-- “ACCESSI BI LI TY SYSTEM EVENTS MECHANI SM AND METHOD TECHNI CAL FI ELD The
invention relates to the field of assistive technology, autonated
testing, and other products which collect user interface information 5
and the interaction of these products with user interface information.
BACKGROUND OF THE | NVENTI ON Assi stive technol ogy (AT) products exist to
hel p conputer users who have a need-lor assistance in areas of |earning,
comuni cation and access to information contained in and presented by

conput er sof tA@CESSTBHIT YP$ YSTENMSEVENES/PMIECHANISMPANDWIETHODON T el evant
to the conputer interface. Simlarly, existing automated testing

products and user interface co [ jlities also have a need for

i nformati on about the user intﬁ?ﬁw |y, these products have no
sufficient source of _user interface (U) infaormation. These three types
of products (client J;!'eafrlé(e?‘éﬁhi@é@st@ Hh% efigld c 8% sassistive, gpdnelogy.om

el sewhere ta%to%?at&f‘@?ﬁir?g, LA B préduktsIRhiRR rcoil@étqsgfgdtﬁ’?ascggefgﬁ'm%b

application's user interface; (2 programati ca r an

i nt er r odat endithegheraetios of hegsermiddicts with useeinterfach msbmmationsed to buil d t he
U; (3) generate keyboard and pointer input; and (4) wunderstand what
type of behavi or or funcBAGCK&ROYNDSOE THEINVENEIGIN| abl e. No single
technology is available currently that gives an AT product all of these
20 capabilities. FurAssisting echmlogye(T)producadendstsodietp cabipuaémasgs

conpatible wwth all graphical operati system (OS) technol ogi es and
| ack the abtfq 'iag}’etaé‘e?‘? for assisiange "EB’S?SQ‘?fH%FE%’Se uptatign aHBéF Hiohg

noti ficati QRRrhitidh &mbifedl inZfd peY¥ntediby @tHutdradRarl, SRRMBPrédIRt S t hat
current automation and accessibility infrastructures are not extensible
and t hdPef dwaee racneddr for O8farmadon aelayagedotthe 9tpu®s interfageinclimalaely.i ty.
R
i nfornati omat®a neéd farSaformdticn ghonc dresusef interface.nCutdehisy, el producon-
specific cqde i tine coneumng and & equies, conL) nyiods el ot enance.
products (clients) are required to have necessary support from elsewhere to
15 enable them to: (1) gather information about an application’s user interface; (2)
programmatically discover and interrogate Ul elements regardless of the
technology used to build the UI; (3) generate keyboard and pointer input; and (4)
understand what type of behavior or functionality is currently available. No
single technology is available currently that gives an AT product all of these
20  capabilities. Furthermore, current AT products are not always compatible with
all graphical operating system (OS) technologies and lack the ability to filter and
coordinate redundant or misleading notifications in a centralized way. An
additional disadvantage is that current automation and accessibility
infrastructures are not extensible and therefore require OS level changes to add
25  new functionality.
Furthermore, currently to gather information_ about an
application’s user interface, the AT product must write application-specific code
to obtain information for the user. The process of writing this application-
specific code is time consuming and requires continuous maintenance. Current

30 automation infrastructure also lacks the ability to filter and coordinate redundant



30 'automation infrastructure also |acks the ability to filter and

coordi nate redundant t -2- or msleading event notifications in a

consi stent manner. Thus, event consuners are required to independently
filter information. Current systens all ow AT products to request event
notifications in three |levels of granularity: (1) everything on a
desktop; (2) in a particular 5 proceds (such as opening of a word
processor); or (3) in athread in the particular process (nultiple

obj ect s doi ogmistrallingrevetenopficat®as jn a Gonsisemt mapnash dihus,heyent! dogsitmers ecei ves

an event, it receiyes. g window handl.e faor a specific wi ndow in which the
event occur?rgcﬁeo_élr’fagg‘f Wg?p%a?@]yﬂteirmf?)‘?’??g'??'on to indicate where the event
occurred. A client ceirdmkgsténghiIRSs AT Poasds ERtequésd evéit moatiations Ul

object that is related to 10 the event. Wth this object, the client can

meke additi @ndreecleyels of rgsrnadatitysa(l) $verythings pn faodeskiopo el dRarisBldt t hat
object. {f | d iV i . afor I . client
nmust mak“le f‘s 'J\E}gesgt(%lggta?)%eg@igs&caaf?@ﬁ éfegssogf, BF ?c)e]fs?g qﬁ%gﬂhsthg?gﬁg?(@gedi ngly
sl ow, so t hpropess (mohiplecebjedsdoing woek inatbt prigeds). Cofretiygtwhen theudieng current
accessibility .infrastructure is hiq%h. Tgl S tége f kn m.scinq%r'bo is 15
shown in FI @C‘?‘%‘?S%&e_é’é?‘véfecﬁﬁﬁfﬁ&é‘ﬂ d‘hhaI' erfpF @ 3PegiicayinAew dn WAIGRd fel 14
determ nes wehtochtrb®iMdotiRIYits BE inférniatibR tb AORkaRNEPe BB cOMRBECUIRYI fi cation

18 to an interested client 10. The client 10 makes a request 16 fromthe
server appl Acdientoan makegcerossspracess odl btpsretiteye dher Y1 objeeirthathe rdspdea rel at ed

h i fi i . i h
obj ect 35 ot Pl WRLURY v wf e L Fak e ROUERNRGs Pt fo
i nformati onaskbfuit infdtenatibn cdour clat vdtijech fIfr @@ thent eweds .five Thiecseoier

application 12 returns the requested ipformati on 20 acrgss the process
boundary 2 ‘L“S”F’HEO'I:Ithféhfheffb'?mAWBftHBg‘ec TYS &R%S BOFTSSFaat| g‘\'i\%‘s&r?“é*ﬁﬁ code to

be | oaded ae%l@aréias&aéﬁi@%km, ké eBge¥fotmadlel oW dfitbNe@inBACRftmatléf S OPti on
has several drawbacks. 5 First, 1t requires cooperation fromthe system

to | oad cliesing outat aevessitilipyrinesmctugeisdigh. This gipeet knpwa seenagedurity
55ues ECURSACNE P "8 A p Ly (PRREo b R, 8 SR 07 S
determines which clients must be notified and sends an event notification 18 to an
interested client 10. The client 10 makes a request 16 from the server application
12 across a process boundary 2 for the object related to the event notification 18.
The server application 12 returns the object 20 and then the client 10 can begin
20 sending requests 16 for information about the UI control which fired the event.
The server application 12 returns the requested information 20 across the process
boundary 2 to the client 10.
Another current option allows client code to be loaded as a
dynamic link library (.DLL) within a process. This option has several drawbacks.
25  First, it requires cooperation from the system to load client code into a process.
Second, it gives rise to security issues because once in the client code is loaded
into an application’s process, it is difficult to restrict the information it gathers.
Third, to be an effective technique for the client, it must be loaded into every
process on the system. Optimally, only trusted clients should be loaded into

30 another application’s process.



Third, to be an effective technique for the client, it nust be | oaded
into every process on the system Optimally, only trusted clients should
be | oaded into 30 another application's process. -3- Furthernore, a
systemis needed that gives the client the ability to specify what event
notifications it wants to receive. In known systens, a client nmay need
to make a nunber of cross process cal-Bs and then analyze the information
to determine if it is interested in the event. A nmechanismis needed 5

that can perform thi sug¥emord,id dySeine nkdlied thRHveR 8 QlHPME BRI and
that can be easily updated to Support new system or application events.

Fur t her nor especify whatteyemt notificatthnd it wants ¢ eeseionl \in known sybtaospotlient s i n

order to alleviate,.security oncerns. Currently, seekin

i nf or mat i onm§bgﬁ%aeé° urg%re Pn’fuer?ctfe g, ‘e prTﬁssA‘lﬂ'a%sr 8%?&"\ §"%ﬁ&£i“}eed to
access tr edafforfgtionctoaleteininedif itds entgragtéd mudhalevédt. A mroRndnKis Medgr di ngly,
multiple trees are required to convey user interface information for

nul ti pl € Uthatcanggierrsthisayerifiligring dn a mpre peréermeaymawier andhthat egndienat i on
which i s nQlg bk&Y &5 tl W@ L Sdrod ik Qidnh er hi dden
cont ai ner obflg:{] g vﬁ chglf@%aglze t h%SI%//':n:(?rb%pg’ 1U:|81J80§vteﬁ§[ sFﬁgwglgregtaed by the
end 15 usersystdings e¢aled thag usssen]yetustedcdmponantsiimgtder tmalfeveate sacegtyhavi ng
only those nodes that are of interest to the user. A solution is needed
that addr eSSBE¥ e needs of AT products, automated testing tools, and

commandi ng utiliti esCuflaftlysObkini @6kinBdbfodmbeor ai5ddt & usey imbifacd! @ehi cal OS5
technol ogi es and should allow all forns of U and U 20 conponents to

become 18ccekEippduct BRI EquisdVnRICesE tReE (AVEIRT PENETHR: 2ppardiewer ilvent i on
s direct tha{n% r@t&%gr%,%ﬁmu{ee&eesaaw'ré 40 cfoﬁf]egpﬁs%}“i ke cl ient
in or ion. - of

wi th user erface’In n one aspec Irnvention, an
event nechainfiosmation foromultipkt Wi tflanmewsorkd. i dilieses diffeging 2eee muay comeint f or

KoPI N8 2 el o SRRSS: ol SR P ot LB e, T
to container objects which manage the visible UI controls manipulated by the end
15 user. Therefore, a need exists for a single unified tree having only those nodes
that are of interest to the user.
A solution is needed that addresses the needs of AT products,
automated testing tools, and commanding utilities. The solution should be usable

by all graphical OS technologies and should allow all forms of UI and Ul

20 components to become accessible.
BRIEF SUMMARY OF THE INVENTION

The present invention is directed to a method and computer
application for providing a client with user interface information. In one aspect
of the invention, an event mechanism is provided within a client-server

25 environment for keeping a client notified of changes in the user interface (UI).
The event mechanism includes a registration mechanism that allows the client to
register to receive interesting Ul information. The event mechanism also
includes a UI automation client for registering clients to receive event
notifications and for conveying those notifications to the client when they occur.

30 The UI automation server additionally receives the notifications from the Ul



register to receive interesting U information. The event nechani sm al so
includes a U automation client for registering clients to receive event
notifications and for conveying those notifications to the client when
they occur. 30 The U automation server additionally receives the
notifications fromthe U -4- framework and includes a filtering

mechani sm for renoving events that atg uninteresting to the client and a
notification nechanismfor notifying the U automation client of the

remai ni ng ':‘AH%M’)% a@gﬁ‘é?ﬁde%enenéteggf R%ﬁ%hﬂ enpé %, &fen&*\ﬁ d fention

provi des a conputer- or coI ing Information
about int ememtaresgnyltoeherafhemsand d hnenﬁmibodneahahlsmeﬁ)rrméymg nge &1r equest
fromthe client for i fied. user |nterfafle i nformation and querying

e
the Ul engl"‘\’f@mﬁg%c WPB tf reAIYRG INIGRSINGNPLFICato8S det er ni ne whet her t he

requested U informaji qorhée a¥pdct abf etheTlf'rﬁ/eﬁﬁ@rp' ﬁﬂo@ﬂieu a 'c!%ﬁnﬁt@iﬁt' on is
passed fromthe U automation server to a automation client. 10

Addi t i ohal "anlvmnmta@emtmmfmwébctmeantqr@snm al_pcné lnmﬁéhng & elgrhgnthe  set
forth 0t B 1SR MQRRs LGRSl o A8 13 BRGE 4 shedifeOE appar ent

to those s n exarni na W|ng, or may be

| earned f i‘mffané atfoimgationfand iqeenymgené anngnBRhﬁEl HQESORhBEHn@brCRn?HﬂE
DRAW NGS 15 The present invention is described in detail below wth
reference @ rHENEVhetberdbe aAUsHId ) infRsmaton W?éf?'é@t}‘iﬂ Prepesified Ud bl ock

di agram of jfgon0mBH d ﬁlgseﬁfﬁ)tn’?mﬁﬂvdufd?l%ﬂrservéﬂ'ot qgi ﬁjt(ﬁrﬁﬁtldﬁ%‘ﬁehtn

i npl enmenting the present 1 nvention; Is a di agr am of
interaé¢®i on between Addlaonfé&évantages ynd QQ)veéf@ltle Ofathclm‘eﬂntloemllrbonnent ,

and a server envir illustrati
o oonent oS SR if MR darionich S i PRl Behotad A s 1 at e
the creati tds®tkided @ tHeadrt hp@eeiafrmﬁmitai ofvehe follewhig of iy e fearnedi S a

fl omchart showi ng. a sequence of procedures for
from practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

15 The present invention is described in detail below with reference
to the attached drawing figures, wherein:
FIG. 1 is a block diagram of a computing system environment
suitable for use in implementing the present invention;
FIG. 2 is a block diagram of interaction between an accessibility
20 system, a client environment, and a server environment;
FIG. 3 is a block diagram illustrating components of the
accessibility system core;
FIGs. 4(A)-4(D) illustrate the creation of a logical tree from native
elements;
25 FIG. 5 is a flowchart showing a sequence of procedures for
building a logical tree;
FIG. 6 shows a dialog box and its components forming logical
elements;
FIG. 7 is a flowchart illustrating procedures involved in activating

