))

.Result

AutomationInteropProvider.ReturnRawElementProvider (
this.Handle, m.WParam, m.LParam,
(IRawElementProviderSimple) this) ;

eturn;
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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 propIld)

if (propId == AutomationElementIdentifiers.NameProperty.Id)

return “Custom list control”;

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

{
return ControlType.List.Id;

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

{

return true;

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

{

return true;

}

else

{

return null;
}
}

1041.2.4 Raise events from a ULAutomation provider

The¢ example code in this sectionwdemonstrates how a Ul Automation eventisraised in the implgmentation
of 4§ custom button control The implementation enables a Ul Automation client application tp simulate
a bptton click. To avoidwunnecessary processing, the example checks ClientsAreListenfng to see
whether events should'be raised.

// /| <summary>

// /] Responds.®ea button click, regardless of whether it was caused by a mouse or
// /| keyboardltlick or by InvokePattern.Invoke.

// /N </summary>

private-void OnCustomButtonClicked ()

«#4/TODO Perform program actions invoked by the control.

// Raise an event.
if (AutomationInteropProvider.ClientsAreListening)
{
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.
parentItems is the collection of list item providers.
</remarks>

public IREWEIEMENCTProOvViderFragment Navigacte (NavigateDirection direcction)

{

}

int myIndex = parentItems.IndexOf (this);
if (direction == NavigateDirection.Parent)

return (IRawElementProviderFragment)parentControl;
else Bf (direction == NavigateDirection.NextSibling)

iff (myIndex <parentItems.Count - 1)

else Bf (direction == NavigateDirection.PreviousSibling)
iff (myIndex > 0)

}
}

returh null;

10.1.2.6 S$upport control patterns in a Ul Automation provider

This sectid

client appliications can manipulate controls and get data from them.

To support control patterns,

1y

2) return the object containing your implementation of each control interface in your implementat
of GejPatternProvider ().

The following example shows an implementation of ISelectionProvider for a single-select

imple

custom lisf box.dtreturns three properties and gets the currently selected item.

#region IBe¥ectionProvider Members

/17

/// Specifies whether selection of more than one item at a time is supported.

/17

return (IRawElementProviderFragment)parentItems[myIndeXx + 1];

return (IRawElementProviderFragment)parent¥tems|[myIndex - 1];

n shows how to implement one or fiore control patterns on a Ul Automation provider so 4

ent the appropriate intérfaces for the control patterns that the element should supp
such ds IInvokeProvider for InvokePattern,

hat

brt,

ion

ion

<summary>

</summary>

public bool CanSelectMultiple

{

}

/17
/17
/17

get
{

return false;

}

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

public bool IsSelectionRequired

56
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get
{
return true;
}
}

/// <summary>

/// Returns the automation provider for the selected list item.

/// </summary>

/// <returns>The selected item.</returns>

/// <remarks>

/// Mylist is an Arravylist collection of providers for items in the list box
///|] SelectedIndex is the index of the selected item.

/// </remarks>

puldlic IRawElementProviderSimple[] GetSelection ()

{

if (SelectedIndex >= 0)
{

IRawElementProviderSimple itemProvider = (IRawElementProvidetSimple)
MyIlist [SelectedIndex];
IRawElementProviderSimple[] providers = { itemProvider ,};

return providers;

}
Else

{

return null;

}
#erldregion ISelectionProvider Members

101.3 Coexistence and interoperability with Microsoft Active Accessibility

p—

Ul [ Automation provider interfaces are notxderived from the Microsoft Active Adcessibility
IAfcessible COM interface. However, the*Ul Automation Core does take advantage ¢f existing
Migrosoft Active Accessibility implementatiofs.

To |coexist with and take advantage oftexisting Microsoft Active Accessibility implementations and
clignts, Ul Automation translates bhetween Microsoft Active Accessibility and Ul Automation as
appropriate. Clients using the Ul Automation client API can use its services to search ovgr existing
IAfcessible implementations. €ode that writes to the Ul automation provider interfaces will still be
vis|ble to existing TAccessible client code.

Also, a Microsoft Active Accessibility implementation can add specific Ul Automation proplerties and
corjtrol patterns in addition to the base accessibility implementations using IAccessibleEy interface.

