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Smart Ul Recording and Playback Framework Technical Field Tools and
techniques are described for recording user activity within various 5 graphical
user interface based applications. For example, a system-wide recording tool
supports application-native macro or Ul recording as well as non-native

macro org i JSEOU R BB ELRPDARIU B R R many

modern computer Systems, usersmterac oftware progra rough a
graphical user interface ("GUI"). Basically, a GUI is an interface between
computer and user that uses pictures rather than just words to solicit user

in ut,ani#f&résent the output of a program. The typical GUI is made up of
Teechp diements 15 ("Ul elements™), which are those aspects of a

comppicy systemor proaram hatare seen heard, or othenuise percelved or
interacted with by a user. For éxample, Ul'elements include’ items suchas
griginis | histtomsediatobabak epp kectitiboxeB plisk bmpds, acorstbm bvoide s ececdbg tool
bars, pick Iist,[s gushbuttons radig buttons and various components of Wﬁild
SUW.O S wgléca 1011-Ngt1ve IIF]aCTb OF. reco&dm%as €Ll as I%OIlrl’l 1VvE Macro or
1de pages (e.g., hyper-links and images). In a typical computer
repatingm it is common 20 to encounter literally thousands of Ul elements.
Although an individual element of a GUI may appear to the user as a single
item, it may actually consist of a number of separate items or sub-elements
Bitdigheveriken combined together. For example, a toolbar item may consist
of a list element, a combo_box element, a scroll bar element, etc.
L purtrerdehic dssohtadaceun-elements 25 themselves may be composed

from othgraaybnelemeRsmR:this TR alsdy BlementsBap rseNepasRMiging

blocks for building other, more complex, Ul elements. Such an approach is

thipugh prsgaphisal iR SBIETERG inhHalgihmdcallyr i ifds e iniadagedieen

coagfinitiong afGemain&APPeRS RmMentsayhei |esemblioddheRdiMPut and
composite elements. Many Ul elements in a GUI environment represent

PrRSERUBE S B POIGART IR arkh S BiEH S ebiDATHE WO Rt BLTdars sietsars
(“CARIEHRAAE WA e R MR Th P S IEEHREmMphtBIGRKENNIRY pASERSS ihdt ARCeen,
hegpde, r(z)ilrt icl;]t épvs{sné l;rel’}icseiL\J/%(eiroirn itr?trgggt%r(]i iv?/igholr)]}? abgser. For example, Ul elements
include items such as icons, buttons, dialog boxes, edit boxes, list boxes, combo boxes,
scroll bars, pick lists, pushbuttons, radio buttons and various components of World Wide
Web pages (e.g., hyper-links and images). In a typical computer program it is common
to encounter literally thousands of UI elements.

Although an individual element of a GUI may appear to the user as a single item,
it may actually consist of a number of separate items or sub-elements that have been
combined together. For example, a toolbar item may consist of a list element, a combo
box element, a scroll bar element, etc. Furthermore, each of these sub-elements
themselves may be composed from other sub-elements. In this manner, UI elements can
serve as building blocks for building other, more complex, UI elements. Such an
approach is useful because the software managing the user interface can re-use the
definitions of certain common elements when assembling them into composite elements.

Many Ul elements in a GUI environment represent features of a program and are

displayed on the computer screen so users can interact with the program by selecting,
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maneuvering a pointer on the screen (typically controlled by a mouse or
keyboard) and pressing or clicking buttons while the pointer is pointing to a
Ul element. For example, in a word processor, a user can maneuver the
mouse to select an item on the program's 5 menu bar, to click an icon from

hi i aahbakc Qsimbigliobi RlerisREeXT ISy iRneicMiRdOYonipylarly, a
user can use keyboard input to interact with a computer application. For

MARSIRSERS A ROENGE P SRS SSETA S PPHGHENEOR RIS I on fopesdise AF Feboard) and
pre&sliRloBoliekiathwitRaoefine dkaysiRkesGINRINAIO RORGRESS PEFRdhple,

_ features. Based on the input from the mouse or keyboard, the computer

N I CREHSGRIET et HSED SHAMPRALES RARUG RIS Yhitr Serthsrpregsim’s

mé6IelegiascRIAYidenCRBNEINS o LSAT-JF REbhEBMIPIINGNS ol USEHS IRwer
interact with computer systems. 11. U1 Automation Ul Automation ("UIA") is

Wiy LRI AAaRERFERIS It drinrh bRt s WithieeiBYtidress the
appEesisoaf aasistienachneledypagsidetssandputomateddastafl proaworks iy

. providing prot%r?ammatic access to information about the user interface ("UI").

leBmpie I HEY SeVsERe SR BRI A A3 SERR BEORIRIAMERIBHTS:
Bakawh the idpef RonOrek PHOGES S0 kIVARiNG ENDGAAST JNRY ahBath he
information it needs {%{provide audible cues to a visually impaired user.
mﬂp&%ﬁsdﬁhébﬁlﬁféﬂ B 8GR FTRgr2 I HERERRO(ORIST PRt FOBNROL Ut
friervdas aomalbstsyeiuredsnethaniany for cyepiing sseddnferacting with a Ul
Control and application developers use the UIA API set to make their

products more accessible to different users through existing or new software
11{poteptlialytositieioby other people) to access program menus and other Ul

elemepts. For exa hraille screens, screen readers (narrators), . .

el A RS e S
infagdi@te soirpytti usedoblissistivhacolnevwiserodyctiahbaveractessesin

2;S:)qr}actic%;j%JI Automation uses a hierarchy of Ul elements located in a tree

frERATIRS By BrOVHI PR BARS Ao 4t BBEYA ARG Ly Rfethch Hrferface

(“TaMmp i ceppphations a ldemanis @ha ddr grodeencansidesethagsmestechbout
ther in order 30 to a cur%gﬁli}/ describe Ufi%t%?nizati.on..For

witﬁin each
g A ar Ry o b e s e eame s s ST RRANGR i neeas o
preefiesediblivenss tha Glilislydegkinpd osdefaiobackgrppidatidn programming

interface (“API”) set of methods, UIA provides a well-structured mechanism for creating
and interacting with a UI. Control and application developers use the UIA API set to
make their products more accessible to different users through existing or new software
(potentially written by other people) to access program menus and other UI elements.
For example, braille screens, screen readers (narrators), magnifiers, and other software in
Microsoft Windows can use UIA to facilitate computer use for users who otherwise may
not have access.

In practice, Ul Automation uses a hierarchy of Ul elements located in a tree
structure to provide reliable Ul information to the operating system and computer
applications. Elements of a GUI can be considered as nested within each other in order
to accurately describe their organization. For example, at the very top of a tree structure

is a desktop element that is representative of the GUI’s “desktop” or default background
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area. The desktop element has within it several application elements for
application programs that have been invoked and that are ready to execute
according to a user's instructions (e.g., a typical Microsoft Windows desktop
may have several instances of applications such as Microsoft Word,

arMicTagofiEiep e RieRAdSd ARG TeasheiR ayERUABbIBRERIVRE Igyldnise

tree structure hierarchy are frames associated with an application (e.g., a

Prordsihabhay Bpmithinkshiag Halesavar R SeytGisnoer dng e Hsfiahy
in@WRAHMR)g VWithipi @2 shisfdhig mesyy aysRe S eV Hade GUTReA i seafels of

document containing within it several Ul elements (e.g., buttons, listboxes,

apgficstions uRleatVHeagsaie WeEf Migseselitsechtete oloatisdranf sradieingXpoHe)-

AexaspRielcRll il ok bR SfracBReRR AL FARtFAM LD Atbelatdialemantepplichtm
a button control. Furthermare, the button element may contain yet other Ul,

(©Gle mERES RENEFTRE ARG LT B L AYIMATRT R EREAY ISR Ar'sFbith gRy given

tiieyNverihranches daneid ing ohethe tse diigrass, aadhiseampangntaining
elements. For some operating system platforms, an instance of a Ul element

withipaismvsieL LSRR (6 &e U YSIRP G at rakitlhsletncats may dhgpselves

beQtb@pbliRieoTRske: EareldRxamples iRanilicrosnilod/ ndovys kel BpRI&igins
system, applications are associated with module identifiers that identify

othgr L AAPRSiTFN 2R B g8 SaREoLohtahernase. dunhutie Flrmsph gy contain

yeplaterns dR@ieMiCRIROMWIRGWS, b wibgriellyaéap ¢St a indMesien isentidigr

(contro| ID) far certain Ul elements. In some computing environments, such
nuleogy R/M?FBE ?/\?;ﬁbe&ﬂt‘)@?%ﬁ{}i%ﬁH?éﬁf?tﬁf@fiﬁﬁaﬂ@s%?é‘ﬁfﬁ%%%ﬂ@d with

a clappnasine 3peaasacigiacnifatoemeoniiohalass of wiithlshesnbrlenggicaran
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RSB eI S o el eseacius esees Ll v,
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SISO Shother cpmputer, 30 A OveIEOmeR eRR Aefie 1R Blon
Windows based system, common UI elements such as combo box, list box, and button
are associated with class names such as ComboBox class, ListBox class, and Button
class, respectively. Similarly, other UI frameworks may have names for their respective
classes of Ul elements.

Notably, these techniques identify a Ul element’s object class or type, but do not
singularly provide a strong identifier that uniquely identifies a Ul element across a reboot
of the computer running the program, across a different build of the program when still in
development, across the opening of an another instance of the same program, or for
opening of the same program on another computer.

UIA overcomes these deficiencies by generating a composite ID that uniquely

identifies a Ul element in a GUI tree. UIA generates the composite identifier by adding
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identifies a Ul element in a GUI tree. UIA generates the composite identifier
by adding -3 identification information (e.g., control name or control type)
that is directly associated with a Ul element to hierarchical identification
information (e.g., parent control, child control, and/or sibling controls) and

idSRAMHQHRANB DR ¢RI ENAHIMENE o SRR AftyhS Whelemeniip e tigrt

For example, an identifier for a target Ul element may be 5 generated by
With Rl TeemtR HE b mshidsnidicatan anfreation Wemarentrantelschid
coitoligrarehigaliasr anaemgihemas shirkaalpeafivialament apd dhadpator

element at desktop. Through the concept of a path, the related identifiers for

the, Wi clqgierdripdhinitise Hierarenypindpadenitiss s HegelBlaien et mands it

gcBiatalY RB6l | Rensisi@niity 1) Therapidue ideniifiey (pRisisiEpli i apides
eas_é access to individual Ul elements so that the functionality of a program

deserdhin grehiqemsaine! xRt BRI PanvRea Sgdelspid hrigaenanddistbetlar

cléhalementiaap. beHerpifigd toihrrarogiamhyeduesideartiagtitionaiul
information about UIA, see, for example, the documentation ayailable

I RIERIGh tHE MTRITEBHRORE RIS ARG R 18 et it aru dredviand

peregenders The ability to record and playback a user's interaction with a
computer in a GUI environment has the potential to benefit multiple parties,

includifg BreHsdSSBURGE DHSISIRJR b PIARdeiensY) 2erssrdodn iyt Ul
cl€lavRio pe Fhat BSEEm cAI0H LRI PLEr SERROHOPEASANN e ABNROE B MHUErammed

a0 SLARAGHE Y SOFER, B diRIERE R B SR Rcess.
méblhges. PenatitiiosieatiogmacionoitSoTnts dhabeemibiptahe desuaidiptisad
o A R DM REASRENET Rely qonerate 104t sacoa for -
softw_are under development. Testers 25 can use r_ecord and playback tools
o BRS E PRELR R ooon cng, Computer suppor
crashis: abhanaes revdiel Astpplegrsclnderstanaltdavtm waehsofmgreteAin a GUI
engi?cr)?lrr?lgrrl%iﬁallsl\{[lﬁec {)%t%rlftqgﬁrosbeneﬁt multiple parties, including businesses (or other
large organizations), users, software developers, testers, and computer support personnel.
For example, business organizations can streamline a business process, such as use of
software for supply-chain management, by automating much of the process. Users
benefit by creating macros or scripts that combine a series of inputted actions into a
playback action triggered in a single step. Software developers can use the ability to
record user actions to help generate test cases for software under development. Testers
can use record and playback tools to build tests to perform automated regression testing.
Computer support personnel can record user actions to discover the reason for computer
crashes or hangs, or to help users understand how to use software.
A. Commercial Macro Builders
Many conventional macro builder programs generate scripts that show the internal
commands and actions taken by the computer or application to perform a function.

