-- “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@ HE"?/ef_‘?IQCQ saé_??“‘éeupffﬁ}“f"og%om
el sewhere tfoho& @B, N Bilie?: prédutsIRhidR rcoll@éthsFPHtﬁ’ﬁlc@t?%?mﬁfb

|y di scove

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

notificati QRRrhitich &RMifedl inZed Mentedby @RHutdradlvafl, SRA%RHédIR S t hat
current automation and accessibility infrastructures are not extensible
and t hdPef dwaee racneddr for O8farmadon aelayagedotthe 9tpu®s interfageinclimalaely.i ty.
Furthernore,.currently .to gat ji.nfaormt.| . . I j.on's user
i nterface, b3 Hﬁn%?utgb%}égé%“ﬁgso?ﬁ\}\]felsg élgé]g‘%l 'lhfc%(gffl %ﬁ%?%'?? g&éﬂéeggatlgot 0 obtain
i nf or mat i omal®a nedd farsiaformdtien gbonc desuser intgrface.n Cuidendy, ath¢sei praducan-
specific code is tinme consum ng and reclgybriﬁ conti n_Pous mai nt en

I

ce.
Current 30 Mayt BReHffiGRNt SQuFcs Of PERE dRiFHdacy pation, o Thase thres/tYPEs 9% | t er and

coor di nat e gr&flieRAGMENts) 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



1

t -2- or msleading event notifications in a consistent manner. Thus,
event consuners are required to independently filter information.
Current systens allow AT products to request event notifications in
three levels of granularity: (1) everything on a desktop; (2) in a
particular 5 process (such as openi ngﬁ_of a word processor); or (3) in a
thread in the particular process (mnmult4ple objects doing work in the
process). Currently, when the client receives an event, it receives a
wi ndow handbemisteadmgspentinotificationslina consistene manhe. Téwe rdvemomnsumaats and
other bits of information to fr}gl catfe where the event occurred. A client
can make a SEAEWirH foindependenty e prmatgns no 1 object that is rel ated
to 10 the event. Wt hCififdns sw@érﬁgauownergﬂohwi t& AQuésR ke GRtititRioat Cross
process calls to ask for information about that object. If the client
needs five i#i asslewgls of granuhagity:ofd) everythinghen @ desktopin(dt inndpartichlge cr oss
process gal C S i.nql

Pert or menccl 2ot (AP abpRATAor £ Bplahriistecklt SE R BT hrehd e Bk

accessi bi | i pipcdssimakipteustjestedoing Moghin thé psoctyspe Cafreithgwrhes elenéieno i s 15

shown in FIG 8. A server aE‘pI i Ca‘%fi??n 15 ftj res a ,ev,th 6. A keElneI 14

det er ni nes WATIEF &Y GVER K ITRGSES B! “ilﬁ" I§ 1ghaiSRESHiFSVIBAow VR MichdRS £ i cati on
18 to an i &Vehf &ehfel Sid ARdr bIR of TS fakibR B indRal¥BHR e MeePEMQturkd, from the
server application 12 across a process boundaréBZ for the object rel ated

to the evend\ ohientidangaakedncres. procelsecalbiovigiriesp thei Uhobjeet that is eqlatedhito t he

obj ect g0 apd LGN ieul bl AR AR R, 204RERTINAS LRARSLA 1S for

i nfornma n abou contro € € even e server

~appl i cat i onask2fdreinbdrhfatibh eabb e tteas tabject.nf Ifr et tlignt Zikeds IfD@Spieby pf ocess

boundary 2 ,t? the cljent 10. Another cfurrent option ﬁ1|| ws client code to
be | oaded a®fofmapomdhsn the;qhigny mpstapke fY§ ¢rpss proRgss callhy SEREProeeRs s opt i on

has sever al ¢4 3MACK&tingl¥ 3I0W, 56 the pekfofRste (cBSt STRBA&HAE NnfdrRAtiée System
to load client code into a process. Second, it gives rise to security

i ssues becauseg omest pevessiiuliylinbastrugtwereisihigh. oBhiledypeiaftkpown segmaripdat i on' s

process,.it_js difticuLt o restri t he 4 nf or mat | Lt ga S Third,
to be ahs ef ?hé)évt"i '\?ei:tcg‘c ni éuseer‘?eérgptp ﬁéauc(:)Fi lein'? 1’res| r‘ﬁ‘jg@ %‘e 80%%@% }4nt 0 every
process on ddie@nsystveiich diehismakst Ye naritied and y&idedn elént nbsficilion!l 8 tden | oaded

'nto 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.



30 anot her 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 nay need to make a nunber
of cross process calls and then analyze the information to determne if
it isinterested in the event. A nechanismis needed 5 that can perform
this event filtering in a nore perforpgant manner and that can be easily
updated to support new system or application events. Furthernore, a

systemis needed thatFuHﬁ@:%&é‘,'aYsyEt@H\SiE%Qec_ﬁgm%mts%ei dicAf @eTabfifgy @) | eviate
security ~concerns. Currently, when seeking Ifformation about a user

interface, speafy what&Veprnotificatians ir wanis tetectiveade dsewi systems, atliear e nati ve
to a particular framewor k.. Acgor di ngl mul t i pl rees_are required
to convey Jtbf et dp B i kB Brochen el 8o anafeT i TThese
di ffering tinfehatieytocRiring if it aitérestedn thBietént] A RRthadism BtRe@st or 1S
not visible to the user, such_as hidden container objects which nmanage
t he vi siPbl dhaycag geffera duspysntfiltesingdn pynare, geréormantmaaner andrif@t egndiee, a need

exi sts for ARy ilfed B, gt SRE SRS Y aldIoRR RO undifidle, & © O

interest tot ser. ution is nee at resses the needs of AT
products, sgsttrornhexied ¢sit nsay dnbotrsstedacmpoment ial bridgr i alleviatesecurtitye
solution should be usable by all graphical OGS technol ogi es and shoul d

al low al | f8PHE™of U and U~ 20 components to become accessible. BRI EF

SUMVARY OF THE | NVENGugkhtly)ewlineseeking | infoemhtidin abcut Gi §RE ierfice, ehemet hod
and conputer ap‘gkl cation for providing a client with user interface

i nf or rd0i orAT |RfOBIGE inggaited &F acess jtrpgrthatoare AptiveyEht RUERYAT M i s
provi ded wig hi cly rver:.. [ At L for j : j.ent
notified offl;ac%glr?g%s 4C§8{dﬂl@?{ls@§lt'§%t tgér%a%gqé E:‘ §d t8fﬁg§e§5{é%? "?r[g[g éaeni sm

i ncl udes a infegnaionafar omultipleh Bihi feametwoak s. alTheses diffeging| treentmayo comteii st er t o

Y B TS o B e AR B B ade v
notificati Qoftamef objeéts GHhEMamge itho SRibIOUT fcbfiadls adhigutatéd By elel @at when
they ogeur ‘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



30 The U automation server additionally receives the notifications from
the U -4- framework and includes a filtering nmechanismfor renoving
events that are uninteresting to the client and a notification nmechani sm
for notifying the U automation client of the remaining interesting
notifications. A further aspect of the invention provides a conputer- 5

i mpl emented nethod for collecting information about interesting U

el enents. The nmethod includes receiving a request fromthe client for

specified Ysawohl'hfd fl&ql?(gisg:{e?ﬁtgﬁﬁ%% mﬁ%ﬁ%ﬂ% %lerﬂgvnfng evghtaetgﬁ fyg used by

a U automation server ter he request I'nformation
i s avai | ablueinteféseing peahé icBehtUind a mboﬁMnoneatmnqsmsﬁndldmfymgtthe O1/]
automati on server to a autgmation client,.. 10 Additional advantages and

novel feat AM@ERPN ¢lifat phibe Femaping ntereging nOlficaudns i n the descri ption

which follows, and ig Hﬁﬁﬁerwa's#)ecpeﬁpniﬁealﬂ%ﬁﬁm bl@VldEboﬁec&IﬁblhtEled in the
art upon exam nation of the follow n may be |learned from practice

of the $§nvénplemanteGricHodDREEREcringNn{oFmFtEn Broaninesstag THeelgmensent
i nventi on Ll"ﬁe drﬁaﬁ(\),d]l?ﬁc dcs rg%é?ing a %qgl\é’%mfr})rg [%f gﬁe?l?%% émftlergieuae:[ tached

drawi ng fi gures; Iock ragramo ing system

envi rOnrTeninterﬁatbﬁrﬁ'bhﬁatfoﬂrandﬁl&enymgl the Ue eigihé ngdtﬂyea I ememationiegvdri on; FI G
2 is a block, diagram of interaction between an accessibilit 20 system

a client effstoRiRYhethsidheregussind, ULiR{Armatiomistavaitabls. The %Pe%.‘)éﬁ‘li &k di agram
i 11 ustrati fgoaRRBe eRissed Hont AR Ul%ﬁﬁn%ioﬁ'séﬂvéb’tosay@f SRR cliEhSS -

4(A)-4(D) illustrate the creation of | ogical tree fromnative
el emeni®; 25 FI G 5 Addigofdl adpdnsages ghdmb\regf@tlsquéﬂlcenvﬂmlpn@aé(bures for

bU|Id|ngaI Fl G a_dialo andlts conponent s
For m ng 1 o3ftars b EReastcr, whch TS abd T e o7 RERE aPPRGNBPocedur es
i nvol ved i thoa€bkiléd iimehe art upon examination of the followmg, or may be learned

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



30 an event nechanism of 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 exanple of a

sui tabl e computing system 5 environnent 100 on which the invention may
be inpl enmented. The conputing systemenvironnment 100 is only one exanple
of a suitable conmputing environment and is not intended to suggest any
limtation as to the scope of use or functionality of the invention.

Nei t her should the c i,ng environnment 100 be interpreted as having
any dependency or re%@ﬁ%ﬁﬁ arqgﬁogf‘isﬁﬂe‘f‘éo%ﬁl‘g‘?"b?%'f'ﬁ?“ conbi nati on of

conponents il lustrat i e a operating. environnment 100. The
i nventi on may be des@&f@ghﬁgifméﬁéﬁﬁpgﬁm%noworrputer-execut abl e
i nstructions, such as program nodul es, being executed by a conputer.