Twp main ways that information is shared between Ul Automation and Microsoft Active Adcessibility
ard the “MSAAsto*Ul-Automation Proxy” and “Ul-Automation-to-MSAA Bridge.”

10{1.3.1<MSAA-to-Ul-Automation proxy

The MSAA proxy is a component that consumes Microsoft Active Accessibility information and makes
it available through the Ul Automation Client API, mapping the programmatic information and features
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 and UI
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 TAg¢cessibleEx is very cost-effective way of supporting Ul Automation when an applicat
already hajs good Microsoft Active Accessibility server practice, a few technical concerns should be ta
into consideration before implementing the TAccessibleEx and Ul Automation Providerdntérface

The b

TAccq
is an

nseline Microsoft Active Accessibility accessible object hierarchy must be clean

ion
ken

bssibleEx cannot correct problems with existing accessible object hierarchies. If there

ssue with object model structure, you must fix it in Microsoft Active-Accessibility prioj

implementing the TAccessibleEx interface.

TACCq
and U

When
Acces

bssibleEx implementation should be compliant with both\MiCrosoft Active Accessibi
Automation specifications

it is implemented, the resulting object model should be‘tompliant with both Microsoft Act
ibility and UI Automation. Tools are available to confirm under both specifications.

10.2.2 IA‘E
This secti

Automation information by using TAce€ssibleEx and IRawElementProviderSimple.

expose Ul

10.2.2.1

The first s
Incoming
areferenc

10.2.2.2

In Microsd
interface 3
represent

An IAcce
and Chil

cessibleEx interface for providers

n provides information about how Migrosoft Active Accessibility implementations

mplement the IServiceProvider interface

tep for a provider is to implentent [ServiceProvider on the existing TAccessible obj
falls to QueryService foraservice id of  uuidof (IAccessibleEx) should ret
e to the object implementing TAccessibleEx.

mplement the ChildId

ft Active Accessibility, a Ul element is always identified by the pair of IAccessible C
ind a ChihdTd object identifier. This means that a single TAccessible COM object
multiple Ul*elements.

ssilbleEx instance represents a single Ul element, so it must map from the TAccessik
HT&pair to a corresponding TAccessibleEx. IAccessibleEx includes two methodj

to

ity

ive

Can

pCt.
rn

OM
Can

le
to

handle this mapping:

GetObjectForChild — Returns the TAccessibleEx element for the specified child. Returns

S OK/NULL if this implementation does not use Chi1dId, does not have an IAccessibleEx for

the sp

ecified 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.
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// 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,
{

TIAccessibleEx ** pRetVal)

// This implementation doesn’t support child IDs...
*pRetVal NULL;
return Q_OK'

}

HRESULT STDMETHODCALLTYPE GetIAccessiblePair (IAccessible ** ppAcc,
{

long~*_pidfhild)
// Assuming that IAccessibleEx is implemented on same object as
// IAccessible...

*ppAcc static _cast <IAccessible *>
(*ppAcc) ->AddRef () ;

*pidChild = CHILDID SELF;

return S OK;

(this) ;

}

10,2.2.3 Implement the IRawElementProviderSimple interface

Ser
and

vers use IRawElementProviderSimple to expose information about Ul Automation
| control patterns. TRawElementProviderSimple includes the following methods.

properties

ProviderOptions — This method is not used with TAccessibleEx implementations.

GetPatternProvider — This method is used to expose control pattern interfaces. It feturns an
object that supports the specified control pattern, or NULL if the control pattern is not syipported.

GetPropertyValue — This method:isused to expose Ul Automation property values.

An
IR

pat
If t

Qu
An

HostRawElementProvider — TFhis methodis not used with IAccessibleEx implen

IAccessibleEx server exposes control patterns by
hwElementProviderSimple: :GetPatternProvider. This method takes
ameter that specifies the ¢ontrol pattern. The server returns NULL if the pattern is not §
he control pattern interface is supported, servers return an IUnknown and the client
bryInterface to get the appropriate control pattern.

imp

IAccessibleBx server can support Ul Automation properties (such as Labelg

an

entations.

lementing

integer
upported.
then calls

tdBy, and

Is
ang

rtyValue
ue applies
Properties
e method.
e exposed

RequiredForForm) by implementing TRawElementProviderSimple: :GetPrope1
| supplyingian integer PROPERTYID identifying the property as a parameter. This technig
only to Ul(Automation properties that are not included in a control pattern interface.

asspciated-with a control pattern interface are exposed through the control pattern interfac
Foil example, the IsSelected property from the SelectionItem control pattern would b
with\SelectionTtemProvider::get IsSelected.