However, in many instances, users must independently develop scripts based on a set of
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Many conventional macro builder programs generate scripts that show the
internal 30 commands and actions taken by the computer or application to
perform a function. However, in many instances, users must independently
develop scripts based on a set of -4 scripting commands and complex
scﬂﬁ?ﬁ@@%ﬁg&@%@ﬁpﬁ%ﬁdgﬁﬁrﬁﬁg%ﬁmﬁm&rSFﬁ{iQ REEErRMENIHY logic

and, to some extent, the underlying logic of the progé?m_s being controlled to

undersiand pgogEamingciesie 3PEXe SIS RiEsivite VadsiAdng Jest ahthe iagigms
beitia@mnebitkeReRlaRUIIAREIO LHRAIR 2 FORCKASPINAM SNAGEI RSB HeRRIRY

5 specific steps into the grder they should be executed, which means the
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spBEifRSHEHs MR SENSANST Sod] IMRRCIRETI QMR afais et AURYXGAURRF has
to write a macro script using more than 200 script commands an

. d .
to syl irAiRg e Rd du v A HGammg it ahr yd harssrgdridinste anbedtier s a
mitGercaefR YL 18) . aTIO& COMNIEN i FRelHihedio sieptasane feit ihan 200

scripts 10 generated by these macro programs and the fact that the scripts
SCHBhE BRI ﬂi’éls%rﬂ%é%%n‘é‘&i%@WB%%I%‘B%B@%&H%&W&F&@G—W@@BS

ankCagiabl\a¢eeerting whudhaetlvityHesoaipltrasa-dgaiced Ry eeraisndsafttRessripts
particularly to novice users and to computer support. personneélél\nd software

eegERIRY AhsRe BTHIP IO SrNe RIkh Bt Bro BahiRC 18Rt SEaHAicthR¥ ese macro

buiBgLEY RSt ASHaR @lteiinativel A gOBYRASE RhMdtEq luilding Sofnaievitasisen
applications have the huilt-in abili,tyﬁ ecord and playba(%t macros using

theREIMBRA RIS US Ellé‘eéw?{&ﬁg TCOMRBPIA LG P i ST ayerL

pofvo @i licationts made danguagecisptimiaalyousigsie to fasoapplication and is
generally based on the application's internal 20 object model ("IOM"). While it
is possible to build a macro language without object- oriented techniques,

mostBterndhteeaai Misa . sbjaaigesiented representation of the structure
of the progaﬁm. The IOM provides an accessjble outline or model of the

classeS ASTRANY B e FAHURET P R RPE (EIRIEHENTS; TADHRSAHEns B

thisniliridetyling ohjecis foid apbagianachdacrinlaigiogRs aeasssiigiose
5plication's I and 25 hook into its com nicatifns.mechanisms such as

M £
apg 8%?%%&&%‘%@8&8&%% A" rl%’?ﬁpé‘%%v}thf%ntﬁgp ISP RS, A%aBfe a
typisatlpfulvipre $o th¥\ipisl icatiore aaddsegemaatty tonstd omditcaplyl iartioat deixteral

obaré%%r}n%%ae\ivzqqu) %i@?ﬁ 1rs0 plgsl,g%iggg %’uild a macro language without object-
oriented techniques, most internal models use an object-oriented representation of the
structure of the program. The IOM provides an accessible outline or model of the
classes, attributes, operations, parameters, relationships, and associations of the
underlying objects for the program. Macro languages access their application’s IOM and
hook into its communications mechanisms (such as event calls) to access and call
features within the application. For example, a user of Microsoft Word can record a
macro to automatically format text. A main drawback of most macro languages,
however, is that they are application specific. A macro recorded by one application
generally is not supported by other applications, particularly if the two applications were
developed by competing software companies. In some cases, a macro recorded for one

version of an application is not supported by later versions of the application.
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however, is that they are application specific. A macro recorded by one
application generally is not supported by other applications, particularly if the
two applications were 30 developed by competing software companies. In
some cases, a macro recorded for one version of an application is not
supported by later versions of the application. -5 C. Dependence on Macros
Developing macros can be difficult, and many users and businesses are
relucfant toRRPERYERFFOMMATHN break their existing macros. Businesses in

partiqiaRifn ialeR N iPw anvthingnthalamjaRtregrtivednaliestiteaitiuctant

business processes. In fact, many users and businesses are reluctant to

to SoHAHBIRS ik B R RIEAN M ES S BRSO P WY MBS EEHAM SR ISIHRTNG .
refiQfBX &MY AnFHRRO $ea ARUSHNRSS B RPJAMFa RUIUNAIRGDs PHSIBRSS. PHOERSS

(e.g., in the form of a macro) that scans received faxes, automatically

TR S R RS S R T RO R REE RS B AFeOFR £ H"r?iﬁﬂé@tﬁbc%&for

fedite Vepsiaride ebtheiag. croRAtRSplREsUpFR B driimdstlentplerasindnated
spreadsheet to verify account information, and finally sends a conflrmatlon

bLlé}ﬂ%ﬁFﬂ%“i’ﬁ%S%éﬁaeﬂ%f}}ﬁé%Ofﬁ@aﬁwﬁ‘éa&sgiﬁ%%gmﬁ?éﬁ%@é‘?ﬂca y

peefnhingdisat MapaieRtigdbpaaroplicale’ mas s mdt@pm{@wmeﬁoﬁvwasmn
ckages to function proper y% a scanner program, OCR program, a
of e A FRIBP TSR 18,6 y&‘é GrLoEnates g Shisd %ma YL 3oy

infften@ERrARENEING Aoy Apaiaaingisreains @ saftwaterwTasstikeynave
assurances that current investments into their automated processes will

OUBRESPIRESSE B OUTEPUE SR 8¢RI LRGN S VIR EErddRa Havand 2
Vasimﬂ@f@mma@béoﬂéhﬁé@!ﬁ@ m&lﬁiﬁ)wrm&@ﬁ deﬁﬁid@qdo@bm@aﬂ oer

they use complex scri ommands and m constructs to
DR e LR A A e ECE o B SO Gty are
ofti@nepdeinelvEhd sacapdindiagnmauies siyerdrsingl @snblijomns: L esacplhat
playback maﬁ E?g‘ﬁ?h d on a certain hardware (l:rﬁnfl uration, software
/

C“f‘ﬁ% NBYBHTS e R SEREOSF AR PUHLFRRUAIFSSent (such as

the availability or location of a Ul 25 element for a particular recorded

interggction). nventional playback tool, any changes to those

pre- j%rstlng &edg@nﬁsg%‘é’ﬁaﬁﬁse playback to fail. As an example, suppose a

user Maontiguvest anAaplicaibodetiseaatgnidlae dBovbacks to those of the macro
tools described above in that they use complex scripting commands and programming
constructs to represent data. Another drawback is that conventional playback is very
dependent on the recording computer’s pre-existing conditions. For example, playback
may depend on a certain hardware configuration, software installation, and/or the
dynamic state of the runtime environment (such as the availability or location of a Ul
element for a particular recorded interaction). Using a conventional playback tool, any
changes to those pre-existing conditions can cause playback to fail.

As an example, suppose a user reconfigures an application user interface. Some

GUlI-based applications allow a user to move buttons, reconfigure menus, add or remove
other UI elements for program features, add links to macros on a menu bar, or perform

other UI alterations. Although the ability to personalize menus is a useful feature (e.g.,



10

15

20

25

30

GUI-based applications allow a user to move buttons, reconfigure menus,
add or remove other Ul elements for program features, add links to macros
on a menu bar, or perform 30 other Ul alterations. Although the ability to
personalize menus is a useful feature (e.g., -6 enabling users to customize a

enabliadhrirsReeificonads) Ut mavefaypeeiManeiefqtding @nskriavkackdrRiy

to fail because Ul elements are not in their expected locations. For example,

anghalpiRags elvindaivResarsa i-elecysder ankinbiel fregrddasations-

actiops iR iaié Ry d RERIAIG MAHEEWEBVEMEDES RBELFABHSRGREIRALESlicate
when a 5 mouse hutton was clicked. On playback, if a Ul element was not

USR8 SlHERYSGCtsdRe BIayime YA e LRS- LAqFHBIRRsEhen 2
meRRUINBERILERNREAY DrVpiakaseflt, MAndp¥Yenient vien JOHBXRMPMAstBEpected

reference entitled, User's Guide for Micrgsoft Windows for Workgroups, at
to bsgrlavbrck datlqdineoradsitionsl dpfBrasion poaut SRR EAOKkRgit) Migrhsat

win@siteridesiIsesalHifeg. thatefcBecy 2aridbangss 0 GuMger #Mcrosoft
maonitor/desktop resolution. In this case, as above, playback would most likel

Wingopsdan HaHE QRS AIEEEH AR of A LN BR G Kas PR SR IS HIdRRY I8

actR@tCAMPIER MRMVIEIRR IS CRI0ELR flayhRekRecanes ieerRsigbher
e, system-wide macro and

unreliable. In conclusion, there is a need for simpl
menlr@c%?a%ﬂgv R o BEspstiBRARRCeRIZN R B erd AR AEY dAt
beaplicaiiospe el oawothtaNederdars. At hnsasae tnecfheds anijree
ng to IgBtF%at work with dynamic

far simple, system-wide macro and Ul recordi
YIRS %%g.eﬁ% bﬁ&?ﬂ?ﬁﬁﬂ@?&ﬁ‘&%ﬂ%@ sented herein for

recormingrangiciiahbid eplicrRiddo2igmphigatusen daterisaenGUI feastivity
for various applicatjons. For.example, a macro and Ul recording and
Rl RGO BT AQ thESRRE BB HTR ARsS  RE R G P ceig macro
reésifity. for semeampplieatibes Wwhile«sdlifsuppgiégysppicaiienspesHiairaacro
recorders for otherﬁgﬁﬁ%s ions, and also supporting macro and Ul recording
|

recrdinganh S ICIBALEF5E o a first aspect, a tool

receives internal macro actions from graphical user interface-based
applications as opaque tokens. For example, a software program records
RHENM ity in its own native recording environment. Based on the recorded

Techniques and tools are presented herein for recording and reliably replicating
graphical user interface (“GUI”) activity for various applications. For example, a macro
and Ul recording and playback tool simplifies the tasks of building macros and recording
GUI activity for some applications while still supporting application-specific macro
recorders for other applications, and also supporting macro and UI recording against
dynamic user interfaces.

According to a first aspect, a tool receives internal macro actions from graphical
user interface-based applications as opaque tokens. For example, a software program
records user activity in its own native recording environment. Based on the recorded
input, the software program generates opaque tokens that are transmitted to the tool.

According to a second aspect, a tool combines recorded tokens from internal
macro actions with other user interface activity. For example, a software program passes

recorded internal macro actions as opaque tokens to a tool. The tool combines those
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input, the software program generates opaque tokens that are transmitted to
the tool. According to a second aspect, a tool combines recorded tokens from
internal 30 macro actions with other user interface activity. For example, a
software program passes recorded internal macro actions as opaque tokens

opyad@Nedd&itAAbROMEPEIBH H1G86m 4 CRAGURAPKERSIMINERKRNSH aReN@thined

from a Ul system recorder. Based on the combined tokens, the tool
tokspiicheopkEPhitaitatecs diFHRCRAEHYNy to a third aspect, a tool collects

recorgdeehtaket aseR AgR WithibisEso IR AR RISk SR SH¥RASE with user
_ applications and replicates the user interface activity by 5 supplying each

infeI R e Ak A e Y SIS H RERESANRMM ARFEIR ertrs thedhr st niaidpesdei by

suBpBHYRatls s freR aCtlyihe SPANBARG MIioIehapRlicat RS ISy asde’ @For
recorded tokens and combined by the toal into playback code. The tool

|
X ARl RS TS TR ASH Y I SPYLiRy 1Y s SR G QB S e TR AS Treprigk

toRéayhaakc6rMtQ thetheaper isefPraIe KRN ThtQddcegsHiagiata iRubiiied
aspect, a tool passes recorder tokens to a software program for playback by

UsEr@GHE M A BETRS It tRerEdatliake s Bgra e PiYORE R AES IR RF R cro
soij]ﬂ@tmcgﬂ@sa@ﬁg extracted from a set of recorder tokens and supplied to the
internal recorder of the software program associated with the tokens for

play Bt Ao AdPHEH GRS Snt A0V S8 ST dRE AR GRA TRIMBR-Friggram

forpRateikibyhelintitaioloviag detaledieses ipibgmef implexeniiiansthat
proceeds with reference to gﬂe accomganyin da{wing. Brief Description Of 1
MIHR BIERTHGEHIGUTE TAS a0k gl PATT R dd ?Hf@r?&é&?@%?‘&ﬁmé‘%ﬁ&ema

repbaybraskiicaso aweark pra@rinig useoliiscl hlatkidiagkam HrpBysen-wide Ul
recording tool. Figure 3 is.a flowchart illustrating a techpigue for recordin
IR R T e T e Ay

thé fisl R Wiagkldiaigrade afrépayatennipiienth ptaykatkttpelc da@ivdth i8farence to the
flowchart illustrating a technique for managing playback of 25

A PPRERNBRAEIVE tacro activity with a system-wide Ul playback tool. Figure
6 is a block diagram of a suitable computing environment for

Brief Description Of The Drawings

Figure 1 is a block diagram of a user interface recording and playback framework.

Figure 2 is a block diagram of a system-wide Ul recording tool.

Figure 3 is a flowchart illustrating a technique for recording application-native
macro activity with a system-wide Ul recording tool.

Figure 4 is a block diagram of a system-wide UI playback tool.

Figure 5 is a flowchart illustrating a technique for managing playback of
application-native macro activity with a system-wide UI playback tool.

Figure 6 is a block diagram of a suitable computing environment for

implementing system-wide Ul recording and/or playback.

Detailed Description

The following description is directed to techniques and tools for macro and Ul

recording and playback for diverse GUI-based software. For example, a system-wide
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implementing system-wide Ul recording and/or playback. Detailed Description
The following description is directed to techniques and tools for macro and Ul
30 recording and playback for diverse GUI-based software. For example, a
system-wide -8 macro and Ul recording tool uses an appropriate recording

miRRHRIREIHeRSAFHRA RN §5& MPPRbpsRI-aciviReiBenissesdRg Gaththen the

recording capabilities of the application being used (at times referred to )
typeReiRSsS i brirb rarg e Aeckdn rresrdiag crealilbissed thecurefigtion being
usBIEGR AN T EQeFREPIS MseMmaGi i Rgaitrai kA -cae Rl blayapRlis N Hsthe

5 application is not UIA-compatible (or even if it is but recording with another

rerREEHENTSTN A8 8RR OtHA 180h FHE{PrEEBI e UV QBB (Rl papRibiagen. If the
apputiibalicksotkeysitokasat bt @r beed IetfiRrpis iederariiNg i th€er mechanism

application. The tool may use a special recording mechanjsm in variou

is draitipdtdcios] ﬂ?efsfee%qr&}hffsﬁ%lviéé@om@@dmmam@w&ehw@gmk%s) that a

us@eperibadsmanRpRLcatianhspepilicatitarnahanaeiedangsag epdaarreed didhe
application 10 using its own internal recording mechanism) and recording of

MEHRAES BoRHENS CHHRN RS r TRESFAEE U RENE T IO RSq IR Y ArLlyities
dekReDkd aetiviBppaGinsh e RS PhRRRIItAtIaNS FRRKAHBY ISy SeMpplication

software, or other software. U.S. Patent Applicatjon Serial No. aa/bbb,ccc,

usiHtite @ VR UGN RO BRR ST SBIS RF W BSUY AB BHRSHSHES 8 Suhe 15,

dy2@fe (erdigel@ste THbIIB dedeelrtayhekbiinsREPRIGIRTIABY ViRjeredias: various
kigﬁscribes varjous recording and playback tools. Somfe of these tools use the

N ARPATAHRTS PREGTANA U BRSXH SRS T QIBFSRTS REntification value
("UIDY) sUrAcgrnesplra o aBuRasie. [ i, covigeely ddemiiesdny/ipeigtieRt in

G IRED SR e hperenjecaientie U depenc e,
intdipdererbyd bt piaytackiBe aativtietetovaiiingnd pRetHik thakersenie of these
ofSRISRT [ menio Seston o ey REVIESLi0 B Cor e
(“Wiimen. alalayhackatooh atiappisdorndivaieite iefdaveticbution ipiayixsakafails].
o e R AR T B SRR
itssipplsship anehvatsioukaglcioprn When a tool uses a UID to record and playback
activities involving a specific Ul element, changes to the element’s location can cause
playback to fail.