General |y, E¥Xeffplary Op&dtiRg Envirblfent OUt i nes, programs, objects, 15
conponents, data structures, etc. that perform particular tasks or

i npl erent  parti cul ap@bst fiastarda : r , &ﬁbﬁ' kbjed in the
art will appreciate t%at lt he %t%vgﬁte?grﬁsﬁrm?/ beﬁgiﬂggtcl o §|\ﬁfgtssﬁkt(l?ltnher

conput ed syavieenmenh{l DY on axtiignthe invantibu dhaygbenimmplerhaitet. d&hé cemsputing

mul ti process syst.ens 1 CLOPr ocessor - hased, or r ogrammabl e consuner
el ectroni cé?s(%%lnngé%\gr?ﬂmeg{rnslfbbnésl n %r%'ecgﬁ%'ﬂglgrgf grﬁ'}lﬂi ©t KREPYE. The
invention wmAyir@insmt Bed RIE intemidd itd segebt dnlpUirkitatida Mo Wb kHtGscopbf iennNeNnt s
where tasks are perforned by renote processing devices that are |inked
through a OHMASHPRAILY Bfnilie vk . Neither shoudd thesamputingenyironmgnt 100

envi ronment., ; t -' I renot e
comput or orS ReA B L RANAE Sn B Ry Bk AE e o el

ref ererfe tcombin@ior of eomporents! ilnyragygsinethe tEmplary opemgingnenvironmerthe

i nvention ig&l udes a general purpose conputing device in the formof a
conput er 1f including a processing unit 120, a systemnenory 130, and a

system bus 121 that TRepPin@entioar hAysbs Ydd&iBedO P ARe Niehetal Cdontbixndoft he
system rrengg%pltjtgr-gbe%utglr)l%cir?sstrsulctri]gns??dc% a:sL%(r)dgram 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.



-6- Conputer 110 typically includes a variety of conputer readable nedia.
By way of exanple, and not |imtation, conputer readable nedia may

conpri se computer storage nmedia and conmuni cati on nmedi a. The system
menory 130 includes conputer storage nedia in the formof volatile and/or
5 nonvol atile nmenory such as read only nenory (ROM 131 and random access
menory (RAM 132. A basic input/output system 133 (BIOS), containing the
basic routines that help to transfer infornmati on between el enents within
conputer 110, such as during start-up, is typically stored in ROM 131.
RAM 132 typically contains data and/or program nodules that are

i mredi at el y accessi bl : Vi N gbqgé e y
processing unit 120. %ﬁ%@nlgpq@%%{eﬁﬁgg%Ian‘g?gfyl {ls*mt L?%rngaﬁ&éj I

i |l ustrat egneshar Byi way of exasmpld,hd rep pimitasivn,ocomputey rraadable3fmedia ondyer
program nodul es. 136, and program data ,137. The conputer 0 may al so

PP ude. of REPDTSS fomaRiee) AP AR 4 SoPmunkaiomoia: 1ie Yobpt or
storage nmedidmorPyl30aincludss ebmpxaHbRge thadia h Ghe Forhl bESblagleeandohar d di sk
drive 141 that reads fromor wites to nonrenpovabl e, nonvol atile magnetic

nedi a, & nd@A¥RIptEHe anespory spcheas) wad Rk memeRIRPMY 3 brandyrandom agsess

r enovabl e, ﬁgﬂy | Blal gnet. | i , {C J: rive 155
t hat reads ronr? o(rﬁAV\l\/JrI):a g %ﬂg ?\ oB%aS?Cr @h@%‘%ﬁé,sy %‘gﬁ\,%?a@@@’ cgtp]%aﬂ{é@é(tr%l sk 156
such as a GbBsiEMtines thhhielp mtansfel inferdiagion Gethern 2lemeatymvithin edmpmnérenovabl e,
vol atil e/ nonyol atile conputer storage nedi.a. that ca e_used in the
exerpl ary RUreEh A SuiE TRt DPRTLHEe DR QY HoRAN R ey
magnetic t aBRafRHatdndfr phdgdeh GRS th&adrd fnmediglelyhcc¥Riniatd hRysh sks,
digital video tape, solid state RAM solid state ™ ROM and the |ike. The

hard dilfk dresertlylleing eperatgdhpr by processmgamitel@0t By way efexamplesard a0t t hr ough
an non-remvabhl. ry. i i face magneti c
i sic_dr ve HHARugnaFs: ¥ iffRneidh Bt S5 o, BIASF lamE Tt ot he
syst em bus ofti¢} plgram medola bl and pgyam dath ¢87.ace, such as interface 150.
The drives and their _associ ated con‘g%er storage nedia di scussed above

and illustrated in FITRE 1, CPRRNETde rag®2bf c¥iput rclidedantiber 30
i nstructi oRgmoddletontdtvablieE SolaiMeMBh ASTAITE donpieABra@t heddifaBg r the

conput er

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



110. In FIG 1, for exanple, hard disk drive 141 is illustrated as
storing operating -7- system 144, application prograns 145, other program
nodul es 146, and program data 147. Note that these conmponents can either
be the sane as or different from operating system 134, application
prograns 135, other program nodul es 136, and programdata 137. Operating
system 144, application prograns 145.,7.other 5 program nodul es 146, and
program data 147 are given different nunbers here to illustrate that, at

a mnimum (Lhay 1@4,%39&%4%&?2@&9@5@ other Eﬁ)%?arﬁ%dﬁl&%é, ﬁﬁ?r{@gggrﬁ g”d

information into th 110 through i"nput devices su

keyboard 162taddd. potenthatihesgepimpenengsicancatherhd the sahe py eddiffereasfremnouse,
trackbal | ar touch pad. . Q her input devi¢ces. (not shown ipnclude a 10
i or ophone SRR DEER tdvabtiical HEtbatity 35 eiet Brosbalf M RS Y 36 e
These and ppighehi darpUB7.de@pé&asngispsiérh t BIA, GPpR&EiLR Gprbgrainlel 4%, aiggsi ng uni t
120 througﬁ a user input Interface 160 _that is coupled to the system
bus, bud milegrm Swdnise 1 4% ang pregraya datanidd aregivemdidfertn numpers hared8, such as

a paral | el Qi AT AORinun? HEY R SfereiOldyls. DUS uLlISRhy dugtONi tOr

191 or other type of display dévice is also connect e e system
bus 121 vi soramandst andfiafoematsancintcathe @ompulten 1 1 theodghceputGidviced suchdsli ti on to

the monitor, c ters .al.so include other peripheral output devices
Such as. spaseabi o5 gl doiftiie el T Riomy THERET 1R s b ough an
out put per ifpé@an! of BRhT g 10her Thsut CAIIIES Efnotl sHowh) thi MMcRsRNkA
invention may operate in a 20 networked environment using | ogical
connectP on&i¢raphnne. ioystigky gape pad.csatedlgpndiphe peanner, o theslike. r hese andonput er
180. The r : i call
nci udes gt BPAEYEEE Sredta TBinciay ROHBRAGN: SATTD Hipu@lEulet (! R Y

conput er 1liput aitdrfaoeld60 olmdt \is aoupinidtoythe systan duslclwit ceayl Bl cornaged dgn
i cal connect icted in FIG 1 include

illustrated in, FI 1. Thelog i gns _de
25 5 | ocal OUFEISTRERBIAOCRIMIOE st SPqiFIR PAFcERELPIE TG 173, but
may al so kddl Wike @SB! metrﬂhs?.ﬁt6§-|9wnoméle§ydenoﬁdtsﬁm ngéwi&y ki BBo
environnent, the conputer 110 is connected to the LKN 171 through a
net wor k5 i neeinegled to thezysipmeius 1120 viawe interfasegsuch as awideoniateriaedk 1 Yy
envir onnentg, a&(m‘?orf; mlétrﬁSnil]o},ocM&it&@Hﬁ Jl&)cin'dnﬁé 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



30 nodem 172 or other means for establishing conmunications over the WAN
173, such as the Internet. The nodem 172, which may be internal or
external, may be -8- connected to the system bus 121 via the user-input
interface 160, or other appropriate mechanism In a networked

envi ronment, program nodul es depicted relative to the conputer 110, or
portions thereof, may be stored in the renote nenory storage device. By
way of exanmple, and not limtation, FIG | illustrates 5 renote

applicatio ns,, 18 Si g| nory deyi Lt will be
appr eci at egoﬁﬁag(t%tatﬁeth%e \?\%fﬁkggsorl\g!agg? gﬁesrﬂg Fel °’F§%#§?’aP§ oé'hetﬁ ot her
means of epgrepiiits hietlganisnt olimLnEtwaiked Bsvitdnfient) Progean nidd@les dspiviceér s may be
used. A|thOLf%h mang ot her internal conponents of the conmputer 110 are

not shown, T#bEdodhe SPaPyar § 1QiqriRortiqps thereaf, imay; b stardriadhare@metaat such

conponent s memrﬁﬂgragg'@e\ii&t. BERY g@%@ﬂ@]?g@ W& mikOWNFIGRG GRE ARG V-

additional details cConcerning t nter construction of the conputer
110 neell nomdie applzaliospwgiams Borasacsidiog on hémotyedepicesi@ht It milkbei on.

Accessi bilit S tructure As sho in FIG 2, an accessibility
Syst em 200°4AfeAEL PR ot BaniacTay o 45 ek 2 R s v o)

envi r onmenbf &eblishing a a6@Maficidns Tk HyeeMheZQhpiiRYys By bédegnent ed in the
conput er environnent 100 descri bed_ above with respect to FIG -1. The

accessi bi | ity systenfiboghmeanyeeher intemalaompenenis alcwe sempyiEs thP arent er f ace
220 for fagyldbah isd SRR SR iW'tﬁeParIt st GhprEQhre 304 sudh SfEpeREnS ! de

accessibility interface or facilitating Interaction wmth the server
side 400, ami tBO iaercwosesion barki wyll skrsivem cAceordingly, Tauditamak sistads | i ty

system 200 of the invention rovid new a jcation program.nterfaces

CAPLS) i neQeriiedhe iemakonsishen of Be omplPEHiFsed 0t O JI6%LIRG a user

interface ¢ddnketiohn@itoghe phsémiinvehdiosyst em 200 al |l ows applications to make
t hensel ves and any conponents they use accessible. 25 The client

envi ronnenj 33Gbilite SpétahlStriddareudes an assistive technol ogy (AT) product
or automated U testing tool. The server side 400 may inplenent a

variety of differental shippliBices, an 80RYHiIk{Fldh 280 ifedB\aly o Syst em

410 includes an adapter 412 and a core 4, may be found in a first
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



type of U . A server system 420 includes a proxies conponent 422 and
controls 30 424 as may be found in a second type of U, such as a Wn32
U available in -9- Mcrosoft Operating System products, fromthe

M crosoft Corporation of Rednond, Washington. The server system 430

i ncludes an adapter 432 and internal OM 434, which may be found in an
alternative third type of U. As shown in FIG 3, an event nmechani sm 210,
which is included 5 in the accessibility system 200, relies on a U

aut omat i onMikiogtt @%atﬁfgd stefn ?déﬁ:@ﬂatﬂd?ﬁ‘ her VB&rogdid Cf&f_)orfaﬁ&i |dft ating
interaction with the cli ent envi ronrrent 300 and the server environnent

400. The URedmoadvaWaghingion.erkhe2gpvessastemeddq includes @ntddeptes gy eand204 are
descri bed L[R rgé]e@h ‘ﬁ‘*d%?h a?%le? v(s{ll;]lan aﬁé %qgiﬁ%pygtfr&?mevents mechani sm