30 an event mechanism of the invention; and



building a logical tree; FIG 6 shows a dialog box and its conponents
formng logical elenents; FIG 7 is a flowhart illustrating procedures
involved in activating 30 an event nechani smof the invention; and -5-
FIG 8 shows a known system for event notification. DETAILED DESCRI PTI ON
OF THE | NVENTI ON Exenpl ary Operating Environment FIG | illustrates an
exanpl e of a suitable conputing systegd 5 envi ronnent 100 on which the
invention may be inplenmented. The conputing systemenvironnent 100 is

only one exanpl e of t.abl e ut|n enV|ron nt and is not intended
to suggest any |ini t}tlégéw“}%"stad‘"f’ S%‘S’gé"b‘?"eﬂ‘s@“ 6*"9unctionality of the

i nvention. Neither vironnent 100 be interpreted
as having any dependgﬁgﬁqhﬁgﬁ%@ﬁéﬁﬁg QngﬁWE%T]QN/ one or 10
combi nation of conponents illustrated in the exenplary operating

envi ronnentExeﬁQﬁary'@gerhﬁHQEhw}anﬂ@m be described in the general context
of conputer-executable instructions, such as program nodul es, being

executed by a conpuipgs. ) GROGEA! dn 1, SRARPEAGH qoduhgg ddﬁﬁJuHﬂgtsy&%' nes,

programs, objects, 15 conponents, data Structures, etc perform
parti cubar enmsmnezm 100noh evhaeht thepavetnilomlmﬂy @bsmmamntdht Ahe ypeputingbr eover ,

h Kill
br acti cod W oeRIrorREhf; ERRIE R BrbFael oo MR HBP T enana- el o

devi ces, mehm@fnmesm)rs rﬁ)ysrttamd toseFgeRr fe/qﬁﬁmrohaxse@lthvscopé egisemabl e
consuner electronics, mniconputers, mainiranme conputers, and 20 the

like. The |°ﬁ\f/‘HWE'PQﬂ11“¥ra§/‘h‘al"§’6"%@ pNeither shayld WCGPB‘PPG'W'@HOB@S‘WUN%Q
are i nkedhegart SRR InPRLIANRS IhichifR HIARES 18, O out i ng
envi r odffentcpmpmagoma ot nodpdnestsritlystiaed incthe edemplabowermmga&nvémdmemrmt e
conput er st186.age medi a i ncl udi ng nenory storage devices.
The invention may be described in the general context of
computer-executable instructions, such as program modules, being executed by a
computer. Generally, program modules include routines, programs, objects,
15 components, data structures, etc. that perform particular tasks or implement
particular abstract data types. Moreover, those skilled in the art will appreciate
that the invention may be practiced with other computer system configurations,
including hand-held devices, multiprocessor systems, microprocessor-based or
programmable consumer electronics, minicomputers, mainframe computers, and
20 the like. The invention may also be practiced in distributed computing
environments where tasks are performed by remote processing devices that are
linked through a communications network. In a distributed computing
environment, program modules may be located in both local and remote
computer storage media including memory storage devices.
25 With reference to FIG. 1, an exemplary system 100 for
implementing the invention includes a general purpose computing device in the
form of a computer 110 including a processing unit 120, a system memory 130,
and a system bus 12] that couples various system components including the

system memory to the processing unit 120.



25 Wth reference to FIG |, an exenplary system 100 for inplenenting
the invention includes a general purpose conputing device in the form of
a conmputer 110 including a processing unit 120, a system nenory 130, and
a system bus 121 that couples various system conponents including the
system nmenory to the processing unit 120. -6- Conputer 110 typically

I ncl udes a variety of conputer readable nedia. By way of exanple, and not
limtation, conputer readable nmedia may conprise conmputer storage nedia
and comruni cation media. The system _genory 130 includes conputer storage
media in the formof volatile and/or 5 nonvolatile nenory such as read

only nenory (ROM 13%&%&}%@)@(%5@@983%1“@?Wa}[ie@%!\@ora&g?ri l‘r%‘ae&;a%fe{qc

i nput/ out put system 133 ( ont’al ni ng the asic rou at help
t o transf ermédid.oByavaynf betmple and| mtdimitation,t diinmputerrpadable médid, mauch as
during start-u is typically stored in ROM 131. RAM 132 pically

cont ai ns déf’glpglﬁfalc(?ppé%Bg?t%rﬁg?rda?ﬂ"%sa"fihﬁ?mgﬁualcﬁmfbd?%f#‘éI ﬁ‘%c%’é@g‘i ble to
and/or 10 pr&aretiln Peivdes eaapatiestione Medi o @8SKdtth BN ivblaliROandRr wWay of
exanple, and not Ilimtation, FIG | illustrates oger ating system 134,

appl i caPi oropyatilamemary suchhaneead gpbygmamerp@(PM3 138@nd sardlopy aegessm dat a
137. The cqmm% r | §Q:J t r . vabl e,
vol ati | e/ nonvo rgt(ﬁﬁéﬁ)cg%%u?‘ el?&sét g’ﬁsgg&e{ﬁ%@dspg&méfgﬁgéggg!oﬁ@mﬁ nﬁl e only,
FIG | il wasic adueimesthhiehelp o tsdasfdr infernibidn bétateen eladgnds vathiocompitéres t o
nonr enovabl nonvol atil e magneti ¢ dia, a netic disk drive 151 that
reads f.romlgp’. W\[‘]f‘%g"r{"tﬁ %W’%ﬁd%%lcéﬂ}aﬁ@mﬁdpé{&ﬁeﬁ&awi1§2(EYF§R3‘?]1’52, and
an opti caleoffaitl ddfal %@&%&mtmdﬁ%&hitr&éﬁrﬁﬁle%ﬂet)ezfccéﬁitﬂe ieIya! e,
nonvol atile optical disk 6 such as a CD ROM or "ot her ogtlcal medi a.

Q her 40 r enesenthy kingopessied atb b progessng undt/ 126n By way eleexa @ed nelt or age
medi a that ;can.. be ed . r.at | Vi O t. .k ncl ude,
but are ot e PeRRE of ek oBbERL HelerR BT WbARATEN bR I35 07 o'

di gi tal verosik ptograhh sodulesli 36, aad proigebeodats 4pE, solid state RAM solid
state ROM and the like. The hard di sk drive 141 is ¢typically connected
to the system bus 12TN€hr otRRPUST nor‘-?ﬁ)emﬁ‘abl e #efor yinclude other

removable/nonremovable, volatile/nonvolatile computer storage media. By way

15 of example only, FIG. 1 illustrates a hard disk drive 141 that reads from or writes

to nonremovable, nonvolatile magnetic media, a magnetic disk drive 151 that

reads from or writes to a removable, nonvolatile magnetic disk 152, and an

optical disk drive 155 that reads from or writes to a removable, nonvolatile

optical disk 156 such as a CD ROM or other optical media. Other

20 removable/nonremovable, volatile/nonvolatile computer storage media that can

be used in the exemplary operating environment include, but are not limited to,

magnetic tape cassettes, flash memory cards, digital versatile disks, digital video

tape, solid state RAM, solid state ROM, and the like. The hard disk drive 141 is

typically connected to the system bus 121 through an non-removable memory

25 interface such as interface 140, and magnetic disk drive 151 and optical disk

drive 155 are typically connected to the system bus 121 by a removable memory
interface, such as interface 150.

The drives and their associated computer storage media discussed

above and illustrated in FIG. 1, provide storage of computer readable

30 instructions, data structures, program modules and other data for the computer

110. In FIG. 1, for example, hard disk drive 141 is illustrated as storing operating



25 interface such as interface 140, and nmagnetic disk drive 151 and
optical disk drive 155 are typically connected to the system bus 121 by
a renovabl e nenory interface, such as interface 150. The drives and
their associated conputer storage nedia di scussed above and illustrated
in FIG 1, provide storage of conputer readable 30 instructions, data
structures, program nodul es and ot her7.data for the conputer 110. In FIG
1, for exanple, hard disk drive 141 is illustrated as storing operating
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pad. Qther input devices (not shown) may inclu m cr ophone,
joystick, gemmapdscandsafoemhbtidgneinthi thh compaﬂan ¢1Q thooughhepitideeicesThiebas and

ot her input devic re often cgnnec to the processing unit 120
Chrough o BLsboatdoR il ReiFts 0946 1 Bhicomm iy BFERET o e Byt bus,
but may beaebapcoeeoues pdt heothbﬂtxﬁfslﬁa@@n@@d(nbu%h&vhmﬁdgr @fcludeugh as a
paral l el port, ganme port or a universal serial bus A nonitor 191

or ot hd® t yieropiong; ioystisk. gawe @ad, %tewtg@l%s%n?feeféhf kikg. tmesgy*gtiem bus
121 via anjal ﬁéﬂ%@ice?gﬁ%mf ﬁcﬁphfééféﬁ% 'tﬁktﬁfoée%gﬁ 1RR:120 tﬂo%‘pﬁ 5&&?“ to the

nmoni tor, conpu I nc e ot her” perrp fer al evi ces such
as s peaker nph ihtafude pﬁO nharis tQpledmol tbé systgm thas Clom meayt mmrimemug by an

out put peripheral interface 195. u in the presen
vont i ba” RO afract B BRSPS BrEIe) PGt PO AT L)

connect i ONgertad KASE(UNB)TOME nidhiel 691 CEHTHHELiype SEICGMsphy Bevi@ TR @lseonput er
180. The renote conputer 180 may be a personal conputer, and t(}/pl cally

i ncl udés neeRnesied 40 thegtystemebus| Iz an insesface pigh as a video interface 19

In addition to the monitor, computers may also include other peripheral output
devices such as speakers 197 and printer 196, which may be connected through
an output peripheral interface 195.
The computer 110 in the present invention may operate in a
20 networked environment using logical connections to one or more remote
computers, such as a remote computer 180. The remote computer 180 may be a
personal computer, and typically includes many or all of the elements described
above relative to the computer 110, although only a memory storage device 181
has been illustrated in FIG. 1. The logical connections depicted in FIG. 1 include
25 alocal area network (LAN) 171 and a wide area network (WAN) 173, but may
also include other networks.
When used in a LAN networking environment, the computer 110
is connected to the LAN 171 through a network interface or adapter 170. When
used in a WAN networking environment, the computer 110 typically includes a
30 modem 172 or other means for establishing communications over the WAN 173,

such as the Internet. The modem 172, which may be internal or external, may be



above relative to the conputer 110, although only a nenory storage device
181 has been illustrated in FIG 1. The | ogical connections depicted in
FIG | include 25 a local area network (LAN) 171 and a wi de area network
(WAN) 173, but may also include other networks. Wen used in a LAN

net wor ki ng environnent, the conputer 110 is connected to the LAN 171
through a network interface or adaptgy 170. Wen used in a WAN

net wor ki ng environnent, the conmputer 110 typically includes a 30 nodem
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Struct i@ e Asl shovinteraonidcGon 2are awelhckresai. bi Actordinglbt eaddi@Dal niemilact s wit h
a 15 client enyi rgnrrent 300 and a %r ver env'HPon nt 40%. The .

accessi bi | FANFEIYNg tB{nterpyf copsprugtion Prt;s)tl & cempwar 1 10 pasd nebbediselpsed il r onnent
100 descr i bgfheam@ithMhk preséSRAtiod.0 FIG 1. The accessibility system 200
includes a client side accessibility interface 220 for facilitating

i nteracti oRc¥dstiBility Systbin®itu®@@® a server side accessibility interface
230 for facilitating interaction with the server side 400, and 20 an

accessibility systen\gQhfv?iiFIGI e aRGEQSSibMity ssYent ¥6 Gileall wifh 4 he

i nvention
15 client environment 300 and a server environment 400. The accessibility system

200 may be implemented in the computer environment 100 described above with
respect to FIG. 1. The accessibility system 200 includes a client side accessibility
interface 220 for facilitating interaction with the client 300, a server side
accessibility interface 230 for facilitating interaction with the server side 400, and

20  an accessibility system core 201. The accessibility system 200 of the invention
provides new application program interfaces (APIs), interfaces, and metaphors
for programmatically accessing a user interface (UI). The accessibility system
200 allows applications to make themselves and any components they use
accessible.

25 The client environment 300 preferably includes an assistive
technology (AT) product or automated Ul testing tool. The server side 400 may
implement a variety of different technologies as shown in FIG. 2. A server
system 410 includes an adapter 412 and a core 414, which may be found in a first
type of UL A server system 420 includes a proxies component 422 and controls

30 424 as may be found in a second type of Ul, such as a Win32 UI available in



provi des new application programinterfaces (APIs), interfaces, and

nmet aphors for progranmatically accessing a user interface (U). The
accessibility system 200 allows applications to nake thensel ves and any
conmponents they use accessible. 25 The client environment 300 preferably
i ncl udes an assistive technology (AT) product or automated U testing
tool. The server side 400 may inplement a variety of different

technol ogies as shown in FIG 2. A server system 410 includes an adapter

412 and a apERsdldopaming SYREMPprddabRd frdin athb i Midrosdfl ReorPératibn ok server
system 420 includes a proxies conponent 422 and controls 30 424 as may be
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As shown in FIG 3, an event nechani sm 210 which is included .5 in the
accessi i | It {recaresssibilpy system 2085 religs gn 3 UL aniomatipw lienti 03and and a Ul
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environnent 300 and the server environnent ) e Ul automatl on client
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bel ow with_reference he nt.s nec IS i nvention. The
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Product) 3{ntshectapiii 210 ¥f bR invédti@at TRE acdedsibiitRsystein TOOUIS @8
application's user interface; {&3') grqgipcramm“ cal ly discover and

i nt er r Bat BIVERLQR givshtthe religat d 1 DG é%r?éll"’@g'wu@ecﬂf E§r| d t he
U5 (3) ae0efabR aﬁcﬁ%{um?ph@aﬂgn RUs & ifilerfabR YD) E}'%gf,l‘g?’ﬁgtlgﬁwmfﬁé‘%?d what

type of behavior or onality 1s current
accessi bi | anwmqrsxgemI2Déleﬂ:5ntalr¢gawﬁesamﬂthc:aachmieg)t uosedakebuildahs &llyes and

t hei t truct
bnabl eo T} 0D PG AEpers abd Rmen s b IF) Shteryiad B o%paet uai ng:
(1) Iogi cabeﬂdho&roe&unc(t%halﬁyng lc@trertht hwiilable. (‘Bhe BYCRWibililVESEM 200 (4)

I nput APl (not covered in this document); and (5) properties. U access
| ogi cal? t r aléowspapplications to make themselves and 'their components accessible. The

structure shown in FIGs. 2 and 3 enables five major aspects of the accessibility

system 200 including: (1) logical UI tree; (2) Control Patterns; (3) Event

Mechanism; (4) Input API (not covered in this document); and (5) properties.