For example, suppose a user reconfigures a user interface by removing menu bar
buttons. When a playback tool attempts to actuate the removed button, playback fails.
As another example, often when an application is upgraded features are moved and/or
renamed to accommodate new features. For instance, suppose in one version an “Open
File” feature is located as the third option on a “File” menu. In a subsequent release, the
“Open File” feature is moved to accommodate a “New File” feature, and “Open File”
becomes the fourth item listed on the “File” menu. Macros based on the old user
interface may break because the Ul element moved and/or the UID has changed.

In some implementations, a system-wide macro and UI recording tool uses smart

recording to address these kinds of problems. An application records user actions in the
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File" feature is located as the third option on a "File” menu. In a subsequent
release, the "Open File" feature is moved to accommodate a "New File"

feature, and "Open File" becomes the fourth item listed on the "File" menu.
Macros based on the old user interface may break because the Ul element

apPReR R the HABhas shangedi30-t0rame, ipleriemiatians &pressed in

system-wide macro and Ul recording tool uses smart recordhr;a%1 to address
t

theRpligatian s ABBR MaCRIMSHALS REH TSRS QRaANIRSE]piRsPgkens from
th@RPHHBHRSSIONRS ARl IRASE [NQUBERn MR reaRy HRBIEDE RCRERES SiERS

expressed in the apEIication's internal macro Ianguage are passed as

regpidiftretvat B thetely ke AacBII AR NIRRT tEPtHE FRacRs gh dss ciate the

retBFIENgpteNedNR 8y Bi8MRMYE GRfERRGERANINUbIRGAEFIBG dARIINRY dhemacro
further encapsulate the recorded step tokens and/or associate the 5 recorded

IngHUSHBRAHSIMMFTITLIIAG RRAHETEFOHPLSHAR ikl HERENE Ne 4t iva el
rel MRAURHAN Iscanveiedriigoa SaRalMpfacaideshstrR IRkt ddtRnalivehobse
series of related macro language instructions are wrapped into one recorded

tokgas RERBIRIA S BREhSHHARTAS tHeeHTSFRY B8 il Bfape nstructions
souRde fhingiARsHOdRopIRgEd BEEIUBIANS appI RGPS MR EIRET: R e dd@yedile
back by the application as they were recorded, while 10 also allowing for
alshallgNargoh Witk Ry eReYs \@lﬂ,gﬁ?&é -Wmséfﬁﬁé}&'r‘éflﬁﬂ&%ir?é‘é@?ﬁﬁmg
retoadifyt@orecehdna ¢br iecard et steaitakpnokbe, belioptionahageneiiases
code that reflects the recorded steps. Subsequently, the code may be played
COp R st AME TFRPRAER -é‘&%%%m&m%mé? &Y %BH#{sé?baec%ted
ref@sdR3tiBgectinidd eso olingtRhAther PtHPoses mby boeexediplacstipgose a
tr(\P/ﬁng([?cigﬁroc:essor has a macro language instruction "Open(filename)" that

AN LRI AR Shternal object model to open a file with the name
“file mayhexaiRpldNguppeedingovdthriitessondidsr e earckio gataola b endiagidon

Anstryction is passed as a recorded step. token, assocjated with other

B Ao AEOR He BT IS L2, QR g iopen a il
withdeyyang: ingteuciing,” 20uaperddediape)th ih pasaedadaliecarode thstefacro
. token from the smart recordi %too i

| back to the gpplication. This permits
SPBIRAH A thisit Y @ 8‘&0?%%%83%63%?8 SRt E UGS and

infuayiback, Whdstorty Withiaybsystemviicetlle ecouaitg g ipkaynach,
) S e I Y B S AL IS O SIS {0 back
to the application. This permits applications to use their own native recording
environments to record and playback Ul activity within a system-wide Ul recording and
playback framework. A system-wide macro may be written that is not subject to the
problems associated with menu customizations and changes in user interfaces associated
with software upgrades, so long as the underlying macro language remains compatible
with prior versions of the software. Moreover, the system-wide recording framework
provides a unified recording and playback interface. It also simplifies the interleaving of
macros and other Ul recordings for different applications in combined macro and Ul
recording processes.

As part of the system-wide UI recording framework, when an application does not

use an internal macro recorder or other application-specific Ul recorder, a different
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problems associated with menu customizations and changes in user
interfaces associated 25 with software upgrades, so long as the underlying
macro language remains compatible with prior versions of the software.
Moreover, the system-wide recording framework provides a unified recording

re@hidinEpRRRKIRIBIHASE LY @Is®. SnRliiaahe AnteNeming et oraan Q5aid Rthald,
Ul recordings for different applications in combined macro and Ul recordigﬁ

asflescabsddnibeAd HaheGpinerladan rEEadl Rectfng FinRiesrkonihder
ba3BP UG IR ENRS Ak USE ARINSINA MG FRCXNEah R eI ctivity against

application-specific Ul recorder, a different _10 recording mechanjsm may be
a 5@&?1%@%@éf%lfﬁ%ﬁ%@lﬁa%céﬂa?ﬁ@a’éygk&ﬁf RO RRdicalon deEsiBaL in
sufipid cpepatenharplicatiar entilegnRaearsinalEdaybagle Tpalsioriul-trpsed

Applications," which works well for recording user interface activity against

recOsd R MR ING B SRS LB bt TR A<D AT SR AP LRCHSHRE AT @b ske

inf¥@d sSHARKE QPEbatiaNpptiesding thesbihdutRmatienvariiactivigitbeechniques
system-wide Ul recording framework RPF may simply record the raw steh%z a

arg USe U FRILIAR Jr Ui ARl dRSOMeH SHE tEb Hci WBREAIH: thedd

basagesatd/ e aneusIesa i RectaabnifiuesrA4R HBOEdRIcombination. For
example in some test cases the raw user. ianLtf,:the ased data, and

IA-
intern1GALRS IACGrIeT TSt dre BN YRCOPGEY O HAKETHIRY thESFARFEtaTRs
inf&4btiAoMBE £UCkBakayshinkeshbinatRluseslpeifoprostoierattingitd i how to
Ul-based application is relatively simple; the challenges are in how to
fePéﬁféﬁ@HPa&ﬁaCﬁFaé%@ﬂémﬁf&mhsﬁ WHER SR LD eaﬂc?m?a%lsﬁbfe user

inGenfligysableonsericienacs (@om@ins wdieheallawmihe BraBugARddAERI]),
items to be rearranged at will), when an application is upgraded modifyin
Wi b M R e M
procesyel mgatitosmatiosc srdangniesnahtanguageintcondapigalye. SO6Meptually,
techniques and tools described herein.improve recqrdin rformance by
SO O AT ST o BB B A D
infegatihgdiwithtamahhsisading sasabiddiyointies fagsitacugbenmbick ardsewiaayn
convert recorde ste}FF)s and . inpu i%% (g}lgyback code. As noted ahove,
|

b5 ANEh T AR YHRIF S0 HhESHsR HSeLO'RY SABHRELCROLS ShTtSRE #hdir
infrieiitalplagondectal enapsavisdrib avticpp liodliena pyilic aticin swinierahbhjeetding

capma%l ?tlfetshrlrjlgys %'%’]% t[tﬂgi; li'l%%%a eréggkdgrug %g% gn gs%lrj’g %%ﬁgﬁg l[Jor@dtlig Qpplication’s
internal object model, thus solving the “upgrade lock-out” and menu reconfiguration
problems caused by simple menu/menu-item recording.

In some implementations, application-specific macro or Ul recording data is
collected and then converted into recorded step tokens using tokenizing techniques. The
techniques and tools create opaque tokens defining user interaction with an application.
Once the recorded step tokens have been generated, other recorded actions (e.g., UTA
events also in tokens) may be converted into programming code for playback on the same
or another computer, potentially with application-generated recorded step tokens still
embedded within the programming code.

In various common situations, the techniques and tools described herein allow a

system-wide macro or Ul recording tool to interoperate with various different kinds of
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problems caused by simple menu/menu-item recording. In some
implementations, application-specific macro or Ul recording data is collected
and then converted into recorded step tokens using tokenizing techniques.
The 25 techniques and tools create opaque tokens defining user interaction

sofritRRpARPAALRN: ODER thenfRepidediteniakeasiRa RN BRI Edacro

other recorded actions (e.g., UIA events also in tokens) may be converted
regotd BrogPRRHHING thab s Ay c onRHanhiRg YarigHbtHBH BseRdpterfaces
(cRotentidlywithappicrier-epngiRteshiecers athrtapdakens stihbembadepskt by

within the programming code. 30 In various common situations, the

US{BE M GORYCAHATS Y BAREHIRE d9TeraiRgiRRA Ups T RiBR AREAS: oMgieover,

théaeersing ehie iniepeaRiawithwaliousiErirthiins ol rddos@kivaiRrface.
programs (e.g., UIA compatible applications, applications with internal macro

The toipmcs A8 IHRE LPBIRBIAAAIR SR AP0 rBs s es biuser

comMiTHaees ofe&&padkatic, dynamic). These techniques and tools make
recording reliable and robust by using an application's own internal recording

capabilities when appropriate. Moreover, 5 the tools and techniques provide

1. userwitte eosaifisiaatPIaeGacRIIPhiReREHRg interface. The techniques and
tools can be impl.emen(ied in various ways, and mag%vbe_used in (%otg]bination

or sefaratBfroiding gatiang W@%Wm arié 1B KGR ERiedramgyork
deanaRlaybaskikiameyeeotding MBP blybaR exlenstbi ffamenedpplicsignsdio

acilitate the recording and playback of Ul activity against applications or
Otﬁ?ﬁé?%ﬂwaa@%%magmgﬂﬁ%@m WS iRt RSP Sk ALY fHcRERre
agiiftessioRQeegniers, iadebessnantbendE; gareraherss FgeenihBNSIRPF 100
._exemplary Ul RPF 100 ip which,yariqus technigues described herein may be
iSRG, B dh DR RSP 150 PR M T Lendpe UF
REBPI0@redhdt eeawdfswhidt athsadoivoainthandcoefypaiees (Serwodssmpthd

other sof{Eware hat reproduce g his oy her actions on.the same .or another
repEuSRROUY IR EINO S SRS aL, taft‘?Bﬁoéé’Fg?S,)sE)étg FLIEHPL WG Ame
orthadthandoenpsed. VithRRBIipleiapplicatiopsiiamdoin (g yyeosfigeval)dismandrit

is desjgned _to facilitate recording and back of various different kinds of
T PRI 1 AP0 R ABEER Db AN AT 2t SR AP BragBA A RogEned
to dacilixetbudtoidiegdnR Phayfadknedyarious different kinds of user activity. It is a

foundation upon which recording and playback tools can be built. The UI RPF 100 may
use services provided by Ul system architecture software 120, such as Microsoft Ul
Automation, to facilitate UI recording, but this is not a requirement of the framework
100.

Figure 1 shows various modules associated with the Ul RPF 100. The UI RPF
100 interacts with the UI system architecture software 120, which converts recorded Ul
input data such as mouse clicks, keystrokes, and input from applications 125, 126 into
data that is more meaningful for Ul recording and playback. The framework 100
receives recorded steps from applications such as a text editor 125 and calculator 126
through the UI system architecture software 120, possibly passed as tokens encapsulating
system user interface actions. In some implementations, the UI RPF 100 employs a Ul

recording and playback mechanism described in the U.S. patent application entitled,
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use services provided by Ul system architecture software 120, such as
Microsoft Ul Automation, to facilitate Ul recording, but this is not a
requirement of the framework 100. Figure | shows various modules
associated with the Ul RPF 100. The Ul RPF 25 100 interacts with the Ul

 RUIRIT SO BB S RYRISL IR VRIS BRIV TS tieRREiad il plapbi data

such as mouse clicks, keystrokes, and input from applications 125, 126 into

actixity eseiecshdreonsd dhmiursrm rreRBRAHER SAEBES B ALK ARy dhg Ul

REPQoacRY g FEsRidad stRpaifipmRPPIUSBteNMmEHE A text editor 125 and
calculator 126 thrOlﬁ%gthe Ul system architecture software 120, possibly

passedaL IR LERAPHL REfn S 6'sgdnstdrse s tscr dingsig mrebire
mbdple Mentatipisoiieddh RR LD Beantmesigat haveaassting and o YRagk

mechanism described in the U.S. patent application_entitled, -12

reopidehrdi BRI T oy R G At Biss By easbieaitol ) e demiaran 1 00

re@dayhaekdd castvptyoiesaiiad o ugbrihaidh sy stRor RIEhitpaens FFbiare
120. Alternatjvely, the Ul RPF 100 uses a different Ul recording and playback

ApRICANAAEHCR A MRsd ares SFehd Lt pasrrdBs UL barid b ettt dddrding

Appieplidybaals, 3 moruien MO feiriienapeiatnevdthi ap plisabivtis  habhaveuser’s
. their own native macrg recorder. Bypassing the Ul system architecture

RN ARSI QB0 HS ARANEIEMR 1681 Y& CERoad PerHEBENs B b iHe ARRYEASIons

1 linfonrpationpassereidessiep takeasifietvipplicatento sHefirassvaitk 100
ditor 117. Applications 115,

rocessor 115, spreadsheet 116, and phot
thr_%&’@,hltﬁf? A Y C(S%T\% Q?argﬁ?ﬁlgmﬁ Babifities to map a user's 10
input Al RIFiN(henapRhitRtions oedivepplionting envivaivneniciben the
applications 115, 116, 117 pass the. internally rec ctions as tokens to
e A O AU SR e o
thd hiesttiiPfhel &b maindai nsl aulished thesap pticatippsrio intdiirtti shanio Bradmart
activity may be recorded. A new application seen by.the Ul RPF 100 is.
RN %%éh&%pﬁ éﬁaﬁ%aﬂ%séﬁBﬂ%ﬂBF?‘i%ﬁ OMaRESS {Besumaginterface,
thsuppartz tioiey actiobeaetosded scoartiigeay dirgipplecition. drtoerapigicaiitilities

tint ' th t interface, th ti
o RS R 8Cb A S APSHANS fo BB L hpi AL i g
thivagh doch foidhpbirugbrikdineribesofdiapativeinitisgnadlions passiigedicegh

the smart recording interface) and through the UI system architecture software 120,

re

where both options are possible. Or, even if both options are possible, a user, application,
or system-wide tool may decide to use either the application’s internal recording
mechanism or recording through the UI system architecture software 120, but not both.
Or, the user, application, or system-wide tool may decide to record the raw steps (e.g.,
mouse movements, mouse button clicks, keystrokes) associated with the user actions,
either separately or in combination with the other recorded data.