10.2.3 IAccessibleEx interface for clients

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 TAccessibleEx from an TAccessible, clients must call GetObjectForChildifthe ChildId
value isnot CHILDID SELF (indicating a parent object).

The following code snippet shows how to an IAccessibleEx for an IAccessible objedt~and
ChildId pair.

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

{
*ppaek = NULL;

// Fifst, get IServiceProvider from the IAccessible...

IServficeProvider * pSp = NULL;

HRESULT hr = pAcc->QuerylInterface(IID IServiceProvider, (void #*) & pSp);
1f (FALLED (hr))

return hr;

if (pSp == NULL)

return E NOINTERFACE;

// Nekt, get the IAccessibleEx for the parent object {..

IAccepsibleEx * paex = NULL;

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

pSp->Release () ;

if (FALLED (hr))

return hr;

if (papx == NULL)

return E_NOINTERFACE;

// If|this is for CHILDID SELF, we*xé done. Otherwise, we’ve got a child ID,
// so| ask for the object for thaf.
if (idfhild == CHILDID_ SELF)

*pbpaex = paex;
return S OK;

/V Get the IAccCE€ssibleEx for the specified idChild...
IRccessiblelxs * paexChild = NULL;
hir = paexs%GetObjectForChild (idChild, &paexChild);
ppex—->Release () ;
ilf (FAELED (hr))
return hr;
f (pdexChild == NULL)
return E NOINTERFACE;
*ppaex = 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

IRpwElementProviderSimple, it can obtain control pattern interfaces that have been im
by providers. Clients can call methods on those interfaces.

// |Helper to get a pattern interface from an IAccessible/idChild pairfrGets the
// |IAccessibleEx, then calls GetPatternObject and QueryInterface.
HRESULT GetPatternFromIAccessible (IAccessible * pAcc, long idChildy

HRH

2016(E)

following code snippet demonstrates how, when a client has aLcess to

PATTERNID patternId, REFIID i3d, void ** ppv)

// First, get the IAccesibleEx for this IAccessible/idChtld pair...
IRawElementProviderSimple * pel;

HRESULT hr = GetIRawElementProviderSimpleFromIAccessiOl€ (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 (patternIdaNs&pPatternObject) ;
pel->Release();
if (FAILED (hr))
return hr;
if (pPatternObject == NULL)
return E NOINTERFACE;

// Finally, QueryInterface( to the correct interface type...
hr = pPatternObject->QueryInterface(iid, ppv);
pPatternObject->Releasé&() ;
if (*ppv == NULL)

return E NOINTERFACE;
return hr;

SULT CallInwokéPatternMethod (IAccessible * pAcc, long idChild)

IInvokePiovider * pPattern;

HRESULL/hr = GetPatternFromIAccessible (pAcc, varChild,
UIA InvokePatternId,  uuidof (IInvokePr
(void **)&pPattern);

plemented

bvider),

L FAILED (hr))

}
10.

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

pPattern->Release() ;
return hr;

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
// Assume
VARIANT v

// Get Au
varValue.
HRESULT h
if (SUCCEE
{
if (va
{
/
}

Varia

// Get La
varValue.
hr pEl-
if (SUCCEE
{

if (va
{

/
I
h

-

}
}

Varia

}

The code {
control pa
call for pr

10.2.3.5

<uiautomationcoreids.h> // Includes definitions of pattern/property IDs.
we already have a IRawElementProviderSimple * pEl:

arValue;

tomationId property:

vt VT EMPTY;

r pEl->GetPropertyValue (UTA AutomationIdPropertyId,
DED (hr))

&varValue) ;

rValue.vt

VT BSTR)

AutomationId is varValue.bstrVal

htClear (&varValue) ;

beledBy property:

vt = VI _EMPTY;
GetPropertyValue (UIA LabeledByPropertyId, &varValue);
DED (hr))

rValue.vt == VT UNKNOWN | | varValue.punkVal ! = NULL)

QueryInterface to IRawElementProviderSimple...
RawElementProviderSimple * pElLabel = NULL;
r = varValue.punkVal->QueryInterface( uuidof (IRawElYementProviderSimple),

(void**) & pE}.abel);
f (pE1Label ! = NULL)
// Use pElLabel here...

pElLabel->Release () ;

htClear (&varValue) ;

ample in this section applies to properties that are not associated with a control pattern.
tern properties, after the client has gained access to the control pattern interface, they
perty values there.

