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;edet"tF,"6T"T"\r ACCESSI Bl LI TY SYSTEM EVENTS MECHANI SM AND METHOD
TECHNI CAL FI ELD The invention relates to the field of assistive technol ogy
“automated testing, and other products which collect user
information 5 and the Interaction of these products with “MW“MWMW‘W%
information. BACKGROUND OF THE | NVENTI ON Assi stive technol ogy«%Ad) products
exi st to help conputer users who have a need for assistance in areas of
| earni ng, conmuni cati on and access to information contained In and
presented by conmputer software. These products 10 have a need for
i nformati on rel ACCESSIBILHEY SMEIEMEVENESTMECHANISMasND METIHO®DNng
automated testing products and user interface commanding utilities also
have a need for information about rface. Currently, these
products have no sufficient sour c]éééﬁNEégg‘ﬁ[ﬁ{@rface (U) information.

These three types of praducts (clie ts) ar t 0 hav essary
support from el sewhere flbe 1@"%&1’8& & W‘Pen‘f’tﬁ‘ er%Illjd ) Olg AP HEIVEi ﬁefcg ‘ﬁﬁ@i 'on” about
an appl i cati Opysme@e tedting CadA6Ber pratudt Qﬂﬁmldcﬁﬁkérwn@rﬁg@wﬂérn@dﬂﬂn
Interrogate U el ements regardl ess of the technology used to build the U;
(3) generate RieiHoaIerginn %@%Pémdﬂﬁémﬂh usprdnedfpcingemetiamd what type of
behavior or functionality is currently available. No single technology is
avail able currently that giBACSKGROMNQIUIDE INMENKIOMese 20 capabiliti es.
Furthernore, current AT products are not always conpatible with all

gr aphi cal operating sysAmst'(vemchheI@gwﬁAwgipe:siuausd:xlsaw helpecoatputartugerso filter
and coordi nate rgdundant or m sl eadi n‘%‘?é’ml fi.cations in .a ce{:t ralized wa

An addi ti onal “8P SAtRARTHJE" PSISPASE Camip B M RHA" ARLACEP ity g
i nfrastni ctur ggordaBoR @bni@mk& NS ahd %re@&dcd BercehPuRr elWhke TR PrRiucghanges
to add 25 new functionality. Furthernore, currently to gather information
about an Hppl havgt & giged fos érfoitpationf gedeyvant FfeﬂmTcgmwattmtﬁﬁgqe wiSigdarly,

gfp\'N'( Icf‘lt 'ng“ . f}?@&gﬁﬁ,}pqﬁt@g@& Ee?tuﬁ% @dﬁ'cté Q@B@H@z?ﬂrﬁ%&g&r&nﬁ'ﬁd&%e&m dEE‘%lsBr 0cess

conti nuous rrahmeemaafeﬁefor afbrrnemton&@oauhem&tn intrfadd. r gstrentbt thiete @kcmcdsac ks t he
ability to fil|ter coordlna r edundan 2 or m.sleadi ng event

t
noti fi cations™¥§ “é?sé’ 5T SQuEe ‘l’ﬁ%’r‘"e 'EuéUI)é\‘/fé?Hf‘atEB‘nsUWéer regrt¥PeSeuired to
i ndependent | y Ifokihé@r(cl'né?)f[sgrzﬁ@tx’e&lﬂred% haRt n&%%%uﬁd&r@‘ﬁoﬁ\ﬂﬂé@ﬁ&@tt@ to
request event notifications in three levels of ‘granularity: ( 1)
ever yt hi n§d onezabipediRmop; (I()g)athenlﬁom@n@bbardn&mﬂlgﬁmss Q@u@rneré@ceoﬁfém ng of
a word proces a e i cess.(pultiple
obj ect s doi nggr% }q(mr%“c%ﬁ%: blscoge"tss nd %Jémegﬁ% [ﬂa\/\% n% A ent 0rfe{cﬁgl ves an
event, it recekchedogy Weﬂd@mhamellm (BOI‘Oex&:rﬁﬁﬂ?;Eylfdaﬁd wmpb:tmrer puhiaad (4)he event
occurred and other bjt i nformation to indicate where the event

occurred. A cPRgAtaKh hholee fehfayoppplurtonaity it superthy avlapke UP obj ect
that is relatgdgfeQechnology 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
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10 the event. Wth this object) the client can nmake additional cross
process calls to ask for information about that object. If the client needs
‘five pieces of information, then the client nust make five cross process
calls. Cross process calls are exceedingly slow, so the performance cost of
collecting U information using current accessibility infrastructure is

hi gh. This type of known scenario is 15 shown in FIG 8. A server
application 12 fires an event 6. A kernét™ 14 determ nes which clients nust
be notified and sends an event notification |8 to an interested client 10.
The client 10 omakgeading egoesatificgtidnsamatdeasistentvieanngp plhwsatyann CAUBUEEr0ss a
process boundar for the object .rel.ated to the event notification | 8. The
server applic§F¥8§mf%tPéc% %EkPﬁ%ﬁglfg%¥%§ "and then the client 10 can

begi n 20 sendi ng requesCarrdfi dysemi RflownAT ippsduaautreduer dllenc astificatiomhi ch
fired the event. The server application 12 returns the requested

i nformation 20" #Fdswvelsnef piredady: bbusieanrling qnoa Weekien @htn foparigiither

current opsi ORGLLAUSHCLIRRIing 1% vl PRk 88YEEH @5 irPa BYORI Gnd hiffciibr ary

(.DLL) within"a process. IS option has severa acks. First, it
requi res cooperaessomultienobjeets slpgigenerkan tearioadss e furcamdg, wherotha ghemcess.
Second, it gives.rise to security isauei q§cg¥se onfe quthe cLieq{ code is
| oaded into af"GpSt FEEYTbA ¥ Sy @Iy hande [rarspeqilit Wisiqvely YRigh tene
information itvé&bb@ir®d akdbiher bitCofiRforRainl B GhdidRe WBeRMhASRNE 8¢cutbe client,
it nmust be |oaded into every process on the system Optimally, only trusted
clients shoul d\ géent ezdedke acepsgorospistcab o sppevectie Ldmbiccpthne éssislated to- 3
Furt her mong, - & SXSheridh BESIRM, WRAA] MESHhRCadEAF crbOep ABILEhY, £0
specify what event notifications it wants to receive. |I'n KRown systens,
client may neask tfor nefkenaionuntyer tbit objess [f ahesdiesalnbaisafide thiamrs astal yze
the Information to determine if it is {nterested in th% event. A nechani sm
is needed 5 t P”‘&%‘r’?“p@ﬁd&rﬁ‘f%‘ SUSk BIREC FIVE (CEGSS RgOgeRs &2 Horéf%%PfQ‘}F%?ant
manner and thagcap eP@ee@i%ﬁly' NoWPIAhE de O nRHAPASsE oNEWRN RS &M AbrARRARN cation
events. Furthernore, a systemis needed that uses only trusted conponents
in order to albbiegicatrentsieenssibtlyy ndrasteyonere iighedthisytypavntknayverekdenerio 1s

i nformati about a r d nterface, the.10 AT.product regyired to access
trees tha?gar 39%%’% ilr\lléﬁﬁ() B ourtiELPER oY r@n% k. e\,&@k:o%r‘di‘}‘u e i i pl e

trees are requekegfintOwhieh¢BshtsimRkt berodfitdaml Jefd Oim@atehombtifietticiil 8 opine Ul
framewor ks. These differi ngFtre,es may contain information which is not of
interest or i dMEEted pigny iR TRy ¢lisat U Bakessrepuesk [ ffiggeihe seRYELRPEFALES) ect s

whi ch manage 41hgc\ks) Elo%eéé'boﬁﬁ’di‘&&@'fér TRRLRH Rf& BYhd BRAERGiHAUYS 88
Therefore, a need exists for a single unitied tree having only those nodes

that are of i dhemsewer applichieonublereturps thel abjdcod0 iagd theadbel cti¢mt] Oatddriegiwes t he
neccs o 45, PO Ry @i L SRR AR MR S o

al low all formheaérvidl applidatidn 12Ge@enEnbe el Sstédinb@faien 20 a&9SI tAk Grocess

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 15 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.



BRI EF SUMVARY OF THE | NVENTI ON The present invention is directed to a
nmet hod and conputer application for providing a client with user interface
“information. In one aspect of the invention, an event mechanismis provided
within a client-server 25 environnent for keeping a client notified of
changes in the user interface (U ). The event nechani smincludes a
regi stration nmechanismthat allows the client to register to receive
interesting U information. The event me&hani sm al so includes a U
automation client for registering clients to receive event notifications
and for conveyi ng t hoseFnohérmocahisgsismtionedded that gnses teantienthiby abidicuro. 30 The
U automation seryver addition?llé receives the noh%Lications fromthe U

1 11:a[t I[l

4 framework AREYREAGEER0 b gV HsT FOalTEENef B KPP WS e VSNEY! t hat

are unintereshiaggnde@ tNendkei £MHunRE A A0 brdeads enismeehamins andipie aRti fying
the U automation client of the remaining interesting notifications. A

further aspectnfefmatios tp goenninenl rivinicdessedaindbarpuaner & Maghagisahtsagedast hod f or
& . . ! . \ T Tl ud
coll ectl ngs| ”il%?@lgr{ b%@é%Qﬁ%%véﬁ%ﬁ{eﬁﬁéH‘ngke %rfdg}j\%tsmann@?g%e@aﬁ%n'd%c udes

receiving a reque clien or spec user I nterface

i nformati on anskilgugrdgiedgtot ipphlit rengsyse:nu e capplicaiobl evaufsonBiidtienmeey; \aer t o
det erm ne whet her the rgﬂ%gsted U! information is availa@le, The specified
U i nformati of &N FalSSEer fabHics R8I YUrUsks SITRONERHS b Pt ( Yley dg seqiigmat i on
client. 10 Addjtdepnral advantages and novel features of the invention wll
be set forth in the description which follows, and in part will becone
apparent to those skil | €drremlyt hvhearseekipgnnformationastiouh aofset hrderffaskel dwi ng, or
may be | earne ro ractice aof the inventipn. BRIEF DESCR|PTI O THE
oRAw NGs: 18 Thd BB k@il oh e DLER | Bl E ke o eiHTE o
reference to flmedbiachedodmayy, nouiliple UrRs arovigfuged to cbfveyludes ielh@Ck

di agram of a conputing system environnment suitable for use in inplenenting
the present i Hfereation; fornayltiplej YI drapgjeyorksdi dgesgnddferingtteseachiosoHaiineen an
accessi bi |1 tY id0utsh SMictRisChdi SRniEY SAVTBOLisibAIED dhe S8 SonSUlARATENT
FIG 3 is a bloc& ragramillustrating conponents of the accessibility
system core; EbiG8ned¢bigetsl (Mb)chi mhnage rtizet eisibie Ut cestrélo mapfpudatddolyy dwel endr ee from

pative ol cuent g kS, okt Bl RSB MR RERSIS o2l oBEGOSIUr €
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 Ul 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



FIG 6 shows a dialog box and its conponents form ng |ogical elenents; FIG
7 is a flowhart illustrating procedures involved in activating 30 an event
“mechani sm of the invention; and -5 FIG 8 shows a known system for event
notification. DETAILED DESCRI PTI ON OF THE | NVENTI ON Exenpl ary Operati ng
Environnment FIG 1 illustrates an exanple of a suitable conputing system5
environnent 100 on which the invention may be inplenented. The conputing
system envi ronnent 100 is only one exanp#e of a suitable conputing
environment and is not intended to suggest any limtation as to the scope
of use or funciin@nalk tayd dhcltill® b Miking onechbigsinhfyr heuing eVw@ccoaputd ng
environnent 100 be interpreted as having any dependency or  requirenent
relating to amingiestig tecthe shipntnatd amogfictigippretnsm (P aeufyingdthe Ut he
exempl ary opelgihfitofBifdik BRI Hmd Ay B sdMRHA oy be described in the
general context of conputer-executable instructions) such as program

nmodul es, bei ng execut ed Abyfuatherongspeaer of Gweriabdnyipn pipogyidan rodempsterncl ude
routines, progr , objects, .15 conponents, data structures, etc. that
bor f or m papt | SopEFiepGaEhed formrdRRY B LR aPolib bl e dut Sofypse