When user activity recorded through an application’s internal recording
mechanism is in turn recorded by the UI RPF through the smart interface, the application
converts the recorded user activity events into tokens. The contents of these tokens are
defined in Visual Basic for Applications (“VBA”) or in some other language or object

model used by the application. Ultimately, the information stored in the “payloads” of
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through both the application's internal recording mechanism (with data
passing through 20 the smart recording interface) and through the Ul system
architecture software 120, where both options are possible. Or, even if both
options are possible, a user, application, or system-wide tool may decide to
th&REIGIRNI IR PRRKGAERA S YR 1A ROEOT JiNBHuMBEH RIS REpRERILIRSplications
through the Ul system architecture software 120, but not both. Or, the user,
for e tinindpaiationining rsinSraacidd e teBEN HRE maw Steper@keniss
reCORUSES B YSBRNERdRQSS e RUKE A AHGkEh kaN st ISR Isackatarawitl higne of
user actions, either separately or in combination with the other recorded
they3pRIAHEA- user activity recorded through an application's internal recording

meChﬁﬁMﬁ&&ﬂﬁWfdé%@f,@@%&eﬁl @téé' i thake Lﬂ%@@cﬁﬁ@kﬁﬂ@ﬁ% the
application converts the recorded user activity events into tokens. The

Y ) : : .
regndhtienioherdatiahiainnd SomaiheppiqatianBR M rpfaroatisor with
re€oY@A d04 BbeoRe Mhrklanguane okabieatitradelsdsechRy the appiieation.

)

. Ultimately, the information stored in the "payloads” of -13 these tokens is not
iMplemsid I e IS RIBAYE the respective applications for

whichithednfernafipigiig sbaddvantpunaktd ieeWtdrRE diR01 0tem Ay pheduce
tokenize recorded step tokens and associate the data with other relevant

PIAARACK K QUi R BN SBPACATERIY R SRidfagtcinat allows
othecestiechsiep rgiantdala reayrielceaeaienated with recorded step token

data gbtained from other app&cations with native recorders, or.with recorded
data bBEAHEBPSrOR GHVHREASY Ly B P Rt AREERRRCL SRS Yonssegrtdng Ul
activie Mentsysieon levehipcordkngand playhaakd nadhidion worepasdidgor that
acro and Ul data, the framewark 100 may produce 10 playback code that
S b R PR L3 AT s A S
inShidwarthémieplicalie ke eosied anitvity afcorcexaiaglewirea Méckesafprocessor is
Windqws envi nt, a user begins recording Ul .activity, then clicks on the
RS R e R o
reSoRdifid @oRraing intériachel U IRPEAAt@XEotbdpEtRbulvsaacinns Akl
mouse, click on.the "Start" button are re t{‘\%%gg hen the wor
e

includiny tT
PrB?S%sé’&%*F f QLSRR PR sk "ORCEEEHE 4'5°

enabhapatiblerithtth@Sibst stem architecture software, the tool may also record user

actions (Ul Automation events) in conjunction with the Ul system architecture software.
Additionally, the tool may also record the raw steps (e.g., mouse button clicks,
keystrokes) associated with user actions, which may be particularly relevant if the word
processor does not support the smart recording interface and is not enabled to work with
the UI system architecture software. Thus, the Ul RPF may use alternative mechanisms
for recording and playback.

This framework 100 may include elements of software and/or hardware. The
relationships shown between modules in Figure 1 indicate the main flow of information;
other relationships are not shown for the sake of simplicity. Depending on
implementation, modules can be added, omitted, split into multiple modules, combined

with other modules, and/or replaced with like modules. Alternatively, a framework with
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recording interface. If it is, the Ul RPF invokes the proper tools within the
word processor itself to record user actions performed against it. If the word
processor is also enabled to work with the Ul system architecture software,
the tool may also record user 20 actions (Ul Automation events) in

difRRIHN&THIR MG tnter YHRYSIE AT ekt Rl i RAIMEA Ser OAHIIONAYY nibR Wihe UT
ma¥ also record the raw steps (e.g., mouse button clicks, keystrokes)
re

ad Rltrback fesbiies ﬁ?&ﬁbﬁ‘é}t‘ﬁélﬁanicularly relevant if the word

processor does not support the smart recording interface and is not enabled
to work with the Ul system architecture software. Thus, the Ul RPF may use

I itermibaEt ReepttiRgns 25 for recording and playback. This framework 100
may Fglude elerments,eferfiviase anelerdias dware oThecsshattansinpshsRawn
between modules in Figure | indicate the main flow of information; other
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inbnakeNtatindirpeskilesccan leemeder; amitedrSRbtisioIroiiRis-adsase
combined 30 with other modules, and/or replaced with like modules.

gt liaIPeY fmework with -14 different modules and/or other
configueatiepsiafdnesiules Resfornswide of thare RtthesW seriding e ure

. playback techniques descrjgfd herein. él. Smart Re%%rding 5 gx;%ure 2

mn Hop doefdhiSRRsdins YeEFaRRYEBPESH AP E oML ACS R WRRSIHRSRY Wrious

apislehutiohicth slascoRbasberai . bevitig emasieswh hate RRErofr &t
includes the recording tool 220. Alternatjvely, the recording tool 220 is used

XY RIS arBiet AN fr v ?%@C?&&BP&%@?&&%@&O@%@%&H%&ﬁlata

withathif 1@s10108 Adksysirapycihitagtivierelordifarmadita éqehdwacordingnwithR PF

rtain applicatjons, but also intergperates with .applications that record.user |
Nistrdiristamiiisa sty e e
oviatieréeQrcipghilpdicalinng axghangaltesordedcordng o d slatdc with the
. toal 220 across the spgecial native recording. interface (shown as the smar
AP E LTS B T EOLT S M5 e Gt S e Y
veiRappliaatipplscabonwn recording capabilities, which may thus allow Ul
ing f ' interf. Jor, Ul ding that is re-playabl

e o A s eages gl ol SN shis Rl

macro or Ul data. For example, depending on user input, user settings, or other criteria,

the tool 220 decides whether to use native application recording, Ul system recording, or
both for a particular application. The tool may also record the raw Ul input from the
user’s mouse and keyboard, either separately or in combination with the other recording
mechanisms. The tool 220 may concurrently record macro or Ul data for each of
multiple applications in use, or for selected applications among multiple applications in
use. For example, if a user configures the recording tool 220 to only record data from a
word processor program, as a user records the cutting and pasting of data from a
spreadsheet program to the word processor, only the steps related to the word processor

are recorded.
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versions of an application. The recording tool 220 controls the mechanism(s)
to be used when recording macro or Ul data. For example, depending on

user input, user settings, or other criteria, 20 the tool 220 decides whether to
use native application recording, Ul system recording, or both for a particular

appligation. NhgvieRdnaamisPrerord the raw Ul input from the user's mouse
and keyboard, either separately or in combination with the other recording .

mecHai8AE STRRCIB A 22 el ish cuts et Sact i iibrorBplinagiem 44? Bsiag
usef iApaltipieispplicatians iouse Lt fPbele alesh appiaatinrg RANY BIMIIOR reen,

. applications in 25 use. For example, if a user configures the recording tool
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24hertiiegianeLaste et datadiatt s dshneRasheat RIedravbiadne4wakdteps in
rocessar, only the steps related to the word processor are recorded. -15 A.

p SSor, Q )
th GRRIE BN ARG RAEOFSREVE H R8O retSorimte ssLidet irngragtssithas

VHIE Peplicalian2A14)976H, UserHaptheeVisaesisteh Biscappluseod kaibeard, a
touch pad, touch screen, Braille s¢reen, joystick, microphone, or other

regiishing GRRARLITES pravide Ftsice RN SHe IappARNEBIE S8 iataqyshy

pritictiSHBreddr egessegRNEdBsar dgaiyaiiaisaac/ B toeasrdetcgd ard ke Pisnited
the application's native macro recording environment, as expressed in a .

by dhglayRLeRhoi amaaplislaR sty ! ‘f\‘A‘ﬁr,Xl‘é% TBHHEF MrabRS BXAgRAGdL an

applieadippliiation s iNereplleser dingisrpabiliies auisie daieiHist fiameyvork
for acquirjng data that may be predictably and reliably played back by the

re‘é?fﬁ%éa?ﬁ’(ﬁlﬁf’ 6rtled steps are only limited 10 by the limitations of an

applicagapplivative pecaukiagReviro Rk FaEeXRRMS, df 8t ARPHLAIQA7) so
oSN e oo alaes i g s verpbes e pen
to (Ravs] 23thertekemizatcZthél SThhek aaahedpagaetttht e dpo@A0hithencans
o IR RS RS SR ISR, Lo e et 220 A
codthhandles thernpeasded steptaks ahéiggrteiopadacoahtiakshef datd, may
nfihose, oMLt e oL INETpIGled by 11 901 220, The cpplcaton 24, on
native format for the application 240. For example, the application 240 encapsulates as a
token recorded macro instructions to open a file exactly as they were recorded (e.g., as
binary data, a text command, or a DLL instruction).

The application 240 converts each discrete recorded step into a token, or the
application 240 groups multiple recorded steps as a single token. As for the mechanics of
the tokenization, the application 240 may group recorded step data into one or more
fields of a data structure for a token, which is then passed by copy or reference to the tool
220. Or, the application 240 may pass recorded step data as parameters of a method call,
which the tool 220 receives and handles as opaque data. The application 240 may use an
XML rules sheet (which defines a set of rules for tokenizing recorded step data) to
reformat or reorganize the recorded step data into tokens. Or, the application 240 uses
some other mechanism for tokenization. Conceptually, the tokenization may be viewed

as placing the recorded step data in a token data structure, or wrapping the recorded step
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interpret and react to the contents of the recorded step tokens. The contents
are in a native format for the application 240. For example, the application
240 encapsulates as a 20 token recorded macro instructions to open a file
exactly as they were recorded (e.g., as binary data, a text command, or a

daRlkiiRSEGHTdrIRE APPHIRANAN RO Ee VSIS ﬁ%‘%hd&@ﬁﬁ@ﬁ%éﬁ@@i@ﬁﬂrﬁﬁ@tool,

into a token, or the application 240 groups multig e recorded steps as a

creatigradun thatrsrhier midagupsed e pRRdeNEmL atoRS GRRispliRIs S RORAtrable

inMRagpedRiEReatRd Rlefdaocniaaifeat. more 25 fields of a data structure
for a token, which is_ then passed by copy or reference to the tool 220. Or,

the apPRCRRURIAD AT MHASRIFEEBTARPSTKh RfRthaevis Aok trelate tRdbe
re€ilic g VRNt RN A2 e eRivRS2NThB e B8P priieddatalelagt details for

application 240 may use an XML rules sheet (which defines a set of rules for

PlgyRaRIZ QG FERBRIEPRRLS AR REPTRREIORAE - S RARE &t e AeRbraLarstad its

vedidtm jniatakanmps B ARPIE AT 340/ 188S 3rsemaathesmeahenism foe
tokenization. Conceptually, the tokenization may be viewed as placing the
neRdedr i StdPeRiER )il token data structure, or wrapping the recorded step

-16 dakr wish 10besctiiespsition.(Jikusnhisdese thiemassianBRgrIpsrtciobse
from the tool, creating a token that is macro language independent b

I t
OF RS SRR R PSS OS GREFAHI BT THE QB s LSSty 6P(ﬂ’irtfb°lf220 does

noevisgRaent. cbneapptatecdAl mayphukeand: appandt@idaherwiseiaidn to
marking da aélaogth .5 recarded step when tokenizing the data. The marking
I @HP

the 38R BrovR BREAHSCTS P B1AAdRE CRSERNAIED Apiseatighor assoctate
thinfsienatinifh(By@kileinfmeabiherappbaaiticatiod ismeetsioladpiniagamalies,
indicate an order, privileges information (e.g., what rights are needed to play
e TS B BBt oA e Rl Ao BHRERT
sedd&)ceadsed amtbrecAs: ohoee 2pplicatibasaraldhed spesiapaativia
tO’%gcordin interface. While the tool 220 does not interpret the contents of the

BB step tokens, it may (instead of or in addition to the application) add
additiiwppyiensioh datestippoay eeondedesteiokpnis@ntlierianshaciaferiae

. tokens wi marl;'i[ggq inf rmaii%%gﬁuch as a i(t;llicgtion na e,éi#]estam S, index
I{RARIBLOTE Y B &SNS f%f&%ﬂgﬁg % 8&%;‘?’&%% SEPRPPIE& TSNS
acatwd thehetgpfape ihplseguanclbivihieasidhisstpvsect2e daolcaROamayrhe tool
22%051%8(?{‘[%(%1{%) igtl:ggfz{%eerlfg Wﬂe sense that it implements methods for applications to call,
handles information passed in by applications as expected, calls callback methods of

applications, etc. The exact call and processing mechanisms used for the interface are

implementation dependent.