210 of the Inv e |I|ty sys e 10 i nvention

gives the client (ATAPshslutin FIKQCB tahevempadhhnitiyn 210; which igaidneled
informati on about an_applicatjaon's user jnterface; f 2) progranmmatically
di scove? Hnhtheiaceessibignsystem 290efrbigt on el aomation cliel 0Rdp Mgy used

to build thaohtion sekvdk 2@@W@&ﬁtaﬁﬁ%m&r&&l(ﬁr@ltrpfﬂe'al@ﬁt énQﬂHﬁmerﬁ@@O( 4)

under stand what type of behavi or functionality 1s currently
avai | abl e. a%@mmwmmlrbnmwtsﬁw eMh@dil adtomationsliemppl0xatd ores Uio make

th | d the Fl Gs.
" ana 3 onaRpaatol vt a0B ARSI R F 2R Sl I D MR B S RENE 00
i ncl udi ng: e¥eh)s MeHa@RM !vlo of @i m(vaﬂtl(ﬁOmI‘h@|acd%aélb¢|[y15yst<{rﬁ)205V(ﬂ‘rlhe

Mechani sm (4) . I nput APl (not covered in this docunent and 5)
pr oper {¢ es'""EJI‘“O&'CSE‘@é the gslical (AdeBraguot) 2300nkhg capability erof t he

accessi bi | j I which is
shown in F @/”@%’%ﬁ‘ %Hq!'ﬁ ta:péhéagg u@gﬂ :ﬁ%&ﬁa&%eg) ﬁ% "ﬁﬂatﬁéﬁﬂpk@o%@

accessi bi | anwlmmogatfeddbeléments Tdegardlcnglafahe telcbmolaggzusesl ta Huildtthe &d.;vi ew of

t he underl yj.n [ hi,er arch enent s ot a separate tree
Hhar et th" Sereiolsr el ond Rt gl it TF Waiktendiorngl BE0SF ner

| nst ead, | beﬂsewﬁ daffﬁncanohﬂvwwelchrraﬁfy Beflable OPEhd h&RssibiltyesyR&dm ngoand

uni nteresting, which indicate whether a structural elenent should be

exposedd i naews arpratians te akake themsehves And dbeir 5PMPpenents accessitior dhe 201

CONSUNES ol GRS Pitss @ ol AEUIBICk Fe Thdj6PApebel b IRGhceabiviiige 222

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.



in turn, presented to the AT products or test script. -10- The | ogi cal
tree 222 is a tree of elenents, each of which represents a control, an
itemin a control, or a grouping structure, which may be a dial og, pane,
or frane. The structure of the logical tree 222 should represent the U
of the application as perceived by the user (even if the controls are
actually 5 inplemented using a diffengnt underlying structure). The tree
shoul d be stable over tine. As long as an application |ooks the same to

a user, the |ogical trfngﬁoé?é? red £ %‘?J&E oPQle{n@ﬁ{% &99' |cg°%’iq§rkﬁ§%ﬂﬁ! d remain

the sane, even if inple |on etallso ehi nd the
scenes have shaolgan.iteidaini a/eoretodnerrd gron;lnag streo«ur.et wlhmh mby betuliabg,and

i npl enent ati on reason such as shel.| cView' 10 wi ndow | n the

M B osor t - 8% 0b Haties W atRaoR Uf sl fee A7 SRUIS e REbO L s er
does not pexcCapyiRafidie®s pERRiveadby ahe tu%&e(e%az 1'fsth@ ®hli8ls earEréi‘:@ualH?'lt from
a plurality of " fragnents that i's capabl unifying a plurality of

di ff er eht prplemented usmgtah@uffetemayndealwgtsﬁ@c@me The tr¢fe8ft§JIUIdeh¢ stalilae | ogi cal
Lree 222 oqallis. Oullook o i ARLR A0 SAPRY el e BhBina0;2 val ve

for a list o proper user Ve invoked

a cross pr @cfpe&smmgl that @p;ﬂ&huérorshaﬂd uaﬁamtthe samees\%nbif |1htp}'eméi1¥a$fbﬁm 200
wi |l have fet t hem t hrog khgssuse the | Ogl cal tree 222 | nst ead
of being cHfi@ B the @pplirayp be ‘811) CF‘FFSt xe Kpangpd-s Patixgglemeptidhatogi cal

tree 222 Iéx,gpmk(ra&ﬁﬁﬂartd RﬁBlErﬁ@rﬂﬁfﬁiﬁtéasfoHétsu@ﬁ &s u%ﬁalgasﬁsbévﬁe@”raw 20

tree. As shown in FIG 5, three nain procedures build the [ogical tree
222. | A0 pr sdrddw @ thz Mtclwoadaémdyplsmmyulgm epped (n [this dteessinet the e

el emsnts of un desr rgel ﬁ-.hnOI ogies and arrives at the native trees
shown in FIME APA° p? Bf 0€8Hure 74, the accessibility system 200

conmbi nes native el engnd $ogt|@a1 ftfHenI22hi% b amdl¢ eRe HhileSrors hoplurdlity OFG  4(B).
Finally, in procedure 76, th gical tree 222 is obtained b¥ 25 hi di ng

uni nt er est frﬁgmeraf'rfk@héﬁ@eahl%oft wyrw Rlpsalityqf difereppipeesses sp tha FI G
4(A) 11T ustrahes, qu gﬁé Nl r’ﬁﬁslo%faialaﬂge 34 e %Bl&hb‘ﬂ %uﬁog%laﬁet ed from

native elenents o yi ng tech ogl es su as t e Wn I, or any
ot her a¥ai talable dﬂlobtaTrheg aatlue dort 7 ke of PrapecicadBy the paeetsenoatmallyl and a
g:,]g{ ﬁlalr ty Of %eﬁgv%n%%(r)]l&esd z;L Zcrgsfjslv;l)r&,gesg %Elf] Oto as&e# ?t\'la urég,hlhgsac\éméésgil‘i)tgl] €
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.



30 Simlarly, the native tree 14 includes a parent node 15 having a
plurality of child nodes 16. The child nodes 16 nay be described as
siblings of one another. -11- As shown in FIG 4(B), the native trees 10
and 14 may be conbined to forma raw tree 20. The raw tree 20 includes a
parent node 21, having two child nodes 22 and 30. The child node 22 has
descendants 23- 29 and the child ang.30 has descendants 31-33. This raw
tree 20 is a conbination of 5 the native trees 10 and 14, with the nodes

of the native tree 1Q f rmn e 2 29 and t he,podes, of th native
tree 14 forning nodeg 30°%3." TEl?;'guz? thee PR H?%Sat!# b‘P ?yn Fics. 4(0

and 4(D), témbinedvto foreea 20w itee QONVELd eﬂv treé czonhaudidsga paent iR 222. To
nove fromthe raw tree 20 to the logical tree 222, a devel oper can

i nsert hi nP%V"i'&‘V‘forf‘é“IF’d\%d?Sr?e?ea"dﬂQe ThevBild pede 2afies doscendantsndti@? adl t hi n t he
raw tree 2 eq,‘?nc}d i?l'og@3§‘?|5§ ﬂes@%n El{sqiq el {‘hIQQ&Q#&‘.lz@rl§q cobififion of! d€

children o oper can 0 nove nodes sI deways or
pl ace ni)deslebleﬁmteeeshﬂladd dh, wmhése\oﬂhi' ofttbe nathe treo dOffooaing andesi23-t he raw

tree 20 a u tree 2 or exanple, in FIG
40, a deJ_é/%1 t§ ‘gegog)fipﬁr'\? ?ﬁe'ﬁ fﬁ’?ﬂ'@é‘ogfféﬁbéfof the raw tree 20 as
uninteresting as i ndrlcraﬁgiepla Jayth&&bhiaa@l@ﬁoéﬂ iR PG4 3(C)TanRiqeB), | the rdwpdes t hat
contain elenments that w not be visible to the user are marked as

uni nt er est iefg20 ingaReried inde &g lpgicaliee 223 T movy framehe fappires? p thonsi der ed
to be inte c for use
by the AT SEaniol,BE afleloff chll IRt nB Fol 8L Fhe e Epret e

uni nt et@st mak modes wahini thﬁ::favded: 2(hast ‘thidd setfi’ oalhite sdf 2aPchideenTloe as

accessi bi |l yses t i cal tr 222 to, fin i nformation
Sbout eventtde EHERETBE Bodst'>Gire TG ledflpBetah| Goafip i tes A E OB

i nf or mat i opla@brides BEFGE MildrenKMMak: Dss'e MRd hddefidalbndMmcdhé ey FeP2PI I ity to
scope wthin their trees. The | ogical tree 222 can be navi gated based on

the pref er&rassed todorm the legira e 380 Berexamplea pmblCe 46€), prdsvelopardras
i nformat Oﬁa k@&’%ﬁéseffzggrb& B8 P AV BW 1é2§ 186 i%Pe%s'uﬁgtaE? itdled'§¢-

operati on, Reeds t 0 obtain i nformnat a user about
an appl3 calbllodn; 40t dnd 4. |”Eypﬁcaﬂsb(hddesnt{mt taotaia etwtehtsrthatompirrmbe aisiblobser ves
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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



return a value that is referenced to a position in the |logical tree 222
of the client 30 side interface 220. Through the |ogical tree 222, the
accessibility system 200 gives the client 300 an abstract view of the Ul
regardl ess of the application in -12- use. The abstract nodel includes
structures, properties, events, and functionality that a |ist box,
button or other U conponent can expgct to have in common with one
another. The logical tree 222 is a single unifying tree that is a |ogical
5 represengat i : j g_B gp a t..lncludes only
el ement s OI%S%' i@?éﬁéetrsa%htﬁ'gh%l'?ﬂﬁ?éé% %LIEE\ crlc)) |%SgF§/, %%D%g(ﬁ @g}]&t%&%{%r cing AT
product s tthatfa listdpx,tbhutton ot pihet U edmponentacantex padt tdhawel ienemitonanich guess at
t he nodel bei ngwgresent ed to the end user, the logical tree 222 presents

a hi erar chY 8™l osely maps to the structure being presented to the

end user. This greatth pgRl ifd e92tihe Adgld LndfyRBUate $hdias'a R)?jchSPri bi ng
the U to the user and hel ps the user interact with the application.