If a clieft obtains an IRawElementProviderSimple as a property value (for exam

calling G{
(for exar
IRawEler
obtain IA

First,

hple, ISelectionProvider::GetSelection, which returns a SAFEARRAY
hentProviderSimple), a client can obtain a corresponding IAccessible (allowing i
ccessilde properties) as follows:

httempt to QueryInterface to IAccessibleEx.

rrInterfacefails nsethe ConvertReturnedFlement ontheIAccessibleFRxinsta

For
Can

Convert from the IRawElementProviderSimple interface back to an IAccessible interface

ble,

bt PropertyValue with UIA LabeledByPropertyId) or returned by a method

of
[ to

If Que

that the property was originally obtained from.

IAccessible and ChildId value.

// IRawEl
// from a

IAccessib
long idCh

// First,
IAccessib

ementProviderSimple * pVal — an element returned by a property or method
nother IRawElementProviderSimple.

le * pAcc
ild;

NULL;

to QI to IAccessibleEx...
* pAccEx pVal->QueryInterface( uuidof (IAccessibleEx)) ;

try
leEx

if (!pAccEx)

{

62

ce

Then use the GetIAccessiblePair method on this new IAccessibleEx to obtain an
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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);

}

// Einall 11se the TAccessible,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

Migq
chd
car

pra

11

Th
ang
Aut
prd
Aut

immediately without requiringthe core Ul Automation framework to be updated.

11

A ¢
Ul
the
ret
AP
car

ith Ul Automation, as new Ul elements are created, application developers can introdu

rosoft Active Accessibility properties and functions cannot.'be extended without bj
nging the IAccessible COM interface specification. Fle/result is that new control
not be exposed through the object model; it tends to be static.

perties, control patterns, and events to describe-the new elements.

2 Ul Automation extensibility featureés

e Microsoft Ul Automation API specifies a predefined core set of properties, control
| events. However, applications are-hot limited to using these predefined specificatios
omation extensibility features enable third parties to introduce custom, mutually ag
perties, events, and control patterns to support new Ul elements and application sce
omation providers and clientscan begin using the custom properties, events, and contre

2.1 Registration of.custom Ul Automation properties, events, and control patterns

ustom property, €vent, or pattern is specified by filling out a UTAutomationPrope
futomationkEventInfo or UIAutomationPatternInfo structure as appropi
n calling the appropriate Register.. method on the TUTAutomationRegistrar o
urns anlinteger property, event or pattern identifier that can then be used in any Ul A
that usSes such an identifier. For example, the PropertyId returned by Register}
then be wused in IUIAutomationElement::GetCurrentPropertyValus

:2016(E)

eaking or
behaviour

ce custom

patterns,
hs. The UI
reed-upon
narios. Ul
| patterns

rtyInfo,
iate, and
bject. This
utomation
roperty

or in

b

10

Tﬂnfmmnf%mn--Fra:foDrmparfyandﬁ%ﬁmﬂ

The following must be specified (in the appropriate structure) for a custom item.

— 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 purposes.
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Custom pr

operties 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 arr

an arr

ay of events associated with the pattern;

ay of properties associated with the pattern;

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

argu
code t

code t|

11.2.2 How clients and providers support custom control patterns

In order tq
to supply 4

Client
thath

has g

To suppor
instances

all the property getter requests and methods call$\to an TUTAutomationPatternInstance tha

an argay of methods associated with the pattern, for each of which the count of arguments-;

i

Providlers implement a provider interface (for example, dn ICustomProviderinterface)

ent type must also be specified;
p create a client interface object;

p perform marshalling for the pattern’s properties and methods.

take advantage of newly registered control pattern, both clientsiand providers are requi
small amount of support code.