B. UI System Recording Path

The application 240 with the native macro recorder and/or another application
260 may support interaction with the system recording tool 220 through the UI system
architecture software 120. For Ul system architecture recording, various components 225
of the recording tool 220 collect (a) user input data, (b) monitor other Ul activity (such as
focus change, selection change, window creation, etc.), (c) track information about the

environment such as running applications, OS version, localization information, default
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tokenization. The application 240 supports the native recording interface in
that it formats information for passing to the tool 220 across the interface,
makes the appropriate calls across the interface, implements callback
methods for the tool 220 to call, etc. The tool 20 220 supports the interface in

uthaganse thatitdmplements metieds iananrlisationstiousatond a0di@sy modes,
information Passed in by a%olications as expected, calls callback methods of

andisRiaab Heladhat iRy SRLRHESArBAQTIRSCERSIM ROBSR ATSHHSTURERS f6F Rigyback,
(dVedaceRs R sEPRISM aRiatie 0sde RrRAdRN RBaty dfRYaIe MyReCaseingRathd

The application 240 with the native macro recorder and/or another application

(RS e BPOre eSS it ke eyl s YerisraliM Yo oo tReStRgsEents
heli SMSIRIN rH@BIE LU HRHNRIR: bl a @ FdUbBYStEM R NIIRCHMSHREOTdifld cal

various components 225 of the recording tool 220 collect (a) user input data,

reggy R G BUREY DERANHIErSH AR 28786 tA LU erRAES AL wHiiyle
opMId Qe sreationp ebkdnd Gy iiRskinéaurainiy el tHee o SNVIPRRESHRIGR Assical

running applications, OS version, localization information, default -17 Ul

repQR I FECRLIREFRUPRKGUAYE, il Bty £ UeRIOBI S FRfEoffgurations, security

modes,s@neligithemneaiand)ahmayl Nelp siessihelar seesasiecie @iepecording
,envi[onme t for pla{;)ack, (d) [esgtl,ve the user input data to user interface
w

ehientraerseeplinaslssriihsdinttg o) Satabermlie i sililites as

“Regicaine P dingkevesis fokNesplaaicah sreaiding exelishilhiaky Howde220 uses
reﬁdabl Ul recording output and reliable Ul recording playback. Logical
angd S?a?ﬁ%ﬂé%%fgré%&wé%ﬁ%ﬁ?&@fgsf%m} B%f Ul recording token, but

unlikerlﬁbeo@lpmuml arga@mlpllagl ﬁ%ﬂdeamyétb;m aibgﬁtéeﬁﬂécﬁfw%i@ta,vﬁhevé@@hch
220 jnterprets the logical recording event tokens for viewing, editing,
o5 LR 1150 SO QO (TN AR o R S50 SERAD e
theylatefoasehitectypicallordirgod 020t Jdtaistalich Rgdrfgatarsoasiblaaatibed in
the U,S, patent ag\?l'hcation entitI((eSP "Iéecordirlg/Pla bacl%)ﬂbhf r Ul-based
reo Rl SHOHORRRATHRMALYS HEOrSHIS I8 s SOt e ©rspYAre opaque
tosisteal apchiteticeliceashing sibe thend2e:maydisplayitkensidaddhsystanon
aﬁchitectijre steps in a viewer such as ::11 %e#u g%vindow, sour{:e co]clie
SUBPGINSBP 57tk Tt 'EB P ndS PRad % do%l% gmnotations from the
application or user, the tool 220 may display such information. The data may similarly

be saved to a file such as a log file for later analysis.

C. Other User Input

Various components 225 of the recording tool 220 may also collect raw user input
data and similarly monitor other UI activity, track information about the environment
such as running applications, etc. Recording these events helps in situations where an
application is not compatible with the smart recording interface or the UI system
architecture. These recorded actions may also be displayed in a viewer so users may read
and browse the data for errors. Typically, the data from the raw user actions is less
readable and reliable for playback than the other types of recorded tokens as explained
above in the background. However, when the other recording techniques are

inapplicable, this provides a mechanism for recording non-UIA and non-native recorder
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15 the data for errors. Typically, the tool 220 does not display information

about the recorded step tokens with native recording data, as the contents of
such tokens are opaque to the tool 220. When the recorded step tokens are
associated with marking information such as application name, timestamps,

appHiandalels pr Gthe/RINNAIoNs RPM the: applicabirR @feaerathastaQl-tiéds

may display such information. The data may similarly 20 be saved to a file
m%é%@%ﬂéﬁ eIt amdas 2 tedirdrUskr MpltsiFarious components
225 of the recording tool 220 may also collect raw user input data and
similarly monitor other Ul activity, track information about the environment 25
suchBs runmﬁﬁ igéﬁﬁns, etc. Recording these events helps in situations

wherg,agnRPplisRiQMN s et COMRAIRIBIWE M Higes ToREnkeG oSl ngréntatface or
the Ul system architecture. These recorded actions may alsq be displayed in

applifatings ad senrding hodss iha HRsiisRledy dde sy sedhs daimickay cxaaple,
re€@ i orpthk sanrsiseitAiRRS iR ST tHeROIRR I8 Apd Keliaie ferq@aek than

the other types of recorded tokens as explained 30 above in the background.

COMBRSTR O RS A PeAliTRiNY  tRAPHTGEEY At sl REdBlECHfig actions and
anf) GMHEESsar MSEN TS A0 T ecor aipatoRetdifeand noraptiverecardeequdsicing

apEIication data in the system-wide Ul RPF. The data recorded from raw user
of{RKERSHY BiARSNY BECAEYBY I BTeREh RLeE RSy AIEAGRS ARdSsvaluss:
antlayplackiGoRgRhasaMeampleeRaiiaohdperigokddpeprlinesinkeos, the
from different applicatjons and recording.mades in a single file b
tomt%?r%&nﬁﬁtgstﬁ@a@éﬂa% A BRI HBR FReRRS recording
actionsfu1diffeseninpiive kesgrdereoare20qitikineddsigonatisiRB(sibaaMsrate
along with t E s for Ul system architecture actions and any other user
PR R A0 8B P ecLILEiT QEPE A HIGALF R AR G
selfctolseGetitihis N @basi@ant alrma0sTHOpRibidedode 2iNasamPsutput
._Iindex values, and application, ] éce ation ark tokens to help maintain
0GB SR Br R 188 220 Mkatss Selpn)Ate AT A SHEFRFEmmine.
scappiligatioisoant deaardingomades | meukis ystemeactomiaking, ieriedba2@or a
uses a.code generator 230 to generate ack code 250 from the tokens,
PR GRS TRt AN G R gEi apprcations. For SXme the
code generator 230 maps tokens for Ul system actions to corresponding instructions in
the playback code 250. For additional details on code generation in a Ul system
architecture environment, see the U.S. patent application entitled, “Recording/Playback
Tools for Ul-based Applications,” filed June 15, 2004.

The tool 220 optionally puts the recorded step tokens for native recording actions
into playback code 250 such as a script file that maintains the recorded step tokens in
correct temporal sequence. Or, the tool 220 uses a code generator 230 to generate
playback code 250 that includes the recorded step tokens. Notably, the recorded step
tokens that encapsulate native recording data are opaque to the tool 220, so such tokens
are typically passed through to the playback code 250, and are not interpreted by the tool
220 for conversion to other expressions.

The playback code 250 may be viewed, saved, edited, modified, added to, deleted

from, compiled, or otherwise used prior to playback, with the expected limitations on the
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15 selects a "Generate Code" option in the tool 220. The playback code 250
may be output in a variety of formats, including C#, XML, C++, JAVA, or any
other programming, scripting, macro, or document-oriented language, or

other commands or instructions for a playback interface or other mechanism

exi@ Ay Hchane thaPRSaieRs nkRli BXAMBAIBaIR COSRIGENEHAINA30BARSbIe

tokens for Ul system actions to corresponding instructions in 20 the playback

to cgiiehespl2ERck et AaY BERNIdes HEEUIY R ACPRISRIFN LD Bp¥terfi mechanism

foRteMBGEIURQOY deRheSRRIRA L. Rsaienr! aRplicationseMitiad program, etc.
"Recordig%/Playback Tools for Ul-based Applications," filed June 15, 2004.

ThergensetoasulstBRuNg pitsdHe radSHIGRY fRERS RSNt PEEoRiRG es: to
addqbeps, datPopiay Bask £aden2oiRsHN &S doseiridde that srainfansihfayback,

recorded step tokens in 25 correct temporal sequence. Or, the tool 220 uses

SUBRQSAA BisiTeriBlbacth QRaIEE Dhixyisarkiicoud septrrstiftfyes faee logged

o eae dathsietakeAgshiNotablvrihesrecotdndisian kppsihalantrasdlate
native recording data are opaque to the tool 220, so such tokens are

PlRyBRekiIg S WHEIhEBERH (51t RRMSRERIESH SRS AT W IR RIS FeRE 4l
Adhedak &2ivisle CapERIRiQbo aheswxppessieas.t3Qulde layhnasckaacsy250

may be viewed, saved, edited, modified, added to, deleted from, cg,mpilc?&j,
regyabtie SIS SEFISHOT tBHTATBAKO VRIS e B TftatRS e Bh thaddadto
theyienbiokbitd) e dpehmiay tvieplaybadiiyoetotragyeatesarcathiienitkens.
. Being able to edit the playback code 250 provides users with a convenient
gy powerful mechanism for creating macros, generating automatic test

caseghayRyRIRG sierS INnaapPrhghass ustd. td hrgeeeRaied dodetheaydoeded

edited to add conditional ressi , to change variahles, to 5 add loops,
et Ak e R L AN U7 o ot g
alSuRRDSgya qiece BéRlayhacktads alters a system file and requires that a

user to be logged on with Administrator rights. Accordingly, a conditional

expression is added to the playback code, which checks for the appropriate
rightEbeforaoshainchibefiecamd tade. As another example, suppose

e L e T IS B0 P e came,
mpjaybaghacodeyiviudiccaliskdcthe iflaybalak fodedoabeyrépehfdeatcgiplitations.
For}ueryabn?{ﬂce),f tlgnign ceo%e generator 230 in the tool 220 is pluggable, so a developer can
reuse some parts of the tool 220 but change the way code is generated by switching code
generators. The tool 220 is thus extensible; its functionality may be altered for different
applications. In some implementations, the tool 220 presents a menu of options for
pluggable modules, thus allowing a user to control loading of appropriate modules for the
functionality desired by the user.

For example, in a “heavyweight” recording mode, the tool 220 collects detailed
information about UI activities and comprehensively logs the information. This provides
more reliable playback but is more likely to perturb execution of the software against
which activity is recorded. Or, in a “lightweight” recording mode, the tool 220 collects

less information and, therefore, is less likely to perturb execution of the software against

which activity is recorded. Yet, this may still provide enough information for playback in
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The playback code 250 may then be used to manage playback of the
recorded activity, as described below. The code 250 may be played back on
the same computer or, 15 alternatively, on a different computer(s). E. Tool
Architecture and Uses In general, the various modules of the tool 220 are

thO¥AGSPEIS I HiEh NRARA RSN MRY ReivaRaceshpiin QIRehAROBHES Wikl
similar functionality for different applications. 20 For example, the code
PUWBfator 230 in the tool 220 is pluggable, so a developer can reuse some

partsghifta kpahd 26 bt ¢ hanroe bRl Wik eeAR 1Si8 aReRARR (e MAENIRGVERIEUT

generators. The tool 220 is thus extensible; its functionality may be altered for

clemrais sredphtighisdy s bomdinggraRestafs ARt pavY Brasdhtscqrded.

ofhamhsHiaptisniiek pigsablieMeduiss iteusa!lawingpRcheend 9ozamich UI data
. loading of appropriate modules for the_ 25 functignality desired by the user.

is PR REFARTEin( He R WETgREFeRORnG TERIStREPTBRICS 30 e diseriptive
an@igtailed iniiermatatoakah kastivities anbeomhirehaasively kapPiRation 240

information. This provides. more reliable playback but is more likely to(Pterturb
(0]

arg uabld BsplEssoftirebrhndheirnt R ZLMAY ARty e R8Pk

rechghwieightikesadinganagsitbento@ls220 collects 30 less information and,
therefore, is less likely to perturb ?xecution of the sofﬁware against which

activity'fs'P8LAA0ed IPBLTHI gy 18af v BltsggR it faseded (e-g-
mpRybae Ii!ﬂ)ll'&fﬁiﬁfgﬁiéﬁmal@md[ﬁgHlﬁﬁl,tlgf?"eﬂﬂmg'iﬂﬁlﬁ@,sab.&},c&fﬂﬂ f dﬁ*(lj@@@cﬁﬂfty
personnel, or for other purposes. Similarly, the tool 220 may.record . . .
(CigroThTahibi %Wﬁﬁ?éﬁ&é‘mwaﬂ%%iﬁeﬁm%ﬁ&ﬂ’%%éx@ RFESIHREEDY a
bdpweadingdigetangiripifashing taishovgwhak isseiceidedo Rl Rih &5 diash iBrgors
feedback be used to show the user the, applications for Wll‘(c‘]h Ul data is
(o TG PP R BTV GHE RO SED R p AV EILAtE enter
infleseijiveban tidation-ddgsab QDK &sikh Ackian-at for iacionaitinhtiaviasd
220 or application 240 are unable to resolve. Alternatively, the tool 220 may
Cogﬁgﬁﬁlgﬁ’tﬁg%ackground to record Ul activity without disturbing the user. 10
The toht 22QtsHgsposisibia ferieading ditsripBgaabkindichited amn@etied of

iné%%ﬁt‘jﬁr?g %ﬂggﬁc Elggrllls Ci%ggrg%t&, so(l)(\%pll%(l)?%qg %El?(’ego Stlargl%qpc%}(io eebg;[l%?ﬁg on
implementation, modules can be added, omitted, split into multiple modules, combined
with other modules, and/or replaced with like modules. Alternatively, a tool with
different modules and/or other configurations of modules performs one or more of the
recording techniques described herein.