Mor eover, thoggeSikkthb&dndiBddshRcaiWingh ibqRBPI@6] &ee clifiat fdr Npetifiv@niséon may
be practiced with other conputer system configurations. including hand-held
devi ces, nul t ipedrcedaiormaljont angwjuerying e Ld cagisp vseshized Ud auiomsgen seriel e
consurer el ec i 3 0 i B ¢ S ] tyhe |1 ke.
The inventiongig§éalg%akgh%ﬁggg%@é§a1ngﬁéﬁgﬁgﬁﬁgggggﬁ%u?F%gﬁgﬁgpﬁgﬁnents
wher e tasks aligopedtioarispasdyfrome nid €1 proasssi wovedevi Uesutbmatiomelent.i nked

t hrough a conmuni cati ons gelmor In a distributed %@f ut i ng. envi ronment ,

program notul es may be PGEHPRY 2}583%6%% and agyel fpgjuics LyeEBipneYilisicor age

medi a i ncludi Rg ERAGK ¥hSHACAFGHRKICRaSHoWS TR akl BER&SkCipbhEnt b  an
exenpl ary system |00 for inplenenting the invention includes a general

pur pose conputhag skidled de thaatt hpoh examoktion obpufalowing drrohube hepraed
processi ng uni% I20tkgﬁ$gﬁgﬁgngpgnry 130, and a system bus 121 that coupl es
vari ous systeﬁﬁ@b%ﬁ%ng |Hc?u8|hg the system nenory to the processing

unit 120. -6 Conputer i | vay,l of conputer
readabl e nedi a. By way o%éggﬁﬁgtgékgﬁgbﬁgéﬁﬂ?ﬂ%ﬁgfﬁghsﬁﬁonputer r eadabl e
medi a may conprise conpyter storage nedia and co nj cation medi a. The
systen1neﬁ§ry | 30 inc|u§£§P86WﬂuP%W“§P6r§§ ”WﬁbwgﬂyﬂIEQQ“ﬁ%me Pt atil e
and/ or 5 nonved @feiakiGcHIB ARIWinS Helre@swHega@st only menory (ROM |31 and random
access nenory (RAM [32. A basic input/output system| 33 (BIOS), containing

t he basic routines that Fiel p it @ blpelndfagram of @r ¢granpusing bosigeesn eloamsnt s
151 Rt 132 CypASr S e PR B B oaul b that are
i mredi at el y accessi bl e FdGanhdy @block diagram of interaction between an accessibtlity
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



10 presently being operated on by processing unit 120. By way of exanple,
and not limtation) FIG 1 illustrates operating system 134, application
“prograns t 35, other program nodul es 136, and programdata | 37. The
conputer 110 may al so i nclude ot her renovabl e/ nonrenovabl e,

vol atil e/ nonvol atil e conputer storage nedia. By way 15 of exanple only,
FIG 1 illustrates a hard disk drive 141 that reads fromor wites to

nonr enovabl e, nonvol atil e nmagneti c nedi ay- a nmagnetic di sk drive 151 that
reads fromor wites to a renovable, nonvolatile magnetic di sk 152, and an

optical disk drive |55 Fl@ig dheads khb@is Mefot Senttifichigovabl e,
nonvol atil e optical disk |56 such as a CD ROM or other optical nedia. O her

20 renovabl e/ nonr enpvabbeT AYOEBIDERRIPTYON D E TREARVRNEIONT Or age nedi a t hat
can be used in the exenplary operating environnment include, but are not

limted to, magnetic tape cassettes, flash menmory cards, digital versatile
di sks, digi tall*lxvm&tyy@matlsg)linwrgmw RAM solid state ROM and the |ike.
The hard disk drive 141 is typically connected to the systembus |21

t hrough an non- rem)vabl EIGrehdHyst@&Si at exdmple sfuetsudsble rﬂompfusioe syst@m and

ic disk d 1> di sk d 15 d
Lo the syst ene Bttt pf B B B8 a Sl P R, tafifed [ERE B ace

150. The dri V@ﬁstmdeﬁvhﬁhmeﬁlssl@gl asteﬁupafmuteﬁaimpltaoruage sieabla dérapusged above
and illustrated in FIG 1, provide storage of conputer readable 30

i nstruct i ons, CHEFRMSN} it (5195 lntwdsgﬁ%ﬁw&ﬁsmnéélr@f?dmataﬁé@ theatcars 8t Usche
conputer 110. o th'c:b&:’l%lgy of € irRER eNelhﬁf thdliBthe Wi ﬁtu?éém}lr%ﬂnlehﬁﬁfor ated as

storing operating I cation progra program
nmodul es 146, Aaadntprpogedans Uaamg h@?depﬁodmcyhatreqmmncm‘mmgemtemycm @i t her be

t he sane or different from operatin ystem 134, a { cation ogr ans
155, ot held pr GyTbIRHIGA PRl oot GAPaD Fa SRR g B EE e 144,
application pnograns |45) other 5 program nodul es 146, and program data 147
are given different nunbers here to illustrate that, at a mninmum they are
different copies. A usefheraipveniioar meprhardescrihed imftbe nganeeh ¢W%tt¢fe

conputer 110 E&%ﬂﬁ%@{‘eie@ﬁ’t Ble § #u&‘?&mséh%ﬁ aﬁ‘%g@ 5}??62&@[) lﬁ't@%% &f¥culld b@t' ng

device | 61, erre to as pad Q her
i nput devi ces cémpﬂteshdﬂn)eraﬂgy mmém%o@léﬂlmxﬂieopimnm, grogratnks Ckbjegame pad,
satel li teﬁgl sh, scanner, or' the |iKke. ese and ot her | nput deV| ces are

Th
of ten conhect &P e ProdBENTRY i &hatlfe P QUGS ULT JYS P JORIeRRer f ace

160 that is couRlcedr hisulabedaty §lpe M&eov@ﬂtth&%%kh%dqmiﬁ@%Qﬂllb%pl%t:ﬂ?er
interface and bus structures) 'such as a parallel port, gane port or a

uni ver sal ser itht tiumvensisB) maybenpractiend vl oder gomputet yxﬁéermfcoﬁﬁi@mt&yhdew ce
|5 3150 15 CONMRRNEL phar hIS BYRLETHANBAEolS, AL NHRHLASEL UG @ Vi deo

interface 190 itron to ncl ude ot her
peri pheral outpmgrardeuble eonsuch ea:strsmesakmn&oﬂc@iitemadnapmfrmheetomﬁﬁersmhm’ch may

'n Cho. pr 8Gent™ Hent |6 HIGtorEE SR B ADBEROPBR M SRREMILiSi ng.
| ogi cal conneghiidhindn® RR&e UiskIRFEpérBIREE 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 121 that couples various system components including the

system memory to the processing unit 120.



conputers, such as a renote conputer180. The renote conputer 180 may be a
_personal conputer, and typically includes many or all of the elenents
descri bed above relative to the conputer 110, although only a nmenory
storage device 18l has been illustrated in FIG |. The |ogical connections
depicted in FIG | include 25 a |local area network (LAN) 171 and a w de
area network (WAN) |73, but may al so include other networks. Wen used in a
LAN net wor ki ng environment, the conputer6-110 is connected to the LAN 17
through a network interface or adapter 170. When used in a WAN networki ng
environnment, the conput €mpl@r iyPicgatdlly intiolesdeaderd®f rooepmdr t2adableot her
nmeans for establlshlng comuni cations over the WAN 173, such as the

Internet. The R8HenPI78Y JUi@mpirapnddol Himiael. compuier avadable medja way g
connected to E&ﬁgﬁ%sksﬂ})@t@xs stchge 'm"’cdﬁaheanHS@erhGHHﬁtldnmn%rdf@C?helQ?sterﬂr ot her
appropriate mechanism in a networ ked environnent progr am nodul es depi ct ed
relative to themeoydd0eanclids) ccmmpumjrml@gfs nidder eothe foay bfe velnoleezhdior t he

renote nenpry stoaedewce exa limtation, FIG 1
T osEr e o LodhRRs aemore Sisncat e g e R RoNDLs (R, asomEibRy dovi ce
181. It wll hﬁn@?ﬁﬂ@ﬁil\@t@ th&iasfbhﬁpmﬁiuwrt Kyﬁé}ﬂﬂ%t(Bm)@) %Bﬁk\dﬁmﬂf the

exenpl ary and ot her neans of establishing a communi cations |ink “bet ween t he

conput ers nayb#c (pyEdes thatthspugtirapgas/inBrmanon beteeeinglcwntp BhdHt engfuterhe

conputer 1 10, t I I t

appreci ate thaf(5 uaﬁ;sScccﬁ)ll?rrgl ntéiﬁtt'g)oisetygcél%{ﬁb'%lﬁﬁ%{gmr%?\éc oh?lqg?e);p'y%“b known.

Accordingly, ecddaihs dmalandiet pidgsanc andelesiting atdmnmemaekyadcc-nm to atd/an of the
i

conput er 10 need not be disclosed in connectio vvlth t he p esent
i nventi on. AcB@é"s‘ltlHrhef‘l%Pngéf{de?ﬂ Y PTOETSEINg VAL léhm%é( ¥ samp! 5 apf not

accessi bi | tyigy@fien @e0 1 Nfushasd 3p é’f’ht‘irﬂgt ysten q|3heg;§ |RBYd FHg?dht\s 399 and a
server environment 400. The accessibility system (P may e i mpl enented in
the conputer ethei pt@grwnmodi\(l@s t¥send pregraabdaye |-t h respect to FIG 1. The
accessibility system 20@ i ncl udesta cl He(pt si de acy eSS| bi |ll (ié/ [ ntﬁrface 220
for facilitating interalffon SR he ent™300, ®%erVer"

accessi bi | i t yrdnidvableaofred@Nablef vdlade/moh alatng comp@eagbiags mudiad Bpevaserver
side 400, and 20 an accessibility systemcore 20l. The accessibiljty system

200 of thd&di ngEntangre By Ged %Wd%ﬁmaadaql%ﬁnm b"drtaﬁwfeﬁséfqraeégmc%pl s),
interfaces, apd,gRERABOMIS (RAVoRARINAAEBEL I Faid Ya ARERIR Mtk Arive a5 1iMer face

(U). The accessibility syst em 200 al l ows applications to nmake thensel ves
and any conponmds s“rctntn@y wIstes a@(aeesriotyhble a6nvhiwtile Imagnetice disk r Brnend @800

preferably |ncI ud aSSI (Y product ol aut o ed U
testing tool . ]S‘éet ?‘)e/wé'ﬁ? Y f‘/a{?mgi’%? £ ?llgg ent

t echnol ogi es agn@momw nsd:Ichh 2as A wvmowsyc&t ethef 1ébtichic I rhielies  arDiaetapt er
412 and a_core 414, whic é be found in a first type of U. A server
system 4280 néqmm@éleérwﬁre@savg lec ¥piplsarrpvaasle LompEtshtstBrE Bediadhata@nmy be

found in a segonded ¥Pfe kedthihrySdifelady vifbiiadn thel Byl @R &iok Timited 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



-9 Mcrosoft Operating System products, fromthe Mcrosoft Corporation of
“Rednond, Washington. The server system 430 includes 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 nechani sm 210, which is included 5 in the
accessibility system 200, relies on a U automation client 202 and a U
automation server 204 for facilitating interaction wth the client

envi ronnent 300 and the server environneht 400. The U automation client
202 and the U automation server 204 are described in greater detail bel ow
wi th referenceydiemting, fpacitonrpredtani $43,Atker @iodrind mdtudst i48nNandTfegram
accessibility system 200 of the 10 inventiqgn gives the client (AT Product)
300 the capabl P%tkﬁt OVotq that thegpAomPONeHs e sthephe %éﬁ'ﬁ”cé‘hoéﬂ‘ﬁfefqﬁ‘éﬁoﬁh s user

i nterface; (@;m i |

regardl ess of {)ﬁg hnol %43[‘1{)1@54 ghﬁﬁgg nﬁﬂ@ﬁ &h%@%‘%‘ggﬁurlg’t lglgﬁge%f%oar d
and pointer i lpmgrqmaimb (13y. uﬁkpeuasngrsglstwhamét yapelicdtidne papgiapns o435, other
functional Lty is curr val | abl e. CCGSSI bi [ system 200 15

i T ows apph SETESHE ol 48y R g e 2 eB HH B R BRI bl e, The
structure showstriteFhe® 2 AneinBnBNadledSaré IdiRe@Ri 0bpias PeL e mdyNenter
accessibility system 200 i ncl udi ng: (1) logical U tree; (2) Control

Patterns; ( 3) cemanndg\anshiafargaiion gyo Fh@m@f“PAFﬂF ldﬂﬁnrow\/@péa qviices e as

docurent ) ang {Shofli RS hoinkle PEGE2T61 OGHERniy BR-AR220, Apbteoral

conponent of the-accessi bi ogi ca ree
exanpl e of whitratkbal shoouthi pad:I G()thfk( D)lputTha 1ta"seen&2§hom)| ey udeddé i t he

client sid accessj bi || 220. T |l ogical tree 222 is a filtered
view of {8 uﬁa@PP@wg@ ko s Po fgwerf{ﬁbfs%mnew%ﬁéﬁﬁ%?-_ ?r&?seaa@epar ate
tree that nmustageid quplkﬁ/r@:@ta?éjo@h doRectrt B pRIceRingARRY | 0AhIRBH d]N&! oper .