Becausé® t Hepresepgtioalof the Wkand ip frmeed ingo p shapgrtbattindlugesonlyoflemerds of

i bil 200, h th f,o t
Sececei bi 1 EELIREMSBE, Acbrdiall, 1Bl ORMPRIGHAE wllfecste 1 ee 222
For exanpl structutdbhicarstyoviUbeldhests aid gueds ad th@ niodyl eing prasenfianeaics t o have

a very si r@le strtgctur.e. Howi er, when viewed through the currently
avai | abl e RdcWEE; BF|Ipgicalt Eethred GERPents He hiekarehyc that <loselyt MRS R dcog box 60

i's surprisifighie SOAB! Ssented EPMALRP udh4 qlw'ise%}e%t%%g)gﬁ& fhE RFoduct nust

filter through to drscover those that are neani ng the end user.
Wth tife auwedusts bisk of desciibing theXdDtogheluser and belpothe uberrintetast wishitheal Ul 20
Tree 222, thFca%evel oper who owns this dialog box 60 can set a few
properti edPPY BP'esent the follow ng structure showmnm in FIG 6 to the AT

products 300. As sh®sBausd thisQogieal Udriree 2F2UK" aduadgentdl heardef eéleoper can
indicate as interesti ng t he %I yi ng wi ndow graphic 62 _and "Type the nane
of progr arAccessifile pystetn <0Preatk of the ofhr eomeqnepi <l ihe accasibIliiynysB wi | | open

it for yo‘“bn()geb}e @eléifngéto-r\bgrkq’?&ﬁItt%‘]ﬁ%icdq{ée@lbﬁ.ollszgjaﬁﬁﬁé F?é.éﬂg)‘%{s%s“ ng the

conbo box 64 1 ncluding notepad, rd, calculator, 'etc., a he OK 65,
cancel 1566 sampledidog dos B0nthatt appsars tTthaxe of egy simjde strogiures Howevercost

mechani sm&/t?ent Q/%»\}egeihrroueglhertﬂ%n%urr}ei:n?lryara%}%b%nglccessibility 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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t hereby produce a | ogical representation of their application's U
through the U accessibility system 200. Each of the features shown nay\
be represented by a 30 node that has a specified relationship to each
other node in the logical tree 222. , -13 This |ogical representation
offers an i Mmedi ate benefit to a testing teamand to AT products or
clients 300. A set of APIs allows thejzlient 300 to get to the tree.
Functionality includes: (1) logical elenent frompoint to point; (2)

| 0gi cal_ el eTRgliodié Ri@ilation BEAGn( Fim&Hie BBAdrX «§ AGHIAY LAFafidho ©! STent

As set forth above, a |ogical enent represents a U nponent, possi bly
a control, ATpseducisforgliyndd®b|, or a container or |ogical grouping (i.e.

di al og, pane, or fra . rql s n .va reatly in terns of their
functionality. Accordi %eg‘ﬂ(‘);?‘% @kgrséﬁet C]feHE g‘?(?[é’cg&[%fp%trﬁ% nefonalityr esent
funct i onal i ingludass on)ilagiesl etdridnt prant pdintl t8TpolntP@S Iddical eRieRl fom ERERE 10
control -specific interfaces derive froma conmon base interface that
represernt s andyALcyrsinglyifeqused fagisal elemant Apsrt forth abongea degienbslemest

interface AL Lor, ' L.cal 222; (2)
a general frr!é hgéorl] lﬂs]‘szé)lrJﬁ éé’tnf) %p%%%é%g raté&ﬁ%\ﬁgl? gg)lsa H%g%g: %F 1\5?9 %?ﬁ%@éﬁ‘ﬁ)r
accessi ng suppgicalegrouping i(id. -digeg,i gane, ori fréree) aCestrols ramauiyggreathgirt he

| ogical tree 222 ach. underlying, applicatiaon U . 15 technol ogy wil |

provi de i_ts[e%_of etgﬂﬁﬁﬂﬁ‘[el'qnﬁlr‘ nagsrcég't%?r@il’ Qﬂ?{gFFé‘bg‘Hteffﬁ‘éesl 3G E?ﬁ {9 ee 222
is of ultinepresdnbtfen@mhalit AREcists@rwith HArticual §h&TRRtcohtr8R. 20 HRiesSO serves
sone inportant functions. Wile the logical trée 222 contains only

el enentld t eptrelhwegifie intgdaces deeive from a cammoapase nerfacetthatarepm@sentont ai ns
nodes, suc L 22t r her "ﬁﬁ? I ructure of the 20
under | yi ngﬁpﬁ%ﬁ)ﬁ%y@%ﬁﬁ? ﬁ%&obl E}]f.r{reeratgg?)rnen ,P orlméggér?p Oé]?a'?shi(g) tree
woul d  contra¢thodsofbe iavigating eher legiealt tréd/\BER;. (2) . gamprl masiel fa, getdvg r aw
element tree 20 is a 'half-way housge' between the |qgical elenpent tree
222 and t heTORERY PERRG KE CHOVRRRSS  (RinaSeErTNEG SEPROFGH: CAVIBLSPeHit 1 aw

el enent trqfiedlcesS MSRIVigAing thdfzical treé 209 E4thNthdbAGink ABphahiofl@MENt tree
222, and it is where native elenents 25 first plug into the system The

raw el dfenttechnelogp Wikt arpvidedts oy taegdwiueder rvigatigi-ng and

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



testing. It is useful for pinpointing or describing where a particular
problematic node is. Functionality on a base raw el enent node i ncl udes:
met hods for navigating the raw elenent tree; a nethod for junping to a
corresponding | ogical 30 element (if one exists); property containing
"debug string' for this elenent - e.g. "HWD Ox483FE" for HWD nodes;
and ot her 'behind the scenes -14- infnastructure' nethods. These ot her
nmet hods enable hit testing and | ocation; events; and exposing properties

that framewggcs G&hre® Adihos P’ Piesd Sitef - n%théd%%‘x%ﬁl@ hit GRaRY %931 lockfl6y;" AW
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position in % Pee’ so can e re rne e point in 20
ti me. The | ogineetkd @ahérmantbet useé t@Zhegle fdroummscaintedifoe skenfennct Thersaw - The

raw el enent tree 20 ntypically b bu | t chanlcaIJyfrom he raw

e ement 5. of CITEN fickefl] T VRO el 1SR (PR OB Y HNRASE 185kEntish 35

Wi t hout k”OWo%Qﬂﬁgf &Imd bigic! @&h&R D 'E@\hémg BME HaLE BdmelWoricprovidegr ef ore
ook

be used to raw el enents, have not been accounted for in
t he | ogiTal elemert LZQ{Z?rtl@EBSUTih@S fooused errabhqd andclec@teni s a useful debuggi ng

and di agnostic tool, Bife Laby g}!erlngr\{ﬁre% 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 ‘mechanically 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.



"stack dunp'-like description of a node's |ocation to be captured.
Furthernore, known systens base their trees on code specific criteria
and are difficult to inplenent with diverse technol ogi es. The present
approach uses a general abstract 'raw elenment' type, which can be

i npl emented by or on behalf of any 30 underlying rendering technol ogy.
-15- In order to obtain the raw el ensnt tree, calling a raw el enent root
will get a desktop elenent, verified by making sure that its parent is
NULL and all other Iﬂ@ﬂﬂ?t&&ﬁﬁn'tﬁe Aw é]é}ﬁérﬁ tH:Letéanimgezr %&P&éﬁ@ﬁr roa-O obtain
other elements, calling a nethod to obtain a rawelenment Troma

speci fi ed %‘ngﬁ a\mklton element, NﬁJ@ byl making sursithay itsglaraht SCNEEAL ador di nat es.
Af t er obt gjyn r can be chec nd verified by
checki ng ?%1] o erren h% pargn slr U'E'B'Iafenﬂ?e%{ R @h?t?tﬁfpe?{ﬁer ‘?a]ﬁmS‘Hévr ation,

the cli entcaBﬁg acmahndl\m gotain 4 kv elawiesl oM specRd $int Ul NBtuRe Rt | ons hi ps

such a§: rent; next S|bI|ng revious sibling, first child, last 10
chi | d, et Elemaabuging ¥alid seseenccorrdinaies. | After HIRINE Koe rwléméwetme fto the
cor respon@;mg,el&gbl&al il S&rRT chani sm
When a cli gnt 300 vvanetls to kee% fé\%&glrnr%edh%rg%;{éﬁ?%g% e?\atnwgoo IS

abl e to r&bhildgerx t hrough the UI automation client 202 as shown in FIG 3

to 15 obtain the i for he ent 3005e0|f|

information it vvantg e Ieoéle J'eWn%éd 4N ARt CS H@w éﬂ to go,
and the | iusing @élatisreRipk biichSast paremi héxt siblingSre WiaeXsibilhE fi@itlcﬁﬂ& lagquest goes
to U autonmtion client 202. U automation client 202 can nonitor any

proced® oﬁh'ﬂ%eetﬁesgﬂ‘épCI‘théogl cyuthsRaiurom feamige raxpglameapdot hgck of
which cli epfss éﬁmngrogléal a&m&tngtmﬁ%@%z pw to get back to 20 U

automation cli ent The U automation client 202 advises the U engine

206 of cl 'E%@Bts'l\%c?{aggig so the U engine 206 knows when to tell the Ul

automati o T of the event. The U engi ne does not have to
o111 ze e clent sihesc Ao Tl HSRA ORLE oIS, , e, V
if a cliend able td ircgister thgaufgbrtheanly a@tofiatién cTé\ﬁ plie) eaobhbwe msFIGseftuI if the
J enqisne o\t/)\gm ?hetlgfotrrltjurlt?onon'ﬂ% cl?el#ltt %gg tsll)e%?ﬁesse({bygzi 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




notification only if there is a client listening for events. The Ul
engine would do this to avoid possible degradati on of speed of the U
and to avoid | oading code nopdules it doesn't otherw se need. The Ul

Engi ne 206 then inforns the U automation server 204 of a 30 U event.

U automation server 204 returns the requested |logical elenent to the
-16- client 300 and sends informatiomgio the client 300 including
properties of the event that the client 300 requested. The U automation
server 204 i i [ LS. thin. the.scope of client
request an gﬁl f";/j(ibfs2cl)ar{wm§§é nds I'%%%%%eﬁ%gr%rﬂ'%ti ﬁq]h"gpu:%h'}go?%ﬁf@?no# ot

i nterest. Foemtithy tbe tldat 360 regjuesiaht ThenCl watemarion sdredrclddnigcides ahatt he Ul
aut omati on .sgrver Si deh. ttge set qof .properties that the client has
i ligpt

i ndi cated 'MOMAFYN 1§ SUMIHER SERRA AT F eghpad enlydgrmey lnginabelemgat )

aut omat i on iS@E\Formalibn i€ 8Ninfir&E OFSimiAg !aMi&?kleﬁleﬁf‘ﬁ@&dé@ém@et@ﬂﬁ&o box.
The scope woul d be the conbo box or its children. The client 390 can

r equest SchiondheH] pee@Atigriepen didat the sah of gesperties tabthe clientihag indicated

regi strati 2 1Q After . the Ul tomat i rver 204 det i nes
wnether -1 kPG Sueh el ok Bons! FBEEET, U BT BiaiY st 4R, 051 ca
el ement. Then Wscovetih dogidal eRnzhi i cdMBo HOK Vv The ktspeSlduidbe deGolbot al ki ng

to target applications receiving the requested information fromthe Ul
aut omat | on%ggr‘\?éfs %‘rgfeé‘ndTh? GU?Wt%@Oo‘Eﬁ“e@ﬂgesf &hiddrgn/garent/depeardentsntot he

client 300, . (Wa¥e r 204 is created when the client
defime sEBfe Ylirirgth® @gh@%@ﬁ%@