The user interface of the tool 220 may be a VCR-like interface positioned around
a recording window, docked to the top or bottom of a computer screen, or minimized to a
task bar. The interface includes buttons for features such as “Record,” Pause,” “Stop,”
and “Play,” as well as an area for presenting description of recorded steps when such
description is available. For examples of such interfaces, see the U.S. patent application

entitled “Recording/Playback Tools for Ul-based Applications.”
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(e.g., checking for privileges), spawning recording threads, synchronizing
activities between modules, building and maintaining queues used for
recording, logging errors (e.g., to a local file or optionally to a network
service or server), and collecting 15 information about the recordings (e.g.,

OS version,Reeslid AT doiigadioniniE WoarR c6pdiguUration, etc.). The
relationships shown between modules in Fiéahu?re 2 indicate the main flow of

inforrBERSTATBEY POSEDFRHIE e st R dnrT IS faet Rk Bririgiitgaprding:
baRBRAHANG @ hNRISNESRLALO N, MORWIES £ BREEAGEIE de IRitE dicpRiikit® are

multiple modules, combined 20 with other modules, and/or replaced with like

colisiigried hrapRUEVANR el vitrecbindhe fiethodd wasgmIeatefky These requests

to GeRfigurafianieéteaodules RRFUEBEANRRTHIRsM LY thengegatdindriaahnigues
described herein. The user interface of the tool 220 may be a VCR-like
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of a qampeiaitSeraRAcOMBBNMIZetiR® 45 teskikan theeppiariaes elsdes
buttons for features such as "Recard,"” Pause," "Stop," and "Play," as well as

recdad torbiegrodentinty ey orstion BT diBrhanars Y Smdn eken e aisipatHely

is havailkhiesEnhexemplen efssushdinteiaaesCPee theapatipateritapplisasiener
entitled "Recording/PIaybai?cﬁk TOOISlfaJCg Ul-based Applications." -21 F.

bageh S HGRFRERMAHE MRS i esals e Atk drReRing R diepplication

belfansfesting the takens: tof ddd dr [Pusirig deaal ting:qhrlah readasandep tokens
interactive mode. In general, in batch mode, recorded step tokens are
arg DM B application and delivered to the tool 220 when requested.

ThesEisaatiestoniia tethiaugtnoaliectedritke apphnatioaatwbeméesusthas
changed away from the recording application, and may a|so occur .
WAy HoL G St A2y B0 SPGBl hibdBE Frsipseioe
220kaaspEca6oh 2ansthevadplicgtienoein@raatedecdhitdhe 300 22G:antively,
occur, One disadvantage of sending tokens interactively is that it increases
arpet s LD B TR ST ihar syution. ether 10
batchTae visreasitie Alode ssayfheepieitcatintostie cthat, eiperdioglapthe
._applicatjpn being recorded, the amount of data beineg% rﬁcordep, an% ow
1ntc?8% the ace. Other

Ry rEUBrAEE AP TOIEnLOhPERPa g GEREY]LEgY et the nter

applications might support interaction over the interface, but the user or tool determines
not to use native recording. For example, when a user first launches an application the
tool checks to see if the application supports interaction over the smart native recording
interface, and if so, adds the name of the application to a list of applications that support
interaction over the interface. Or, the tool checks to see if an application supports the
smart native recording interface at the time recording begins. If an application does not
support interaction over the interface, the tool may add the application to a list of non-
supported applications

If the smart native recording interface is not used, the tool uses 315 another
recorder to record Ul activity. For example, the tool uses a UIA software recorder for a
UIA-enabled application, or alternatively, a raw Ul input recorder for non-UIA-enabled
applications. While Figure 3 shows alternative paths of recording, the tool may instead

use both the native recording and the other recording concurrently.
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Figure 3 shows a technique 300 for recording application-native macro
activity with a system-wide Ul recording tool. A tool and application such as
the recording tool 15 220 and application 240 shown in Figure 2 perform the
technique 300. Alternatively, another tool and/or application perform the

technjgieh 300srhhie Haakeheskedd thierhre if e ARRIGBIAPHERTR ENBMser

._hative recording_interface. Some applications do not support interaction over
g *}Hf’e‘i‘?ﬁﬁ’éisé%%?’%ﬁ?)ﬁ’é%ﬁioﬁg%i&ﬁﬂ QPRISBHIRTE IS SPEIhESSRtdsratses

pebtdrthiusementRphdsteiiRes R AesA0 use native recording. For example,

when a user first launches an application the tool checks to see if the
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dedithifis93 2sldss Hoalaamecehthe applratinrtaayist ffarplisptions ity of

support .interaction over the interface. Or, the tool checks to see if an

condpiraisnludpsoriciher Sindrehatvectedbraindimitib e hecridies process,
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interface, the tool may add the application to a list of non- supported
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foBidkanigihion, eEeridetaseenitt JUaciMibynFisexampieedhel o dibasaa péhfied
software recorder for a UlA-enabled application, or alternatively, a raw Ul

nypbaE PEEFEISSEBRhEAANIhlfied 30 applications. While Figure 3 shows

alternativeppatas af resoreiagi ARes saolhnaycbigteadacisadbetpibeuratvene or
recording and the other recording concurrently. - Z\Qan the smart}&egtiv,e _
MPEEY maﬁ%%é?ﬁc@@a%&%ﬁ%oa PIRLESHRE MESRRATAINPUERE Ttgrgation

meinacke dadarifdilishdhne appbcaienisdriiei iesongdesiecaressbeaSibove.
erformed by the user.against the application The process of recording, .. .
AR S e LSO G S5 LD b BH 2 R miTeEm eSS h 8lifing-
not cORENOIE. orhigpthedkmaylevalzts anyttayaoatined wohdiéonscro data
including whethtgfrfthe user has selectively erminatedélhe r cordiri%[ﬁrr\ cess,
atf

reGoR e tHE B A RS RS IBKER AT O ANETHR IR oB% Ui MOge,
whidiiethefeaiseptinise Rt tiveey feasi@xpidat dideatdingpinieracivemadekwhettien

WiSSPATEE S5 Bl L BACNES, Mielhe g cengnaed) clomen
reachide, tetd.optionally converts 340 the tokens it receives to code such as a script in
which the tokens are embedded. For example, the tool uses a code generation mechanism

as described above.

Alternatively, various stages of the technique 300 are separately or in various
combinations performed in conjunction with other stages. For example, while Figure 3
shows the tokenizing 330 and conversion 340 occurring after macro data recording 320,
alternatively one or both of these operations are performed concurrently with the

recording 320.
III.  Smart Playback

Figure 4 shows a system-wide UI playback tool 420 in conjunction with which

various techniques described herein may be implemented. The UI RPF of Figure 1
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The application then tokenizes 330 the recorded macro data, producing one
or more tokens that are opaque to the tool. For example, the application
uses a tokenization mechanism as described above and/or adds marking
information as described above. Alternatively, the tool performs some or all

inSuthg tRkenizalan:eslnterMatiemadditionhd pldmadRebor arpkcalian:s part of
evaluates 335 whether to continue with the macro data recording. Again, this
KthipeeuRkte any of a variety of conditions, including whether the user

has seiiegiiughadRiBWNABHIES BTQKiNEy P eSSV MBHRGHiekRDEAEAN driving

succeeded or annotation information should be solicited from the user, etc.
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code generation mechanism_ as described above. Alternatively, various
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shows the tokenizing 330 and conversion 340 occurring after macro data
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plaasamsludsefaﬂaq@Wﬁ%kﬁ@@hﬁmmﬂpmwmﬂaﬂpIa\];{ha@lqdml #H2@ois] 420 to
Ifram ork. The playback tool re Ilcates ul. t|V|ty

usei @é}é)art of anothergg

COBYPe R HY BRRTEHERY ans el IRANG™ AICARCHE i SaigHP U S st fh may
theeaVicasUDy IRabaiRgEOUeNaia appHiatsasoifl interpprigtierki foteifgwa user
. na ive r co environm Qné or thrgfﬂ%aglaying back raw steps associated

Ge ?JI f’&t MR EV S e ] s system-wide in that it handles
pIaybﬂmﬂﬁjzﬂaay&tﬁimambdﬁammmﬁwn{ajlwﬁ@nééur%emﬂmﬁigmak:krwm or
rtain_applicatigns, but also interoperates wit appllca
Ui R RE PR RS D SRt A BNt G B HEER G PP 2 ecides
witleky mﬁyeﬂmdppﬂ&a@phe%mslﬂprwkg@ Iegetsagmacisk osibodata
Al\![ve!;[‘rrllatt?\?efo,o %Ztg %3?%1?05 lay‘b c[lla e raw recorded steps. The tool 420 may
concurrently play back macro or UI data for each of multiple applications in use, or for

selected applications among multiple applications in use.

A. Reader

As input, the playback tool 420 receives playback code 450 from a code generator
such as the code generator 230 as illustrated in Figure 2 or elsewhere. The playback code
450 may be in a variety of formats, including C#, XML, C++, JAVA, or any other
programming, scripting, macro, or document-oriented language, or other commands or
instructions, for a playback interface or other mechanism to drive Ul-based applications
for UI system actions. Recorded step tokens for native recording actions may be
included in code 450 such as a script file (which may be routed directly to the token
passer 435) or embedded in other code 450.
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playback interface (shown as the smart RPF API in Figure 4). This allows the
tool 420 to control (and interoperate with) the application's own recording
capabilities, which may thus allow Ul playback for dynamic user interfaces
and/or Ul playback for changed user interfaces for different versions of an

appligatiemeimpiematanlack 4poh B Beenalatbefatbéshtanglsrdnihen

playing back macro or Ul data. For example, depending on what data have

cophiperecsteiand tRkepsoitanndiilesarisanphettisricud eraiiiacppiestisn
infetQrdaL RliRYRAsK Pt sysiei Playhrac saiphetiendbe inatialye shadeabmay for

also playback the raw recorded steps. The tool 420 may _concurrently play

diffgrarnating sr0Tdest 16 CeRRnee AtRle sFreations WMilseds fRgrbbsystem
arSEiReter apRIsAHANSAMPNG rabdiale apRieplieneMNtHe oo IRAREEN ASseparate

input, the playback tool 420 receives playback code 450 from a code

filge frardifer RUCHIPRS ARIJE AN B86Ss illustrated in Figure 2 or

elsewhelie pIiBRIRYEACI008R rRBHPA IMAYCEE ¢ FMaArier/dttosBTRisd verifies
including C#, XML, C++, JAVA, or any other programming, scripting, macrq, .

the cefsaemrshLbHEr et ARGudge csrBmer RO RIAYRAEK 9P lifss il spyfaining
pljaybRekdotaiiae:apaihek sRFghRnin MdvattiiaseensRpligatinsofeikteht

sﬂ\ﬁhem actions. Recorded step tokens for native recording actions may be
Wi

QEHTAE SHEAS0 Lcry e LapvrireRHRtAMSs Bt I iy %o the
nd@Red 3dpassend 3ppmamiacdaedis wihiek aore145ehanddl N &afijete the step.

impleme tzﬂons,t e playhack tool 420 receives a single file that combines
Allggathisdt R §ifER i %pplications and recording modes by
interlpavifgythe dataofnexample] sgoridadaiartiakensyinicRative, meocding

ctions fqr differept natjve recorders are combined intg one stream, along
ARG LIS DETD A SRS Aty BareF GBI dor
coifipolt o Oappiie doh d2spretivadsepatate: 4ibes fasrdifigtenkapplaiitigns @rdative
recording modes. In the playback tool 420, the reader 410 receives playback
e BGRPARE SRR T o RS 1 BB HBCO P RIS therced
dapdayhhekologl pasaivessa file containing playback code and attempts to verify
that the file is internally consistent and consistent 10 with the current status of

the system. If any inconsistencies are found, the user is
B. Native Recorder Playback Path

For native macro or Ul recorder playback, the playback tool 420 passes tokens
(shown as token passer 435) from the tool 420 to the application 440 that includes the
appropriate native recording environment. The tool 420 passes the tokens over the
special native playback interface. Before doing so, the tool 420 may interpret additional
layers of data that were added to the recorded step tokens, including marking information
such as application name, timestamps, index values, etc., so that the steps are played back
by the correct application and in the proper sequence.

Unlike other kinds of information in the code 450, recorded step tokens for native
recording data are not directly interpreted by the playback tool 420. Instead, the tokens
are passed as opaque chunks of data by the token passer 435 to the application 440
(shown as the token accepter 442 component). The application 440 interprets the tokens,

passing the macro recording data from the tokens to the macro player 445. In the
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notified, and, in some implementations, the user is asked to manually
complete the step. Alternatively, playback is terminated. For playback
according to the Ul system architecture playback path, the reader 410
passes the code 450 to the Ul system architecture player 425 for

apPIRAFRIAINASIG L eeAthl @b %tﬁi%@%@ﬁe%ﬁ@iﬂ%tpﬂcﬁiﬁ)ﬁ%%ﬂ@nﬁ@fo
a

playback according to the native recording playb path, the reader 410
re
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p&fBidvavaReqedes Riaasck Fabiadhaenahive gpaesadr Yhisaaidetording

playback, the playback tool 420 passes tokens (shown as token passer 435)
C ]

apehHitics RIBYHSH RO Bvat ApPITELABls Zamanrinfn ol ik aiprs pstcatatiias

pliOBRRINAER YO PHIEIMe ThOleRtHe Y Papsies theHrkaneover the special
native playback interface. Before doing so, the tool 420 may interpret

P
additi’é‘?FaT‘Pﬂgféar‘é%‘f‘Ei’é’tﬁ’iﬁé?%ﬁ}‘lerﬁﬁ‘bféa%tﬂl?é fererg Lo perokdswsteps for
plIRGRANT RN iR matien & sdehoas aRpligalioRMacen tiroasimse token,

index values, etc,, so that the steps are played back by the correct

ordhn feRGAISAE ) avpropas eplielceecorindstimarisnadremarsins it sh- As

fofBCOPENhR s STOIRY GiRRIRKENSOR, NRY VP pIREa N Ag W, ata Ricdi®etMep
inte%eted by the playbacl%ﬂ%ol 420. Instead, the tokens are gﬁsed as

actign Jate SFRIAIOS PHEIA B I B (i AAR S LRe T Ao FRK S plib o N A5 536 by

cofshevwafastie tRkanhracepi0443: compasiaation Be@ppicatinrI4AR dntequels
the tokens, passing the macro recording data from the tokens to the macro
achpR, 8 A PSSTRYAS PIE IR iBﬁnﬁ’%’,cpéﬁﬂra%H Theapa iR Tk Psra ramn

othee apgliaations aatiue rasdedreepraingmiviianoient. Khenseparggathes
expressed in a language such as VBA, PerfectScript, M4, TeX, or another

RO B X b Lt PGP UL AAIR BT

stiighiuss, andietiaiinfr amseweidéarspipback dantasimneskall ovworth iplay Pack

. that is not possible through the Ul system architecture. The application 440
P th D AN S PRI OR EHSGraRamEaBe A5 IS ADBRUK Hhe

nadipplicatiating4O viveyi@xtiact one recorded step action from a single token, or
the a,ﬁ) lication 440 gﬁy extralgt multiple reﬁ%)rde steI%fctions fron% single
token. KEHRPSHE SRS 5P R Pl tBIEYAHBH YA PARRTSton 440

appayieeack kehorded stkied to the recorded step action data when tokenizing the data.