Instead, it keys o few wel | -defined properties, interesting and

uni nt er esti ng mmmﬂmwfacndﬁ@ah@ Weum@d tcathstSB’Et@melal bletl wahe comgled tye
exposed in the h ?ﬂlcr?a 2%2'(: agcsesa l%‘c} | stem cor e 2V0I consunes
this informat ol 16" F% “St %“r“f"lstse“rc & UPHPoG RO B B0% 550 i £, in
turn, present edxatmbdshwém’) praoduedtitor oy it esbtRerypd of displdy Teect agigal tree
222 is a tree of elenents, each of which represents a control, an itemma

control, &P aC@’i‘Qﬁ’Gﬁﬁprﬁ‘@ they TYSERLPES, 1 Y18 AN ARGTRRE. BUGHI a8l oY deq iretace 99y ane.
The structure 1?%ddifl8n t@%ecﬁl)mttc;re@orgéxg h\gﬁj 858 SR RRESher! N8ipHEraPhut %)ua ly 5

application as perceivead he use IT the controls are ac
i npl enent ed uslevigesasudh faf epahersd@demtiprmqr5196,uwbmhel)ay Bcheorineged gtroughd be
stabl e over tine ication | ooks the same to a user, the

. |
| ogi cal tree z“ﬁQ“?PAﬁ?eéﬁ’E%&afﬁ‘&%Faﬁg?Qapp| i cati on should remain the same, even

if inplenmentation detaiTge onipneerapl hic@ie prsdithinbehilonemag espefuday &
changed. Native el enents that exist faor structural and inplenentation

reasons, $lch ngavoskeshenyirenmegh piing dogical oCUNAIRS| 19 AR M EBUS oFMOBS
product s snoulBrBaleraRRAAL f Rubl & dfu‘?é? 188! A%E r&rhstet&%ﬁ{pu%%%o Al thef cel ve

them The logical tree 222 is a single tree built froma pluralrty of
fragment s t hatpeissng apaipher, afndumplta}llyngclad(pﬂ wazy Ot yll of thei eﬂéreq:resntiqunb@bsses Yo}
?2?? i ;CS?/ glr,]g rg\/ee RHRe tto the computer rltl() Jthguého rlll():laal mgrrngrey sztozr%geeggvbléeeFS lbUI K
has been illustrated in FIG. I. The logical connections depicted in FIG. | include
25 a local 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



15 capabl e of obtaining a value for a list of properties. By the tine a
user normal ly woul d have invoked a cross process call to ask for val ues,
the accessibility system 200 will have fetched themthrough the use of the
| ogical tree 222. Instead of being constructed in one step as in the known
systens, the logical tree 222 is constructed fromfragnents that are used
to build a raw 20 tree. As shown in FIG 5 three main procedures build the
| ogi cal tree 222. In procedure 72, the #ccessibility system 200 | ocates
native el ements of underlying technol ogies and arrives at the native trees
shown in Fl G cétnégied It0 the Qgaemr Bus7/421 tvie tac aesshfitl inteyfasy St66mo2 Abher 0Nbi nes
native elements to formthe raw tree 20 as shown in FIG 4(B). Finally) m

procedure 76, RPERPTjASMERantsredn 2E A kesh el 08B RYy PRI a9y ley Aepicedest i ng
conponent s | i, [3%hd ESApA0: A SRR (Ror 4LB)be Eba AGA rdrhbust  at es
two native trees [0 and 14, which are constricied from native el enents of
under | yi ng temlamof)o&gorege dmch: By wabeotWXIaB@ld.Jhnd oot lmmyauonhFeIG dviudiratzse Ul .

The native. tree 10 i des aaggrﬁgt & 11 and Iurq it% of.l
descendanty 15T P 'Cetéﬁ'} oasr i BASHTP8 O\Rnrf‘?f“%rﬁe X6t R L ¥ 8 it ar iy,
the native trgsrdfaredtat R SheBvdRIcBMtechOtiesHowR d?é‘\éké’lﬂilal@rypin'drcﬁﬂ]drtrﬁe‘ﬂg child

nodes 16. The child nodes 16 may be descri bed as i hgs of one anot her.
As shown in Fef@stahlig)ing & pemmaricqtéons ligk detpgem g compHiys Hay Bowsdned to form a

raw tree 20. The raw tr r Chl|d
nodes 22 and 30. The cﬁgﬁ%%%hgg&g%qﬁ§nﬁ %é%n %ﬂ?§§$ ﬁ@ﬁéﬁ@g Le child
node 30 has dssctowanhsseIt-odd@naryRkidl inake i edll Bﬁ)preeata teorbénaimmneat 5 the

native trees 10 and 14, with the nodes of the native treg 10 m.ng nodes
2229 and lhe HEHAR GRCioRBNGELPR viret VER PVTr ni‘hgPiBals agditiopa 'F{?W)lﬁlgh a

met hod broadl yzBawy th@lrﬁérﬁﬁ coft{ifaktigher dhe BdmphiBf 1 [Mkel mBELLisiSscaqRVver t ed
into the logical tree . To nove fromthe ram/tree 20 to the logical tree
222, a develognme@am\wﬁB@ppﬁhmﬁnmwnnmthe raw tree. The devel oper can 10
mark nodes within the raw tree 20 as "hide self' or "hide self and

chil dren" or Ascessibility SpstemirS#rucddrenode”) etc. The devel oper can al so nove
nodes si deways or place nodes before children. These "hints" and

modi fications mthe ravAg slesvi2th BIGe 2)aedctasiboityrsdran 1200 iicatactsrveieh 222. For

exanple, in FIG 4 veloper has nmar ked n@ﬁe 24- 26 d 33 of the raw

tree 20 ab unflifkF Efqnﬁﬁn‘ag M4 & 5074 BYIrBG S 46 aﬁﬁ"ds‘ 'Y f%iRal |y,
nodes that copd@indy 6 ﬁﬁﬁ@&uém’é@ﬂ{ tthanﬁ't@F ePRrohih®l @ deQcdtRa Ms&! withe mar ked
as uninteresting. Kbdes related to the visible U are typically considered
to be interestespayt EnidGail| Thpacdepdiliyesystam 308 indydesal clientesede2pessibilityse by
the AT client, des ed as._uninteresting
are not incl u %:zmeé?ﬁ Hpogfggf"% "“méﬁ%) %ﬁﬁ r% §5€g§gbbl b?y %;@%en1200
uses the | ogi s@kssitibg xﬁrzﬁacteozmfﬁdfabmiamrngﬁxﬁtemmcabwub e Mes sidé He0,3hat e of

t he syste t he Iocatlon of oﬁéect nd i nforpation a out %gntrols Known
systems hdlle AOECHEWPOHINESSEPREITiZ0)- T awcepdPiliiv Heism Al pf thedayentiphe

| ogi cal tree Bgﬁuﬁé%egeqﬁﬁyhgﬁtﬁg @ﬁﬁ%ﬂxﬁ@eéh@P@f%ﬁ@Hﬁ&§e§mpﬁm&Qﬁo@|'ent
300 and is capable of providing i hformation regardl ess of the server 25

si de appl i cat fasrprpgramgwtically weﬁsmgucbnsernmeﬁaqsel Glélmt T3 Cicpeseittdity sysbmai n
information f r.a a cI| t ks for a
button to preg§)§H§W$ %@P&Hmn€g§ﬂggﬁ ﬁh ?Q mw8“3 8vﬁgﬁld cal
an APl "find asegligeent”. The APl wil| return a value that is referenced to

a position_in the Ioglcal tree 222 of the client 30 side interface 220.
Through t#® |ogical treshoadient kavigreasi H0 prajerahiyt diisd i ve¥stRe cl i ent

300 an_abst ragknihiyy A Bkl &raGRAARSS! Rlidd\BoRPRlcl CAk OB 0 may12_ use.
The abstract nc s structures) properties, events, and
functional i tyirtylatnest hwsnﬂpoﬁ’mﬁbmnonmbmdo@h@asGmowmn@dﬂénﬂ cansexgrect to
have in Comgys\t,\éntl Q}(?mclu% €s an aJapter 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 Ul available in



The logical tree 222 is a single unifying tree that is a logical 5
representation of the U and is fornmed into a shape that includes only

el enents of interest to clients 300. Accordingly, instead of forcing AT
products to filter the structural hierarchy of U elenents and guess at the
nodel being presented to the end user, the logical tree 222 presents a

hi erarchy that closely maps to the structure being presented to the end
user. This greatly sinplifies the AT 10-Yroduct's task of describing the U
to the user and hel ps the user interact with the application. Because this
| ogi cal Ul tr &ficidRdt i Opaatingndasent produarst fedmt the Micresst b dripbmatisy séfem 200,

all of the other co nts of the accessibility system 200 are_designed to
work fromt heEF Mﬁ%%z ﬁ]‘—“’oﬁ%"ﬁﬁﬂ?@ 4@ (E"-}C? gles WBM&daﬁtei§%gl 49 e
di al og box 60mtté1ﬁ£1 GRS Hhich nn@\bﬂe fauﬁﬁ%xén%neﬂah@ve%rru@mr&UIHowever when

viewed through the currently avail able accessibility technol ogy, the
stricture of thi s d| aI 04)s Isbow s O FEG siil‘aprewsliltrrmo}lam@mpll@x whiah igomglededs 264

obj ect s t hat an st S t hro i scoyer at are
meani ngf ulsat Om[ %ﬂg?’ S% hzf Scc‘:)@sam |af’ Omfggn & S?nzfgg tL|Ht S

support for thlaoinamm@drvddlzoz@orTfaeiﬁtaazg,mtédaericdmew&h mlemvmmemmoa di al og
box 60 can set a few properties to present the faollow ng_structure shown in

FIG 6 to theanrths savkst envigpmeniss omei‘ﬁl ERigmagon fehienty 20apd thg dlog, t he

devel oper Ca”aﬁt@@\ LG Sritt 2'0?tafef Gt ’1n tJr'&é a“lgoe‘w‘qﬁ?é{*{ @f2RRL ¢ fig and
"Type the nane program de I nternet resource and

w ndows wi || eysars mecHanisny @0 oattheﬁﬁweﬂﬁonThé"helemedssxpdny caseral A0 ofhthecat e as

interestipg the combo. box 64 d, .cal cul t d
he. Ok 6510 calloEr g Exka. B oleBt 6 atebo. it G B8y EcMpkinds ™) "

| ow cost nechafbeihiib ab&d dnPipliclofEREr ﬁ'téi‘fa@é CqZ)/ pﬂi@@brﬁﬂﬂ@ﬂ' ahy dl?d’c@dé#ce a
| ogi cal representation of their application's U through the

accessi bi | i tydfg&ﬁﬁ@m%@djl glaprnisfregdidlesseaft e éerhsplogn UPﬁiSﬂOb@ﬂdetb?éé[ent ed by
a 30 node tha e p, e

| ogi cal tree des" ?a-telg(% aégld“gal Oa}iweprm ésé‘h a@?on or%@géswg% tlyh’rre(;cfl ate
benefit to a besviongrifaattioanlitytio cAfreptydudtableor Thé |ae¢ussbi’m®p.sys@eme1000f APl s

allows the_client 30 to get to the tree. Functionality includes:
| ogi cal f%rreﬁ WY &R ‘ﬁ%‘l’?ﬁs 1P IS ‘E‘Emgf‘(“f)s 4%96%0611)89@*& AGERNR SvéWF 5 and