5 use a client interface object (for example, an TUTAutomattonCustomPattern interfd
hs getters for cached and current properties, as well as methods.

tters for each property, as well as methods.

t the client API object, the code that registers‘a pattern must supply a factory for creat
bf a Client Wrapper. This wrapper implements the client API as a COM interface, and forwa

nd

red

ce)

hat

ing
rds
tis

provided By Ul Automation. The UI Automationframework then takes care of marshalling the call.
On the prpvider 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 forwafds
the property and method requests.to;the pattern handler object. The pattern handler then calls [the
appropriafe method on the targetobject’s provider interface.
The UI Automation framework-takes care of all communication between the client and provider, bpth
of which 1jegister corresponding control pattern interfaces. The Client Wrapper and Pattern Handler
need to map only between C++ interface methods calls with positional arguments and parameters. The
following gliagram illustrates this mechanism.
Process Boundary i
IXxxxProvider
IXxxxPatern IU/AutomationPatternHandler
|U/AutomationPatterninstance
Client{cod
SR OIS
reader) | — \*) ).,
I_I (Stub provided by Ul I_I |—|
Automation) Pattern

64

Implementation

Client Wrapper Pattern Handler
by some Ul

\ Pattern Support code prOVided //

by applications

Ul Automation Core Ul Automation Core

Figure 6 — Client and Provider Communication Process Diagram
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Annex A
(informative)

Microsoft Active Accessibility to Automation Proxy

:2016(E)

A.]

Mi

ral 1
ucliCl dl

rosoft® Active Accessibility® was the earlier solution for making applications accessible
Ul JAutomation is the new accessibility model for Microsoft® Windows® and is intended
the needs of assistive technology products and automated testing tools. Ul Automation of
improvements over Microsoft Active Accessibility.

Th
Migq

s Annex includes the main features of Ul Automation and explains how~these features (
rosoft Active Accessibility.

Migrosoft® Active Accessibility® was the earlier solution for making applications accessible
Ul Automation is the new accessibility model for Microsoft® Windows® and is intended
the needs of assistive technology products and automated testing tools. Ul Automation of
improvements over Microsoft Active Accessibility.

This Annex includes the main features of Ul Automatjon‘and explains how these features d
i¢rosoft Active Accessibility.

Servers and Clients

icrosoft Active Accessibility, server ahd client applications communicate directly, large
server’s implementation of the TAcg&'ssible interface.

In PJI Automation, a core service lies between the server (called a provider) and the client
generating unique run-time identifiers for elements. Client applications use library functi
Ul Automation service!

Automation providers'can provide information to Microsoft Active Accessibility clients, and
ive Accessibility\servers can provide information to Ul Automation client applications
ause Microsoft\Active Accessibility does not expose as much information as Ul Automatid

Microsoft
o address
fers many

liffer from

Microsoft
o address
fers many

liffer from

y through

. The core
vices such
ons to call

Microsoft
However,
n, the two

Micrese 5 5 J 5

the same element.

Ce Or as a

child identifier. It is difficult to compare two IAccessible pointers to determine if they refer to

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 interest: those that give information to the user or enable interaction. Predefined views of only
control elements and only content elements are available; in addition, applications can define custom
views. Ul Automation simplifies the task of describing the Ul to the user and helping the user interfact
with the application.

Navigation between elements, in Microsoft Active Accessibility, is either spatial (for example, moving to
the element that lies to the left on the screen), logical (for example, moving to the next méni item, or fthe
next item In the tab order within a dialogue box), or hierarchical (for example, moving-the first chil$ in
a containef, or from the child to its parent). Hierarchical navigation is complicated by the fact that child
elements gre not always objects that implement IAccessible.

In Ul Aut¢mation, all Ul elements are AutomationElement objects that support the same bgsic
functionaljity. (From the standpoint of the provider, they are objects<that implement an interface
inherited from IRawElementProviderSimple). Navigation is mainly hierarchical: from parents
, and from one sibling to the next. (Navigation betweensiblings has a logical element| as
it may follow the tab order.) One can navigate from any startingzpoint, using any filtered view of fthe
tree, by uging the TreeWalker class. One can also navigate to particular children or descendantg by
using FindFirst and FindAl1l methods; for example, it is'véry easy to retrieve all elements within a
dialogue blox that support a specified control pattern.