UI access logical tree 222

20 An integral component of the accessibility system 200 is the
logical tree 222, an example of which is shown in FIG. 4(D). The tree 222 is
included in the client side accessibility interface 220.

The logical tree 222 is a filtered view of the underlying structural
hierarchy of UI elements, not a separate tree that must be implemented by the

25 control or application developer. Instead, it keys off a few well-defined
properties, interesting and uninteresting, which indicate whether a structural
element should be exposed in the logical tree 222. The accessibility system core
201 consumes this information to produce the filtered Ul logical tree 222 that is,

in turn, presented to the AT products or test script.



20 An integral conponent of the accessibility system 200 is the |ogical
tree 222, an exanple of which is shown in FIG 4(D). The tree 222 is
included in the client side accessibility interface 220. The | ogical tree
222 is a filtered view of the underlying structural hierarchy of Ul

el ements, not a separate tree that nust be inplenented by the 25 control
or application devel oper. |nstead, iijgkeys off a few well-defined
properties, interesting and uninteresting, which indicate whether a

structural el ement %ﬂ?&ﬁgﬁ’cagﬁ ee%ﬁ%%‘?rek o %lﬁﬁxeht?géaﬁﬁ' Wi réfresentn®

accessibility system cor NSUMes nTorna ron produce the
filtered Ul doagolcah itemeim a22c21ttoﬂ1air a grpupmg structore, phehenaye te 'racdlilhg AT

products or test _scri -10- Th 22 is a tree of elenents,
each of whiPB# PEf F%egﬁr@ S&’“E‘HFﬁ?fe‘Pe?‘g?ﬁ ai(i‘t"é ﬁﬁ é‘ﬁ%ﬁ‘fﬂ’?ﬂ"m 'SF“Qer oupi ng
structure, gwhisdlicaion 3§ perdivliopy thepfa@@f (eQ'En MH@ conft8ls Sirk Ugkiaig of the
| ogi cal tree 222 shoul d represent the he application as” perceived

by the 8seimplemented usingen djﬁfntqnbusdealwgaatwgaw)y Bhei ingd shewist beistableng a
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representi Ii‘fg)réshﬂtingaﬂﬁi np;ﬂtdaﬁm shauld derhsinethe shme, swieif idiplgimdntation
i npl enent at.i on ﬁ_{)l i cati on behi nd the scenes have

changed. NSFRUBO%Y ér?'BHlf“é‘“P'P\ Fh‘"‘é esyeeneshaxg Fhanged-aNag kg clemsnis At at i on
reasons, sughy % sGuth@l hnFimprrRafidfidieashls, V!u@ﬁi%"a sRelifeshbei vt O

products shoul d not appear in this tree, since the user does not

percei V@ t wéardowr hethledgicctzsbftt@&@r@mzm S®0ddmmgppear rie ¢hib wiek t sifigeotire a
plurality of fragne is capable of unifying a plurality of

di f f erent B?%ggglg%pggﬂvﬁ enl’hey are the sane to the client. The |ogi cal

tree 222 enabl es bul Khe ecsg1¢aewade 2disi 8 sifple apabult dforpld piumdlitg off val ue
for a list of properties. he time a _user normally would have invoked

a cross pr §agwents af 'swapa&&omfymwgrahwé daﬁf%re%@rﬁqelsﬁewo thay theym 200
wi Il have &%tﬁb%gmags%é Bﬁ&ﬂghrﬂehﬁguﬁﬁr@ zﬁ{%néﬁ?&' Gk rklrr,%em?ﬁ% lfgnstead

of being constructed in one step aS 1 n the known systens ica
tree 222 i sapablesifobtireog h velwe fforaghist rof prapeeicsabBy the Bmetmusbundnmaayr aw
would have invoked a cross process call to ask for values, the accessibility
system 200 will have fetched them through the use of the logical tree 222.
Instead of being constructed in one step as in the known systems,
the logical tree 222 is constructed from fragments that are used to build a raw
20 tree. As shown in FIG. 5, three main procedures build the logical tree 222. In
procedure 72, the accessibility system 200 locates native elements of underlying
technologies and arrives at the native trees shown in FIG. 4(A). In procedure 74,
the accessibility system 200 combines native elements to form the raw tree 20 as
shown in FIG. 4(B). Finally, in procedure 76, the logical tree 222 is obtained by
25 hiding uninteresting components in the raw tree 20 as shown in FIG. 4(D).
FIG. 4(A) illustrates two native trees 10 and 14, which are
constructed from native elements of underlying technologies such as the Win32
UI, or any other available UI. The native tree 10 includes a parent node 11 and a
plurality of descendants 12 having various relationships with one another.
30  Similarly, the native tree 14 includes a parent node 15 having a plurality of child

nodes 16. The child nodes 16 may be described as siblings of one another.



20 tree. As shown in FIG 5, three main procedures build the |ogical tree
222. I n procedure 72, the accessibility system 200 | ocates native

el enents of underlying technologies and arrives at the native trees
shown in FIG 4(A). In procedure 74, the accessibility system 200

conmbi nes native elenents to formthe rawtree 20 as shown in FIG 4(B).
Finally, in procedure 76, the logicaljtree 222 is obtained by 25 hiding
uni nteresting conponents in the rawtree 20 as shovvn in FIG 4(D). FIG
4(A) illustrates two,nat |ve
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child node éz (ﬁtign gﬂﬁ F%e g T4 5erming n %fj?f’\(,a\gbcﬁ]l d node 30 has

descendants 31-33. T”mrslxm\marhe@b&ﬁdly%hawﬁwIGban(@)rhnaf4a§)tth@rznatl ve
trees 10 and 14, with the nodes of the native tree 10 form ng nodes 22-

29 and t helrefodfbis converted idatheegicsl diee 222 Ta mowe framdhe rayotregs20 Phough a
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devel oper gan Wi e raw tree 20 as, "hi self" or

o e bl ¢ i RO RS erth, Thie e St P o3P Ve, Bodes SeB@Ys Phe

devel oper ga& ,@dds@baei«eecma%s THeSEEMEMS” Ahd nildGQBRIRShO RfvPlrge adhi | dr en.
These "hin and nodifications in the raw tree 20 are used to formthe

| ogi cal trare useo fegn thelegipnl dree 2A2.FF o example, imFie Wl s galevelaper haar ked
e 7o R pEA O L RE 20T SRR, Bl g >, 1
Vi si bl &5 tblotksetOumer4 larEypicallebdas thaneorian ewmelng; thadodidsnot b atsdﬂe to the
:/:,é: Bljgdull Wa{lﬁeus%e%gl:rez%:arlk%q %gnu%%ggrreseudngt ONbges re ate %(;[ Ithegv%{?)?e WI are be

typically considered to be interesting and will be included in the logical tree 222

for use by the AT client 300. As shown in FIG. 4(D), the nodes marked as

uninteresting are not included in the logical tree 222.

20 The accessibility system 200 uses the logical tree 222 to find
information about events, the state of the system, the location of objects and
information about controls. Known systems have not had the capability to scope
within their trees. The logical tree 222 can be navigated based on the preferences
of the client 300 and is capable of providing information regardless of the server

25  side application in use.

In operation, if a client 300 needs to obtain information for a user
about an application, the client 300 looks for a button to press and observes text
on the button. The client 300 would call an API “find an element”. The API will
return a value that is referenced to a position in the logical tree 222 of the client

30 side interface 220. Through the logical tree 222, the accessibility system 200

gives the client 300 an abstract view of the Ul regardless of the application in



for use by the AT client 300. As shown in FIG 4(D), the nodes narked as
uninteresting are not included in the logical tree 222. 20 The
accessibility system 200 uses the logical tree 222 to find information
about events, the state of the system the |ocation of objects and

i nformati on about controls. Known systens have not had the capability to
scope wthin their trees. The logicpl. tree 222 can be navi gated based on
the preferences of the client 300 and is capable of providing

i nformati op.r Iy I C
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one anot hemrucﬂih:ehle@gcmabfwraanaﬁaamcsgmﬂmgé fmodel Beynghpredeneed bt 1s a
| ogical 5 relg)res ntatl n ofaige U and js forned |nto a shape that
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of forci ngddwpr ggi‘rlg e§e9tefd' ld ®e ERE us&t r“ﬁﬁ@ LAdatlDi SMBALY uRf Agl el ements
and guess at the nodel being presented to the™ end user, the logical tree

222 priésemredust’hiask of désgribing thecl bioghe/usenprd helps the usestingracuwish the ng
presented tQ ct:h% end user. This greatly sinplifies the AT 10 product's
task of deaggP A 'r]lg the U to the user and hel ps the user interact with

the application. B@eease thi bgicaigUtatee22 isce fdadamentd pasndpeent al part
of the accessibility system 200, all of the other conpagnents of the
accessi bi |4°£8psigijiy gyptem @0aa“eofdé%Pﬁﬁéﬁomwnﬁewwff%mosfﬁéblllagﬁ.‘/étsm tree 222.

For exanpl gy Jd Gesi eénpwfa‘rkafr&éu%lagkﬁ 1 3h 99 FPkfihId, HAE. GRRRRS tO have

a very sinple strudcture.
15  simple dialog box 60 that appears to have a very simple structure. However,

when viewed through the currently available accessibility technology, the
structure of this dialog box 60 is surprisingly complex. It contains 264 objects
that an AT product must filter through to discover those that are meaningful to
the end user. With the accessibility system 200 and its support for the logical UI

20  Tree 222, the developer who owns this dialog box 60 can set a few properties to
present the following structure shown in FIG. 6 to the AT products 300.

As shown in FIG. 6, for a “Run” dialog, the developer can indicate
as interesting, the flying window graphic 62 and “Type the name of program,
folder, document, or internet resource and windows will open it for you” at 63.

25 The developer can also indicate as interesting the combo box 64 including
notepad, word, calculator, etc., and the OK 65, cancel 66 and browse 67 buttons.
This offers developers a low-cost mechanism to tag their element hierarchy and
thereby produce a logical representation of their application’s UI through the UI
accessibility system 200. Each of the features shown may be represented by a

30 node that has a specified relationship to each other node in the logical tree 222.
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when viewed through the currently avail able accessibility technol ogy, the
structure of this dialog box 60 is surprisingly conplex. It contains 264\
objects that an AT product nust filter through to di scover those that
are neaningful to the end user. Wth the accessibility system 200 and
its support for the logical U 20 Tree 222, the devel oper who owns this
di al og box 60 can set a few propertieg3to present the follow ng
structure shown in FIG 6 to the AT products 300. As shown in FIG 6, for
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Although the logical tree 222 is of ultimate interest to the user, the

raw element tree 20 also serves some important functions. While the logical tree
222 contains only elements that the user can relate to, the raw element tree 20
contains nodes, such as 22, that represent the implementation structure of the
20  underlying framework. For a Win32 UI fragment, for example, this tree would
contain nodes that represent HWNDs. In some respects, the raw element tree 20
is a ‘half-way house’ between the logical element tree 222 and the underlying
frameworks’ own native element trees. The raw element tree 20 is used as a
basis for building the logical element tree 222, and it is where native elements
25  first plug into the system.

The raw element tree 20 can also be used for debugging and
testing. It is useful for pinpointing or describing where a particular problematic
node is. Functionality on a base raw element node includes: methods for
navigating the raw element tree; a method for jumping to a corresponding logical

30 element (if one exists); property containing ‘debug string’ for this element — e.g.
“HWND O0x483FE” for HWND nodes; and other ‘behind the scenes



interfaces. In navigating the |ogical tree 222, each underlying
application U 15 technology will provide its own techni que for

navi gation. Although the logical tree 222 is of ultimate interest to the
user, the raw elenent tree 20 al so serves sone inportant functions.
Wiile the logical tree 222 contains only elenents that the user can
relate to, the raw el enent tree 20 cgstai ns nodes, such as 22, that
represent the inplenmentation structure of the 20 underlying frameworKk.
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provi de (e g. focused, -enabled). The raw el enent tree 20 contai ns nodes
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t hensel ves 1nt0 the Access) system
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is built, it can be used to check that the | ogical tree 222 is conplete
and 15 element properties, such as focused, enabled, and location.

The raw element tree 20 is not the primary source of information
for AT products or clients 300, is not used for logical navigation and is not
exposed to end-users. The raw element tree 20 also cannot be used to capture an
element’s position in tree so that it can be returned to at some future point in

20 time. The logical element tree 222 performs all these functions.

The raw element tree 20 can typically be built }"nechanically from
the raw elements of the underlying rendering technology (HWNDs, Elements)
without knowledge of the logical elements represented. It can therefore be used to
look for raw elements, which have not been accounted for in the logical tree 222.