The marking data provides relevant details for playback, for example, application
information (e.g., the name of the application and its version), a timestamp to indicate an
order, privileges information (e.g., what rights are needed to play the step), etc.

The tool 420 supports the special native playback interface in the sense that it
formats information for passing to the application 440 across the interface, makes the
appropriate calls across the interface, implements callback methods for the application
440 to call, etc. The application 440 supports the interface in the sense that it implements
methods for the tool 420 to call, handles information passed in by the tool as expected,
calls callback methods of the tool 420, etc. The exact call and processing mechanisms

used for the interface are implementation dependent.
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10 action data from one or more fields of a data structure for a token, which
was passed by copy or reference from the tool 420. Or, the application 440
may unpack recorded step action data passed as parameters of a method
call. Or, the application 440 uses some other mechanism to extract recorded

step actionsfiaysiekePsafbackapitglly, the extraction may be viewed as
reading the recorded step action data from a token data 15 structure, or

unwraBpiRptisatier iy ishdheRarbys daer ook Rk askorrgther
appBYARIA 46 MIFE IR PRI DS UL AN WhIkAreykecagnEraRig R hah the

appropriate  native recordiré\gaenvwonment. The_ application 440 may also
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rovides relevant details for playback, for example, application information
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etc. The tool 420 supports the special native playback interface in the sense
that it RS MGIE RIFRHIAHER for eSO EHbRAE A IA R A el gE W tRe ay back

witietagRnthekes dberid BpPIePUReaadis appiatibe saterfIceR dnplBAMPILS back
callback methods for. the application 440 to call, etc. The application 440

Toalphrts masttdHRCi AR SEIRSE IS ioimptdmentEAHBIREa foP e 4801ses

andadtecchlliirndiesliRigisnatiampassadpnybathe tool as expected, calls
callback methods of the tpol 420, etc. The exact c Ielignd processing
i

mecHaFEa O RIS  AEPRRISPY IR iBA WETL HEHETSH 26 C.
condiigyatemPiayback tiathuhder aptiaation# Ak wyith the Rativée MBI HERakder

playback and/or apother application 460 support playback according to
VA S S RTE TCR IR B PGNP L O R USS: The
playdih4dmiscis &Ssenptaphelngiie 1o eiproganngatichiyyaisired eatiesdf
._a Ul-based application. Ilzor this playback path, the playback tool 420
i WelyEms

INPYLRE AEHA R S0 2156 o BT At RHE'PLO.BPBEF rg?éps
playtshdll @esialynthicoug o progeapimatindaigatid o wiitctie ddtbasgdded step in

o JRE o0, It same ITpieTentaions, 112 RO E20PRIDS WS e
application to become available, waits for the process to be ready for input, executes the
recorded step, and reports the result of the step to the playback tool 420 or elsewhere. If
any of those steps fail, a simple sleep function is called and the player 425 simply waits a
certain period of time before attempting to reproduce the recorded step again. Or, when a
step cannot be performed, the user is notified and asked to complete the step. This allows
playback failures to be handled gracefully without crashing the playback tool or any other
associated applications.

Instead of relying on the player 425, some applications may also substitute their

own playback tool to run generated code.
D. Tool Architecture and Uses

In general, the various modules of the tool 420 are pluggable, which means they

may be replaced with other modules with similar functionality for different applications.
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with components as described in the U.S. patent application entitled
"Recording/Playback 10 Tools for Ul-based Applications," filed June 15,
2004. Alternatively, the tool 420 uses another technique for Ul system
architecture playback. At the start of playback, a comparison may be made

TiReeandhesusent isaneitians A ias: conditians tepdefovdigl e dpblications.

recording was made. If significant variations are detected, the user is
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to CRHE 5 IDaliieXRE WP pRGESAIEs R Add HaRabARRH! & sactdy hcastrol.
Alternatively, Ul system actions are put into an internal playback queue,
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sim%Ie sleep function is called and the player 425 simply waits a certain
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ruMied he e canrehhe. pexiesmesh die paebisinetiiad andaskeddasiemplaiet
the stﬁ?p. This allows playback failures to be handled gracefully without

I
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siglirelybogson dheRiaypa s appiaetRpplications may also substitute their own
playback tool to run generated code. D. Tool Ar hitecti%e?egré? Uses 30 In

geneld R V4GS BRI BieRa ko I6°Srd BRIGS it Fieahay

endigpt Playbbekreplacad vithotbesnnosiblarivd ih&ienlal ffunaiepadipiok tool 420
different a %Ei?cati ns. -27 The tool 420.is thus exte.nsb\

ible; its functionalit
deﬁ%%g%l QAR Uil AP IREAAEHELY THESYSS 42 Wf%{/eﬂlflé%ﬁtﬂéa AL e

en@drapipnanies phdygabieondsdulpaybatk allowingia tiserh @eguiralinading of
e B JEF B RSB NS OBRAL Bolac dniay bene
adeoiniigtiied satindicats diowhtayasikybieitakmplacetbolcexbsoptes ihmd only
DRSS s g Bk M RS
becasiificethaotessitfs themtaybaekeo@derded by the current user, in the current
session.

The tool 420 is responsible for loading other pluggable modules as needed,
enforcing security (e.g., checking for privileges), spawning playback threads,
synchronizing activities between modules, building and maintaining queues used for
playback, logging errors (e.g., to a local file or optionally to a network server or service),
and collecting information about playback.

The relationships shown between modules in Figure 4 indicate the main flow of
information; other relationships are not shown for the sake of simplicity. Depending on
implementation, modules can be added, omitted, split into multiple modules, combined
with other modules, and/or replaced with like modules. Alternatively, a tool with
different modules and/or other configurations of modules performs one or more of the

playback techniques described herein.
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The playback tool may be configured to perform playback as fast as the
computer system running the code can "Paint." Alternatively, playback
occurs as fast as possible without 10 waiting for Paint to complete. In some
implementations, multiple playback series are run simultaneously against

sepafaie aRPIFRHALS oF ehiMBsPYe thga§auity(at DIRY haeckithe, RAMSHEA IORhd
220 of Figure 2 may encr;% playback code and/or the tokens embedded
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enfitled;i ?%‘@hnﬁ/gmb&@lﬂlgﬂﬂ@(f% TehasediAaPESATONE were recorded by the
current user, in the current 20 session. The tool 420 is responsible for loading
other pluggable modules as needed, enforcing security (e.g., checking for
privildges), SaYMAHE HsYBUE Ehreads, synchronizing activities between
modHgairbyilding ca echaigirRiIsng L eles Use bR PaBKIIRERINAANRrS
(e.g., to a local file or optionally to a network server or service), 25 and
MR T hATSH B IUESI ts’é%xl?aﬁhé%raﬁ\owgfiﬁﬁmmsmg% as the
playbaktiasdn42igund 4pprdadis Uneorstad HonrabuirRiarpaation: heckalatiossoips

are not shown for the sake of simplicity. Dfﬁoen%g\g on implementation,

AlSHRTIE A R AR SHOERRP AR RS HRIT I ATS AL 28thbined with

othermh@ ebdefacaN@AOS replated it dikel caady eskaAke Pativelinpciant wiide 39 a

different modules and/or other configurations of madules performs one or
SR o R PR DA B o D BELE B BT S B 6P ARG

tokleasteniddamaefitna VCR-like interface positioned around a playback
windQw, docked to the top_or bottom of a computer screen, or minimized to a
task R Pb T MEREST RIS BEon 15 TRLHea Shh B stop -
oraadn® ey inag it @sisrrareaffdenksantingvdeseiptionecabtamieppliwiic are
B AR R e R

added to tokens for the sake or identification or sequencing. For example, the tool uses a

verification mechanism described above. If a recorded action cannot be verified, the user
may be prompted to terminate playback or, alternatively, perform an action.

The tool then passes 540 the recorded step tokens to the appropriate application.
The application processes 550 the tokens, extracting recorded macro data, and plays back
the recorded native macro actions in the application’s native recording playback
environment to replicate the steps performed by a user against the application.
Processing the native recorded actions typically involves replicating recorded UI activity
as smoothly as possible with little or no interference by a user. Thus, a system Ul
recorder tool may effectively manage and interoperate with the application’s internal
recording environment with a high degree of reliability.

The tool or application determines 560 whether to continue playback. For

example, the tool and application finish when the code or tokens are completely played
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entitled "Recording/Playback Tools for Ul-based Applications.” E. Playback
Techniques Figure 5 shows a technique 500 for managing playback of
application-native 10 macro activity with a system-wide Ul playback tool. A
tool and application such as the playback tool 420 and application 440

baSROWReIN téaWG LREIAAIED NS HacRkNKWeheR BlaPuiRINaYEDHADMNBFRObr the
and/or application perform the technique 500. The tool receives 5 10 code
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he tpol then passes 540 the recorded step tokens to the appropriate
I‘;fji-ppIi(gaqt%ﬁ?lq'??eijlbvﬁﬁggﬂ%ﬁprocesses 550 the tokens, extracting recorded

macroiiaife ANGeRbabe Pasis 1R eresder mtf\é@o?moaﬁ@ﬂ@ar}%aaﬁh@r diverse
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possible with little or no interference by a user. Thus, a system Ul recorder
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application determines 560 whether to continue playback. For example, the

seyineantt agphcatrRmat R wifen e BrtERORETscardingrnsnisand seshatgues
car?Sehiafifevhiaadie Hisan ieEinatRS PIRYRACKs Af hed RIBYRREK, prsis higutond

.an error, or the_tool and application wait when playback stalls to solicit data
VIgHRR fOMVETE YRGFXARUIRANIVEND 9470 Ka gkt ReRREHAR ERY BOBMFAL such
as¥BPaRIcho #hith Fapess combinations performed in conjunction with other

stages. For example, while Figure 5 ) ) )

Figure 6 illustrates a generalized example of a suitable computing environment
600 in which the described techniques can be implemented. The computing environment
600 is not intended to suggest any limitation as to scope of use or functionality of the
tools and techniques described herein, as they may be implemented in diverse general-
purpose or special-purpose computing environments.

With reference to Figure 6, the computing environment 600 includes at least one
processing unit 610 and memory 620. In Figure 6, this most basic configuration 630 is
included within a dashed line. The processing unit 610 executes computer-executable
instructions and may be a real or a virtual processor. In a multi-processing system,
multiple processing units execute computer-executable instructions to increase processing

power. The memory 620 may be volatile memory (e.g., registers, cache, RAM), non-

volatile memory (e.g., ROM, EEPROM, flash memory, etc.), or some combination of the
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5 shows the verification 520 and passing 540 occurring before token
processing 550, alternatively one or both of these operations are performed
concurrently with the processing 5 50 for tokens in a playback pipeline. IV.
Computing Environment The above described tools for macro and Ul

tWiSCOIlingeAchPEaVhAcK (a6 VeS8 38 Artpithikaced BRItMaIR (Eelrdthe (Rt 3R89

of Figure 2) and macro and Ul recording techniques can be implemented on
teciijBIes: variety of computing devices and environments, including

compigsmphtviarions imactars KRessanalonrisiatian, sarveimprndheld,
laptop, tablet, or other mobile), distributed computing networks, and Web
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. recording, processing and viewing software 980 executing within a computer

IS RNRTLIOM BETRATLHYIFBABAY R 48 o ekaliss i B, Figure
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in which the described techniques can be implemented. The computing

SYSIU SHEHE BOEH6 e hBEIM IR ATHARS LT YT AP IMARGERS O s L REHE of
exdse@icinGiicnalibneohghaiaoienaid toohnidues frssidbadheieibaadhey may

be implemented in diverse general- puré)ose or special-purpose computing

CORRARSTR Sh L \RATATLHBERA S GH1RY8: the computing environment 600

includ@g afoleastcanenPyaessidy AWM Gl aArenoeabRsy26dGn dutig uha dhetiis
ost basic, configuration 630 is_25 included wijthin g dashed line. The

dipidBeehiy utRB1Y Sxsttifss CBiatdr: St b inbuctiams U M Be a
wihed amebeitisial @recessefonnAisnutdonatessigbsysiemsediultinletpEecessing g
units exec 6@10 uter-executable instructions fo increase processing .
TR BT oy 851555 BN RS BREL L ding and
plRAM) sutvaelas® memory (e.g., ROM, EEPROM, flash memory, etc.), or
som ombinaéﬁiFon %fgsp -30 two, The memory 620 stores software 680
imploREARRY) 50 SHBH AL Binf OSSR PR ok CAOUGITEU R he
de@ivdrartmenivinayrbrivecaddjtiamabteatutes. ihpitekatioplaidinas ed@MeiRg mouse,
environrﬁl%nltl600 includes gtorage 640, one or more ingu%de(\!ices 650, one.
peg, or trackball, a voice input device, a scanining device, or another device that provides
input to the computing environment 600. For audio, the input device(s) 650 may be a
sound card or similar device that accepts audio input in analog or digital form, or a CD-
ROM reader that provides audio samples to the computing environment. The output
device(s) 660 may be a display, printer, speaker, CD-writer, or another device that
provides output from the computing environment 600.

The communication connection(s) 670 enable communication over a
communication medium to another computing entity. The communication medium
conveys information such as computer-executable instructions, audio/video or other
media information, or other data in a modulated data signal. A modulated data signal is a
signal that has one or more of its characteristics set or changed in such a manner as to
encode information in the signal. By way of example, and not limitation, communication

media include wired or wireless techniques implemented with an electrical, optical, RF,

infrared, acoustic, or other carrier.
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5 more output devices 660, and one or more communication connections
670. An interconnection mechanism (not shown) such as a bus, controller, or
network interconnects the components of the computing environment 600.
Typically, operating system software (not shown) provides an operating

envirgR@REOLAINGT RAWRHS ANGAYIPLLIN LR PHERGNSAV I RSHIR0Nn

and coordinates activities of the 10 components of the computin
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DVDs, or any other medium which can be used to store information and
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software 680. The input device(s) 650 (e.g., for devices operating as a control
of iB5A8AYhe device connectivity architecture) may be a touch input device

such AscadkayhprRichdnwsen RedeseFiiackbalb sereisEdnRek demicmputer-
scanning device, or another device that provides input to the comput

! ing .
eXERVRBITHREsHeN Esr el aTdhass IRpUdad e 8RO RdY B B%gsaﬂf?@ama
coRiiiilaEfereenthtbaccRpiStauai01RPUEAN RO Or digitah iRl ProdianCD-

ROM reader that provides audio samples to the computing environment. The
Mo TS RIS BES: HRBILS: ShIFE: §Bé§?§eﬁ°éiﬁ%ﬂ&%%‘a
stRARAIRS! elevihe: hatopropigesutitpidkiromipteaampsiinguenamnme a0 pes.