300 registers to recelve Ication. As an exanple, a U engine
206 i s1Punning the Mfler othef tUMpautormasion peoees 204 gdetpmhinesat whetherThe
client 300.has regqgi.stered.,. for n roperty,change, The client: s
registrati 6'%%53%5'50 s'smg"%ltheaﬁ%‘??g isgﬁpe,ggﬁwlqs azgoﬁc[ab ellgg\egye;[ﬁ%yl The
client's ragiofiatiah ictiontalGd sadles #rscliche 300 BN alikifg 40Gardet bplRh@ds
notifying the U automation_ server 204 for the nanme property. The U

engi ne 206 reRsEENE thegequestesh infoimationefrom rthe Tk ayomatgn ﬁervgoé%éaanris one of

the APls folink®icetY 8hrovefSacd Ofthblclien%ope 206 specifies (1) what
property cﬁanlggg);J (2§{ ?B@en%v?/cval tuecolf&nt he property; and (3) perhaps the
ol d vallGe. The U alher#t awsomgien eervér0204 ss createdewhdrasteed cloant 306nt s of

LTS eSt b Gl 300y BOIHG o 5L G SERn SY5R o PRARS!
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.



any client 300 is interested in the created logical elenment. If nore than
one client 300 has registered for events with a particular U automation
server 204 and the «clients 300 have registered for the sane event and
have asked for properties to be bulk fetched with the returned | ogical

el ement, when the U automation server 30 204 sends an event back to the
clients 300, each client 300 wll gej7.the union of the requested bul k
fetch properties returned with the logical elenent. -17- For each client
300 listening, the i erNel 204 notifi eclie 300
passing the client b%ga#%gﬁgk?pgpgn@%%ﬂgéséfigﬁéﬁhﬁf?hmtﬁEV&égé%t. The U
aut omat i onnasifiey dre A4t 30 passimgaid ylienn ehel logicabtlembmnmpdciatddingthithe an

i npr ovenent oveéwaﬂgwcurrent t echnol o i mhich,eaﬁh client 300 woul d be
5 required'B" a LQTPALIOP SBRXFT eatgs qnhyonfogical glemgnt; dhisgaour ce of
the event .inlprovehRniUbv@n@k N rréMOtebiftRTogdyOfn Whichi &éh tdientbouwoanEbd on

client's advice when clients register for events, the U engine 206 can
ask the Ulrequrpddenask ion theirrapay copy of the objest thabis shespprcgof desivient i ty clients
300 listening and if . ! nj 1 h n avoid the work of
creating the infor ma{F p%nugggg'gérzlgé ?égslé)&iq‘lmftzg%ﬁ%e lﬂlua)é]ﬁa[t'gﬂactlﬁegtns server

206. For exiaftpl ehenacBaneeegistead®r evets] e Ul @ipine3006 canchskphei i es where
it wants infornmation tgq493, t he focus change ob! ect to receive events,
iy Prcdiepts

and t he sfdiqmation spryer hepefre j2BY agsessiRjtigrdiepts 3pRdistopingagd Hen206 i s

advi sed anghekOAWenihg, théPtEnchvaRINtle VORNGScrt RidgtRe Hfo&%ﬁﬂ’%ﬁ@&\&g ver 204.
Upon detecting focus changes, the U engine 206 notifies the

aut omeld onit wethe Bl aptomatioms seriey 206. &ar examplan sseeen egadeis theoelient 3680 t 0 a
wel | -kno i 3 nd s . ent bject to e UL automation
nd[%h%cﬁ{iﬁ%(@he?‘e lq v\{a?ﬁpsqﬁf gtll,ﬂnelé &g, Ih% I?g(iug SCh%}% oﬁ;be]cég)t refeévean

client 20Z. aut omati on cli ro
appropri atevempaa®l e $peeifiel liserdf prOgertickhef ahereq: dEhe UTbatimodPOReNt s
i nprove upon. the known . systens by elimnating the central repository in

the kernel2dvised aafbkitaws if sfquichtend eients othe)Ulautasmaion 6Arveefer UpAu knows
al ol entdedfifl fodhCEfRARAT H Ik 86 hBARLTRE UTBuRRAHbN tdiercial ext 1n

which it is running. The elimnation of the kernel repository also
creat €9 a Therél puematian seeear 206 convects itoa, wall-knawt ingerfdce and seralsithen ser ver

2021101 dSehI AR R BeBRSSRA RS 1y
t o speci f yroudesitheiobjedbtdtan appropeiste 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  UI 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



25 such that filtering is acconplished on the server side using the Ul
automation server 204. FIG 7 is a flow chart show ng the procedures
involved in the event registration and notification nethod. In step 80,
the client 300 requests event notification. In step 82, the Ul
automation client 202 comuni cates the 30 request to the U automation
server 204. In step 84, the U automdBton client advises the U engine
206 that it wants notification. In step 86, the U -18- autonation server

204 recei vagtoRfatibh keraéd 103 receivestideifibitionmedmehe20bendine 306:pInBSep 88,he Ul
automation server 204 filters the received information. If the received

i nf or mat i othg Y1 ry@mationserver 834 filkgrstthe rersived dpformatine pIfaihe reqeived)

aut omati on; : IS i ¢ j ' wait for
ot 11 cat | ooniilon iERAILERREATnE Rtnt DATRED B0 A0 GABIaRYE Skt 00 10
be i nt er esRDgliscards ttiepind@matibe abll coatinuesad ivait foemetfic2idd iarsept 8% a

| ogi cal _el nt .and sends it to the U automation client 202 ip step 94.
In st ep” QG%TE%H’@"UI]Y ’aﬁrttg?ré?f:ogﬂétlﬂ"i Brfeund o betiateresting &t éefett: ‘ﬁ‘h#‘@r mat i on
in its propglomatiaeSeridt 208@rcales ANbgidf RlembiEeaRVRAds RSIBNISMoAdRiopf the
accessibility sigstem 200 allows 10 the client 300 to register to receive

event noti Fliew2DdirstepP4.plnplep 09, bpdHputomagionielient 202 putselde atrgivgds in a
control's %f)y%i%gnitwoh%@% %net\p{eeme t3&pd related information. Wthout
clie 5

t hese capabilities, have to continually poll all the Ul
el ements in the systEhe txensaechdnisnn210 of drenmtesoidilitg tsysternB0O, allowsst at e has
change system 200 events chani sm 210 al so all ows

go Tf@dgicce ibiIi.té/ | ?1
cl i ents” 15 TSGR TR EBINCTIO ErfEL e SYEN ST A0BS O ProRfTIEShangee i ect i on of
propertiesyyo tRe cHaBhas' Mech WohtfoltQurEMBRl M@tikdel@atbiail, AR rtigefegi ster

for events on mul tl&e el enents. The event mechanism 210 exposes: the
i nt er f aces infernanpnpWohaut thessr capabilitiesp slienis 80 haves toscansinpally pelegllf or
events; inter 20 i e to
receive evgh%tﬂﬁg]?ﬁﬁ]%g ﬁﬁ(l)én ;S%gﬁg& f%eﬁiah?'géf?gggelg&cgﬁcgﬁe’ ﬁr%?%slrr]gdgt ers use
to notify thenged.eThe soesibdlitgfsydterh 200 endrss mEctanBuetO alseeal lvavsi dient 10 1 S
used to_all AT products and _test applicatiops to receive events

89 1@ receh :

i ndepehdentPy OFEERE DenSngHtiplProressy redpested FoHEAUEN HfGPRPEHGS 'NPE pr oduct s

returned with the event notification, and to register for events on multiple
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”



and test applications to track top-Ilevel application w ndows and focus

w thout 25 regard to the underlying technology. FIG 2 shows how clients
300 interact with the accessibility system 200. There is no gl obal
managenent of events across processes. Instead, each accessibility
systemclient 300 or server 400 has its own context. Client applications
wll only receive events for applicatli9ns that support the accessibility
30 system 200. To start using accessibility systemevents in an

appl i cati omAPIt foedisclvere iéw 3D0appaarirkoow e 8dskiopUdndt i the hiand1d) fdds@ad he
"AddTopLevel W ndowLi stener” _19- APl to discover new U appearing on the

deskt op andVFH. FeRiSteafRe| Eperr Byenisnand by\iBis meprsyreseive GVeRtsorp@radvent s and
by this me eSEG8) e %.Y.@rﬁfapé Jit ?.@fs {y fg)(égt%sihte %)inéjiﬁ %eta? eb}a_he Find

APls to |ocate Interesting an arge specific’plece O (3) Use
sonme ot her spedfispiece ofi Sk ¢3)dsei sotmerottstr inrgnd o distoleraiatetesting Uil sgchaaswi ndow

handl e qr pint on the screen and, using that handle or point, acquire
h ot el diBier wiowdindE SE % Paf ph diiecrn nfcisuie 1y hagdlePeRpEL. of (4)

Use the "AdglircimpERandadid:é agess'a widredce b HstknihBeo v of RHUSKeaNd
register for events on the U that currently has focus. A top-Ilevel

wi ndow i s &hen Addfiecuidwaggsdisiener’] AP e traels kheopnputTfesus od uegistef farhe ter m
"opened" i ngi el wi ndow has appeared to the user.
The use of Q?ﬂﬁ%'ﬁ@?ﬂmﬁ%ggﬁmytnh%?g%tﬁés that a top-1level w ndow has been
destroyed. The accesaitbpllévelywindstvasrn sdndosy whosdgaremnt &rthadeskdp0 Thecl udes

two AP]s for tifying the agcessibility system 200 of events being
added dhd “_i%ogr]@ﬁﬁ)%ﬂ.o _L‘ﬂ"ﬁ%ﬁﬁ?soﬂﬁ’f P&ﬁ%(}?%/'iﬁ‘ﬂf{n&ﬂd%’ hag @R 1© when
clients regisiser. PHrsEBF BidishErcidsed” MARAIES thal Bish-RVEIOWRISW BadbecgNTI Ne 206
to get informati on about what accessibility events are being requested

in its condestoyedhere applicable, events are associated with |ogical

elements from the appliGatliphis s)odh 8hePLATSRrhLEsyF Fr1pddlGhE | 00l cal
el ements are not 20 applicabl €, BVENCS 'Sr & associat 60 Wi h A ‘Auman
readabl e stAHRIndoohotflyirgy thee hdcessitolity osjeac 200heft evenpy beiapt &idedheandour ce of

Uppl 88" pruteieincite O ArAaBy A ByFX e A when Sents Fegtuet 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.