25 The raw element tree 20 is a useful debugging and diagnostic tool, as it allows a
‘stack dump’-like description of a node’s location to be captured. Furthermore,
known systems base their trees on code specific criteria and are difficult to
implement with diverse technologies. The present approach uses a general
abstract ‘raw element’ type, which can be implemented by or on behalf of any

30 underlying rendering technology.



connected and can be used to check for unaccounted-for elenents. The raw
el ement tree 20 may further be used for other infrastructure-Ilike tasks:
such as providing sone basic elenment ID and providing sonme basic
framewor k- provi ded 15 el enent properties, such as focused, enabled, and
| ocation. The raw el enent tree 20 is not the primary source of
information for AT products or cliests 300, is not used for | ogical
navigation and is not exposed to end-users. The raw el enment tree 20 al so

cannot be used t0 CaRLHeR tAbLaifIRTRM elSmBRItek! QM faWQer?nPnttrPS’tt it can
be returned to at sone future point in 20 tine. The | ogical elenent tree

222 perforb gt B deskéepelrmart venified by mMhking awegharitsmarant éeNRLLcand t ypi cal |y

be built j I t t he. | yi deri
Cechnol ooy RoRcEoueg hatd 7'k URF, BGE' EREHPEade oneahFLgF e sl oot o

repr esent edllingta method e obhin £ rdve ekl from d grliffe@poimwifll ez, Wwhi ch
have ngt b?en accounted for in the logical tree 222. 25 The raw el enent
tree 20 i $'eNepLusing ValuhigeRnipoaiivpies ANYQbtainingshe rayselemeny regwtt a ' st ack
dunp’ - 1 i Qa3 CeHeBitedO4hdOferfiddOBE check Y aﬁ\b%r{j&tp%zﬁ@tﬁ&%ﬂ% Fagt her mor e,
known systens base their trees ‘on code specific criteria ar% are

di fficult chiddrepapl enent with di verse technol ogi es. The present approach

uses a general abstract 'raw elenent. type ich can be inpl.enented by
or on behal f of anyin WFr e 15 515G %On%r'fjﬂbg%@ﬁ%v&we"fi%gzﬁn order to
obt ai n t hasihguwelali®iskips sidhes: parahtt hédd siblingVpreVigiedibling Firstwhild, 198t a

deskt Oﬁ el enent, verified by making sure that its parent is NULL and all
ot her Hodé&Bilthagte: i tThgsclignki300yFan shiane juipr S8 the T@Woslement gentie el ement s,

cal l'i ng acﬂﬁééglggdiﬁglo%@a?él@m@ntriﬁgﬁegléggﬁ@rteeEﬁﬁ’.m a specified point wll

return the 5 nment “using val i een coordinates. After obtaining the
el emont o (avehlsMectabisnf ™ 0% Ca" chi I dren) . 1n operation. the client 300
can eVt 9 e TSR, 0 SofS Al RGBT HND BRSO o

The cl i entis 34O t€ aepididrethrgughnhd U mutohatioavlieitetends showhhig FIG. 3 to

15 obtain the information. The client 300 specifies object information it wants to

receive, where it wants the information to go, and the list of properties it wants to

get back. The client request goes to Ul automation client 202. UI automation

client 202 can monitor any process on the desktop. The UI automation server

204 keeps track of which clients 300 are listening and knows how to get back to

20  UI automation client 202. The Ul automation client 202 advises the Ul engine

206 of client interest, so the Ul engine 206 knows when to tell the Ul automation

server 204 of the event. The Ul engine does not have to utilize the client advice

but may choose instead to always notify the UI automation server 204 of events

or notify the Ul automation server only if a client is listening for any events. The

25 advice is useful if the UI engine wants to turn on UI automation server

notification only if there is a client listening for events. The Ul engine would do

this to avoid possible degradation of speed of the UI and to avoid loading code

modules it doesn’t otherwise need.
The UI Engine 206 then informs the UI automation server 204 of a

30 Ul event. Ul automation server 204 returns the requested logical element to the




corresponding logical elenent in the |logical tree 222. Events Mechani sm
When a client 300 wants to keep informed of events, the client 300 is
able to register through the U automation client 202 as shown in FIG 3
to 15 obtain the information. The client 300 specifies object
information it wants to receive, where it wants the information to go,
and the list of properties it wants tjg. get back. The client request goes
to U automation client 202. U automation client 202 can nonitor any
process on t S 204 kee

whi ch cli encﬁlgﬁ%g@sar el nldg{? @R%at%% %n@%\&(ﬁrgmhgdv(vy fnglu et %rggfﬁlfs OE%CUI

aut omat i on eventahat tRO2lienT B0 tﬂquaqnéd)rfﬁmd Uh astbin@tibn ?&ilerazdwc&eﬁm haatUl  engi ne
206 of cllett |nterest,n g t he Ul ine 206 knows when to tell the Ul
aut omat i on "MOEPHAN 15 FAthisy t ?ﬁ"é’pé\?éﬁl('e“ Teuesyand oglyrfermve gl elkavd t o
utilize ther @kiiBimaAdhii§ 6f inkidst. nP(anﬁE@Qﬁf‘gldam%feﬁ@qt inCludits ¥Sfet@m}1bfy the Ul
aut omati on server 204 of events or notify the autonati on sefver only
i f a cl Pentonjtee U] autemptiqn geover aidy, tév@&mépFOﬁhEIeQBlaadImeentll@s uslgfated i f t he
U engi ne r u tlonsrvr notlf cation ly if
there is a' "Susieqﬁegthgﬁ&n L&’ Vée"\qt/)e rex Z Hﬁa\“ﬁ@%‘bﬁﬂvﬁ izﬂthl s to

avoi d posswbdl elsdﬁgf ad@gmabaleafensmedombotbbe Whe 3cshetwoudy Bt thel dafbong code
nodul es it doesn't otherw se need, The U Engine 206 then inforns the Ul

aut omat i on P8¥(ydls Spldregs  Zhe gheny 30Qv“é’ﬁt req'E?fSt AbNsRRPRISAYASPERASPISZ04 1 et ur ns
the requestyefd &9%39@&1@' éTF‘egkn’éf?o& - client 300 and sends
i cli

i nformation to th 0 incl |ng propertles of the event that the
cli ent 1800 request edAffEhethel Blutameniton serveer 2004 determnides whetber
information ds wthin.lhe sco f.clien donl [ a

| ogi cal el é'h*%ﬁ?a“".“f'st“ﬂ LS ﬁﬁ?S%gnSCP%e #b'l’ ﬁ‘ﬂ i ﬁlfm%"%gtrﬁ rngi cal

el ement i n@hmdaﬁo:prcaefﬁtemmbmes &eoalehheowlbyatmm@tm Qﬁkg&tealy;ﬂrcam:ﬁe t he
set of properties that the client has indicated it wll use whe

handl i ng tﬁ"ée@@%f e raresischfpanationefrenn the Bhaviopltior soever 284 a"éan
di scover LEQ'FS’@CC‘%"@HEFH@CFQ{]‘:@OW‘QWC'“% The scope would be the conbo

box or |ts t 300 can request

chi | dr @6/ par ent / depeittierils adtomauiar sereers2@bas dreatedgwhére theegliant r30i on

phase. registers to receive event notification. As an example, a Ul engine 206 is running
the Microsoft Word word processing application. The client 300 has registered
for name property change. The client’s registration causes the Ul automation
server 204 to be created. The client’s registration also advises the UI engine 206

20 to start notifying the UI automation server 204 for the name property. The Ul
engine 206 doesn’t get scope information. The UI engine 206 calls one of the
APIs for the server side. The Ul engine 206 specifies (1) what property changed;
(2) the new value of the property; and (3) perhaps the old value. The Ul
autornation server 204 is created based on events of interest to the client 300 and

25 therefore knows events, properties, clients, and scope of interest so it knows if
any client 300 is interested in the created logical element. If more than one client
300 has registered for events with a particular Ul automation server 204 and the
clients 300 have registered for the same event and have asked for properties to be
bulk fetched with the returned logical element, when the UI automation server

30 204 sends an event back to the clients 300, each client 300 will get the union of

the requested bulk fetch properties returned with the logical element.



10 After the U autonmation server 204 determ nes whether information is
within the requested scope, it builds a logical elenent. The U
automation client 202 serves the client 300 by talking to target
applications receiving the requested information fromthe U automation
server 204 and routing objects to a proper space on the client 300. 15
The U automation server 204 is creajged when the client 300 registers to
receive event notification. As an exanple, a U engine 206 is running

the Mcrosoft Wrd Vﬁfrdeagﬁocﬁféﬁ?'ﬁa @SQ i a{h:eoﬂi &?&nﬁlo‘ne?rrég’rogwas

regi stered for nane property change. client"s regrs i On causes
t he U autmoniies die clizer 3@ pAGihgtthe biéent tiealiogidal dibmentl dsestidted waithé r ati on

al so advises t engine 206 20 to start notifying the Ul automation
server 2_04eVFBtr hﬁﬁﬁhﬂﬁﬂ‘?%%ﬁ%’r@&?%@‘?ﬁlonﬁbﬂ% IHS'%Q CRFRsANS If@  scope

i nf or mat i Ohprdvetheld o@étdhBRuALR RehdofogdNR Whichh@ch Afks 3@ woll §ET ver

side. The U engi ne 206 specifies &é) what property changed; (2) the new

val ue of tmeuipddpask fpr theirPwnajoppef Hgebiechidatis thespurse of eeevent. aut omat i on
server 204 is creat a ' restnto the cljent 300 and
25 therefore knows geé*%t‘?f)g%@@%ggﬁé‘% R%I"!tg'tr%?sf;ﬁe grllc?%tsoggag'émocfheptnﬁ erest so

it knows iddvicanyhen cBéits 3€isters fornévens tied Ulnerdghe co0eaarchskogeclal el enent .
If nore than one cli enéﬁ‘igoo has regi stered for events with a particul ar

U  aut onat3usnaiopserven HiEre 6 an¥ pecssrililiydients\A00 lisgningand df 4%r ¢ he

same eventoané|ifiémRg, aR&FEnT RbidthO R be&edttglfe idtoikatioRtapgthdid h t he
returned | ogi cal elenment, when the U autonmation server 30 204 sends an

event I9ackit toghe Kt agtomation sgue, 206a&hr eXample, a3oGenir¢adenistthe ¢lientp®bn of the
request ed | k. fet [ Qpert.: ur.ne ith the logical. elenent. -17-
" each P sfeeioEheRd FRRRl: PRI B, M tpeb TP e 1 os (e

For each cl'l eni ng, t oma
client 30Gvpmssandgthehspecificelist dfhgoperdscal iméresteNThadHoergiiecdo6vid h t he
event. The U automation server 204 creates only one |ogical_ elenent.

This is arPdVisapaRslErRdY it sheutd tond cxens rhe L8 AuIIBE) Serveidit hURRbh cl i ent
300 woul d d@?ecﬁn%ﬁﬁh‘i Er?aqgés?%lﬁtﬁ%leé‘n {nebb@'nBtif‘i’é’!’lhE@@Xut%inaEiBﬁsé?F’ér%h. that is

the source of the event. engi ne 206 does not utilize the U

aut onaltSi onlhel Weattomaticudserese 20 enneirts doasvel ekianreintdriace @od sersls thehe Ul
engi ne 206ev8n o Solf)jetcp 0 tHL, UI automation client 202. The UI automation client 202
routes the object to an appropriate space on the client 300.
The above-described components improve upon the known
systems by eliminating the central repository in the kernel for events. Instead, the
20 Ul automation server 204 knows all clients 300 interested in getting information
about the context in which it is running. The elimination of the kernel repository
also creates a more peer-to-peer interaction, since the Ul automation server 204
fulfills the function previously performed in the kernel. The accessibility system
200 of the invention gives client 300 the ability to specify what it wants to see
25 such that filtering is accomplished on the server side using the UI automation
server 204.
FIG. 7 is a flow chart showing the procedures involved in the
event registration and notification method. In step 80, the client 300 requests
event notification. In step 82, the UI automation client 202 communicates the

30 request to the Ul automation server 204. In step 84, the Ul automation client

advises the UI engine 206 that it wants notification. In step 86, the Ul



automation server 204 if there are any accessibility clients 300
listening and if no one is listening, then can avoid the work of
creating the information and sending 10 it to the U automation server
206. For exanmple, a screen reader is the client 300 and specifies where
it wants information to go, the focus change object to receive events,
and the specific list of properties dB-interest. The U engine 206 is
advi sed and knows it should send events to the U automation server 204.