The communication connection(s) 670 enable communication over a 25
T%ﬁ?ﬁﬂﬂf@ﬁ% ﬁ%ﬁ?éedﬂiﬂ%mﬁ&&‘é%%%ﬁ ﬁ&‘&ﬁﬁl&l ‘h 8’8@6 RAURTC Rfiggram
modedivay denvays infiesmnadiaboRlichkas. cosmple-execulaiie IRsIuEHaN for

audio/vidﬁlcs or otheé media information, or other data in a modulated data

PrOgIAm PO S HEXE AT 1D &9HA1 MAETHEBRS SIRBPE S g ronment.
charawienriieksel prahangod, thsdehdcthameipasiasenaeas liformatoniie,”
.. the signal. ggngy cﬂgije, nd ngt limitation, communication 30 media
ETRSGHRIE wited'Sr vitPEIetR cﬁﬂi@iﬁé&l Y pRERRE e QR AR Sttt Bptical,
enRironinbiae@haqousiic, ¢ bipeneargstradtibhe foragiaanchd pegoardingyand
layback techniques herein can be.described.in the general context
e P GGG GO RSN eh PS8 TGy By Deime. e actual
computer operations corresponding to these terms vary depending on implementation.
In view of the many possible embodiments to which the principles of my

invention may be applied, I claim as my invention all such embodiments as may come

within the scope and spirit of the following claims and equivalents thereto.
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available media that can be accessed within a computing environment. By
way of example, and not limitation, with the computing environment 600,
computer-readable 5 media include memory 620, storage 640,
communication media, and combinations of any of the above. The
technjeigmipgrein can be described in the general context of computer-
executable instructions, such as those included in program modules, beinligor

execlited\ifARYRTSARPLAF S eHPBRSL ORGBtTaar ARl NS THELSES
cafreReRIbmPIRST BidA prosidesine iR BOU PRSI g AR HRAHSsARIeCts,

classes, components, data structures, etc. that perform particular tasks or
impliFfERPRABIHE SH S UEADYHOACHRS RASSHO AR ML S RS ORAARS

refoedidet R OB GIMRINeEhaAlEPlkbeiwasIagEIppleaties asidesired in
various embodiments. Computer-executable instructions for pro%ram

modGRSSTHAY B 8RE QB oRRARaI 5 BP G eRdatsa T tifyternal Ul

re€spdikgnment. 15 For the sake of presentation, the detailed description uses
terms like "determine,” "generate," "adjust,” and "apply" to describe
computer operations in a computing environment. These terms are

high-fevaliahsirasiiensdaibreratinis PECRIMadwhe RS eip putesliane shekid!

not be confused with gﬁis performe?(i by a human being. The actual computer,
MYFRAREIS BT ELsH1 i@’t%"tﬁ@&@“ FRSNHSF RISE QLG BPIFHIOmBRLatiBRrein
th@0r8 stiexs f dheqinany qassibie esrbadinefdsimulnighbihe @ exeiplas afredyrder

invention may be applied, | claim as m% invgntion a’rl‘: such embodiments as

0 ARAST sHRLe ﬁﬁﬁim@%@ﬁﬁwgm FREURSIRRRMS Lims and equivalents

thereto. -32 We claim: 1. A computer-readable medium storing

computer-executable instryctions for causin omputer system
programc ATRRES TSRS e W St Eh S PBRRHOHE  plurality of

interna¢ ¢nagspm tieis,pessetcasus e Ml ME0Hafk b Ueeandad ik against a

tokens from a graphical user interface-based application; and recording the
SoR & IRBI DS NS Ea6 S aBRERE it an external Ul recorder. 2.

The cempatial eadabitorosglitemaisctaimetndeatdientpibcgliOftintdrnatdn
mac(rﬁ%{actions are I(le(ﬁwerated by an internal macro recorder of the application

usEhigHarEAFions

recording the one or more system user interface tokens with the external Ul

recorder.

4. The computer-readable medium of claim 1 further comprising:
receiving a plurality of raw user actions for user interactions against a second
graphical user interface-based application;

recording the plurality of raw user actions with the external Ul recorder.

5. The computer-readable medium of claim 1 further comprising associating the

one or more opaque recorded step tokens with relevant data in the external Ul recorder.

6. The computer-readable medium of claim 5 wherein the relevant data

comprises application identification information for the application.
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the one or more opaque recorded step tokens are for handling by the
external Ul recorder to interoperate with the internal macro recorder of the
application. 3. The computer-readable medium of claim | further comprising:
15 receiving a plurality of system user interface actions for user interactions
against a second graphical user interface-based application; generating one
or mare system user interface tokens for the plurality of system user

interfacd RCABMOULTS sadsimes thebAE B dr RyREnN G SeriAteRRIELRIRERS
re¥dthdins@xiereal ke 2QERcArEpRNE ckReneP UPHiSSrac At MedinTehctaim
| further comprising: receiving a plurality of raw user actions for user
ns against a second graphical user interface-based application; 25
recording the plurality of raw user actions with the external Ul recorder. 5.
The computer-readable medium of claim | further comprising associating the
one d MBFCBPRYIR FTEUARIET SN TORERGAth YAIBRAM RERAGP THRCES I EIC
re&drRAVdE tolASartReceRAPBichtesdanla Meditirief flaidwkergtith®om
relevant data comprises application identification information for the
the ABRESHEN: -33 7. The computer-readable medium of claim | wherein the
one or more opaque recorded step tokens are received by the external Ul
recorder in batch mode from the application. 5 8, The computer-readable
mediamTc})]FcﬁﬁmPﬁ‘R‘Rfﬁ%ﬁbr%énﬁﬂ&lg}%S IBp‘aEhsreHE&BFoeé‘ée&éb%ﬁS?fg%ﬁ‘é
inf@epitattOy ihenaxiaimalitibresoideni interecivermadmframitifle aippieation.
10 9. The computer-readable medium of claim | wherein the external Ul
ap E&F&E}S’iWﬁéer’E?b‘éfé’i’e‘%“\ﬂﬁi %ﬂafﬁmﬂam RS R Y SEOHR S
infaliipledifteapplicapptications, wherein the multiple different applications
include the graphical user interface-based application. 15 10. The
computer-readable medium of claim | wherein the method further
10. The computer-readable medium of claim 1 wherein the method further

a

comprises:
passing the one or more opaque recorded step tokens from the external Ul
recorder back to the application; and

playing back the plurality of internal macro actions.

11. A computer-readable medium storing computer-executable instructions for
causing a computer system programmed thereby to perform a method comprising:

receiving a set of one or more actions expressed in a first recording language used
by a software program; and

representing the set of one or more actions as a set of one or more recorder tokens
for a system UI recorder program, wherein the one or more recorder tokens encapsulate
the one or more actions such that the one or more actions are opaque within the one or

more recorder tokens.

12. The computer-readable medium of claim 11 wherein the software program

generates the set of one or more recorder tokens.
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comprises: passing the one or more opaque recorded step tokens from the
external Ul recorder back to the application; and playing back the plurality of
internal macro actions. 20 11. A computer-readable medium storing
computer-executable instructions for causing a computer system
programmed thereby to perform a method comprising: receiving a set of one
or mare actions expressed in a first recording language used by a software

prograin; KB REfsTasaAabls eddunsf i ! halerandhe systanadigeaprder

pre&IRAre-Reatdandakens ofr & ausitersddidaceides program, wherein the one
or more recorder tokens encapsulate the one or more actions such that the

one or more actions are opaque within the one or more recorder tokens. 30

12. The criprytgpuradakieuradidmQfsaipm | wheraidhir.satiwadeniasram
generates the set of one or more recorder tokens. -34 13. The

COBYMHptiter-readable medium of claim | | wherein the system Ul recorder

prograpkigaicides tdesalfyieng HonraQiteeudaeiokensa Setdnd R ording
computer-readable medium of claim | | wherein the method further

lapgpapriused PYA GRS USRS BERSPBRAHE more actions expressed in a

SecoRshresaichnghiaRguad SctsediiaSeanid soHwaienarag@nadt more
representing the second set of or more actions as a second set of one or

reRETE" PETRESIEICNERS {0t R EyRtBM & Fecorder program. 15. The
computer-readable medium of claim | | wherein the method further
comprises: receiving a second set, of one or more actions expressed in a
systeln-Ul %%Hmmjf-i?,a%?#&g&&}%&%l&l&éh the 9&%8?‘?&’8&?8%% or
compri@ctions as a second set of one or more recorder tokens for the system
Ul recorder program.
recgw{n% a‘second set of one or more actions expressed in a system Ul recording
language; and
representing the second set of one or more actions as a second set of one or more

recorder tokens for the system UI recorder program.

16. The computer readable medium of claim 11 wherein the one or more recorder
tokens are received by the system UI recorder program in batch mode from the software

program.

17. The computer readable medium of claim 11 wherein the one or more recorder
tokens are received by the system UI recorder program in interactive mode from the

software program.

18. A system-wide Ul recording tool for recording and playing back user interface
activity, the tool comprising:

a module for collecting a first set of data associated with user interface activity
against plural different applications, wherein the first set of data is expressed in any of

plural native recording languages for the plural different applications;
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16. The computer readable medium of claim | | wherein the one or more
recorder 20 tokens are received by the system Ul recorder program in batch
mode from the software program. 17. The computer readable medium of
claim I I wherein the one or more recorder tokens are received by the system

Ul regordatRrea M dniptar ackly gameatent @Bl e 7inefWayedrifgianeds: A
system-wide Ul recording tool for recording and playing back user interface

tokviRdhe tool comprising: a module for collecting a first set of data

assogiaieguyeiifdLsahisiarare BEEVEY (ROReRINR: Rkt akdifereytapplisatians.

wherein the first set of data is expressed in any of plural native recording
tokeng i JrsTfoPervsInRadEersp bRpticatins, Vil ¥ hiduthe %%tﬁahaf.ﬂg%fs

askersitgart of the collected first set of data as a set of tokens; and a module
for managing playback of the user interface activity by supplying the tokens
to the respective plural different applications with which the first set of data is

5 assprigtedodPofl B1gitRQROfEIRIMCA T HIs IR LRIBMIISIRG domagtle: fdk set of
converting the set of tokens into output code 10 20. The tool of claim 18

tofiAns Aoi s are extensible. 2 1. The tool of claim 18 further
comprising: a module for collecting a second set of data associated with
second user interface act|V|t wherein the second set of data is expressed in

a northative ! SERPIR feed; Fﬁjnil?‘:el%’ S AYEIRNGule for managing

playback of the second user interface activity by playing back the second set
of da:ﬁ 2121§The tool of claim 18 wherein the first set of data comprises macro

languagd PSOARLHULAERS R PRESYBPEF&im of 18 wherein the collecting
the fissheahRf @atevifotibatchednabiest of data associated with second user interface

activity, wherein the second set of data is expressed in a non-native, system Ul recording
language; and
a module for managing playback of the second user interface activity by playing

back the second set of data.

22. The tool of claim 18 wherein the first set of data comprises macro language

instructions.

23. The tool of claim of 18 wherein the collecting the first set of data is in batch

mode.

24. The tool of claim of 18 wherein the collecting the first set of data is in

interactive mode.

25. A computer-readable medium storing computer-executable instructions for
causing a computer system programmed thereby to perform a method comprising:
passing a set of one or more recorder tokens from a system Ul recorder program

to a software program for playback by an internal recorder of the software program; and
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25 24. The tool of claim of 18 wherein the collecting the first set of data is in
interactive mode. 25. A computer-readable medium storing
computer-executable instructions for causing a computer system
programmed thereby to perform a method comprising: 30 passing a set of

one Qk MRt L EEST $AKRITTERMNASHSLPEAJ FeQATIERE RIPFIRRSALR one or
software program for playback by an internal recorder of the software

MR ALK BB AReS LTS BIoRSJRLeHIR SPFEbAAEP Bt ons
exPpRIvstaasat afionaleecoiaIty eeRidek iakensy BRIV e HeLAIRNeIREPPIge

Internal recorder actions is expressed.in an internal recordin Iangua%ge used

SYBF &/ SETERAIE BrogriminiRreperchy Byt einpb ssade bigiansottare

pripergperates with the internal recorder for the software 5 program. 26. The
computer-readable medium of claim 25 wherein the method further
comprises: passing a second set of one or more recorder tokens from the

systers. Uriecordpiitcldqi@iamédiasesond isaftwaersiiogiamdian e lariagk
by a second internal recorder of the second software program; and

COBXRIEETing a second set of one or more internal recorder actions from the

secopgksset 8fekh @k ore Ao R MERFkeNdcMREBINID SRE SNSRI rep6 @
more internal recorder actions is expressed in a second internal recordin

PRETBTAGE GSEAM Dy I YSRINGTE8! dBRIAYaISTORY AniCCORErEE e Eseh B the
setoaargghpingpasaruigraerates with the second internal recorder for the
second software program. %7. The computer-nleadable medium of claim 25

wherSHH HENR SRS IRERT CBMPIERLS SHBIAY AT Batkas sohansdipicsinad

se0bNMPECOraBOrd esdokRnSolee s ogtrmRimatie aiyo 60 BéQ fse o ntbso fiwearal
reg{g{(:(}%ram,,Wherein the second set of.one o;more recorder tokens j

IS
SSCH0TA B SYRIET O ECSRARY EIREUAGE WHBRIB)MES JSrIn he second
sofeearéprogragr amdriey aRersgiesiln i sRepRokaaiiWAERPEIGBNVItBThe second

internal recorder for the second software program.

27. The computer-readable medium of claim 25 wherein the method further
comprises:
playing back a second set of one or more recorder tokens to programmatically
control a second software program, wherein the second set of one or more recorder
tokens is expressed in a system Ul recording language, whereby the system Ul recorder

program interoperates with the second software program.
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