Navigatiof in Ul Automation is more consistent than‘in’Microsoft Active Accessibility. Some elemejnts
such as dfop-down lists and pop-up windows appear twice in the Microsoft Active Accessibility
tree, and pavigation from them may have unexpected results. It is actually impossible to propérly
implement Microsoft Active Accessibility for a-rebar control. Ul Automation enables reparenting gnd
repositionfing, so that an element can be plaged anywhere in the tree despite the hierarchy imposed by
ownershiyp of windows.

A.5 Roles and Control Types

Microsoft | Active Accessibility:*uses the accRole property (IAccessible::get accRole)| to
retrieve a| description of-thé element’s role in the Ul, such as ROLE SYSTEM SLIDER or ROLE
SYSTEM NENUITEM. Therole of an element is the main clue to its available functionality. Interactjion
with a cgntrol is achieved by using fixed methods such as IAccessible::accSelect and
IAccess]ble: :gaeDoDefaultAction. The interaction between the client application and the Ul is
limited to whatean be done through TAccessible.

In contragt, U1 Automation largely decouples the control type of the element (described by [he
ControlType property) from Its expected runctionality. Functionality 1s 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.

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

Microsoft Active Accessibility role

UI Automation control type

ROLE SYSTEM PUSHBUTTON Button
ROLE SYSTEM CLIENT Pane
ROLE_SYSTEM CHECKBUTTON CheckBox
ROLE SYSTEM COMBOBOX ComboBox

ROFE—S¥STEM—CLIENT €ustom
ROLE_SYSTEM LIST DataGrid ,.\'\CO
ROLE SYSTEM LISTITEM Dataltem ,\.‘1))
ROLE SYSTEM DOCUMENT Document (;\; 4
ROLE SYSTEM TEXT Edit va
ROLE SYSTEM GROUPING Group '\D
ROLE_SYSTEM_LIST Header &Q‘
ROLE SYSTEM COLUMNHEADER Headerltem ,O
ROLE SYSTEM LINK Hyperlink A\Q(/
ROLE_SYSTEM GRAPHIC Image \O)U
ROLE SYSTEM LIST List (‘\\\
ROLE SYSTEM LISTITEM Listlte;zf( -
ROLE_SYSTEM MENUPOPUP quQV
ROLE SYSTEM MENUBAR Q@uBar
ROLE SYSTEM MENUITEM V\Q»l\ﬁenultem
ROLE SYSTEM PANE " |Pane
ROLE SYSTEM PROGRESSBAR ’\\Q\‘ ProgressBar
=
ROLE_SYSTEM RADIOBUTTON , () RadioButton
ROLE_SYSTEM_SCROLLBAR (.\‘Jtv ScrollBar
ROLE_SYSTEM_SEPARATOI()\\V Separator
ROLE SYS TEM_SLIDEES . Slider
ROLE_SYSTEM_SPT NBUTTON Spinner

ROLLE _SYSTEM %EH TBUTTON

SplitButton

LE SYST@TATUSBAR
_ i\ =

RO StatusBar
ROLE_S  PAGETABLIST Tab

ROPLE, SYSTEM PAGETAB Tabltem
ROLNGYSTEN TABLE Fabte
ROLE_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.

© ISO/IEC 2016 - All rights reserved



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

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

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 a single method, either CetCurrentPropertyValue or CetCachedPropertyValue-Many
propertieq are also easily retrievable from the Current and Cached property access or methods.

A UI Automation provider does not have to implement irrelevant properties, but can simply)returpn a
null value [for any properties it does not support. Also, the Ul Automation core service can‘dbtain sqme
propertieq from the default window provider, and these are amalgamated with properties explicjtly
implemented by the provider.

As well as|supporting many more properties, Ul Automation supplies better penformance by allowfing
multiple properties to be retrieved with a single cross-process call.

The followjing table shows the correspondence between properties in thetwo models.

Microsoft{Active Accessibility UI Automation property ID Remarks

property accessor

get_accHeyboardShortcut AccessKeyProperty or Accelefator- |AccessKeyProperty takes prece-
KeyProperty dence if both are present.

get_accName NameProperty —

get_accHole ControlTypeProperty See the previous table for mapping

of roles to control types.

get_accYalue ValuePattern.ValueProperty Valid only for control types that
support ValuePattern or RangeVal
uePattern. RangeValue values

are normalized to 0 to 100, to be
consistent with Microsoft Active
Accessibility behaviour. Value items
use a string.