Upon det eabiof@tibecersercitangesvestiotifibitiodfgir ehe20benidtid 2OGSIH higp 84,
automati on server 204. 15 The U_ autonmtion server 204 converts to a

wel | - known thenUE apigmation deenddd filters the asreivad dnfoppatian. + ¥ hadesgivedut omat i on
client 202;,cl8addh né‘f&xﬁﬁﬁﬁ ?1&'?&:5%%3)8{?1 %% a%t%g@ﬁhé ﬂ?a@ggﬁﬁ&n Lv@n

appropriate space on the client escri conponent s

i mprove up@f4 tdiseards olven infaystienmnt cortinues natwaitgfor metifiemtional qt@p%i tory in
t he kerpel for events. lnstead, the, 2 autonmation server knows
all clignt é‘“@ﬂﬁ"vﬁ ﬁre@? éﬂftopﬂattf’é't i fl‘?@"ﬁ?ﬁ‘? Fdﬁ?feaﬂn%b‘bﬁiept??e tP:"o ext in
which it i sutoHiafibmsbrvel!?84 @teat¥s Rabgid) eRimehhndkRndeh td SR A dufinYatiodt! SO
Ccreates a nore Beer to-peer interaction, since the U automation server

204 ful fikclient2Qd i ﬁmzt?ﬂorlin peevbothe UL qymmomhemtrﬁoemtmp medeivedhe
accessi bi | H\X% nﬁﬁ% &Mis gr%&f*rgjlacte% M%ﬂp(ﬁ: gives client 300 the ability
a

to specify see suc t filtering is acconplished on
the server si de u5| n@h& &eentmeahdnisim 21 @of theedceessibdgl systenn 200 dllswa f 1 ow

chart owi ng.the procedures involved in_the vent registration and
ot 11 0 b BRI O Feperds rasgi KM iR ogp Y patRsEy Ehangen dhine

notificati @y tleB @ﬂaﬁgesB?n 4 Rentbl’ AUlRETR] QRuiGie8Rl e¥dds, CaIMAeat es the
30 request to the U automation server 204. In step 84, the U automation

client adinfemrationeWishowniirseecapaiplitierarclients AaMhaventst santionaliopoll B st ep 86,

the U 18theaHf81 %h@gnﬁﬁ{%ﬁeﬂfﬁ’ o sdeif Gfr?foﬂﬂﬁtiJn' 8%&419@]}) %Eett{ig u

engi ne 206. ste on server ers
recei ved i nﬁzmrgemt TMaccés‘slbhlﬁtg syaaﬁlzv)edvenmﬁnedshmtsnomm asd dlowd dlisntst er est i ng
to the seroé‘n step the U automati on seryer 204 di scards the

i nfor mafi oRORAAY ’E‘E?h‘ﬁ ?1‘(98‘5“ QW-afRracessy reqmset # icOlESton ofpropeenio by
Al ternati veliymed fwithend 8{&H MtifRRidnS dh@uiddrdgRtdieror 'EvBhRSén MBuliiptest ep 90,

t he Ul
elements.

The event mechanism 210 exposes: the interfaces the AT product

or test application uses to register for events; interfaces the AT product
20 implements on objects used to receive event notifications; and the interfaces

control implementers use to notify the event engine of Ul events. The event

mechanism 210 is used to allow AT products and test applications to receive

events independently of the Ul engines used to render UI and allows AT products

and test applications to track top-level application windows and focus without
25  regard to the underlying technology.

FIG. 2 shows how clients 300 interact with the accessibility
system 200. There is no global management of events across processes. Instead,
each accessibility system client 300 or server 400 has its own context. Client
applications will only receive events for applications that support the accessibility

30 system 200. To start using accessibility system events in an application, the

client 300 can do one of four things: (1) Use the “AddTopLevelWindowListener”



aut omati on server 204 creates a |logical elenent and sends it to the U
automation client 202 in step 94. In step 96, the U autonmation client
202 puts the received information in its proper place on the client 300.
The event nechani sm 210 of the accessibility system 200 allows 10 the
client 300 to register to receive event notifications for property
changes in the U, tree changes in d%ontrol's structure, nultinedia
events, and related information. Wthout these capabilities, clients 300

have to comiPIneadibaoveohéw ATl appelittnglbn ehecd@Rich and fnhle HaRAIBNFSOhaee | T any
information, structure, or state has changed. The accessibility system

200 event s SYEREh&SHISeR forootherseveats ank by | thisninsanss reggiye t eyents clspmeanyvent s

out -of -pro .r t 21 f rtj . e . ed with
t he event o?ci% SI c(g F%?l,onancgq%‘%)qﬁidg?‘s@tﬁe)rtof{)ogﬁg\;éiﬁfe;“%% driru?ntdi %F%E r3e| enent s.
The event mspahfanpisca &10I; éXddscometditeer inmdasy foadigovetiatelShting Udwadh asor t est

applicatio ses to reqister for, events; interfaces the AT product 20
D oot o TG Witab™ daBljE op 2 PRI O Biciseieh anh oyt HBRdLE CRRQMEne

i nt er f aces ag@iite PlogicAI¥ GBI 1S e dSEretePerR@irbl Yisehifg @Y eMnte RBP4l LI
events. The event “nmechanism 210 is used to allow AT products and test

appl i cat i ofike tdddRacusGhangedlisiensr’] AFE pe trdek they inppt foses and aegjstareforused t o
render Ul test applications to track

top- 1 evel gg%]t?ég@??&%t%@%g&gﬁafcg:gg'us wi thout 25 regard to the
under | yi ng technol ogy toplldsel Rirslbavis a lnandost whodepaddd isi thé deskalp. iheh t he

accessihilit stem 200.. There is no gl gba nagenent of events across
proc_eségs. “F%gftégéﬁm é’zR_E’PFdadE‘ggaé?sbﬁ]af _f*yg\gQgrf-L%#le@ﬁw @Gﬁpﬁﬁar@e‘f’ver 400
has its owmeReE ertfe ustlof BRlernPMdsedaindRARs Yak b 6P leVel IGEHW RaEbRAt S for
applications that support the accessibility 30 system 200. To start using

accessi bi | desfroygdt em events in an application, the client 300 can do one
A IO L S N
event, regiAftlerfof aotifyirge theewanisibilnydsysient (200 ofeaventy beiap valded eantis from
? 2¥gef I’1 Cesrgrémov(e?i.) weeUngtogatignhglieﬂt ré(ajilllsA {:t)\lege EA?’Isl \?v g;\[ (caliel:nrt]st (raergles%érlarr])g U and
unregister for events. This allows the UI engine 206 to get information about
what accessibility events are being requested in its context.
Where applicable, events are associated with logical elements
from the application’s logical element tree 222. Where logical elements are not
20 applicable, events are associated with a human readable string or other well-
known object that represents the source of an event. The event mechanism 210
provides filtering based on user supplied preferences during event registration.
By using the client’s filtering preferences at the server, before creating the event-
related data and sending it cross process to the client, the event mechanism 210
25 inherently improves out-of-process performance by reducing the number of cross
process calls. The event mechanism 210 provides a way to specify the properties
of a logical element that are interesting for the event during event registration.
This further reduces the number of cross-process calls. The event mechanism 210
is extensible without requiring major operating system (OS) changes. Although
30 the event mechanism 210 may be implemented using managed code, unmanaged

applications can access it through COM interoperability.



specific piece of U,; (3) Use sone other neans to discover interesting Ul
such as 5 finding a window handl e or a point on the screen and, using
that handle or point, acquire a logical elenent to use as a reference
for listening to events; or (4) Use the "AddFocusChangedLi stener” APl to
track the input focus and register for events on the U that currently
has focus. A top-level w ndow is a whdow whose parent is the desktop.
The 10 use of the term "opened” indicates that a new top-Ilevel w ndow
has appeared to theTheseare tWoaasks eheOATidNent 0Perforas &6l hardidleventses that a
top-1 evel w ndow has been estroyed. The accessibility system server
side i nter%&éefﬁgeglﬁﬁﬁ%}mdé {ZAdhandimg thegvepbin # galiRpck neAmdmRYND | j ty
syst em 200ghir&Hé&h for éﬁﬁéﬂgsl@@‘i](f’ge 808le iilrrbofher'ﬂgr‘(aggd ard'GnrifhnaBLd O4URL | ON
client calls these APIs when clients register and unregister for events.
Thi s al | owm ereeerpodimenitne (O 6nteotigetthe wfientn¥i0i may phsuinterfabest when

accessibility events are ing r ested i.n its. context. re

appl i cabl ef,eg%E?é‘HE OrF&Ms gﬁﬁ Fg?"ééﬂdipf‘ﬁe? 8@?‘3&?“&?'@@\‘3“‘?2‘ W‘W’E’Pﬁ“ﬁe

appl i cat i Ointesfate3obiienl regibRiRH tind tHREUPehgine ¥ @llk BaEICah L& R&fRear € not
20 applicable, events are associated wth a human readable string or

ot her wel | o9 thspljstsner-+ Hathercagss shant Shermis & sanrescotiectdn theylogical The event
nechani Sm ddfent ALRY b8 Seabh 'otfgyg UUBRRE G\ HIRE SHHRP e L LNCES

during event registration. using the clren | tering preferences
at the seradditionblgfacameetar eati ng t he event- related data and sending it
Cross ocess to the,client, .the event nechanis 25 inherently

i mpr oves out-of-progggikBQV?HP _%f%"BQkV§8ﬁ€FWdH%éépﬂﬁﬁﬂgﬁ"ﬁﬂé 0SS
process cadslthe whhito ft@fitevams NaTRE FoNoife EHcﬂ_hShﬂﬂﬁmﬁsdmé/tyP@s sto&khiky the
properties of a logical elenment that are interesting tor the event

during evefilat registeatipm iqokslike angl howt the eyratt isrrgerivess t he nunber of
cross-process calls. The event nechanism 210 is extensible w thout
requi ri ng bmj orTembeyal Windey Hvents( OS) changes. Al t hough 30 the event
mechani sm 210 may be inpl enented usi ng managed code, unmanaged
appl i cations can acckepslev¢l windowgéve@SMnilude reyprss abliatedt tp. me@B- anther e ar e
two t S éorr]n opl-)roxclirio% (gwr?sogr gr?yr Fe%[urgg hta\(/)ing"’}rl'éj ldgsk%(\)/pegg ¥ parent. In an
embodiment of the invention, an AddTopLevelWindowListener method is used
to receive notification of top level windows being opened and closed. Calling
AddTopLevelWindowListener will get notifications for new top-level windows
opening or top-level windows being closed on the cumrent desktop. A
20 RemoveTopLevelWindowListener method provides a mechanism to stop
receiving notifications for top-level windows being opened, or closed, on the
desktop. This method uses a callback object to identify this listener. Therefore,
the object passed in to the RemoveTopLevelWindowListener method is the same
as that passed to AddTopLevelWindowListener. An
25 OnTopLevelWindowOpened method is called by the accessibility system 200
once for each new, top-level window that is opened. Similarly, an
OnTopLevelWindowClosed method may be called by the accessibility system
200 once when a top-level window has closed. To receive these notifications, the

client 300 calls the AddTopLevelWindowListener method.




(1) event registration; and (2) handling the event in a callback. An
inportant requirenent for either task is to be usable in both managed
and unmanaged code. In one enbodi nent of the invention, the client 300
may pass -interfaces when 5 registering for events. The client 300 passes
objects that inplenment well-known interfaces when registering and the U
engi ne 206 calls back on those interfdlces to notify the listener. In the
cases where there is a source object in the logical elenent tree 222,

each of th? cal Iﬁ%ﬁkivgﬁgei ves the source elenment and an additional

par aneter. % = interfaces inplenented by the AT product are
used as the way to retu vents. The follqw n ect|ons show some types
of events, what regi@fef]&tn?(g)n&f]%d'ﬁ%u'fei%@ehwgwﬂb&ﬂcﬁ‘ﬁ%g E‘(?g?“lt&?'gc’ % ei ved.
1. Top- Leveh (W ME@WS IRV WMddwEDS Isedifficult FEOWs@NE.) Wheh AGhdidas axoppéd I el at ed
to nenus and 15 conbo box dropdowns or any feature having the desktop as

a parent. |9pvan(e-gefisoienmenu i Migresoft\Yerh tihitergnin the menu get focus as
AddTopL | M\ i t j d i ti.fJ qati. ft
opLeyvel |y “S’—@WV@E T Lu By d?% dath gt?e? C%vlhlteﬁ rt]léeeﬁmg\gdﬁ_lgg%&g. w d&gnn of top

| evel w ndows i ng opened and cl ose ndowLi st ener
wi || get nqgiressecdtei BSC Key)y todaw theme- is encefocus reemissenopdnsteeg the dliept | evel
W ndows bei.ng cl gsed. on the curren&stdeskt

. A2 .
ooy e ront UG dBoRs: EHBES IRt B8 f Jiimber b ayasss <o g gp

recei vi ng nopith lof MdseNSgit My fepRsdry 8lfodMsNdhange. DRl B8 cATHRARKENt OF tid 0sed, on
the desktop. This nethod uses a call back object to identify this

| i st ener. Theandipor an Addiecys§jhangedpistener] mathado majyebe used to notify the
RenoveToplL j [ e t?ﬁ S t . to
nddTopL oo PRt PaiRe el 286 i PR riP Pl A RL aRRERRSY [
cal | ed by theereacaalssiThid fdayurs o tspenidiE properics ao reameh widwihet logichlevel
wi ndow that .is opened. Similarly, . an, Level Wndo osed t hod may
be call ed HYETRHE 'écP_@Es%‘lSqu"FV \é’_ﬁb‘fréﬁﬁ?"%ggon\é@‘ev\ﬁéﬁ‘?t opay é?gﬁl" wi ndow
has cl osed.RelRoveB6&Ist RardghISiSteR&H ibth6dtd %§meéé?ﬁn%%btiﬁéﬁtioﬁg@olc@bhss the
AddTopLevel W ndowLi st ener nethod. -21- 2. Focus Events
changes. This method may use the callback object to identify this listener and in
15  this case the objects passed in to the RemoveFocusChangedListener method will
be the same as that passed to the AddFocusChangedListener procedure. The
accessibility system 200 calls an OnFocusChanged method when focus has
changed. A FocusEventArgs parameter used in the OnFocusChanged method
exposes information related to the focus change. If the information about the last
20  focused logical element is available, then that element will be available in the
event args parameter used in the OnFocusChanged element. There are cases

when no UI element has focus until something explicitly puts focus on an

element.