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 nmechani sm 210 25 inherently inproves out-of-process
performance by reducing the nunber of cross process calls. The event
mechani sm 210 provides a way to specify the properties of a |ogical
el enment that are interesting for the2@vent during event registration.
This further reduces the nunber of cross-process calls. The event

nmechani sm 210 is eXTlems adelt@owhskh ohit ATasight 3000petiinal (@AM evedtsSySt em
(0S) chang 3; Al t hough. 30 the_event nechani sm 210 mag be i nmpl enent ed
usi ng mana§ (TVE’Bdég's'Lﬁﬂ?&néﬂfe&z haggling thej ¢yat thap callasks Aq 'mm'&ﬂgh CcoMm

i nteroper artéhbr'rén\{ent T Qithdt88KEis 36 Be hBIe! rﬁ%ﬁ) ?gfagﬁt};ﬁ@(* Ilnﬁrg{ar%aggcpccﬂ]%r forms to

handl e event's: (1) event registration; e event in a
cal | back. l}ﬁnonengnlmdamcnt ofetheiinenton, thocliestt 306r mappassi Biterfacksewhaabl e in
bot h aged nmenage of th nvention, the
cli ent 300" ﬁﬁ@"ﬂ%g fﬁvﬁ?grﬂgﬁég""\kﬁ% %sz%ﬁﬁ’Jg‘fteﬂlaﬁgn?IS?‘e'etv"eﬁ FEnO%he ¢l ent
300 passesin@pfabt whenhagisieipg et e Wedgide 08 callk Bh&l bR RSe Mi@fuck£9i st ering
and the U engine 206 calls back on those interfaces to notify the

|i stener. tPrpoflifthedistenenn by tieicasas avhese theeisra eousts) elyectiin tlﬂﬁh@gl%br cal
| tt t t d
el ement I demé 2ree®as)) Qbh 'BGnE ALNDRRL SedeRRE! HESohieE Gt i Gl FENT an

an additional paraneter. nown 1 nt er a y the AT
product araldumsd pasmndtére way to return events. The foll ow ng sections

show s types of S istrati | po | i ke and how t he
‘event 1's recei ved. i‘%‘ﬁ%‘?‘ﬂé‘ %Bwe@\%tﬁ&sby'l‘gf)liﬁeV@ ugh 8L vent s
i ncl ude evgnhe wa It@m@&nte@emmme @dlM:ﬂgSsé‘cﬂaﬁpsWsdﬂﬁ@%@éA&se\ems,any
feature having the desktop as a parent. |In an enbodinent of the

i nvent i on, Waat regidmipn kapks (knangviomsthe geant jseieemited s used to recei ve
notification of top | evel wi ndows bei ng opened and cl osed. Calling
AddTopLevel-W ndtep-Levet WindoywBventst notifications for new top-Ievel

wi ndows opening or top-level w ndows being closed on the current

deskt op. A 20 Renovdbpplersiewindneosventst mnkide reveito delatedviodmsnus amschani smt o

50D [LOCl MO SONILAS 8y RlanrERaliRy She WeldSRs okl PG "
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.




desktop. This nethod uses a call back object to identify this listener.
Therefore, the object passed in to the RenoveTopLevel W ndowLi st ener
nmethod is the same as that passed to AddTopLevel W ndow Listener. An 25
OnTopLevel W ndowOpened nethod is called by the accessibility system 200
once for each new, top-level wi ndow that is opened. Simlarly, an
OnTopLevel W ndowd osed net hod nmay be-%llled by the accessibility system
200 once when a top-level w ndow has closed. To receive these

notificati ops, tﬂec sﬁ)lvi @nt 300 calls the AddTopLevel W ndowLi st ener

met hod. - 2172 nts Clients 300 often require a nmethod for
tracking focus. Doing.this,.in the Mcrosqgft W ndqws i ssdifficult. For
i nstance, when a neng:]feg%sd%oglp%ée& reqlin? (“tgaﬁd f?ﬁgala—ﬁ'Tge%ﬂﬁj)(?'ﬂg 'trosoft
Word) the iiheRSMidtoddiEWIiRIYWsIDS isf I ItaFoPinkiafcd) SAEn AONGS i§ BRpped sor down

each one. Wen the nenu closes (e.g. the user presses the ESC key) today
there is noloc@s. Eiedite Bemt in MicsesofidVorb the items in thamangfebipPcphas ocus

changes §Mishe Licridbel e MbrBlin QP SRA" YRA%d hath 8100 e gHeGfle0! thOSE
g odi f e

| ogi call'y represents a focus change. I'n an e ment o I nvention,
an AddFocugitesaesy dtL ESC cheg) todaty hthereniayndb éocus edertosenot ilhsteddhehe 1diehi st ener

of focus change events. The client 300 may specify a set 0o roperties to
be ret urned."[e%ﬁfe _‘f’e'tgf"tﬁ ghaggess Jusy KSieh P Br ioéscvf?)[sra@fiu'f'g‘r‘?%o_ﬁh t he

| ogi cal el gREMbLS itfosPabicAlfy Rples@¥ERfodRUNahEAL 1P An ARIbddinddhe of lheent 300
may call a RenoveFocusChangedLi stener nethod to stop receiving

noti fi cat i dn¥entign, pwcAddFog egedLikaner methnsd meyybeigised fe notify ek obj ect

toid £y thi h . i . . AN,
the RonverbiterptioShtihsctEpts] he ot 3pf g BT ELE T BBBREFR L0 LT 1o
t he AddFocusGeangsall L iThise featurgrof speltifyéng ploperties aeasiuln Iwithy tieybiieal 200

call s an OnFocusChanged. met hod when foc has . changed. A FocusEvent Args
par anet er UREBERLHS (A3 %g@axg%h%&é’aﬂ%ﬁéﬁ e—l;f‘ﬁogé‘g“i%lqpo'f‘%tc? i rel at ed

to the focugeRBRPEGisChingedEisicRéromambd @ s Qeteiting noBfitatidds Factee@d | ogi cal
element is available, then that elenent wmll be available in the event

args par amethengess ddisi methotbman Bescilis Chithagle abisricioadentif T Haiy bstenies ashiles  when
no U efsemefls NaSmt 6t Paldeds i RTRE ReRBvarRULGhdnbYaiRME fer TRSHS Ofh 20
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




el ement. 3. Property Change Events 25 Property change events are fired
when properties of logical elenents change. In an enbodi nent of the
invention, a client 300 calls an AddPropertyChangedLi stener nmethod to
receive notifications for property changes. An OnPropertyChanged net hod
is called by the accessibility system 200 when the value of a property
has changed on a | ogi cal el enent wi tR#n the 30 | ogi cal el enent tree
speci fied in AddPropertyChangedLi stener. A scope -22- paraneter indicates
for what ebpwamates indicatsschor wiabelethenis dni evedt strwitd bevdiredac Eor instager.ng t he
root |logic el t of.a wnd an [ st for. desce nt.s.limts

b oper by change HaRph Reic dER S Aindul, A F o Ve BTN IRG L' Ser
to all el propadtg changt allbacke 1o tHaewviidosy. S Ohe stopel garanmaer RNt fyll changes
to the specified 5 properties that occur on the desktop are sent.

A
client 300CHEFNEAN the Werd IHEF FSABAN FIAIFAN DY hanges 39 &he spegidiedy ¢ h
di fferegt gﬁ,&,énieé,tnstoragéy&'t 6 th@ NGsRio ?ﬁfi' KERT €Nk Clnk DRRK O @G- The

notification provided e accessl Ity system 200 I ndicates: the
property tAddPropertyfduingedhéstenery multiplertimesy alithediftermnt tshis ofoprbpprtioper t y

value if avajlable.. 10 client 0 all a.

Ronovepr optibychantsisat cafberi Bk B8 noRHeEP,prihides b g a6eSFPIE4e i ons for
property chanaesoo0 ihdicatesBthd pebpeiy thas ehdniged; the AP pRdpRite Whlugnghdaae | back
object to identify this listener and in this case the objects passed in

y > s
nust be t heldPsoreriyyalugatavalalled to  AddPropertyChanged Listener. 15 4.
Events¢rom Contr ol SA%E@GJOB%%J"%II%VRE&E&JH&Q&Q Ch eﬁEE%B&J medad t €r ns
e fhese events are | f

need to be extensible an t he ore entified by a
GUI D. Any @Uitdp vakiving sotdcedqtsefdr pwipeny chayigss.eThisgmetiod nzayyuseethe cont r ol
pattern, the events it dggunents need t e uni que | Ds. AT products
ay. need 3988 clrgtsnt pis SR BhEr Pofenly, B8 Bt B MR rRtBEnt s The
listener abljectoeepmsédd ba abhgrtobscope thafe ewenthar Faksednst@nce,
directed testing may want to limt these events to a particular

appl i cat i oftd@PropestGhangedlistensrt.an application. The control s patterns

defi ne what the
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



source is and event consuners will need to refer to that part of the
docunentation in order to know how to use a source el enent and event
argunment object. 25 An AddEvent Li stener nmethod will enable the client 300
to receive events for controls. The scope paraneter can be used to
indicate for what elenments to fire events. For instance, passing the
root |ogical element of a w ndow an®3 requesting descendants will limt
events to that window. If all elenents in the tree are desired, then all
events on tchetrdesKhspmethdd mag usette. scépaﬂeﬁemtovdlﬁaembbjie&tamdem evebthod may

be used to Qp receivin n event far ntrols. This od may use
t he scope é?"é"ﬁlﬁﬁ'i o1 %rf[lfﬁgl"ﬁ]'sé%]eéctm 'H?jcﬁtgﬁ g\?éﬁdecm|&fé??fi|'f‘|"é‘f5n56q]edent| fy
the |istengime hihalpaisedas AddEntORieg&t s passed in nust be the sane as

t hat passed to AddEventLi stener. When an application has invoked the
AddEvent Li st ener et Ngien ansapplicatiomhastinyakef dke AddEwantieistensr mpigod,

accessi hi li ty t I C and t he
source gf theoﬁ‘%h Fﬂeé]%g }’Nggf%‘g}’f gfbeg& ?S'bﬁﬁﬁ g)fS{eﬁhg&?%‘ehS& %d"e'i%gnent tree
speci fied |specﬁfﬁiﬂ&centsmrsd aindkthe sWrea oeuerr:tvenn‘:@ra lognilremémermrvathnri theed t here
is often event eC|f|c i nf i.l abl e.. A RenoveAll Listeners

nmet hod may ?ﬂécaéaemsat g5 5§F‘B§ ‘Fﬁ "ﬁ@t 'Sme&n;‘}’*@o&mrgs OfgPRIIQIS g qui ck
way to cl e@f?ecwaeﬂaqi ofidh Sefit-d c?eahcmema%waomawts down. The removal

met hod may optinmally be used when termnating an application. 5. Logical
Structure Change EveAt Bemggﬁf’dwlstanrumqjm mh&rigecadiverwst@r eecéivingd when

t he | ogjcal eIe 15 tr ure cha

AddLoglqéaI &y s rTE gn‘éead 'i"g‘? g(r:&) (faﬁ B&% eba cnem quhcat BSNHE receive
notificati do@nf mhestelirmtawrﬁdthcﬁhweepmmalma)el ogeldcalheel efainting raae. \Wen

| ogi cal el errents are added, renoved or invalidated, nmethods on the

speci fi ed @BPIIBEYKk obj ect are called. The scope parameter can limt the
el enents as set forth above A Renovelogi cal St ruct ureChangedLi st ener

met hod may she 2M.0gical Stauety AANJEILVENNS ng events for |ogical elenment tree
changes. This net hod may use a cal | back object and a scope elenent to
identify this |istenbpgigtidtrueturerihangeceysatsiarsefi eﬂjvé@néhqah)syebelpmeWUst be

the sang agel Qt?lfc?urg %ﬁﬁ'?ggs t Rné\%ﬁxg @Slblrﬁ&ﬁ@@hangedLnstener 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.