(3) currently fQeUs AWM Ebs. & SIBNERabAS HRIMA;BF idpedBRY Che FcbQiGH!
el ement represents a Ul conponent, possibly a control, a part of a control,

or a cont ai nepystam | 25K mludgrgodpb riggl(cfllf é” leical @y, CCp@mé Pagiernfy dfeEve@ont r ol s

can vary o eyl i S0 8 AbIELE JMRGHL 18kd Y ERRT d) Bkl 1 Fer ent

interfaces are use resen Uncti on y ass partl cul ar
types of contrgls. These, 10 trol -specific i nterfaces derive froma
comon base i g re esents functi onal i ty common to all controls.
The commo [

base interfage contains navi gat e | ogi cal
(ree 222,02 a gener ai “eliraHT SmaEr Al ol SHertibardn 205 3F nethods
for accessi nglo%mp%é ed2 CANEL @A piS BE GinfdhCis isRb®A iR FES . 40D, mahe g&t pmmidt he

| ogi cal tree 222, each underlying application U 15 technology will provide
its own technnr&u@efimthﬁ&wrgéﬁé@ﬁcesm&lmwgq—ﬁqcﬁé2¢ .ogical tree 222 is of
ultimate interest to th S5 AW £ somnme

i nportant functions. %Py% Céll *rg‘gi'%:a t}r‘ge g%f%%ﬁt{%?ﬁgé@ﬁﬁ@ﬁwgﬁ%’ms t hat
t he user can hekratley dHOUI teleenenasyvnet ermpmrate nee 24 roonttei inplasshes], bpueh as 22,

that represent th |rrpl ment at stru ture aof the der | f r amewor K.
For a Wn32 UFOMF gweﬁPP ipgpn ecleaaﬁ T b shgulth Bt artiiEae™ hat

represent HWbg, ehﬂ:ssﬂ{i@reitﬁ\%p% %nmﬁé?&tlhgw\&i&l”ﬁﬂica{er QBed@r aSsiucubial f - way
house' between the | ogi cal €l enent tree 222 and the underlying franmeworks'

own native el elepent shogéisbe elxrpesqdawtl@d ogisal treq 28 Jhhe accepsibalitisysicbasies f or

]Plu:, ls,([jl Blgu;hlen!["g 'tcﬁ sun lg?n ?ﬁntforma?lon 5] pfod?ce thetﬁlte§edV@Ielro§xcgﬁttreevﬁfthgtnn%nt s 25

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



The raw el enent tree 20 can al so be used for debugging and testing. It is
useful for pinpointing or describing where a particular problematic node
is. Functionality on a base raw el ement node includes: nethods for
navigating the raw el enent tree; a nethod for junping to a correspondi ng

| ogi cal 30 elenent (if one exists); property containing debug string for
this elenent - e.g. "HWD Ox483FE" for D nodes; and other “behind the
scenes -14 infrastructure' nethods. THh&se other methods enabl e hit
testing and | ocation; events; and exposing Propertl es that frameworks can
easily provide (e.g. fotlslgicabiressl23dy a trThe! ¢lameeis.careinol whish romeseakt ai ns
nodes 22-33 tQ%Bnu&pEI?ﬁgﬁtma SrfE S &5@6&%’@@8 g{lﬂ%é B GRGAIDES- The
raw el enent tree startin of rendering engines’to plug
t hensel ves i npanet beframee I Birbttiye eWhe m”guﬁw&eaadz IslSOlbdulréliresEmOﬂl’ﬂblUIgfft wei ght
adapt er objects which adapt native el enents, such as HWDs from Wn32) into
aunified | othEaf*PP(“F%‘é)"ZEQ pefqeived By dng ustalaven Jt dhe roprAsndF | 4 adst i ng

transitiong, EReiRBE ubifE Qrmlff@ﬁm bpo%@lnjgostﬁe@r erTheSar&cgmhhﬁbé upel ement
tree 20 is the base on which the |ogical "tree 2 1s built, it can be used

t o check that ovdnginleoghclahg by eeammzatlcsl lg@tmheseenean@ch won tiEclbgdaldrg 22an be

used to check for ynaccount nts. The raw el enqent .tree 20 may
further be.usBaRraiing, fiah spmerid sfuddirafi b Rabfee Rt TRMA i BRE: ng some
basi c el enent dgthlAIkhP apMicdiifg beaRE tHeaskites fhaddreninzkd pNauvelemihtseh/ment
properties, such as focused, enabled, and location. The raw el enent tree 20

is not the er’Ffﬁierf siouateral o7d imTlePeRiat e, ARch b g BES s SShPPEYISVS 300, i s
not used f{ l}g.%ﬁﬂln R WIRAs! ﬂrbgig)goduﬁtsrg%ulg)ﬂﬂ)? ﬁgeaﬁwn %Q’ s ifce (e raw

el enent tree I'so cannot e us to capture a ement's position in
tree so that uderdeds oeperetivg thech.t o at sonme future point in 20 tinme. The

20 can typioally be bui TH TREANEatIS 5 F Omehcr atl Lifeamirt SREHTHRE o
under | yi ng rendgrhérngthtaem&a@boegaf&% 1Exlaﬁfgﬂ<5rtcﬁ9fel%ttm@é&sé§@@%@M9 of the

| ogi cal el enents represented. It can theref ore be used to |l ook for raw
el ements, whi &l thavemade threelieric cBunlogigak bee RA2 eheblesobilkartrievdlearE2n. 25 The

rawelene t i | t t allows
A I I g R R

Furt hernore, kooWnhswsineoedbasgodshgbeest reafstoomkcfodevabpecitel accessittigtyi a and
are difficult to i enent with versete hnol o esent approach
uses a generaFySéﬂS'éE&g&’ﬁhaﬁ&#t@q‘%‘ﬁ?'mrp?ﬁb © WAk %ﬁh%;rg‘oﬁg"i:%zenent ed by or

on behal f of any 30 undgfieyi '89béxﬁ@‘é@ﬁs‘trﬂ&e&@&@ﬁ@kt@?)ﬂs in th‘ejk%o{vﬂ sQdiehag, to
obtain the raw el enment tree, calling a raw el enent root wl get a desktop

el ement, ver| fhieclggigy! ml?r?glssqmétmqm frpmsfragament that anuysed émd:u d e rether
nodes haveyityae WIShbuld KRS ARESSRbioa EOLET (R BECAGkaTENt o cal I g

a met hod din"a raw el enent rn the 5
el enent u5| ng pmkmde gey wenceeabidiynaisesn 2@6 tcﬁﬁte@hht&lefﬁlﬂgemhef txmdrl@lr@rrent
ts: &el) nlgts ;ﬁg ?e%hg qggllésgndaﬂgvgse;tltgé r?a?ntt:wrees s ol\jvlnnlg F&Eeél(?\l) B;[O%e ure |’7$nt S

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

Ul 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.



children). In operation) the client 300 can navigate the raw el enent tree
20 using relationshi ps such as: parent; next sibling, previous sibling,
“first child, last 10 child, etc. The client 300 can then junp fromthe raw
el enent to the corresponding |ogical element in the logical tree 222.
Events Mechani sm Wien a client 300 wants to keep infornmed of events, the
client 300 is able to register through the U automation client 202 as
shown in FIG 3 to 15 obtain the informdiion. The client 300 specifies
object information it wants to receive, where it wants the information to
go, and the list of propershbes int Fiand@)t ohgettibackes Thearel ilénmhay eguest

goes to U auto i Ilent 202. iﬁ tomation clie Qt 202 can npopjtor any
rocess on { hECTBE G o o Gl oAb 00 IBHREFEretT 369 OF whi ch
clients 300 aﬁ@vdt% SR oAADL KV, N child A8de @ZJIH:K deQcedBard mmmatl on
client 202. The automation client 202 advises the U engine 2U6 of

client interete chidd node 3@|haedgcheid2663lk%v\§hmaw treg 30eis|a @M@blutloamforrau on

server 20450f t he.event Qlwqﬁg]ne doef not .. have ﬁpﬁytlllz client

advi ce but” ma§f'® dtd‘(/)%tereeisn]gt d*t T MERPECHEE PP b Ve G TRl B 1o8F o 4, Ver 204

of events or p®hnd the hbées(of kheatitiogatd chﬁﬁnﬁr\ge:’(od@ﬂBQ'S'Bf a client is listening
for any events. The 25 advice is useful if the U ?lne wants to turn on
U automation server ndTmPPEh%F@H"@ﬁ?@“ﬂX“FW@ﬂéfqgs € ted(D)i dedavng f or

events. The U!reeeﬂglsr&% gmg%éﬂa éalttpegu.l 2 Pﬁﬁé'f@nﬁh@‘?%%@@bbﬁ’@th‘éf Speﬁd

of the U and to av0| i ng co oesn't otherw se need
UI Engi ne 2061c1gh:@htrcen22ﬂr rmlewiepddlcaammsortdtmtsmn germaertre204l twfdwel@pextﬂanevent

U 20t o o s AR TRl B TR SRSl B SRR b o o1
the event thathii®iehitdrbebf nd@0, ERIURRL @delopbecdd Als@uicvBBoUNsiIa&IMBIor204
deci des what place nodes before children. These “hints” and modifications 1n the raw tree 20

are used to form the logical tree 222. For example, in FIG. 4(C), a developer has

marked nodes 24-26 and 33 of the raw tree 20 as uninteresting as indicated by

15  blocks 40 and 41. Typically, nodes that contain elements that will not be visible
to the user are marked as uninteresting. Nodes related to the visible Ul are
typically considered to be interesting and will be included 1n 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 UI regardless of the application in



information is within the scope of client request and only forns a | ogi cal
element if the information is of interest. Formng a |ogical elenent
“includes pre-fetching, 5 on the U automation server side, the set of
properties that the client has indicated it will use when handling the
event. For exanple, the U automation server 204 can di scover a | ogical

el enrent for a conbo box. The scope woul d,)be the conbo box or its children.
The client 300 can request chil dren/ par'én’tldependents to define scope
during the registration phase. 10 After the U autonmation server 204

det er mi nes whasecheFhe absoraramadehinckided sthicruresh erapedeesiveutssagplanctianalyyi | ds a

| ogi cal el enent he Ul tomati on.client 202 serves the.client 300 by
talking to tangs i eRORRETa iR s Rt SRECRL i crillbr 3% om ¢ ne
U aut omat i onogeinoier204 and routing objects to a proper space on the
client 300. 1~ The U automation server 204 is created when the client 300
registers to receive eveift loggal ftice ad32ois. 2 Aglen ueiknpItee Hauls arlesied 206 i s
runni ng the MRshion Yl (9hfk RIBARSSIRG, SABL IERMcRes R Rldhillor300 has
regi stered for nane property change. The clieht's registration causes the
U aut onat i onirseesteo cRus 8Q0. bAcondiagiydinstEhe of Fareing' AT paglusts tafiltonthal so

advi ses the U engine 206 2 o,start notifyi th |. aut omat i on server
204 Tor the nSAEFOBERRDY OTHA Y Bl sl ABaLT Dl RERERE FhSr mat | on.
The U engi needP@s&akieS10anal @fee tdre Abchts Qrhiérﬁ@h%&hﬂﬁéloé‘dl?&naﬁgh@ He engine
206 specifies ( 1 ) what property changed; the new val ue of the
property; andsf@purpeicingopraspicdite theland. usthe Uhisagreativatsiroplifisr herAP04 i s
created bgsed p%'aucquet?§ksofoofes<%r%%t‘ﬁgtUItt(? tﬁehﬁe&ln‘d%ﬁps%gg u?e'?%tgt’gctt\bﬁ ﬁ']%or €
knows events, “properties, clients, and scope of 1'nterest so It knows ~f any

client 300 isapplicati@sted in the created |ogical elenment. If nore than one

client 300 has registered for events with a rticuylar U automation server
204 and the clients 300BFEYe Huyiletichl ddl 1167 Zﬁﬁe‘ss%ﬁ%“%wma?é’ﬁﬁ alle asked

for propertieg.kqihfybdbkn BChBdr Wd SindN@RhE0BE HeoRieRlbiRl 8PRAH, When
the U automation servér 30 204 sends an event back to the clients 300,
each client 3000 geldesigrad tovork fiioonthe fogi¢ad tree g sk xbmble, FKi.drshpwepenmes
returned with the l,0qical t, 7. For each,client 3 | i st eni ng,
the U aul St e GBMCRBY T dbpcars g Aot PEnt 58 HaE s Hokd BT ont %t he
| ogi cal el enentheassoeedttrunh tthe t igreaMenivailldbiie Adceqidibiyatdcholsgy,vere 204
creates only one logical elenent. This is an inprovenent over the current

t echnol ogy i nSY#fteR obakip dialoshex 890 Wopnianglys camplsgui lf eantains 284 obEtst hej r
own copy of ¢ sy QRIEF brodiAlmbis ARE uREHILR BloovBenBYEHar alel mbdifdehy BNO1 ne
206 does not utilize e U automation client's advice when clients

regi ster for eeemdaisert H¥itthecargésaibilzPBystem 2688 knd He sugipodubothetlogieal $8r ver 204
if there e an cessjbility clients. 3 | i.st enin nd.if no one is

[ sten no 20t ndiecZa: B cleatipher s w8 Bis dop 55+ BRSEY sttt BRer ok anci ng
10 it to the Plesattipmlib®mgsanvere sBO%n ifrBIG.ex@anid AT proficte3®0. reader is the
client 300 and specifies where it wants information to go, the focus change
obj ect to receive event &S shown tdGs pelor £ Rup'| diglogs the deyrdener 80 peicaist er est .