3. Property Change Events

25 Property change events are fired when properties of logical
elements change. In an embodiment of the invention, a client 300 calls an
AddPropertyChangedListener method to receive notifications for property
changes. An OnPropertyChanged method is called by the accessibility system
200 when the value of a property has changed on a logical element within the

30 logical element tree specified in AddPropertyChangedListener. A scope




Clients 300 often require a nmethod for tracking focus. Doing this in the
M crosoft Wndows OS is difficult. For instance, when a nenu is dropped
down (e.g. the File menu in Mcrosoft Wrd) the itens in the nmenu get
focus as 5 the user noves the cursor down each one. Wen the nenu cl oses
(e.g. the user presses the ESC key) .today there is no focus event sent.
Instead the client interested in foéés changes nust listen to a nunber
of events and figure out which of those logically represents a focus
change. | npammeieh driieatest fopfwhahelementseant ¢vent, steowldibel Fisesly s Bomingeddtd, st ener

met hod may . dto notify the. 10 .listener of faocus change.events. The
T oot 3o oPRSit P |t dmbil Sk Subddth BREE g AresFMBARE RIS 1 11

of speci fyprogeity ohgigkicaBbdcRs tethat Windoi) tfhibe lsogpecpdrametberyeset to all part of
all event registration APIs. The client 300 may call a .
RenoveFoc uSIEMaNg db thesiresn Hienihe Aeapeid 1800EH andaay\ahaggen 8 the warifighs f or

focus §haﬁg,$émegf i BELPOGn Y agﬁ;ogharec%atbag& ORInEC300F Mndydemi! Ty this
| i stener a In 15 this case the objects passed in to the
Renov eFoc udgilrogetiGhengeddistenet maultiple | imehavithhdifssame sas ofhatoppaiesed t o t he

AddFocusChangedLi,st ener procedure.. The .. accessibility system 200 calls an
OnFocus Chaﬂrﬁg?f %ﬂﬁ?&ed‘?mg‘ﬁ“%gﬁ%‘- fag nogtﬁ%gzxag&rovAdquO@ﬁgﬁFngﬂ é Y par anet er
used in t heystonroomdivaigate PrRIpbAH that ¥RAEES thd'hew FRipeAN vakREdmActhE O t he

focus change. If the information about the |ast 20 focused | ogi cal
el ement i sOldpapnesty|valuedfiayailalet el ement will be available in the event

args pgganeter used AQliExﬁ}%O@‘}E@gﬁlﬁ:}iﬁgS\%}ﬁ)&@?ran EHEste}p@F fethgges when

no U el enent has focus until y puts tocus on an
el enent. 3to foppeeivingthatifgetidnseiot prapbrtPichaees.y Thisamegthod eyt sseahe fired

when properties, of |ogic el enent s. ¢ . ln an_enbodi.ment of the
ventt on. saapg Flegisnt 3 Elhaet oBRE SigBnT AR hetkuRb el FEMERe A8 hod t o
recei ve nobbjkdtgat pas&d f ah PmaREr the ciangesme AnaOnRhapergaydeianged met hod
is called by the accessibility system 200 when the value of a property
has changeddéfropertyidiapgadlistengent within the 30 | ogi cal el enent tree

specified in AddPropertyChangedLi stener. A scope -22-
15 4. Events from Controls Patterns

The events fired from controls patterns need to be extensible and
therefore these events are identified by a GUID. Any GUID value is accepted
when registering. For any new control pattern, the events it documents need to
be unique GUIDs. AT products may need to be modified to listen for new

20 control pattern events. The listener also needs to be able to scope these events.
For instance, directed testing may want to limit these events to a particular
application or control within an application. The controls patterns define what the
source is and event consumers will need to refer to that part of the documentation
in order to know how to use a source element and event argument object.

25 An AddEventListener method will enable the client 300 to receive
events for controls. The scope parameter can be used to indicate for what
elements to fire events. For instance, passing the root logical element of a
window and requesting descendants will limit events to that window. If all
elements in the tree are desired, then all events on the desktop will be sent. A

30 RemoveEventListener method may be used to stop receiving an event for



paranmeter indicates for what elenents an event should be fired. For

i nstance, passing the root |ogical elenent of a window and a request for
descendants |imts property change call backs to that window. If the
scope paraneter is set to all elenents in the tree, then the scope is
ignored and any changes to the speC|f|ed 5 properties that occur on the
desktop are sent. A client 300 may c@3t AddPropertyChangedLi st ener
multiple tines with different sets of properties and/or a different

cal | back olspetcdls. Th'es mcltu')d ma&tuismmepslcopd deuietuycztllheclaobjewnkii dnidvgnt system

200 i ndi cat. the ert t hat n the new property val ye; and the
ol d proper 9TVLFLE PFLY e IAEr T gactie; Lkiobgt ArssFadaiush e he

RenovePr opghhy Ghdagediddsb AMREvERLBRAer. t 0 stop receiving notifications for
property changes. is method may use the scope elenent and cal | back

obj ect to identify tNhen ansapplieatioarhnsiinvakiefl she AddEveneLisign¢remeopassed in

must bect r t 15 4.
Event s tsrom it B’%@t'ggﬁs&q'%%eevg%gg tﬁ%’ecfé&’om cg'r?t%b(s)al @‘E‘g’ ter ns
need to be spectfe?ms:ebtisfaadiand therseﬁmeeftmeaenmanbgncaréemdemntfmeﬂ by a

QU D. Any LD val ue is acc n _registering. For any new control
pattern, tHegicalelsment treespes ﬁifﬁgﬁmtl-ésw‘lﬁé %eﬂﬁée@f%‘)x‘ﬁﬂ}s Aoduct s
may need ! GirleneRa tft&pevteet ége&h@'ihfmﬁati&‘ﬁ"é{vgi@ab‘?é?mro' pattern events. The
| i stener also needs to |l e to scope these events. For instance,
directed testing rrayAV\BnmomﬁllhiﬁbnerS imethodemaptbs cabled t@&tctn' tegtiaing

applic on_or nt Wt pli Th ntrp a rns

defi nquln Any ﬁvenssoaﬁtzselslasgu'nd we\)/lgﬁtd%aﬁftﬁ urgtég*}orse W%f'frﬂ %’gdc%og i‘f"gsr to that
part of theodﬁcmmenteatdvaln métiodo T opmkINdwehavedt ovhes etepmin@titi anel enent
and event argunent object. 25 An AddEventLi stener nethod wll enable the
client 3002PRJI@HREj ve events for controls. The scope parameter can be
used to indicate for vvhat el ements to fire events. For instance, passing
t he root | Structyre Changefivents, nd requesting descendants wil|
limt events to that V\nndow I f all eI enents in the tree are desired,
then all events on t hegigdskuepraghrngaryeisire firgdytherdhn\pgmabelempmit ener

met hod 158y u@@ st“fc?tﬂetcﬂarﬁgteg Pah 9\%1\6&1@&83‘9&3%@%&9f.,tstener method may be

implemented to receive notifications for structural changes in the logical element

tree. When logical elements are added, removed or invalidated, methods on the
specified callback object are called. The scope parameter can limit the elements

as set forth above. A RemoveLogicalStructureChangedListener method may be

20 called to stop receiving events for logical element tree changes. This method
may use a callback object and a scope element to identify this listener and in this

case the objects passed in must be the same as those passed to AddEventListener.

An OnChildAdded method may be called by the accessibility

system 200 when a child element is added and the parent is a logical element

25  within the logical element tree 222 specified in
AddLogicalStructureChangedListener. An OnChildRemoved method is called

by the accessibility system 200 when a child element is removed and the old
parent is a logical element within the logical element tree specified in

AddLogicalStructureChangedListener.



-23- controls. This nmethod nmay use the scope el enent, callback object and
an event identifier to identify the listener. In this case, the objects
passed in nmust be the sane as that passed to AddEventListener. Wen an
application has invoked the AddEventLi stener nethod, 5 an OnEvent nethod
is called by the accessibility system 200 when a control - specific event
is fired and the source of the event-2#s a |l ogical elenment within the

| ogi cal el enent tree specified in AddEventLi stener. Wen events for
controls are fired AheDsChikirafButiAddednhethpddd talledi by chenmicewibilityai | abl e.
A RenoveAl |l Li steners nethod may. be called to stop receivj .10 any
events. Thwt%waeaai'%rﬁeMb?rd)yfeﬁﬁ%rﬁnaﬁ W o8- BreagTdhan %(B%r'lde%{vi on shuts
down. The G4iRYVALhorESdNRE ofime?PAd BRLChNAERFBHURREMBIGI MERDATGied Yy 2N
application. 5. Logical Structure Change Events Logical structure change
event s ar ethiej aceessibHuy system |whgncalargsl mmeher of thildrer @restemoyedivathithanges. An

AddLogi gcal St ruct ur ngedLi,st Lrethod. be  inmle ted to receive
notifi cgti g‘hoé'yfpg?()(gg?ﬁ% Eir aﬁ"cﬁ%%b‘grep V?'Hg?%aogfeg%ﬂdngﬁ 8%@% %yt Be. Wen

| ogi cal el avesyitiligr §seMIEOD, wiRARVIagkefunibey af thifire (e. gadrbuneisthan 20 he
specified cal |l back object are called. The scope paraneter can limt the
el enents slldeen) arehatiyadded ppd remavsdwKidinyshory Bsripd of tiMeChangedLi st ener

met hod may be 20 called to stop receiving events for |ogical element tree
changes. This nMtimediaiventss 3 cal | back object and a scope el ement to
identify this listener and in this case the objects passed in nust be
the sane as those padseben ypAdtiEveahisihstreylimediareverChViuttiterdéadmart hod may
be called hy,the accessibility. system 200 n child el erent. i s added
and” ¢ hiS pa e SeBEE TR A nimd © TR e o et HEE Nt £ ec
222 speci f baitd nandddiodify cal Signycofir adtivangakthidaige natoppédr, OtiistdiRenoved
method is called by the accessibility system 200 when a child elenment is
renoved andadtfRIvaIdgd”. pagveeind;’.sand Ir@)‘ﬁ?‘{al Ix’é”@ﬁ%ﬁ‘t‘“'%’t‘ﬂi"i‘f)sﬂﬁjésqr@ﬁ‘ii cal

el ement tr %v%ﬁ%'ﬂe'iﬁﬂlehﬁnteﬁqgr dd‘aﬂig%h remdVikg IndidrRédiangatid st ener .

7. Simple Sound Events

15 Simple sound events may be handled separately from multimedia
events. Simple sound events represent simple, short-duration, sounds that exist to
convey to the user some event other than the sound itself. Simple sound events
may include: the sound played when new mail has arrived; the sound generated
when the battery on a laptop is low; or the sound played when a message box is

20 displayed with the IconExclamation type. An AddSoundListener method can be
called to receive notification of simple sounds being played and a
RemoveSoundListener method may be implemented to stop receiving
notifications for simple sound events.

An OnSound method is called by the accessibility system 200

25 when a simple sound has played. To receive this notification, the listening
application calls AddSoundListener. The OnSound method retrieves the
following information: the name of the sound; the source of the sound; and an
alert level value indicating the importance of the sound to the user. Possible alert
levels include: ‘unknown’, indicating that the importance is unknown;

30 ‘informational’, indicating that information has been presented; ‘warning’,



-24- An OnChi |l drenBul kAdded nethod is called by the accessibility system
when a | arge nunber of children are added (e.g. greater than 20 children)
within a short period of time. An OnChil drenBul kRenoved nmethod is called
by the accessibility systemwhen a | arge nunber of children are renoved
within a 5 short period of tinme. An OnChildrenlnvalidated nethod is
called by the accessibility system 239-when a | arge nunber of children
(e.qg. greater than 20 children) are both added and renoved within a
short peri odndatingne wasninglcondinenti syuésrient, sindwatinge that yapeseofrespoaset isi s t he

mul timedia event.. Miultinedia. . 10.i ngl ude sound, vi.deo, and ani mati on.
The. met hods "SHECs ERGEAERRY ¢ 1aHeaiing hal e §veaha dsperyed] e By ¥y
actions i nclimgomnt; mmtiofRedl’; indRatiiate occuredded dfarspicaiadent. " r ewound”, and
"nmuted". Methods simlar to those described above nmay be inplenmented for
addi ng and rgenoviggft Fo¢hs Evastsa | i steners. 7. Sinple Sound Events 15

Si npl e sound events nmay be handl ed separately frommultinmedia events.

Sinmpl e sgund events 1 gphCRRAL SefR! Spocif ot LT AkRB pIOURES ih gk exi st
to convey to the user some event other than the sound itself. Sinple
sound event dackgagunidncIamieexanipdessefinoll fokusyextntshaze: rachvalloan lhelpagindowi ved;

t he sound generat ed,, when the bat. ,.on a laptop is |ow  or .the sound
ol ayed when AR08 N pdates Srs gDl 46 oy og Ra e o sk B S Bty pe.
An AddSoundlhesiasiBir fOEh back gedundpplicatibh @itht Wntsero Glaitefoded; iahdl @fringdr  of

si mpl e sounds being, pl ayed and a RenpbveSoundLi stener mnet hod may be

i mpl enent ed 409 appeaTingead; disapgearingt from dbg nefification tray ipfied HHGING SEént s. An
OnSound et Bdl dnfs Cohd€ doites By AGERS R Rbiidyy sSBHAM 3R ofher WG, 2

si npl e soun as played. To recdive thi s noti frcation, the |1 stening
appl i cat i on catagdries AduiBomediai stag niavol vd hani Gatsou restente t 30 doese sofit efoess)t he

fol |l ow ng i?_[ormatir(])n: t he H%me of the, sound; tge source of ﬁhe sound,;
and an al eftoNe&Fe s, SYSHL Wil Recsais8rg 25 Based sigy WAL COPVAYRO dBUN t o t he
user. Possi BARerah& fow it &V@nSeyedC! ude: ~unknown', indicating that the

i nportance i s unknown, ) ) )
An AddSoftFocusListener method may be implemented to receive

15 notification of events that try to get the user’s attention without taking the input
focus. A RemoveSoftFocusListener method stops the notification. This method
may use the callback object to identify this listener and therefore the object
passed in should be the same as that passed to AddSoftFocusListener.