An OnChi | dAdded nmet hod may be called by the accessibility system 200
when a child elenent is added and the parent is a logical elenment 25
within the logical elenent tree 222 specified in

AddLogi cal St ruct ur eChangedLi st ener. An OnChi | dRenoved nethod is called
by the accessibility system 200 when a child elenent is renoved and the
old parent is a logical elenent wtB#n the |ogical elenment tree
specified in Add Logical S tructu reChangedLi stener. -24- An

OnChi | dr enBul kAdded AmrtOaChildsenBallk Adtiedyméthed aCcalledi i thet ycceysibilin when a

| arge nunber of children are added, (e.g. greater than 20_chi|dren)
within a sAGYE™ ﬁ’;F?B rg¢ nympgr of £ ﬁ@%’@:ﬁ\% @8&&&#%\}5@ HLEHGED S cal | ed
by the aceanifd Piort peridy Df EiMeeN OAChAIBEBANREALVERS mEMbl &Y &Me@bs ' emoved

within a 5 short period of time. An OnChildrenlnvalidated nethod is
cal | ed by theeaccessibdiy ispit¢m twhenyas laege matbentof chiddremaggeremaybeé within ghi | dr en

(e.g. greater, than, 2Q .childre re both.added and re dwthin a
short p%ri Bta)ﬂofpe??dn@ %'.“e'wu%"i %gﬁg&g}@r‘@gﬁ%& gfo(at iﬁpgg%% QQ?e £ is the
nul ti medi aagesyibilityMybleinn 200 avhien)a ladge duﬂfﬂeﬂdecﬁiwm(e.%’.igi@ﬂer @i 2@ni mat i on.
The nethods will support multinedia _events and notify a client of
actions i nehilsasm gre batihagsed and remgyed wyithin a shogh pegiodaf HEY | " r ewound”, and
"muted". Methods simlar to those described above may be inplenented for
addi ng and$seopMwtimediarkvents 5 | j steners. 7. Sinple Sound Events 15

Si mpl e sound events nmay be handl ed separately fromnultinedia events.

Si npl e sound events Aeghersi¥pe ofeyapl &, the Hanltimgdiagvensn, Mobiimadisa mapt  exi st
to conyvey.tpo the er.. sone .event .ot h th he.sound jtself. .Sinple
sound. Ny enirfick ot oYiedl e iRilich, " Bhs, B8R ado S QWP rifizedy Vea:
the sound gener adndd novihiena t bigenbabf esgtions nchaligo P steppkdty;, “paustdie sound

pl ayed when_ a messagg Jbox is 20 displayed with the | conExc] amation type.
An AddSound@ptaraged nererRpndaringe mited  Methods simifag &0 Mse fecstbrdn of

si npl e soungse iy i Eﬁ)&ﬁ:ﬂ;eﬁrfgrﬁdin@%ﬁY&WH@Huﬁhﬁé@éliﬁ?ﬂe@d my be

i npl enented to stop receiving notifications for sinple sound events.
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’,



An OnSound nethod is called by the accessibility system 200 25 when a
sinpl e sound has played. To receive this notification, the |istening
application calls AddSoundLi stener. The OnSound nethod retrieves the
followi ng informati on: the nane of the sound; the source of the sound,
and an alert |level value indicating the inportance of the sound to the
user. Possible alert |levels include:-25unknown', indicating that the

i nportance i s unknown; 30 'informational', indicating that information
has been presdediiag;a ‘waaming rghditie5 questidnc aindicating Wat i usgr gespdnsei on;

‘question', indicating that, a user respgnse is. requir.ed;, 'exclamation',
i cat i ng eFAIeRn e Ehaion's hdlFtiog; FRESE Bisnt ispolenteip T Pand
‘critical’, inpertg@tdnddcritRal’ OiaaiehtifNeE ofur@ndd dfta Giicalevent . 8. Soft Focus
Events 5 Soft focus events appear on the desktop but stay in the
background. gSone sghargRLEEvatssoft focus events are: a balloon hel p wi ndow
i ndi cati ng "New updates are available” in the notification area; a
flashingsicon in the S r d i i thaf..wants to
gain focas; and a pri ﬁ%@r kbciggo%%g%pg%&i%nﬁﬁg@d?%gp eg?f nsgﬂlf rlgm{hfhe

noti fi cati oatkgagundheSome examphes oft saftt focksOeventd aeid s, ballhes delpveindewnmay seem

to overlap so at,wi th .ot her event , .categories (nulti la.may. i nvol ve
i mat 1 on” e BHRAREsNEcBadly dreeSEible FEORI S o Fea PR fng ifn "
cat egori zed (aaadb& ol dhcghoundipplicatib tHdd van&eo gairPfdaey; ahBarpriney it is
conveyed. An AddSoft FocusLi stener nethod may be inplenmented to receive

15 not i fi cafifesrrpearingeandsdisapgearing)frer o potiffration dray svhent REHING #tafist hout
taking e iapptings f ?ﬁé&%-eén{?emgeé%t F&%‘é?%&%ﬁ&@@hﬁemdo EORSe he
od may ack obj [

notification. s et se the ca ect tordentity this
| i st ener andategeiesf Ondtimediaohyjag cinvolpasarmation siveatk dasb dotshesof afveusys t hat

passed to AddSoft FocusLi steper. An On t Focus thod may be, cal | ed by

Phe” access! BONErS s et B b kBt bt o whtiel SORMBSHAINE BT red” To
recei ve thi saR@tthdnl ¥ it @sonbél@d. | 1 stening application or client 300 calls
AddSof t FocusLi stener. A source elenent, if available, can be used to get

mor e i nformation aboutntAddSe{tEpqusLisienercRetipd ay dgrimpledcaiegiie rew6lFd be the
| ogi cal 15004 GHEMBRbf Aledts Bl P28 glt&hPuser’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.



wi ndow used by one of the notification applications in the systemtray.
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Target Ul window uses the accessibility
system server API to notify the accessibility
system server side of the events of interest.

NABeBEsitli g yste MGeIVet St eMPiktBed fltdr N¢

2Im

Speqssifilyg pxagm §]ii"d_’éc‘é)‘f‘mﬂlhi§a'§$/eﬁt s
B¢ pYsat Id’ nocthe trgat UTwindape seiicamebes er

U

Handles events in the callback
objects

Accessibility system server communicates
events back to the accessibility system client.

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

Calls RemoveListener APIs to stop
receiving events

Accessibility system client communicates
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
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



U w ndow the events that are no |onger of interest. The target app
stops notifying the accessibility systemserver of events. Event
Notification Corresponding event notification nethods are used by the
server 400 or underlying U engine to support the accessibility system
events enunerated above. The U automation server APIs include nethods
that the 5 server or underlying Ul en%ﬁ'ne may call to acconplish this.
For instance, there is a NotifyPropertyChanged nethod for the server to
cal | to noaniging toigemerate theer appeapiriate papamogters agd cilhihgssnaificatidrogiethads el enent .
It is up to,f hetgésrg{l\éﬁr 400 or underlying U -27- engine to generate the

appropriate peé]r WEEHG call these notification methods when the Ul

changes. Segrver !%Ehhgds An Advi seEvent Added net hod and an

Advi seEvent Smethod are called by the U automation client to

notify the server 400 when K clients 300 are requesting _events. This
all ows the server 400\ AGHGEENBAddst anethadegnd ap AdidseEyeriRempyad t y

system 300 whesd Taﬂeéa@le% thynmeqmealita i bt 100 v{ﬁé tﬁ-ﬁe%?‘ﬁg% Whgse

notifications to nake formance dependent on ere are clients
usi ng the elients 300kl Guuesting ePeants.eThss Allvevsathe aeryeb#00 to/ nomptepagafef er s a

uni que approach tq categoti zin xposing the functionaljty supported
by a parti _celYF'gP .t%ﬂ'neez}cgﬁgﬁ.{h%Isyggﬁfz:aglvﬁue Itﬁ%rfgﬁao&f‘eé%tg'i‘}&egt iSREyers

functi onal icay uvé theseanctiTRatidrs Qo GRURE peHfoimEdBe défeRtier oA hether dher®ifet ON, an
edit box, or . a list box) as in the prior art, the accessibility nodel 15

defines a SHENBPSIpHHESEYCHONtrol patterns that each define one aspect of

U  behavior. Because these patterns are independent of each other, they
can be 10corfgntre] Batterisscri be the full set of functionality supported by a
particular U elenent. For exanple, instead of describing an elenent in
terms of its class 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



20 nane, such as Button, the accessibility system 200 describes it as
supporting the 1invokable control pattern. A control pattern defines the
structure, properties, events, and nethods supported by an el enent.
Therefore, these patterns not only allowthe client to query a control's
behavior, they also allowit to prg%rarmatical | y mani pul ate the control
by using interfaces designed for particul ar pattern. For exanple, a
Sel ecti onCont ai ner pattern provides nethods to query for the selected

i tems, to £wide 61 Text; (o ailluse {7) aRepresentsiQbj¢ate(@) Sollatde;d8) Somdbiee (10)f t he
control e sel ection nodes. The control patterns
currently ER? gdgr#dg?l]f%e agztﬁzlrltlaés"glgbl lity system 300 include: (1)

Sel ect i on Cont ai ner Tb@)tedﬂhn@c{xﬁrﬂhﬂes (&htréln&éﬂéaipbﬁ to( ipl&hem! £ new8- G d;
(5) Text; 3%? Val u 0& g sents (bje (8) Scroll abI e; (9) .Sortabl e;
(10)  Dr awi¥s; aﬁﬂ"t( 1yhits; fdl hegingas rﬂé"r” defmeg INPEMN fOE SRR dlScont r ol
devel opgrs f r g a

wel | - defi nggﬁéhﬂﬁg‘ﬁ& Bd&tﬂ@gotg%tﬁgﬁ?ttgsﬁg%& tgﬂéev%éhts‘gagilslﬁtrr&@u%@s and
test scri pasiewIwntaoln@mmyp@b@ﬂefbeﬂ@wcmressshet requicdifordionalitynew cont r ol
pattern can be defin quire functional bg)évdHAssi stive

d
t echnol ogy products §ﬁsd§t$'5§?éﬂ§§l?’$¥)f’5°dg Hg\f\?sgécr{ﬂ[ﬁ t3"e §8r st and

how t o wor o ivideftamdHowatwiaek Miithieadst! pa@nfinstadldf BhchCONédndlol. B2esryse there
are far fewer control_ patterns than control classes, this techniques 10

mini ni zes HSEesarfpr dewer coprel B?iﬁﬁ"bsaé'ha“alc%‘f@né@éﬁeégé@s atepsiques | exi bl e
ar chi t ggt “Eﬁm%ﬂ&ts freBssiyf ?nﬁcfe'. Vehys b i Crhoglg(t, eengaﬁ é%ﬂ tﬁ" GgW controls

(as long as they support known con patter |OWI ng tabl e
provi des sancbntmmﬂmsaméff@dmﬂpmntcmogan@ﬁmi mamdulateemepmdneolss(as loag wil |
support. ntrol Rel evant antrol Patterns Button nvokable heckbox,
Radi obut t oﬂs YSH’PPE 8N el PAUSTRIING ai ner, Scrol lable onbobox