The U engi neag%eﬂe?cir%g‘{ﬂesﬁﬂag%ngwgﬁ%ﬂhﬁc §@%H&degg%eeNﬁﬁ@ 3f bRyghdie, Ul

aut omati on server 204.7 Upon” détectin ocus chang the U enhgine 206
notifies the hldautioremenbrorseiner reaource dfd Fhalowls waillt epeatit 6o yooi wep3.204

converts a Il -known interf.ace and sends. the event and .gbjegt, to the U
e T oSl TR e e bR L o el ik e G ito, BRE AnireBisd: ' 1o an
appropri ate spaegad)Wwdrdl&afula@dt etd0and theeO KR BEYEemdaTw indedowEOP@INS. | Mprove

upon the known systens by elimnating the central repository in the kernel
for events. | ASisetErs davelapers loaurentatechinism & (agrtholp glagiangiesarehycandent s 300

interested in tl%%bt)j &Qd&ééfa%gi%&li r%Bresentation of their application’s Ul 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.



about the context in which it is running. The elimnation of the kernel
repository also creates a nore peer-to-peer interaction, since the U
“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

acconpl i shed on the server side using the U automation server 204. FIG 7
is a flow chart show ng the procedures {ldavolved in the event registration
and notification nmethod. In step 80, the client 300 requests event
notification. Thiy Isgiell Bgresérigiodl offed airahinediae! be@Blit D02 ecomgwahcaie® t he 30
request to the U automatjion server 204. In step 84, the U automation
client advi sedTipfadygts ifdienlé 3986 that it wants notification. In Step 86,

t he Ul 18_ automati ' i,fl gatian LTI
engi ne 206. In step 88, g{kﬁgafIp%&ﬁg&nsa{hlg%ﬁbﬁé??\gg(?ggégﬁﬁtr%érélh?wgtaﬁﬁcei ved

i nformation. irfcludee (I ebgicabelempdtdrompbimnta poihp2)doginalntlenastfiomgetantt he user

in step 90, the aut o i on server 204 discards.the information and
cont 1 moes o B8 PR b S el A et TRy 0Byt OGBSI SMERY e

i nformation i geph@bmd attor &ngonbf! fsskibNGa tontrdl &PpRPof h BEntkdI, G &Il server
204 creates a logical elenent and sends it to Fhe U automation client 202

in step 94. | Ar&gigel geupinge(ilyl dalngorand on feameant Caumlpeans varkiegreaskyeinv ed
information i jts et pl. . on the el ient.. ent ism 210
of the. accesgelnllgllgl?f{o;h%gryg%rg#h&%g'&? al f\gﬁ%&fg@t hdéégrgptel{lgrsg%ést%e [%g?:@er to
recei ve event rapedseiiti Gaictionsity assocpicdpanthy painamngesypes dheokdrols.t r Faewhanges

in a contrél s structure, nulti gedi a events, and rel a%g‘d i nf or mat i on.
W t hout t i sec%‘&%ﬁi"?ci'fﬂ‘i gierfaces €eqive 5D ancRrameR bawsninies(sse |ﬂyﬂt;569rﬁseaﬁ| t he Ul

el ements in thﬁwﬁbﬁ?atl'?ﬁ‘lt&ﬁm%ﬁ% by c@:%olé.”flﬂé TRk basd rid%&‘fz&&'&:%nf%‘ins.skll%te has

changed. The accessibility system 200 events nmechanism 2/ 0 al so all'ows

clients 15 300ethwds derenaragatingrihs legital dfeepdZBeddks p geeenak stettmdcior |gettinigon of

ti to b t d with.th 1 tificati dt .St f
Gvents on mul PRBFEY ol Bhanced TemEUBHT Thecharr o Sapoasosao e -« "

interfaces thetédachs. OduGlavightiigetle 19gihll G&f D7) daseinti@lyiegiappieatiborulevent s;
interfaces_the AT product 20 inplenents on objects used to receive event
noti fi cat 1 dns techpiopnwill prewide s ewn deshniags frAgliea®dt ers use to notify the

O cenTans Chat! acer SR GREDOP ST e R ALY G T
engi nes used tov elemder trdd 20aaigb seirVeswsmATmpentmht Carstions. 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 (it one exists); property containing ‘debug string” for this element — e.g.

“HWND Ox483FE” for HWND nodes; and other ‘behind the scenes



and test applications to track top-1level 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 system
client 300 or server 400 has its own context. Client applications wll only
receive events for applications that su agrt the accessibility 30 system
200. To start using accessibility system'events in an application, the
client 30U can do one of four things:

gs: (1 Use the . i i
' AddTopLevel WiRGHE et dpgtheds.  Thesg oppsr mﬁ?ﬂaﬁ’ssew& hitd¢sting 280 pesAtioly on t he

desktop and 1 atfie BRI @oodhalingUeitewdrpglal S BoRENEL BEsRLS and by

this means recelve even any process; (2 e ohe of 't Find APIs to
| ocat e interesnaegl)Ul and target a specific piece of U; (3) Use sone other
means to discover interestin | such as .5 finding,a w,ndo andle or a

poi nt on the screen andfﬁ SFP%QHFWSW PIS%E%C%P&'B%H%{“?S 2%3& Wé‘péeﬂrgséptcal

el enent to5US@leAfend fréMEVAERGS rémderihg %h%ﬂésﬂg The rawedlémentOree fsdise)s€ & he

" " AddFocusChangedLi stener” APl to track the input focus and register for
events on t he s@rtinghBeink o1y AEeNNEhBREIRASCIgsPIUA themselesseintanithed 8¢gehsbifityni ndow

whose parent i eskt Qpn,.; . - enm o d:.indicates that
a new top-| evgf St%/\[nnﬁzggwﬁﬁag %”dgﬁ?%g’#??‘ﬁﬂe‘ %JJS@%& &Pi]r?ec tsuggﬂ%f aclahg% tg\fem
"cl osed” i ndi ekhestst hath & HSYINDeVeim Winddwinhas néfenl begshl oyed@22.THeis

accessibility systemseryer side interface 230 includes t API's for
notifying the a%&@ Yo o E?}Eﬁ‘@&q‘?@@%fraWSW@@Fn@%@& l‘?aﬁ“)/dh‘}%?
renmoved. The Yhoet STREA @8 r&l ERMenfabd 20 1shRS BaRRISWHRE thClobRAK Sed B St Er
and unregister for events. This allows the U engine 206 t0 get information

about what acdedsilbiil icey bevesst stoaeheckehaigtheelpgist ¢de i 3?2 tsscappiclexand Wher e
appl i cabl e, eygt.s, 1535806l L0 LD 8ol 6ak ShemRnt Sobram Hhe
appl i cation's Togical® el ement tree \ ere rogrcal elenefits are not 20

appl i cabl e, ev¢riicat ate 2a350Ciu@hedbsvuidd far vernnfrsadedbtesilsd kg sadh &f her
wel | known obj ect  that reBr esents the source of an event. The event
nmechani sm 2| OPHPVch}P%Ié%m? P%‘%FIFWS“%%)SM Wﬁvﬁg&soé‘ﬁfptﬁﬂslcefﬂa'm“éqrérpé%‘ﬂﬁ%d duri ng

event egiist 1 2l pBeisl, et Reo6ilsb@Rhatsled isht f3chgh, Pr f er ences at t he

server, before creating the eventrelated data and sending it cross process
to the client, the evenfTheeohakimen 2¢02Q% nothke erimagy soupreofeésformation

out - of - proces for ce by re i ng the nber .of cross process calls.
The event mechghidnPTats o5 efiS 40, &ongiofeldBr fieidh S ReP BRES 3o s

| ogi cal el emerkpddato &idudertt ETHRShw R trEH 0 aMehnihy bt Ngedev&@pture an
registration. This further reduces the nunber of cross-process calls. The
event nechani SHRIZANHSPESIEAR dhdichIse Wpttih6tt bF sefiinel iy AP BF BYEr BRIPhY system

(05) changgs. #hd haabei3M cldnRneUEM 2 RENAAL SIMHRI0nRYoRE | NPl ement ed usi ng
managed code, unmanaged applications can access it through COM

i nteroperability. - 20 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 timplemented by or on behalf of any

30 underlying rendering technology.



There are two tasks the AT client 300 perfornms to handle events: ( 1)
event registration; and (2) handling the event in a callback. An inportant
requi renent for either task is to be usable in both managed and unnanaged
code. In one enbodi nent of the invention, the client 300 may pass
interfaces when 5 registering for events. The client 300 passes objects
that inplenment well-known interfaces when registering and the U engi ne 206
calls back on those interfaces to notifﬂ5the listener. In the cases where
there is a source object in the logical elenent tree 222, each of the

cal | backs receives the $bardeetoedbsaiemhe rawclemerade+dabing a fsar elp@eeiroot] 0

Wl | -known i nterfaces. i npl nt.e t.he AT product .are used the way to
return event o gt F 3piElh TR forlee Bnlnd e i B BT TENTE L U
registration lanokBerl nddes dace oy theg @veate dedteCeMoesbtaih. oth@peledesk, W ndow
Events Top | evel wi ndow events include events related to nenus and I S
conbo box dr opalbiRes Bethadhio plidingt BVh MR ke uEsRifis PRV avifaEwst the n an
enbodi nent sof ' ] ev ' ' used to
receive no?ifF%@??EEMg?w?gg“?%@éﬁgaﬂﬁg%Végﬁ%%ﬂgﬁﬁ%gEgﬁngﬁ8E§%E§§3£%CalIing
AddTopLevel W raowhti dieekedr andi Vérifgdt bynobéckingathe orteménos (pezrents,opbliggsedndm ndows
openi ng or' toeaéevel w ndows being closed on the current desktop. A 20
RenoveTopLevel® §0WLi st ener met hod provi des a nechanismto stop receiving
notrfications for top-| @veperitidhdensciRei BQ eREMBFhatOheGhRSEeme@Nirek 1®
desktop. This method uses a cal |l back object to identify this |istener.
Theref ore, t hasigbjralationships sechi as: P%fet‘lfhée’RérhWéfﬂéfswé%l“Vb'/%chﬁCélﬂlénléﬁt net hod
is the sanp as.thal, passed T " qw&is ner

OnTopLevel 'nggﬁ éﬁédﬁﬁgtﬂ%%tﬁgﬂkg@fgﬁgbymﬁ&e acc@gsﬁ@ff@?yggygﬁgﬁ%ZOO
once for each coewpoindipg legwal elamaadwtiiciagicalsreopebed. Simlarly, an
OnTopLevel W ndowCl osed net hod may be called by the accessibility system 200
once when a t gReh8&Wbchamiddow has cl osed. To receive these notifications,
the client 300 calls the AddTopLevel W ndowLi st ener et hod. -2 1 2. Focus
Events Cients 300 oft elvKeAGUIkR FOMRIRAE Kb& intdrARlionBvdn@s U clidRi 1 this in
the Mcrosoft Wndows OS is difficult. For instance, when a nenu is dropped
down (e.g. thes mIEgo megitier thravwgh rthe b tautasragipn chent 3Q2nes shewnhia Fénd et f ocus
as 5 the er t. . Sor . t.he nek I S.(€.J.