An OnSoftFocus method may be called by the accessibility system

20 200 when a soft focus event has occurred. To receive this notification, the
listening application or client 300 calls AddSoftFocusListener. A source
element, if available, can be used to get more information about the event. An
example source element would be the logical root element of a balloon help
window used by one of the notification applications in the system tray. The

25  OnSoftFocus method returns: name of the event; source of the event; and the alert
level indicating importance to the user.

The following chart illustrates the actions of the client 300 and the
accessibility = system 200 when the client 300 uses an

AddTopLevelWindowListener API to listen to events from a specific process.



30 "informational', indicating that information has been presented,

"warning', -25- indicating a warning condition; 'question', indicating
that a user response is required; 'exclamation', indicating that the
event is non-critical but may be inportant; and 'critical', indicating

the occurrence of a critical event. 8. Soft Focus Events 5 Soft focus
events appear on the desktop but stagré'i n the background. Sone exanpl es

of soft focus events are: a balloon help wi ndow _indicating "New updates
are avail p6lient in the notification jpAeassibilify gsteimanditborargen Ul whieddvask bar
for a background application that wants to gain focus; and a printer
i con appepCalngA@dThple caAWRRdW L igerder 0m t he A&@mmgtsys@émbnaﬁ sWREA thiteadt 1| ng
starts |0l and ends. These events NayioSRREA foP tdPVIBYdIARpIRANBNRAdoWsbRingt fer
event categories (nultimedia may inyelivafie );egn events as does Sofft

focus) However, the event will be |cat egwe @pla gﬂhﬁ it}nht onveys
Q i et

to the user rather than howit is CON: P s e
nts that try
é“$%%QW"e$ HE’&E’%

nmet hod may be irrpl enented to receiyV
to get the user's attention without e‘?‘é (?prlrﬁwt'l

RermveSOf t Eacticl i ct onar nat hnrl st ops j_h iy
use the ¢ ect to identify thisACFSpiRHEY Systrdn ehiRnt gorBAWNICAlES

ob
obj ect pggg’EQPI#MCI%BﬂFNp%‘C@ he sanehagvanhld’s [tbe taggeat /1 window so it can be
AddSof t Focethpd cadlsether APIC0IegisED c Usseleetiveoid netifyingofeeyented by t he
accessi bi | for gddsyortabevenBhappéhinghion a -sof t Accassibilgy eystenn aelseno caramueidate§ o
recei ve the tangdtiUlivaadovan, the | i Stthaievegt Bpphndfaitdring inforraatioand tik00 cal | s
AddSof t FocusLi stener. A source el gmagessibifityayatemabhver scid BarPRrteefiltdro | get
nmore i nformati on about the event. rbveﬁgarrpl e source el enent woul d be|the
| ogical rjoot element of a balloon help whid pw/[wﬁﬁi@wmge@m@aéﬁesg,gﬁt
notificatjion applications in the sys{gmntsea¥r APIR morif La6HE rret hod
returns: |name of the event; source iS‘E‘?‘%Ff"’ Efle o I%g ?,iﬁtreteb ){eve

0

indicating inportance to the user. wng c art trates t he

actions o -

client 300H:H§iessegﬂ1 s In the callbac . ccessibility System server communicates
objects events back to the accessibility system client.

Accessibility system client calls back on
the objects the client application supplied with
registration.

‘<_j‘l>

14

Calls RemoveListener APIs tostop | - Accessibility system client communicates

receiving events to the accessibility system server and to the target
UI window the events that are no longer of
interest.

The target app stops notifying the
accessibility system server of events.

Event Notification

Corresponding event notification methods are used by the server

400 or underlying UI engine to support the accessibility system events
enumerated above. The Ul automation server APIs include methods that the

5 server or underlying UI engine may call to accomplish this. For instance, there is
a NotifyPropertyChanged method for the server to call to notify when a particular

property changes on a logical element. It is up to the server 400 or underlying Ul



AddTopLevel W ndowLi stener APl to listen to events froma specific

process. -26- Cient Accessibility systemand the target U w ndow Calls
AddTopLeve] W ndowLi stener Accessibility systemclient starts a thread to
watch for top-level application wi ndows being created and destroyed. New
U appears and the Accessibility systemclient calls the client's
OnTopLevel W ndowOpened net hod. From tHe Accessibili ty systemclient
communi cates OnTopLevel W ndowOpened the event I1d's to the target Ul

wi ndow so ianguwrio igenerate thecappeepriate mardmsterARhd calbthesgnatifentisreinethbds/e i n

noti fying Of?e%\égmﬁli‘f or additional events happening in Accessibility

system cli en P&tes the target U w ndow. the event 1d s and

filtering iﬁforﬁi!oa to the Accessibility systemserver so it can
further fi|3SA¥er . Target U w ndow uses the accessibility system
server APl to notify the accessibility system server side of the events

of interest. Handl es “VeM¥éseExeRtAddedaimashad apd cars AdyiseEvgntBompwad ser ver
e . A be oLt el
comuni Gat §fethGPhRCLe }bgnfhéCtgﬂaﬁdsioﬁﬁlimalaﬁQS%nyelqu%{%%%M{n' en

Accessibility systemcliént back on the o C clien

appl i cati orelisup 30D euk wiquesting eyerss.r dthisoallowGatht sefRendd®Ld sotepropagafel s t o
stop Accessibility systemclient ni cates receivin vents to the
accessi bi | ﬁvflmgﬁﬁgn#ég%sﬂ%fty é%%e’??%mepéﬁﬂgtls "QJIO"W"_HSE‘}_%"'&'h CB¢Bnt s t hat
are no | ongai ued theseidtifRations thendka pEEbrnABe Ak AGeri ¥ni WHEHRG ther€ are

accessibility system server of events.
clients using the events.

10 Control Patterns

The accessibility model offers a unique approach to categorizing
and exposing the functionality supported by a particular Ul element or control.
Instead of associating functionality with a specific control type, (for example, a
button, an edit box, or a list box) as in the prior art, the accessibility model

15 defines a set of common control patterns that each define one aspect of Ul
behavior. Because these patterns are independent of each other, they can be
combined to describe the full set of functionality supported by a particular Ul
element.

For example, instead of describing an element in terms of its class

20 name, such as Button, the accessibility system 200 describes it as supporting the
invokable control pattern. A control pattern defines the structure, properties,
events, and methods supported by an element. Therefore, these patterns not only
allow the client to query a control’s behavior, they also allow it to
programmatically manipulate the control by using interfaces designed for a

25  particular pattern. For example, a SelectionContainer pattern provides methods to
query for the selected items, to select or deselect a specific item, or to determine
if the control supports single or multiple selection modes.

The control patterns currently defined for the accessibility system

300 include: (1) Selection Container; (2) Hierarchy; (3) Invokable; (4) Simple



Event Notification Corresponding event notification nmethods are used by
the server 400 or underlying U engine to support the accessibility
system events enunerated above. The U automation server APIs include
nmet hods that the 5 server or underlying U engine may call to acconplish
this. For instance, there is a NotifyPropertyChanged nethod for the
server to cal | to notify when a parT2 tular property changes on a

| ogical elenent. It is up to the server 400 or underlying U -27- engine
t o gener at &rida€5)Appt 6P Madiee (DaRepreseats Ohgent; @A Serotladed InSertabie 41Q)on

met hods e, Ul rver Methods An Advi seEvent Added net hod
and an Ad&%%gbgh%'ﬂé%@@g'eéoﬁs 'od are call ed by the U automation
client to notify theThBrieemnigh@Oenabes cofilrbledé\velopel @I Bnpleferdsd neg events.
This allows the server 4,?0 t_lg not propa?at,e events to the accessibility
syst em 200" ¥RGeN ol Wile, stilh having; & welbdefinedanpeqagh fop expesdng fese
notificati Wl%% clients
usi ng tﬂe g%/}zdr‘{gdgtg?‘gep ngﬁl{grt%{daggétzﬁ gﬁ&ﬁgq'?'ﬁg@gég%ssi i |'E) glfsm(aue%c?fers a
uni que approawicontgolpatteygcnn bé defined talexprese shengquikee fhonetmnalityal i ty supported
by a particular U ekengqlt Nels c]ontrold. Ingt(e?d' of associ gti ng
functionality with a SpRtefrdne'gey pradupts and tesf SGripks SHITA bg WHliGRt on, an
edit box, e urilelstaiid HoGXth wasik iwithtedéh pdtied, idstdad of B&cha@L&miohiHecinée Model 15
defines a set of commpn control patterns that each define one aspect of
U behavi Hiere Bec fas devero santilt paterrs 4han jcapele 6lassss. dis egeltnigieher, t hey
can bejpgcophi: t ri t he; f t .Qnal i rted by a
parti Cll,l ar Hﬁlﬁ]'ﬂﬁelse%é(:g%ﬁ&%@ﬁéxgﬂngl gﬂ,’dr?a:@t %lg{)j %?%ééegr?bdpé{é génm@?enent in
ternms of i thit¢cags tha® Oamefifiectively ditemegaBusrtdomaniphleteaceesmirbis| (as ongyst em 200
describes it as sugip[%ti ntg_ thef | nvQkabl e control pattern. A control
pattern def§REYSYAR PHRELME PRYSPRrti es, events, and net hods supported

by an el ement. Ther eTh RilloWieS@ble PréBdddSsofitex@miples of common controls
and the patterns they will support.

15
ontrol [Relevant Control Patterns
utton Invokable
Checkbox, Radiobutton alue
istbox SelectionContainer, Scrollable
ICombobox SelectionContainer, Scrollable, Value
Treeview SelectionContainer, Scrollable, Hierarchy
IListview SelectionContainer, Scrollable, Sortable
extbox, Edit Value, Text, Scrollable

More specific interfaces will be used to expose functionality

associated with common control patterns. Examples of these patterns include: (1)
selection managing containers; (2) grid layout containers; (3) UI elements that

20 contain values; (4) Icons that represent objects (files, emails, etc); and (5) Ul
elements that may be invoked. In general, these patterns are not tightly bound to
specific controls and different controls may implement the same patterns. For
example, listboxes, combo boxes, and treeviews all implement the ‘selection

managing container’ pattern. Some controls may implement multiple patterns if



allow the client to query a control's behavior, they also allowit to
programmati cal |y mani pul ate the control by using interfaces designed for
a 25 particular pattern. For exanple, a Sel ectionContainer pattern

provi des nethods to query for the selected itens, to select or desel ect
a specific item or to determne if the control supports single or

mul tiple selection nodes. The control2%atterns currently defined for the
accessibility system 300 include: (1) Selection Container; (2)

Hi er archy; 4ppjopriatcokaidletiot 4yidSveutd émpléBent@dtel the( Grietalyout(@htarue; (7)
Represents G)ngect ; II]‘%B)SFSCEOI | abl e; é%gé Sortable; (10) Draw ng; and (11)
O her Cont 28N ang e 'SeleClion HenRsEisHNRNCE MHEHE devel opers to i npl enent a

new type of control Tell & 84 inglé"'at’éiem%r | hg %E}H‘@&lsaﬂffﬁﬁ@ﬁ%sf or

exposing its 5 behavior to AT products and’test scripts. a new type
of behavi orlnstead, iwp onared, mechanswscantused. pGonter rpattams bdetetefinenda t o

he, . r.equl f ' lity, iSti I d d
oot -sof prEBE RERpRE) of Aonlct atd bl Tr RER eI bR ApeFdZach

pattern, i ngbwda adontralbtypbinamenidt e usBecalsRierstddl suchlag ‘bdfonf eWer contr ol
patterns than control classes, this techniques 10 m ni m zes necessary
code. This bé?ﬁSpFEFach al so encourages a nore flexible architecture that
can effectively interrogate and mani pul ate new controls (as long as they
support kndi%@peities rol patterns). The fol | owing tabl e provi des sone

exanpl es of common controls and the patterns they will support. 15
ontrol Rel evant Cont Tb¢ apegssibilits sysBum 1200 willofeatvreea geaerkbGriPréfzaiyobut t on

vl e, ¢ gl A Do SRR B RIS SRS GBI
I stview el es¢d onGansiaien@r andSEioa laatdnelocdbizablabmfemonic form (useful for
scripting and config files) and also to obtain localized descriptions. The two key
advantages of a general GetProperty method instead of individual methods are
that (a) it allows for new properties to be added over time without changing the

15 interface, and (b) it allows for implementation techniques — such as array-driven
bulk property fetching — that are not possible when using separate methods. Each
property must have a clearly defined intent. Whether the property is intended for
human or machine consumption, whether the property is to be localized, etc.,
must be clearly defined.

20 The present invention has been described in relation to particular
embodiments, which are intended in all respects to be illustrative rather than
restrictive. Alternative embodiments will become apparent to those skilled in the
art to which the present invention pertains without departing from its scope.