Sel ectionContai ner, €k RllloagEabl¥Présedes some examples 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



reevi ew el ecti onContai ner, Scrollable, H erarchy istview

el ecti onContai ner, Scrollable, Sortable extbox, Edit Value, Text,
Scrol | able More specific interfaces will be used to expose functionality
associated wth common control patterns. Exanples of these patterns
include: (1) selection managi ng containers; (2) grid |ayout containers;
(3) U elenents that 20 contain value®- (4) Icons that represent objects
(files, emnils, etc); and (5) U elenments that may be invoked. In
general , t heppeoppatet er sedecaibe ghidtwdaild irhplgmbmibith tie ‘GriReRiybutccoairerol s and
different control ; | ement . the sane patterns. For exanple,
Iistboxes,f@HWﬂ&"E&%&§?38 MARASINESRRANeT PalgMenent the ' sel ecti on

DaTerne i1 =29 appr o o N O R R Aot ek Bot n ¢ he

patterns if -29- appropriate: a selection ¢
'Grid | ayounsteaghttap nseparatepmechanismsnate tused.' Seorsol | patterna ndeggrmgnec et ai ner '

pat ter ns THEL ek N SHIR 51+ obal BB S ee e hRiadb SRR 2! on,

| nst ead,” two separate e hi's rmne the

5 avai | abl erévidestad enabi-type ahma @ tiid Wer adiduriehwmansdcaad abltnt oGl | zabl e
property provjdes a control -type nanme that the user can understand, such
as ' button'PoXLEiCst  bhox', etc. Properties The accessibility system 200
will feature a general GetProperty 10 nethod. Properties are preferably
represent edt Ds, with utility methods wused to translate to and from
a non-1localizable menonic form (useful for scripting and config files)
and al so to obtain | doalaceessibiies systgm i200swillTleatutare gdeasral GdiPappestyes of a

gener al,,Cet I t h i d i nd I(&r@ln nmet.hods,..are %{%at (a) it
al | ows 11Q or 'ﬁ%@v&gr%%pé"r ?Seéggtpéé}grteaggdﬁg%s%‘&eéfr M3(i W ?‘H@u&ﬁgﬁa{ﬂﬂp the 15
interface, us¢dl tq lgansitite adol anwds float ai mgwl-leoElZABIE | MAehEMiB Mofth e@sefuls ferh as
array-driven bulk property fetching - that are not possible when using

separ at e néFWH@.anﬁée_ ig ﬁleéb%‘}dt‘i}sorﬂsqbt%l%al&zeéIdé%rripﬁi‘oﬁ%fﬂ??eﬁ"q l??_tyent .
Wet her t h%dpz{ni’a%% Y al genbddi %'éﬁﬁgpefn?rmet SdTH3Rh ﬂﬁ&\\rﬂﬁal‘ﬂ@&ﬂﬁ%’%ﬂeon,
oca etc must b r

whet her the property is to be | i zed, e clearly defined.
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.



20 The present invention has been described in relation to particular
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 to3tain all the ends and objects set
forth above, together with other advantages which are obvi ous and

i nherent to the system and net hod. tAI{Of%' be wunderstood that certain
features and sub-conbinations are of utility and may be enpl oyed w thout
reference to other f%@l]'i tES i%ggissub-conbi nations. This is contenplated
and with the scope of the Thai®m -30- CLAIMS What is claimed is: 1. An
event nechanismw thin a client-server environnent for keeping a client
notified of changes iln t hdnusent netkanisncavithime disantermercéravirosmentS

conpri si ng: regi stration chani sm.fqr allow the client to register
to receive fPﬁfeéP §Pich§“td‘§8ﬁ$ﬂ{]§\af‘%f‘éé“f f“é?’rfﬁ‘cef'ggﬁ’ the QYERTMEGhARIM, e

aut onat ison c%Hp_ Shg: f 2refiSieRion! MBcHaBGINS FdradlidWing ThO B RNrelofs@iP dohe cl i ent
and for conveying the Tinteresting user interface information to the

cl i ent upornegesseanisresting usesiintetfaes infematiomtacusern ouerface gwtomasion clierint uses
the registration. informtijon.to _agvis Sel;. ipterface server; and a
user | nt or 106 SR R HGE 0 Bl BaB ST it ol SBF SPRGAE HEG: nmt s on
from the ussterestiigeusenitterfidé dnfaimarion ¢b tiendlieanapdnokecdipte ehereitgtht eeruser
interface information froma user interface i(‘a'rt}gl ne, the user interface

aut omat i on INEEAFAUORRIRIFIGE 2585 heefeRisatRIy iRfermasionsto) ad¥se ry Vet
| nf or Mab! Otk sefver; A REPRerfAle hitohBfior SdrlH foP e indQbLibARN! ON

device for notifying the user interface 15 autonation Client o
i nf or mat i onnfotraationsfromites aser iimerface automation elient ahd foh eecelvangt thewsdrani sm of

claiml, wherein.the reqistration. chani.sm.accept.s, r.eqi strat.iaon
it ormat | oA P, DREmATHLAYR Y 8P indREE BRERE RERERBCAEA SdRhIRT, |

obj ect i nf gervet iincludiagChi AnéridgoaRviconfdrofiltefigg ofjte diformatioar mati 3n; and a
| ist of properties to be returned wth % source thj,ect. 20 .3. The event
mechani sm &finggresting 3o theiclientiand amatififation device for notitying 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.



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 ncl udes the object information and # e list of required properties. 5.
The event nmechanismof claim 1, wherein the registration nechanism

receives a request for a ETpeCIfled scope of |nfor tign. -31- 6. The
event nechani smof cl@ hey gt MeghRBists & Fiaimer 9. dPCEHiR JREtLISh server

forms a | ogiGat,£ |:ﬁf8?ﬁ'§tlohf sdrid Yol hnfogfctaﬁ(‘e?emén'ﬂf iPr MR LR inferfaBd €r €SI Ng

to the cllent and I's wthin the specified scope and discards the user
interface iinfamaten onintéresting tostbe dlientearidése wiithiro theaspeoified sscope and

uni nteresti S not in t ecified sco e _event.

mechant om oSkt 1, B Bk hEFnaRRT GRS Rty ilRFaRIEL s e

noti ficey i amhifteRSMAZIS isIAGRIwithH afefspmﬁmbphe including: a nane of a
changed property; a new value; and any avai l abl e ol d value. 8. The event

mechani sm of claim 1,_ wherein the us 10 interface infor t|on

conpri ses |nfornat|oﬁ7pert nPYAt 1 ge “Fﬁbéf taEn elbeMrereYpdhe sisFkct ed
fromthe grlﬁfépfa&f aut&ﬂ@tnér@%ﬂer%ﬂﬁ&Woﬁ\ﬁ%m the us?ﬁHérﬁU@Eﬂﬁne incREfg! Y

change event; control patterns events; logical structure change events;
mul ti medi a @neem of a chiangddeprepamydla agwenalue; aaddny ofdilablsid valvent s. 9. The
event nechani smof claim8, wherein each event falls 15 into only one of

the event types. 10. The toééﬁf ga%gl ng +]g|4 B w\p(@l% tneeliascé‘Phevent

type includes a set of me efer, Femvi n

l'i stenerg pineefate inforntation evapiisesirefhamitiom penainingttorat feast ddeaevemeuype type,

and for the E%wﬂ nteEface engi ne notify the aut omati on server of
1

t
its events.%€ TOTR [Re BHMPe?! | P‘Fg VindowesveBiE: ??ﬁ“s FYERFPIREEY cl i ent

of interesiyange USRh;! e&rﬁrdi aEﬁt&rYserEv%ntst hegitkll NAtcHRITPEHafipd JevehRCEI Vi Ng @
registration reﬁuest fromthe client for Specified user Tnterface

i nf or mat i onmu tacvemig; sirgple sound events; and soft focus events.
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.



interface engine information froma user interface automation server to
determ ne whether the specified user interface information is avail abl e;
passi ng the specified 25 user interface information fromthe user
interface automati on server to a user interface automation client; and
delivering the specified user interface information fromthe user
interface automation client to an appRopriate client |location. -32- 12.
The nethod of claim 11, wherein receiving a registration request
conprises receiving riégi s Thatmethod off daimat l,onhdrciolracﬁivigg agbgistration
information; a client.location for the.obj crt nf ormat||$ - an@ a list of
required Y5 ¢ FRUPTisEs | feceving nﬁetgﬁgd“?ﬂ UGEmAtP  RHRIERL  §¥Fver i ng
the speci fiigdrmatRRt ai iRy I5BAtICANfOF ARED6;E@ Sinfdembia; 1ang 4 hg dThkgsited
information to the specified client location. 14. The nethod of claim
12, furthe®r®RSASi sing filtering user interface information with the Ul
automati on server to determ ne whether the 10 user interface information
fromthe user interfage efgl ARHdAUIER Fi"QvHEFHu‘?%lwérﬁ %é@lsecmedand the
list of required properties. 15. The nethod of claim1I, wherein

recei vi ng asereigfasmatien epmprisegudedivermngphei giect risfoemation ta theeqw@ﬁtedf or a
speci fi ed Sf%‘ﬁﬁ? b information. 16. The nethod of claim 15, further
conpri si ng 15 logical element with the user interface
automation server if the user interface information is interesting to
the client and is w t1&i n The neprdidficdmsk) perttendom@tisiag filierigg uke user

interface infaormation |if th S interface inforpation i uni nteresting
or is not WREMHSK 'f‘h’ém%%‘bwl"l e iilo%"mit*f’" ST Bt Sedme B’f’ﬁ‘f‘ﬁ‘i P further

conpri §png ys&ChieyfaBd mf89ndtﬂ>fnofr6ﬁ%t theMusér Aferkdee dngfrle inBiu@ed f’}feeolﬁjé’&' ne
i ncluding: a name of a changed property; a new val ue; and any avail abl e

ol d val ue. infermaries anéthedist of reqpizadrprapertidsur t her conpri si ng recei vi ng user
interface information pertaining to at | east one event type selected from

the group of: top-leyel W NgRKAYEUAm [ QGHREY $eiinh WSEtNiofhange

event; control
. 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.



25 patterns events; |logical structure change events; nultinedia events;
sinple sound events; and soft focd8 events. 33 19. The nethod of claim
18, wherein each event falls into only one of the event types.
ACCESSI BI LI TY SYSTEM EVENTS. MECHANI SM AND METHOD  ABSTRACT OF THE

DI SCLOSURE A met hdd: andhsprethadPislaim 1d; wherein epgheyentfpltsintaQBY i nt er f ace

i nf or mat yRofMeeveRIfFek.bed. An event nechanismw thin a client-server
environnment for keeping a client notified of user interface events. The
event mechani sm conprises a registration nechanismfor allow ng the
client to register to receive interesting user interface information. A
user interface automation <client receives registration information from
the client and conveys the interesting user interface information to the
client upon receipt. A user interface automation server receives
registration information fromthe user interface automation client and
advi ses a user interface engine of the registration. The user interface
automati on server additionally receives the user interface information
fromthe 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 information that is interesting to
the client. Figure 2