t he user g?eséggxfﬁglggﬁﬁgééf ?ggggaﬁﬁﬁpéngﬁ%b %%d@%gggﬁ#lgéﬁﬁﬁ'Pnstead
the client intrerestetercrit ¥aauthedhfangapnmoigd, dndshehsttod peopeaiebér wafts event s

and Figure out ich of those logically represents.a focus change, In an
enbodi ment of &h acl:?‘nvﬁ?ﬁ?]l*}ﬁt, regHes %%@ugglﬁ‘g‘ﬁ@éﬂ@? Sl'ﬂ“é‘ﬁ@ﬁgni{[h?ﬂﬂorﬂ%‘ﬁﬁ“be used
to notify the cfifnl 20@t&H%o@forfaﬁg%o&tka&gﬁ]eed/e%ﬂtbﬁ: THREUF b8 fati S0 Qe Bty
specify a set of properties to be returned. This feature of specifying

properties to 20étkaens twick lof ihech digheai00 areliening andolarawsdiovarq gabagk to

regi strati,gn ARI clij - : .St ener
met hod tozgto@ﬂﬁ§@g¥§§Wdhhﬁp???ggF?gﬁgﬁgﬁéu ogﬁgpgﬁg%g§§$p$ﬁggp%¥$(%d may
use the cal |l baok ofbli@ttinttest sterht iflyengine 206 ksdveneherandell thelBI shbmatb@ase t he

obj ects passed in to the RenoveFocysChangedLi stener thod will be the same
2s that bassedeter CRbOInRETIs GHARY SOBIE Lararo e BdtEe e o8t 6888 bi 11 1y
system 200 calyysnl) ShERGHRLAABARHTBLAAdmMNENUQFMRNNREY S RBNGE Bventy
FocusEvent Args paraneter used in thHe OnFocusChanged net hod exposes

i nformation rerapely the Ul hetomatos sasheiregdy. if hicliemds in¢wngrbariaon captut Thehe | ast
20 focused.l ogi,cal el t..is awailable, then that e i1l
available%sn t é%gv%nfgﬁggg %grgﬁé?gpeug%dsﬁﬂ @Hﬁ(Enkggﬁgéﬂgaébdggf%nent.
There are caseamtinbgbnr@iyJf tiedre pEntlidnakistéaag forntits. Theel bhgige explddd t1y
puts focus on an elenent. 3. Pronerty Change Events 25 Property change
events are fi rlBd Qaepdmosiible deggdion ¢giveet oletng mng eHaRYe!0adiRe 4Ade
enbodi ment of £l dVERLA PBimefyiGd B! 300 calls an

4
AddPr opert yChangedLi stener nethod to receive notifications for property
changes. An OnPropert yClanddEngsteidd then iotirine thelyl aub@an@pnesssicb204 ofya syst em
200 when the val ue of a property has changed on a | ogical el ement wthin
the 30 I ogilcal UbfeRbnbT PREEREHLETY A0 R RadR: BodrtgtRaRgEteerandl A

scope




-22 paraneter indicates for what el enents an event should be tired. For

i nstance, passing the root |ogical elenment of a window and a request for
“descendants linmts property change call backs to that window If the scope
paraneter is set to all elenents in the tree, then the scope is ignored and
any changes to the specified 5 properties that occur on the desktop are
sent. A client 300 nay call AddPropertyChangedLlstener multiple times with
different sets of properties and/or a dilff erent cal | back obj ect. The
notification provided by the accessibility system 200 i ndi cates: the
property that chérari§®dand mdnévﬂomzap)ermyhvalim 3(&hdwctddmgopmpmiopef the val ue

et hod to st of PR TG R R rAm s o T RTBEERD Mk ARty bR E o

may use the segpengloan®withante sapk baelkendBiqedt ah@oh@efﬂlfrh§a/ldgma$el|ehﬁhlener and
in this case the objects passed in nust be the sane as that passed to

AddPropertyCh Hrihe infpraatiop dy of interesy F‘E{}‘éﬁ*ﬁ%lqgt‘@ﬂrF@HWtT?@F]éldFsaﬁfPé?tﬁémghe
event s f|r fore
fhese everts Sro GERRSMTRRHIEURE, RPR ot BB R eRt EnE dBRet O]
regi stering. kowillasy lemodiixrgahe padrit.eFor eidn@le\mmm abtorrchGon vants2(deed to

be uni que GUJ Ds. AT product need to b fied to |isten for new 20
control pattefif divenbya Topiga! elegeanior a&Pg‘BOE’Qéngh%C% we3! @? HSOTPE t hese
events. For i Bgk }PGR cHldFLCt €he kﬁé&t'm EHRYreRett ch@dx‘ehﬁifhxfenﬁ’&%’éﬁ'de%\/ems to a
particul ar application or control within an application. The controls
patterns defi deflinhigppe higingohe tegisirgtiemphaesent consumers will need to refer
to that pasgt of the doc nt t| arder t no o] ce

el ement aﬁlldcsi event argurrég% g‘?ﬁ %'ﬁ%'oﬂddﬁ{fgnt\glogt\él%%&m“g %gtﬂ&rl

enabl e the cl igbima310Q it Wlﬂﬁcmeveq@eswdtﬁzof)arit ooy plisgical RRensemapahparianmet er
can be used to indicate for what elenents to fire events. For |nstance,
passing the r SBeMageT @éFmeiz(éﬁéerﬂ’esofheadW“h&QQ/ ban éplkiag e sieTest 2RRICAHAR ANt

will limt evenbgid tﬂeh?qs t&fj%’yom;)zfugﬁl tlro{ﬁl ﬁi@@m %ufo'ﬂ]att DR LhRF Rueaflesired,

then all events on top wl e sent RenoveEvent Li st ener
met hod may berusiegd cb@csttop pr@cei;pamgn te CdavmmOOf or - 23 controls. This

met hod may_use the scop cal | back ,obj.ect n even identifier
T aent; 5 the 1 st enasné i Epoaidy 8o 200 Sl B 3 Rlicicitbe. ¢ he
same as that passedid rchddEvanhbifda@oer As Wherarsle aPDI Erpiid 206 iBagnidpyoked
t he AddEvent Li stener nethod, 5 an OnEvent nethod is called by the

accessi bi | ity the Mmool aiferprd peesseyd appbicatane T ehient 206G F?Seﬁglal??ﬂeq he
source of theevente kzﬁzp@nﬁ QR iR! BhLORAY s\%é E‘ﬂrﬂxotnh@auL Gheaht ﬁltgﬁgﬂir\ht ree

specified in A diEventLi'stener.” Wien events for contro s are ti ere is
of t en event - spewerf 204 norbremrmd drheahiant’ sl straorRe np ydAdes thiesU baregine 2t hod nay

et ore a a0 ont S Rutt O ERaaBR S Peihufs Pt Wity BB Pty Pe

used when ter ghgiat 208 daBsnaP@tisedd Mfbrmation.0The alT SalpiddC206r €lICABGE thvent s
Logi cal stn~cture change events are fired when the |ogical elenent 15 tree

structure charfydsforApe mwé&ecéﬂhsﬂlﬁeg'@?é@ﬁamtfmsl(éw PIORSEN GHAMERY: be

i npl emented t e t .0 u n ogi cal
el enent tree. ?%?e}% Pécl)»gl\%a Ié‘: g%ehggérgff eﬁngzlé%dﬁ&'ﬁggrmt\};g g?&?unelvaﬂlth :(tjied

met hods on thaus)pmmoh isedtec 14 1bacdatedmamdtoracr\entsajfhmdcest'ﬁhehesclmmne3@@nrairet er

can limt % Fs as set forth abov .

Removel ogPial GTIOTUF SRSl POPEIER SETiiof hipPE@f JHots) 1l 085 b

recei ving evenh$ cfiéft 300 werestlda e crédi@PlogltangesentThi mofEthl®ehd@ientise a

cal | back object and a scope elenent to |dent|fY this listener and in this
13

case the obj ed8 heasegisterpd fenpyentpavithhepyteand! arenatigmsyeer 204 and the
AddEvent Li ste @gh] I ibility
system 200 \/\hgﬁergsc é‘?r@ﬂet%et?rsmgé%gg gg}% P‘ﬁe ‘%aérsg% R’}(EF‘%%F%%?@?
el ement 25 wi tbltllmfdtchﬁdlv@ng'l arl realresdelobichlr dem2? wape chd U8 dstomation 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.



AddLogi cal Struct ureChangedLi stener. An OnChi |l dRenoved nethod is called by
the accessibility system 200 when a child elenent is renoved and the old
"parent is a logical elenent within the logical elenent tree specified in
AddLogi cal St ruct ur eChangedLi st ener . -24 An OnChi | drenBul kAdded nethod is
called by the accessibility systemwhen a | arge nunber of children are
added (e.g. greater than 20 children) within a short period of time. An
OnChi | dr enBul kRenoved nethod is call ed Hy-the accessibility system when a

| arge nunber of children are renoved within a 5 short period of tinme. An
OnChi I drenl nval i dat ed nﬁbh@ddi$naalB@Hlbynh@etasdesahthHby syetr elfi200 when

a |large nunber of chil rea er 2 hildren). are both added
and renoved vm“?‘iﬁﬁf“ﬁ the & ﬁft%oéé?ag%?ﬁg Og'ﬁ)ﬁ e? TR0 AsSORRERT WItAKST her
type of event oi&!ge U‘Ph&tbﬂﬁﬂb@sé?v&@m ch!eE bABdR lé@?z’al Rniene! vedeisspund,
video, and ani mation. The nethods wi |l supporf nultinedia events and notify

a client of a@UPI@MSmQBMCQ\@dlthﬁgCﬂrsqrtbpgéldblogy pau{#ﬂd’! each gyt F3Pwepelddre,
I ewound” and qulra%?o askéot&%g?g\%n%lﬂg]y lnfﬂfl% Ihgzﬁl 3 Sl?%;sﬁlﬁéjCQSP%%béé/nq may be

i mpl ement ed f &oF renovi rs npl e Sound

Events 15 Sinple sound gv@stsl é@ynebﬂ)m@db@hﬁ)d usiipatiat Bl yubnanomehigdtiedi a
events. Sinple sound events represent sinple, short-duration, sounds t hat
exi st to convéyvieo e clisars sgmierelvemventhiie Phanstimeloarm 2k <b¢ UT i npl e

sound events Q@%\mﬂ% @er 2‘0&‘?1? &Q}é”a‘?e%aéé%&smﬁg ?\@r‘ﬁ’s@@d)hst@ﬁﬁé%& lt*’n%d the

sound gener at ed en t battery on | apto or the Sound pl ayed
when a rressagenebmdls[@ugg,)tmhnsph ayad thd Whrktdfe:rdaa:mg Ebecinéoratatiom amymdmgn

AddSoundLi t d b d_t tificat f I
Counds beiflo. BayE Do SR B0 EaaRaT SaREE: HatROLH b BNt e to

stop recei Vi ngnd§fekcfries dhkRNE whiks n&bﬁﬁdti@n%@ga%@v&n& 5han@806}a§qum@bemt hod is
called by the accessibility system 200 25 when a si rT'FQm sound has pl ayed.
t

To recei ve thesentotdni atsperific tise of ipsapsries gofaibpiresta Ud ganigipe 206 1s
AddSoundLi st eﬁ&vnsed-rznl k%ﬁ QUNG o IRLAR r?e G t'oefP{eeQIta@t% f28b4 9%’}’\&92(14”‘:12;{&?“ on:
e or “the a ert

t he name of the soun sour ce € soun an a val ue
i ndi cati ng t heledeaprgrfbaucrﬂaamgeqnﬂ'ne Hengide 2@6 ndsteﬁdssleerUI Etoemnthxbresea'&eem}zl.l evel s

ol ude, 4T 00 R, Lot Lle LR SN S TS 00
event and object to the UI automation client 202. The Ul automation chent 202
routes the object to an appropriate space on the client 300.