From the foregoing, it will be seen that this invention is one well

25 adapted to attain all the ends and objects set forth above, together with other
advantages which are obvious and inherent to the system and method. It will be
understood that certain features and sub-combinations are of utility and may be
employed without reference to other features and sub-combinations. This is

contemplated and with the scope of the claims.



extbox, Edit Value, Text, Scrollable Mre specific interfaces will be
used to expose functionality associated with common control patterns.
Exanpl es of these patterns include: (1) selection nanagi ng containers;
(2) grid layout containers; (3) U elements that 20 contain val ues; (4)
I cons that represent objects (files, emails, etc); and (5) U elenents
that nmay be invoked. In general, thes3e9 patterns are not tightly bound to
specific controls and different controls may inplenent the sanme patterns.
For exanpl e, |istboxes, conbo box%iJAlﬁfgd treeviews all inplenent the
"sel ection managi ng container' pattern. Some controls may inplenent

mul tiple patterns if r prlate a selection grid would inplenent
both the 'Gid Iayoutwrgagnstcgé)ﬁ]ézgi pattern and the 'Sel ecti on managi ng
container' pattern. There is no single 'role" property as in previous
applications. [Instedd, twn sepangtkanieat wathis rscliEnesarseadenvizoninent|

patterns determne t Y ble functionali of a control and a
human- r ead 481 ‘&@CP‘GSQICRE%&"E?B‘%{) PEESAR BIFiUiesin rfteger“tt}eoqve{\w%c ARS® t hat the

user can undgnatiapd, a S %g’treﬁ%n RAEdHaRBm forl AIfdwin®Afe cli€htCo RpRRE ! €S The
accessibility system 20 feature a general Get roperty 10 rnet hod.

Properties reneerepn@mtla&wserrletprfe@elnfmaw AUIes mtwfacn autqmatltop ciieathods
used to tr late.to I za seful for
it recgﬁ'fng r‘%nﬁqrg § 'Qm F OL Ble% ocal I ze mtf&sc,grl he

scripting and C ain pti ons.
The two keynte&dw%msagﬁﬁerﬁi:e :mfgmmmlto @etd?reﬁpepdnyrecmpthadenensmeaderof
i ndi vi dual nmethods are, that (a) al new properties to be added

over time WHEKSt a‘BWBi‘F@ﬂ“n@“"c“h é‘si%thenteétstré‘é@ "ﬁﬂ’d“a("ﬁ)‘ o adyIse AdSTor
i rrpl enmgpt aﬁh@&&%@h@t%@% dseS thdrfaBS alﬁbﬁtﬁﬁforﬁgér\/@rrfor RidLikin @W@Q@t‘i‘ﬁt%nf et chi ng

- that are not possi when usi ng separate net hods. property nust
have a cl eamﬂoymamimfnmdthmuentntewwgtahmmatnhe cppmmdtfyr chewntgethdeslerfor
human or nmchi.ne co nsungé1 whet her t RL %I i zed,

h
etc., rrustmﬁ'gacgllg aige meduseﬁﬁlt fge erﬁ%'se?ﬁﬁggj% ?1tF| on ?Oma(o%een

descri bed iserveeliatludingt @ fiRéring Wedice for filtering out information that is
uninteresting to the client and a notification device for notifying the user interface

15  automation client of information that is interesting to the client.

2. The event mechanism of claim 1, wherein the registration
mechanism accepts registration information from the client, the registration
information including: object information; a client location for the object

information; and a list of properties to be returned with a source object.

20 3, The event mechanism of claim 2, wherein the UI
automation client comprises means for delivering the object information to the

specified client location.

4. The event mechanism of claim 2, wherein the filtering
means of the UI automation server determines whether the user interface
25 information from the user interface engine includes the object information and

the list of required properties.

5. The event mechanism of claim 1, wherein the registration

mechanism receives a request for a specified scope of information.



enbodi nents, which are intended in all respects to be illustrative rather
than restrictive. Alternative enbodinents will becone apparent to those
skilled in the art to which the present invention pertains wthout
departing fromits scope. Fromthe foregoing, it will be seen that this

invention is one well 25 adapted to tain all the ends and objects set
forth above, together with other advant ages whi ch are obvi ous and

i nherent to the systemand nethod. It wll understood that certain
features and sub- contf-nat i OWs €¥e BEChFISM ¢ ‘éﬁﬂ“ ngy“ﬁ‘@re”en"gf’oﬁ‘/séﬂ Wi t hout

reference tmte%p@raut(ﬁﬁétf%e&r@&d fGHHR: Qoﬁgfﬂﬁte'lé?ﬁb?n ifMihe bser eI at ed

and with the scope of the clalins. - What Is clainmed is: 1. An
event nechamfamation s interestingetot the exliget anshid mathite tite sneetfledeseppmgnda client

notified of .chapnges in th S nterfac t he eye

conpri si ng: d'ﬁcafcg t?"%ﬁrl'gﬁer%@ecﬂﬁ rg?rtﬂnorfeéqel owt ng ¢ rﬁ‘ce ' Wf"ﬁ?'b '?egl ster
to receiyve ¢mﬁtefee&tg¢}gs u@e,mmmhersbaﬁﬁed ®bgg.mati on; a user i nterface
automation client for receiving regi stratl on information fromthe client
and for conveying the interesting user. interface jnf rratlgn to the

client upon receipt, Ther difs eYft y@eshanispy &f t clan alit YREEHANG | ¥S8ht uses
the registrgfiQge bdl&%tr@%ée%r%&nﬁ&\ﬁbﬁroﬂu H'x%%eﬂﬁtekf'ﬂé@éﬁ%?&@méﬁmﬁ , and a

user interface autonmation server receiving registra or mat i on
from t he usenamaeferdhasgedauopemyt & o¢w aalue,rﬂndamd ayalableede valierg t he user
interface information froma user interface engine the user interface

automation server ingl udlﬂlg g‘({“klﬁ'ggﬂ Eﬁ % I g&iad Of th}eg-[ h [t

information that is Unintere ient arldd a n i cation
devi ce foor m&'rﬁaéqunlf@'ntahen usmpnsesntim‘oﬁnmmn pl:&anautgaomt least @riei evpiit t@pe
i nformation i"hah tllr ter esti i ent event nechani sm of

claiml, %@i’%ﬂ"cpr gb‘ﬁ’ leﬁ%c‘ﬁ@ﬂ?%’n‘?"&&'@eﬁ‘i’%’s YGRSt PRPFTHNh

i nf or Mat | OryfRM daR; Cbbrﬁnﬂ phtfi@nd EGkefts! alToFi‘éﬁ'l strib@FdTBEHaRBe | &ehiddi Ng:
object infornmation; a client |ocation for the object information; and a

list of pr opehnmeé@etventbélmelpmw@ctvmtﬁmnéseﬁslﬁweew]tect 20 3. The event
mechani smof claim?2, wherein the U

9. The event mechanism of claim &8, wherein each event falls

15 into only one of the event types.

10.  The event mechanism of claim 8, wherein each event type
includes a set of methods for adding a listener, removing the listener, prompting
the event mechanism to listen for the event type, and for the user interface engine

to notify the UI automation server of its events.

20 11. A computer-implemented method for notifying a client of
interesting user interface events, the method comprising: receiving a registration
request from the client for specified user interface information; monitoring user
interface engine information from a user interface automation server to determine
whether the specified user interface information is available; passing the specified

25 user interface information from the user interface automation server to a user
interface automation client; and delivering the specified user interface
information from the user interface automation client to an appropriate client

location.



automation client conprises nmeans for delivering the object information
to the specified client lIocation. 4. The event nechanismof claim 2,
wherein the filtering means of the U automation server determ nes

whet her the user interface 25 information fromthe user interface engine
i ncludes the object information and the list of required properties. 5.
The event nechanismof claim1, wherd®#n the registration mechanism
receives a request for a specified scope of information. -31- 6. The
event mechani sm of cllai m The wieghasl of ¢lien Ukewhdreingrdeadeg aueginwatioon ser ver
forns a logical element if the user.interface infor, ti.on_isb.i teresting
to the cli &RUCHN“IPIFY hHELNE sFEEIRIYY é’ﬁgr&eangﬂd ingfoding, 480K yser
interface ijoahatRint Qrrlieht lob@ionsRy thebljedtaaRrinficl; Al i 0nsti F re§uired
uninteresting or is not wwthin the specified scope. 7. The event

mechani sm ®ORENKESmM 1, wherein the user interface autonation server
notification fromthe user interface engine including: a nane of a
changedsproperty; a pgw v%y%euﬁ)@doquma@wﬁpéi@delli\%nmgltH@s &ifiehe event
mechani smof claim1, wherein the user 10 interface infor n%tl on

conpri ses iusdroinframiatien igemprisasi dediveningathel eljentt infeematiemto thepepecifiedect ed
fromthe gr un of ;. top-level wi ndow events; focus events; property
change ever‘fﬁ? (!%Cr?{'?'?jl patterns events; |ogical structure change events;
mul ti medi a events; sinple sound events; and soft focus events. 9. The
event mechani sm of cli&i m Bhe wedtodiof ckamhl 2 feriter fcalpaising Filterihg usedl y one of

the event types. 10. The even chani sm of claim8, wherein each event
type incl Lﬁ%‘%&‘m& '§g’EmB‘F°W‘§o Sr&%?“t%ﬁf%seévqritgt poine, W, Frné‘et he

listengp, REQMRlrAG itfBRnANAMroMERBaRES mtérPacEie?Jgﬁl@ ifn@fudéshﬁle_e&?jé‘ét type,
and for the user interface engine to notify the U automation server of

i ts event s.infaanatibn and therijstiofrequirgdl propentiesd met hod for notifying a client
of interesting user interface events, the nethod conprising: receiving a

registration 15.  The method of claim 11, wherein receiving a registration

. request comprises receiving a request for a specified scope of information.

16.  The method of claim 15, further comprising forming a

15 logical element with the user interface automation server if the user interface
information is interesting to the client and is within the specified scope and
discarding the user interface information if the user interface information is

uninteresting or is not within the specified scope.

17.  The method of claim 11, further comprising receiving
20 information from the user interface engine including: a name of a changed

property; a new value; and any available old value.

18.  The method of claim 11, further comprising receiving user
interface information pertaining to at least one event type selected from the group
of: top-level window events; focus events; property change event; control

25  patterns events; logical structure change events; multimedia events; simple

sound events; and soft focus events.



request fromthe client for specified user interface information,;
nonitoring user interface engine BAformation froma user interface
automati on server to determ ne whether the specified user interface
information is av il abl e; ing th eC|f| d 25 user |nterface

i nformation fromt ﬂe ug'E‘imF'ﬁP‘i?ff‘g?}@ @u‘f" cyentfalls inig onlyyser

I nt er f acgncAyfiiRBREAtQypes! | ent; and dellverlng the specified user interface
information fromthe user interface automation client to an appropriate
client Jlocation. -32- 12. The method of claim 11, wherein receiving a
regi stration request conprises receiving registration information

i ncluding: object information; a client location for the object
information; and a list of required properties. 5 13. The method of
claim 12, wherein delivering the specified wuser information conprises
delivering the object information to the specified client |ocation. 14.
The nmethod of claim 12, further conprising filtering user interface
information with the U automation server to determ ne whether the 10
user interface information fromthe user interface engine includes the
object information and the list of required properties. 15. The net hod
of claim1l, wherein receiving a registration request conprises
receiving a request for a specified scope of information. 16. The net hod
of claim 15, further conprising formng a 15 |logical elenment with the
user interface automation server if the user interface information is
interesting to the client and is within the specified scope and

di scarding the user interface information if the user interface
information is uninteresting or is not within the specified scope. 17.
The met hod of claim 11, further conprising receiving 20 information from
the user interface engine including: a nane of a changed property; a new
val ue; and any avail able old value. 18. The nethod of claim 11, further
conpri sing receiving user



interface information pertaining to at | east one event type selected from
the group of: top-level w ndow events; focus events; property change
event; control 25 patterns events; |ogical structure change events;
mul ti medi a events; sinple sound events; and soft focus events. 33 19.
The met hod of claim 18, wherein each event falls into only one of the
event types. ACCESSI BI LITY SYSTE ). S VECHANI SNV ABSTRACT .
OF THE DLe¢ESRE 22 £ R ES user
interface informati on are descrl bed. An event nechanl smwithin a
client-server environnent for keepigg a client notified of user
interface events. The event nechani sm conprises a registration nmechani sm
for allowing the client to register to receive interesting user
interface information. AABSERAGE OF EHE DISCEOSURI client receives
registration information fromthe client and conveys the interesting
user interface infoAnatethod @aodtdysteal iprontiding om dieneiwzith u&eusinatcrfncet erface
aut omati an.server ?i vel.rs?Fregl tration |n6§lré$nat| B romlt

interfacd® Q%F‘SH%'{.UE F3eE B0 G VU s MEe AT o IS F"r{eerof t he
regi stratdn@ftonmiéift 6% Kee i'n@t@Eﬁ@fﬁ%cﬁMeﬂr@'tds@Fuﬁ@r‘ﬁl&re@‘ﬁﬁy t TRBavkyt recei ves
the user interface |nformat| on fromthe user interface engi ne. The user
i nt er Pac dneabauismidomprises ¢ cegistrasiondmechanismi for é|ﬂ¢wggdh&/¢|¢@t foregisért eri ng
out |nfor he n jfication
devi ce fo?vrue?v? nq%é“ %Hgésfer rFa? F%gé&ééj ofmat! %‘%n‘l %g%taﬁg}q'? tion

i nf or mat ictient hedeives régisttativini ngformatidre fedrh ethe. chemurafd2conveys the

interesting user interface information to the client upon receipt. A user interface

automation server receives registration information from the user interface
10 automation client and advises a user interface engine of the registration. The user
interface automation server additionally receives the user interface information
from the user interface engine. The user interface automation server includes a
filtering device for filtering out information that is uninteresting to the client and
a notification device for notifying the user interface automation client of

15 information that is interesting to the client.

Figure 2