RangeValuePattern. ValueProperty

get_accHelp HelpTextProperty —

accLocation BoundingRectangleProperty —

get_acclescription Not supported in Ul Automation accDescription did not have a cleqr
specification within Microsoft Ac
tive Accessibility, which resulted jn
providers placing different pieceq of
information in this property.

get_accHelpTopic Not-supportedinl-Automation

The following table shows which Ul Automation properties correspond to Microsoft Active Accessibility
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—S¥STEM LTNVISIBLE IsoffsereenProperty="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.[SReadOnlyProperty and N
ValuePattern.IsReadOnlyProperty
STATE_SYSTEM SELECTABLE SelectionltemRattern is supported N
STRTE SYSTEM SELECTED IsSelectedPfoperty N
STATE SYSTEM SIZEABLE CanResize N
STATE SYSTEM UNAVAILABLE IsEnabledProperty Y

Th

e following states either were not implemented by most Microsoft Active Accessibility cont
or have no equivalent in Ul Automation.

ol servers

Mi

crosoft Active Accessibility state

Remarks

ST

ATE SYSTEM BUSY

Not available in Ul Automation

ST

ATE SYSTEM DEFAULT

Not available in UI Automation

ST

ATE SYSTEM ANIMATED

Not available in Ul Automation

ST

ATE SYSTEM EXTSELECTABLE

Not widely implemented by Microsoft Active Accessibillity serv-

ers

ST

ATE SYSTEM MARQUEED

Not widely implemented by Microsoft Active Accessibility serv-

ers

ST

ATE SY$TEM SELFVOICING

Not widely implemented by Microsoft Active Accessibillity serv-

ers

ST

ATENSYSTEM TRAVERSED

Not available in Ul Automation

ST

*

T lal [alsnkni Vi
e e e e 5 e e e s e g e

Alermrd CHR T 1 + 11 DA e At A 10
INUOUWIUTTY THIPITHITIIICTU Uy IVIICTUSUTT AULIVE ﬂLLCbblUlllty serv-

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 Eve

nts

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 callback. Properties of the element are automatically prefetched if a cache request was active

The following table shows the correspondence of Microsoft Active Accessibility WinEvents.and| Ul
Automatidn events.

WinEvent Ul Automation event identifier

EVENT OHJECT ACCELERATORCHANGE

AcceleratorKeyProperty property change

EVENT OF

JECT CONTENTSCROLLED

VerticalScrollPercentProperty or HorizontalScrollPercern
Property property change on the‘associated scroll bars

EVENT OF

JECT CREATE

StructureChangedEvent

EVENT OH

JECT DEFACTIONCHANGE

No equivalent

EVENT OH

JECT DESCRIPTIONCHANGE

No exact equivalent; pethaps HelpTextProperty or Local-
izedControlTypeProperty property change

EVENT OF

JECT DESTROY

StructureChangedEvent

EVENT OF

JECT FOCUS

AutomationFoeusChangedEvent

EVENT OE

JECT HELPCHANGE

HelpTextProperty change

EVENT OH

JECT HIDE

StructureChangedEvent

EVENT OH

JECT LOCATIONCHANGE

BouhdingRectangleProperty property change

EVENT OH

JECT NAMECHANGE

NameProperty property change

EVENT OF

JECT PARENTCHANGE

StructureChangedEvent

EVENT OF

JECT REORDER

Not consistently used in Microsoft Active Accessibility. N

directly corresponding event is defined in Ul Automation.

=)

EVENT OH

JECT SELECTION

ElementSelectedEvent

EVENT OH

JECT SELECTIONADD

ElementAddedToSelectionEvent

EVENT OH

JECT SELECTIONREMOVE

ElementRemovedFromSelectionEvent

EVENT OF

JECT SELECTIONWITHIN

No equivalent

EVENT OF

JECT_SEOW

StructureChangedEvent

EVENT OE

JECT [STATECHANGE

Various property-changed events

EVENT OH

JECT VALUECHANGE

RangeValuePattern.ValueProperty and ValuePattern.Valu

Property changed

EVENT SYSTEM ALERT

No equivalent

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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