The above-described components improve upon the known
systems by eliminating the central repository in the kernel for events. Instead, the

20 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 Ul 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 Ul automation client 202 communicates the

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

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



-25 indicating a warning condition; “question', indicating that a user
response is required; “exclamation', indicating that the event is
non-critical but may be inportant; and "critical', indicating the
occurrence of a critical event. 8. Soft Focus Events 5 Soft focus events
appear on the desktop but stay in the background. Sone exanples of soft
focus events are: a balloon help w ndowl%gndi cating "New updates are

avai lable” in the notification area; a flashing icon in the task bar for a

background applicat.ion th wants to gain focus; d a inter ic

appegri ng anggﬂﬁogﬁbB’éé‘Fi"?{ OftrrS?ﬁ“felsfé’OHgf‘i“fqncfg‘?mélﬁF @Psw'ﬁéﬁgpf‘l HER 8@ starts
10 and ends. THege aB\R1ALSH RBYeS 28NYiltBrs AHE b RPed ARRWRAGonM tththetB&diveavent
categories (multimedia may involve animati on events as does soft focus)
However, the éVermatignis foyad gaintesrsting edthp asesdn sap RBathe U aBiomalps seteett he user
rather than h it ] . : -' et h be
i npl ement ed tg% gﬁ:sggr‘r[eas ﬁt?eg}/nz%@%f'f)@%{l @%ﬁﬁg@&ggéﬁay @%Z\%ﬁfl?i}ﬁnomg%{??%e user's
attention v t Adidinatiadlyni th&enforpationf Bcfeand Ao BenareaSahg ocieplIGtaae nmet hod

stops the notification. Th)i s nmethod may use the call back object to identify
this |istener 2AMANARIEISA CHtS ;e fal serarahardseatiols ' e k HeeBdlifg as t hat
passed to Add%érﬁ'i@%?kthéb@.n% steﬁ*@é%?%%@&ﬁ‘a?ioﬁ%‘iiBﬂddeutPﬁle%‘é(fi@eq by the
accessibility system 20 200 when a soft focus event has occurred. To

recei ve this mdoinfdtioatin ohpropéreplédesinghd clgenap@f).i cati on or client 300 calls

AddSof t FocusLi st ener. ource el enent ., if .avail able. can be,us to get
nore i nformation about A-trﬁ e‘é‘t"\?gme.cﬁ S%Qé@rﬁlfzhes%cﬁ?ség’%étlyes%gﬁp qu)“ﬁe t he
| ogi cal root eleasment300fto aediadd 18 oscehiel aveivi noBavatbne oot dhngdien the

notification applications in the systemtray. The 25 OnSoftFocus nethod
returns: nameldf UiRechapges ;in shfBEOIOY StHEUEy cREUIMERA €HeNtal 8R4 EBiEe|

indicating i e : : i r t he
actions of ”r]rggé i e%’? ' ggglbgﬁté]g%héeapg%@gg%ic?:ltl)l!:“‘ﬁ?(lg\’!t:‘?gsh%g?g&mcg%w \?\ﬂ%%%tﬁﬁd]el client
300 uses an AdaeTOpklewmehidVindibnkyssine ne seeAlPl anly dnformbidom, souauenivs sfateoimsa
speci fic process. -26 ClientAccessihility system apnd the target Ul
of ndonCal | s AGGEH:e 7T RS Sy Srar 00 s SR vy L AR Al Y ek Ot ar t s a
threadto ywat cBod qb b@pvel 8MAls SRRIfIESEOTedieIdaVRDI11IBRIJAISH RlpeHiedNd be
destroyed. New U appears and the Accessibilitysystemclient calls the
cli ent’ sOnTopray@edyvwidbWepred mastfisaidorkran toheegiseic EXseysinisi Yy BykiplEm cl i ent
conmmuni cat esOgg%%ﬁvel W ndowOpenedt he event 1d's to the target U w ndow so
it can benet ho alls other APIs to registerselective in notifying of
events. for additional eVbcitgenhagpkemimgihexpsceesisd indriatys hy SABprociuctent
conmuni cat esthe tar g&t}igutl w ndow. t he event 1d's and filt rigg i nf ormati on

n

. d
to theAccessi Bf I'Ftly LR L89S &} TESIEE 1RL PVERISY MUFTRGEP { BF e0EnPERMGr get U
w ndow useg t h@pREEASSIPbbjkéy I¥ed @NSRIVECEVePhotliBcdidhd;f dhdt IR interfaces _
accessi bilitysystem server side of the events of interest.Handl es events in
t he cal | back~caued ggipksinentays gsestoenatii the evand ngine eatldsvitspect sbgervest back to
t he accessi bi | i cl / ssihilj S 1 | I.s.: hack
ont he objects e%i)e(m]?:%l?tezﬁp] 1%6%?(?%061%'?% ug)'{)‘%‘%“tgﬁ %\ﬁ%t%gre%)ﬂ'% %&ttnlsgﬁ.r!&%ll\%s
RenovelLi st enekevéidd midégndénly-of AocEbenghdsiukgd ®ystdamUdlanéatlows AT products
conmmuni cat esrecei ving eventsto the accessibility systemserver and to the
targetU wi nd(‘}W? ¥ "‘gf\’/lécﬁf‘gnst Wa‘tracér‘épﬁ%vefé‘ﬂ@fécra“(}gi“ﬂ CB’r"éssi”?dT Ut RPEE app
st ops not hfyi mgga;(h@,qgg%&ir@mgit&dﬁngb(,?y_em server of events. Event
Notification Correspondi ng event notification nmethods are used by the
server 400 or underlyi n§lU 2Zeshpmsehaw digpisod@0 timeragc madisitisi Rédessiilint em
event s enuner at ed Y, The Ul tomat 1 on server APlLs include t hods t hat
the s server o umagh yres Fore BBt BT AR Y AR P o
i nstance, therkech scoassiliiyf yy¥eapelidny Goangservertd®dad ng otvieconesxv.elCliear cal | to
notify when a particul ar property chantges on a logical elenent. It is up to
t he server 40@pygcaﬂﬂ@sew|l&qr}%regplve 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”



-27 engine to generate the appropriate paraneters and call these
notification nmethods when the U changes. Server Methods An

Advi seEvent Added net hod and an Advi seEvent Renoved 5 net hod are call ed by
the U automation client to notify the server 400 when clients 300 are
requesting events. This allows the server 400 to not propagate events to
the accessibility system 200 when there js no one interested. Servers can
use these notifications to nake perfornmance dependent on whether there are
clients using e events. 10 ntrol Patterns The accessibilit del

o fers a an SOETdpEISaIR ey LERBhing ot ueperg hasidiictor Rl ¢y
supported by aydpar feisiidh aor Wkhed! B8ROt an@r b QR T Abans! Redi AL vEits FRHRCGIngt i Ng
functionality with a specific control type, (for exanple, a button, an edit

box, or a |isprogess) (AsUsmonrhef g EindafAPls tthdoertie artsieping Ly angderget 8 defi nes
a set of co 1 al t L&t Sdefir I, .
behavi or. Bec uggﬁﬂﬁéecgé) fggt {ﬁrdr%g sé&é%}hﬁ@@%g%ﬁgﬁ?s %8?&312;%%9@@&1%??“# ﬁléy can be
conbi ned tH désding hevindev hatdle sed paift bunetstes@bnd, yussgpie haedle by paint,
particular U elene For exanpl e, instead ?g;{ ﬁlesc_ri bi ng an el egfsnt in

e

t..
terns of its g{9ES ag@g‘ﬁ%{r?ée,meé‘ﬁ@n“&é“ BUEKCHHCe HEWBS & BYOPISt §r Sy dtsem 200

describes it a3 SURPBEISCRAGnJelEslA kAPl & GO R inPat ERI D and (&HOET R Pattern
defines the structure, properties, events, and net hods supported by an

el enent . Ther efeotseyn theBd thapeurrentipdantocusnl y allow the client to query a
control's behavior, they also allqw it to progyammatical i pylate the
control by using i nter  5egerely ol s b PhE AR R aTRBRR Thior
exanpl e, g0 SehRcifitp{eant - dpsRl” RRlidatkNthRl HWéw esp-RREINORIGoW hallufckreddas t he
selected itens, to select or deselect a specific item or to determne if
the control stispest slhsiusgyplethe fermulclaspd eindispiet thiab tapolgeal Wingsv Besmitees |
patterns currg&;l{)gﬁgefi ned for the accessibility system 300 include: (I )
Sel ection Container; (2) Hi erarchy; (3) Invokable; (4) Sinple -28 Gid;
(5) Text; (6) Value; (7)TiRepeeessbitiy Qbjeacbervé8iidSdintotfhabl¥) ifcBideSowbabl e; (

| 0) Draw ng; 1 1) Oher Container. Thi echni que, enabl es, contr ol
devel opers to%‘? fﬁp&%nﬁ%%nygnﬁ\ﬁ/ type' _é)ll’tyc%'ﬁttep’ol O_Q\In‘?fl %Vegfsi P?'“%ﬁ?ﬁﬁ% aﬁg

wel | -defiped appieachttay axpRadddclidnd calisP@BRVAPLs WRerA\IlidMObRtes aand t est
scripts. If a new type of behavior is introduced, a new control pattern can

be defined touepisessor¢ieniseqlhis adowu et Ybarging y06 pa getsinfarmatien ab@itogy
products and {gzt, SG&kRNS Gk NOVeRE rdlubLll R its context.
Where applicable, events are associated with logical elements
from the application’s logical etement 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.



to understand how to work with each pattern, instead of each U control.
Because there are far fewer control patterns than control classes, this
"techniques 10 m nim zes necessary code. This approach al so encourages a
nore flexible architecture that can effectively interrogate and nmani pul ate
new controls (as long as they support known control patterns). The

follow ng table provides sone exanpl es %b common controls 15 and the
patterns they will support. ontrol el eva Cont r ol

Pat t er nsutt onnvokabl eheckbox, Radi obut toncl ue _i stboxSel ecti onCont ai ner,
Scrol | abl eonboboxSel ect il BHEAH BYhigsks the Al Fligat §00 performs to handle events:

Val uer eevi ewSe|) eéVe O gﬁ%ﬁbr{]@fnd (§955}Hlﬁ$gltﬁe event in_a callbac rtan

Hi er ar chyi stvi evae ectionCont ai ner, Scrollable, Sortabfieext Eél tclue,
Text, Scrol | abdgeirbbes fgpechef tasknsrmérefladﬂs imbdth Magsbahdttmnmpgrsiecode
functionality a5500| conmon. co es of these

tr
patterns incl fy&ne em ?"?Qf 8Ef he o VRHIPRy i 8326(5‘;:?9{)%?)’5?“5(’25‘& PSS WESPout
containerss ( Rgiddrid! ORBRANS. LTl c1RA SENpREAR cu;emm ifpleth&® Rl It iRtvn
represent obj ects fpl les, emails, etc and (2 el enents that nmay be
i nvoked. In géﬁ@f@?s Wﬂ“h’éé@‘%&%[tftgeﬂﬂﬁs‘h%t éenmetp@n@hwb%mhw lggfé@m c
controls and r e. te
exanpl e, list gdoﬁéet?&%né n%&ﬁl% %%t}y@% %é@\%%s& gl ﬁ()ﬁ?cg%bge%{ {htgslogwsel ection
managi ng cont aiemenf trpat22@y nachSofrehec caltbaciss ragaiyes i evrecd ehﬂtﬂdnt phe guatt erns
~f -29 appro . a sel ection grid would inplement boththe Gid

| ayout cont ai A sicy PYBMAANd the ~Sel ection managi ng contai ner' pattern.
There is n@ single "rol ¢/ePERAG hier@ses! 1@1p¢érﬁ‘éﬂt&“§y @FBOJAWC&{)HM%W L@st ead,

two separate nmechanisns are used. Control patterns determne the 5

avai | abl e funes thervadyi toyrewfn avemantwl foHawing deatens- Shewcﬁamedyp@aélqurabl e
property pI’OVI gles a C ntroI ne .t hat he user can under st and, such as

button', ISt atbre?'sn etle loo'ﬁrl 5 i (ewsvt eveé{cléerescsel1 briity system 200 will

feature a general tProoewt 10, nmet hod. Properties are preferably

repr esent ed bi—@d—%p—l\ﬁ-‘ = mﬂ—%t hods used to translate to and froma
non-1 ocal i zabl e Mmenoni g m}% ful for (iwaaptl n &r} gonfl flles) and
al so to obtain |ocalized®des¢r gt BhEventhdng SERARE 2§ Wdgener al
Cet Proper §y mesins boRr&RGwWak dr Ny Viestual hmﬁng%sd@swopt Jisah pafoht.i tinakl ows for

new properties to be added over tine w thout changing t
embodiment of the invention, an AddTopLeveledowLlstener method 1s used

n 1mpo

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 current 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 RemoveTopl.evelWindowListener 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.



15 interface, and (b) it allows for inplenentation techniques - such as
array-driven bulk property fetching - that are not possible when using
separate nmethods. Each property nust have a clearly defined intent. Wether
the property is intended for human or machi ne consunption, whether the
property is to be localized, etc., nmust be clearly defined. 20 The present
i nventi on has been described in relati ozztto particul ar enbodi nents, which
are intended in all respects to be illustrative rather than restrictive.

Al ternative enbodi nents will becone apparent to those skilled in the art to
whi ch the pregent ipa¢gdEV&itspertains wthout departing fromits scope. From
the foregoing, 1T WIT be seen that this invention is one well 25 adapted
to attain all the ends @ni‘ént@@oﬁ%tﬂ%ﬁé‘c}unfeoiEa@th%@%xetractk?r%efo%{ [%lﬁchth%t her
advant ages whi ch are obvious and i nhefent to the system and method. It will
be under st ood it HetMipeesofii Windews (reis ddﬂdtl&uﬁomoﬁbnwawhgrms nEeng lmflroupcrd ity and

may be enpl oyed wi thout t.eference,to Q sub I pations.
o s s ot ot b8 176 iR ety e B 1 n2Re A RRBIR it i
clai med iS5 1.thdAiksceYiRiks MBCadl 6WMehdt dned V&/Ihelentermexﬁu/enbse@w.lor eienmet for
keeping a client notified of changes in the user interface, the event

mechani sm 5 cofFIssinagESG keghiogky dberenis meciPans siemt oienal IeiiFadgthe rdieal i ent t o
register 10 reaellliRELRSIAGUREY iRkl BGGrHIE OF TRLAO And Fidi5elour
interface automation cli eiving registration infor romthe
client and forwlidnugyhiosg ldghtetllyntpm&mts mgoamserhamget efif acemboforemabf die t o t he
client upon recei wher ei q]ce automation cliept uses the

. interf
registration |”|’1‘fCBE?1'ht bR O%Hf grégegf_laga?r 9 BIRY ol usEt R MOUBh S user
i nterface jgut gERLEQT f§&{s\éﬁ5ng‘e@veﬁtﬁc¢h¥ it B@@hﬁ&%@édn@ﬂa &e%%%&ﬂn@@td‘ romthe
user interface automation client and for receiving the user interface
information f Ibénﬁea'”tﬂéler Thist ertuz ef énqilfme'lg P'f@@efm@éﬁolfﬁ&ué‘r Midiethgulosigal i on
server |nclud| r in u f that is
uni nteresting o]et%ft }"lqeénf?gzlﬂ% 8{58frll ca tpggn dgrvhchéehebp 366”&% %QH
user int erfacezelxﬁavaﬂrtdnmtangedmkmmtm@hod of @tbma:éaet)ﬂng h\atlfmzmonm@rfesmq ng to
the client. 2. The event nmechani smof claim wherein the registration

mechani sm acc&Pnees-e fhemetiqiomay pecghagalinask PPJS?IH tPHEeNtify Byt listgrgg and in

registratiign ihjs case the objects passed in to the RemoveFocusChangedListener method will

be the same as that passed to the AddFocusChangedListener procedure. The
accessibility system 200 calls an OnFocusChanged method when focus has
changed. A FocusEventArgs parameter used in the OnFocusChanged method
exposes information related to the focus change. If the information about the last
20  focused logical element is available, then that element will be available in the
event args parameter used in the OnFocusChanged element. There are cases
when no Ul 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



information including: object information; a client |ocation for the object
information; and a |ist of properties to be returned with a source object.
20 3. The event nechanismof claim2, wherein the U automation client
conprises neans for delivering the object information to the specified
client |location. 4. The event mechanismof claim?2) wherein the filtering
means of the LTI automation server deterpg nes whether the user interface 25
information fromthe user interface eng'lzzle i ncl udes the object information
and the list of required properties. 5. The event nmechani smof claiml,
wher ei n the r BYRIEAIIHeRereloR AYTaE glemsatsi afeaveat shapld st fired &0 hskints.ed scope
of infol Trial baling thefhbt togftal JBReFUFAWITRAD AR § AL GhAIT S RFLELN e
user interfacB autonationtserver for s a ogl cal ement I fhe user

i nterface i nfpropaity oharige dalibeekesd thag winddvhe It theesabpeapaamstewid kit no tatle
specified scogle and .di scards the user .interface information if t&e user
interface infoFMEREdR hesires: (hindhe serpeiih dgnared andaay qhiepghsrotheSResEEds i ed
scope. 7. 5'|_hep1%}5€1@i¥:s RGN 3B THRT the! assktob: anheegi N Ahejdresod nhey fane
automati on server notification fromthe user interface engine including: a
nane of a changebropetySarangedLasterew mraliple; timagl veiry diffes¢nt adstse obIpgopestiage. 8.
The event - mechapl simyoferch alidy JBREM Gl bl ARG prdabNb LS R AL ML on
conprises informati on peéertaining 16" at - 1"8astd ond"aven )fype sel’ect éd from
the group of : sysaipn RV RIdicateRtiBwpedpeAY Shat Ehagsd.avie At prefepyesalue; aidithge event
control patterns events; | ogical structure change events: nultinedia
events; sinpl @‘déﬁwyéﬁgﬁﬂg?"aﬁﬁﬂesoft focus events. 9. The event nechani sm
of claim wherei n eac f i ] t ypes.
10. The egeent mechani smhoc?\é@{%)iorr[? ,é%}\%%Bgﬁgg%ggh%@?gﬁ?%%%gﬁfﬁ}éﬁﬁﬁgs a set
of met hods f oro sidplirergivang netiferagons foepooperty chhegelsi skhenerthodroapusantet he
event nmechanismto, listen, for tPe eve for the user inth%rface

t. ,
engi e to mot FyE ClRene el SHRCER, iR i obd Sn RS cand
the s

objects passed in must be ame as that passed to

AddPropertyChangedListener.

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



20 11. A conputer-inplenmented nethod for notifying a client of interesting
user interface events, the nmethod conprising: receiving a registration
request fromthe client for specified user interface informtion;

nmoni toring user interface engine information froma user interface
automati on server to determ ne whether the specified user interface
information is avail able; passing the spgcified 25 user interface
information fromthe user interface autdOimation server to a user interface
automation client; a g.del'v ring the specified user interface information
from the user PG AR iboshay G5 (€ sEnre Tomen SpRTPhIT@nd narien

I ocat i on. - &RndiBer thGed®y HRAisinef! ah Mid cdse, WRRILRICR JaS6@iiMinB Be the

regi stratron request conprises receiving registration information

i ncl udi ng: obpaoe as thitgrasweditoAddEvesitlistarer] ocati on for the obj ect

information; and a |i st Qf re%a‘i&ﬂﬁﬂﬁ%@?ﬁ&%ﬁé;ngé§svéﬁﬁsgﬁéh%9t°f claim

u
12, wherein delivering t §“§Be€?¥|e user 1nro I'on conprises 389ivering

the obj ectsi nhOREvVeamEedol e caliiChy Rdadekiseilityl BeRi 200 whin aTbehtet hod of
claim12, further_conprising filtering user interface information with the
U aut omat i onSE&HiFeavepbisdbedpid the sapres REFhetaventip ajegipaligheraet 6thin Hcor mat i on

fromthe user | i 1L el | e [ i the |ist
of required pF!bgf%%ggﬁjﬁ%%b%ﬁg&ggfﬁggﬁg?ﬁ%?al%1%&?h%kgﬁgﬁﬁcggggngng a
regi stration fiegubst icoiguravemsspeatieinfomgpti@neglebdt for a specified scope of
information. 16. The neéhgd ofAﬁ[ain115, further cor rising$forning a 15

| ogi cal el ement with th& DEBPYHHAHTEE Methodney & Erd &P 9P FoReV(iSer

interfacejpnfaiyreidn®) Thisi iBtaefiask wag tb @idaReubéBRt a @Néhti Hpntdtidnshule
specified scope and discarding the user interface |nfornaF|on i f the user
i nterface infé@pyat 16a fegoypi meshasls maygopimpldy st usdd miben t wemgedes faned
scope. 17. Thggﬂﬁ%ﬁ&p of claiml1 i, further conprrsing receiving 20
information fromthe user interface engine including: a nane of a changed

property; a new va U a d an KaHzﬁ%;&&ld val ue. 18. The net hod of claim
11, further c i i rface information pertaining to

at | east one event type selqcted fromthe g[o%g.oF:l$opBIFvell i ndow
events: focus events: pHOPEPSTICHERENER RGPS agofifed gyhen the fogical element

15 tree structure changes. An AddLogicalStructureChangedListener 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.



25 patterns events; |logical structure change events; nultinedia events;
sinpl e sound events; and soft focus events. -33 19. The event nechani sm
of claim8, wherein each event falls into only one of the event types.
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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'.
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background. Some examples of soft focus events are: a balloon help window
indicating “New updates are available” in the notification area; a flashing icon in
the task bar for a background application that wants to gain focus; and a printer
icon appearing and disappearing from the notification tray when printing starts
10 and ends. These events may seem to overlap somewhat with other event
categories (multimedia may involve animation events as does soft focus)
However, the event will be categorized based on what it conveys to the user
rather than how it is conveyed.
An AddSoftFocusListener method may be implemented to receive
15 notification of events that try to get the user’s attention without taking the input
focus. A RemoveSoftFocusListener method stops the notification. This method
may use the callback object to identify this listener and therefore the object
passed in should be the same as that passed to AddSoftFocusListener.
An OnSoftFocus method may be called by the accessibility system
20 200 when a soft focus event has occurred. To receive this notification, the
listening application or client 300 calls AddSoftFocusListener. A source
element, if available, can be used to get more information about the event. An
example source element would be the logical root element of a balloon help
window used by one of the notification applications in the system tray. The
25  OnSoftFocus method returns: name of the event; source of the event; and the alert
level indicating importance to the user.
The following chart illustrates the actions of the client 300 and the
accessibility  system 200  when the  client 300 uses  an

AddTopLevelWindowListener API to listen to events from a specific process.
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From the . Accessibility system client communicates

OnTopLevelWindowOpened the event Id’s to the target Ul window so it can be

method calls other APIs to register selective in notifying of events.

for additional events happening in . Accessibility system client communicates

the target Ul window. the event Id’s and filtering information to the
Accessibility system server so it can further filter
events.

Target Ul window uses the accessibility
system server API to notify the accessibility
system server side of the events of interest.

Handles events in the caliback . Accessibility system server communicates
objects events back to the accessibility system client.

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

Calls RemoveListener APIstostop | - Accessibility system client communicates

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

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

Event Notification

Corresponding event notification methods are used by the server

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

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

property changes on a logical element. It is up to the server 400 or underlying Ul
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5 method are called by the UI automation client to notify the server 400 when

clients 300 are requesting events. This allows the server 400 to not propagate

events to the accessibility system 200 when there is no one interested. Servers

can use these notifications to make performance dependent on whether there are

clients using the events.

10  Control Patterns

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

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

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

20  name, such as Button, the accessibility system 200 describes it as supporting the
invokable control pattern. A control pattern defines the structure, properties,
events, and methods supported by an element. Therefore, these patierns 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
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This technique enables control developers to implement a new
type of control while still having a well-defined approach for exposing its
behavior to AT products and test scripts. If a new type of behavior is introduced,
a new control pattern can be defined to express the required functionality.

Assistive technology products and test scripts can now be written
to understand how to work with each pattern, instead of each UI control. Because
there are far fewer control patterns than control classes, this techniques
minimizes necessary code. This approach also encourages a more flexible
architecture that can effectively interrogate and manipulate new controls (as long
as they support known control patterns).

The following table provides some examples of common controls

and the patterns they will support.

|+ A2

10((

Control Relevant Control Patterns
Button Invokable
Checkbox, Radiobution Value
istbox SelectionContainer, Scrollable
Combobox SelectionContainer, Scrollable, Value
Treeview SelectionContainer, Scrollable, Hierarchy
istview SelectionContainer, Scrollable, Sortable
[Textbox, 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) Ul elements that
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 1f
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Instead, two separate mechanisms are used. Control patterns determine the
5 available functionality of a control and a human-readable localizable property
provides a control-type name that the user can understand, such as ‘button’, ‘list

box’, etc.

Properties

The accessibility system 200 will feature a general GetProperty

10 method. Properties are preferably represented by GUIDs, with utility methods
used to translate to and from a non-localizable mnemonic form (useful for
scripting and config files) and also to obtain localized descriptions. The two key
advantages of a general GetProperty method instead of individual methods are
that (a) it allows for new properties to be added over time without changing the

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

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

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

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

contemplated and with the scope of the claims.
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What is claimed is:

l. An event mechanism within a client-server environment
for keeping a client notified of changes in the user interface, the event mechanism
comprising: a registration mechanism for allowing the client to register to
receive interesting user interface information; a user interface automation chent
for receiving registration information from the client and for conveying the
interesting user interface information to the client upon receipt, wherein the user
interface automation client uses the registration information to advise a user
interface server; and a user interface automation server for receiving registration
information from the user interface automation client and for receiving the user
interface information from a user interface engine, the user interface automation
server including a filtering device for filtering out information that is
uninteresting to the client and a notification device for notitying the user interface

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.

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
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.

SS
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a information is interesting to the client and is within the specified scope and

discards the user interface information if the user interface information is

5  uninteresting or is not within the specified scope.

7. The event mechanism of claim [, wherein the user
interface automation server notification from the user interface engine including:

a name of a changed property; a new value; and any available old value.

8. The event mechanism of claim 1, wherein the user

10 interface information comprises information pertaining to at least one event type
selected from the group of: top-level window events; focus events; property
change event; control patterns events; logical structure change events;

multimedia events; simple 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 1. 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.
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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.
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