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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 ot USEHS IRwer
interact with computer systems. Il. Ul Automation Ul Automation ("UIA") is an

WindoRE S oG IE B AR SR ARRIGAR I8 SR A 69 2BHIISs the
appEesisoaf aasistienachneledypagsidetssandputomateddastafl proaworks iy

. providing programmatic access to information about the user interface ("UI").

leBmpie I HEY SeVsERe SR BRI A A3 SERR BEORIRIAMERIBHTS:
Baawh the idh@f Rowoiitk ReGeS 60 ke BodiNG RO IRREET AAWRY Ehah ¥EEhihe
information it needs {%{provide audible cues to a visually impaired user.
mﬂp&%ﬁsdﬁhébﬁlﬁféﬂ B 8GR FTRgr2 I HERERRO(ORIST PRt FOBNROL Ut
friervdas aomalbstsyeiuregdsnethaniany for syepiing sse@dnferacting 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{poteptialytositieioby other people) to access program menus and other Ul

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

gl R O e i T
infagdi@te soirpytti usedoblissistivhacolnevwiserodyctiahbaveractessesin

2;S:)qr}actic%;jtﬁ)l Automation uses a hierarchy of Ul elements Ioca;tged in a.tree

TrERRIRS By BHOVIG FRSIE MG A BSOS e PG " aseeepferce
(“TaMmp i ceppphations a ldemanis @ha ddr grodeencansidesethagsmestechbout
thwitﬁin each gther in order 30 to ag cur%gﬁli}/ describe Ufi%t%?nizati.on..For ds ¢

XArRpie ) SEHEER o B A R reeFeP O R S S M AHGR J needs to
preefdesadiblivenss tha Ghliidlydasgidopd osclefalbbackgrapiidatidn 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@RAHMR)g VWithipi @2 shisfdhig mesyy aysRe S eV Hade GuTReA i seafels of

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

apglicstionsRERter O HTEs e N eEd Aicsesefihnesliets Joatlseang eraryeintexeeste)-

AexasapRielcRdl il o bR SfracBRERR AL FARFAM LD QAtberatdialemants plich s
a button control. Furthermare, the button element may contain yet other Ul,

(e Gle mERES RENEFTRE ARG CLIPB L AYIMATRT R ER R ISR Ar'sFbith gRy given

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

withipaismvsieL LSRR (6 & U YSIRP G at rakiclsletneals marhrnselves

beQib@ipbliriesteisr ERldRKample, dRamM rogaflod/bitaws bastd epLi@Higins
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 W&%&ﬂ&%ﬁﬁfémmrf&&ﬂa 14 SRAHBRTYU SSTBRIE with

a clappnasine 2peaasacigacnitoemeoniiohalass of wiithlsheynbrlenggicaran
o R Miccnch, Mindons b syse comen ) eene i
exeinplboBaXN\tiass ki siBaioNa s sendiBLiton wliass, ggnratively asimiacijted
SRR e o s el eseeciie esees el e,
solyip@sbtintdafact Hingitaslyenrowilerasstiongnidtansifiar thatemigulydeleniifiesia
T T e ST T ST
a Mfianaiowiadastanserohiiesaielpreganmeasiion aapaniinglof e sdasename
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 AtyhS Whelemantip 0o dieeh

For example, an identifier for a target Ul element may be 5 generated by
with ittt TeemtR Mg b b idicat an dnaraation éém@ﬂ@fﬁ&?%@s&hﬂ%
coitoligrarehigpliasr anaemghebvaeN shirkaalpeafiv giamensapddhadaator

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

the, Wi elamsidrpdhsdigae Hiersramypindpiftentibiss foas Beaeh/ef bend mandy it

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

deserdbin greshisiancbing! agATRepraG PeRet Sigedsd helgrentindd lar

cléh@lenastiaap. benerphfiad tomidiroprogiammerdiiesideati asdiionatr
information about UIA, see, for example, the documentation ayailable

LGB USRI T AB R R RASER RESt Bt Re 18V A2 RAd APod et aAbely and

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

usa§ AdhRgrankdrameskobuHder seigat ot BHAIRSHIRAP Y Idas g0 A RNBEId

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\aseeeriing whudhaedlvityHessaiplERAsadnasea Ry etiat e dIseft IReSssipts
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 iatot Elr auto ted pr ces s will

PYARTSPIRESEE B OMEPUIREE SO PRINPEEBIEER s d 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.,
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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

enbliadhRir SREGHiENASER)UIL (DAY FAPSEI MARNBLASLAF MY AN PIRAYNasKIRPKY

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

anghalpiRags elvindaibResar o L6l eacisder arkinbiel rregrddasations-

actiops iRz Ry d RERIAIG MAHEEWEBVEMEDES RBELFABHSRGREAIRALESlicate
when a 5 mouse button was clicked. On playback, if a Ul element was not

UsRsHioR a8 SlHERYSGCtsdRe BIay e YAk e hERgRS-LAqFHBIRRsHEhen 2

meRRUSINBERILERNREAY DrVpiakaseflt, MAndp¥endds #as ntarvei@m PRI at&pected
reference entitled, User's Guide for Microsoft Windows for W(_)rkgroltsj(u{;,)s,?glgvft
g

to hsgrlavback dadlqdineoradsitions dp B Bradion ARaHt SRR TERC SRS )

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

Wingopsdarn HaHe Qe ALI3EE AR of IR LABRS HEH Ha PRas R dSH &rrasd

actR@tCAMPIER MRMVIEIRR IS CRI0ELR flayhRekRecanes ieerRsigbher
un,relié%bl . In conclusion, there is a need for sim%l% system-wide macro and
7 i

MO RIALTHHRP TEL AL e BB P B RANE YRR e d st AeY Akl

beepRlicationspe PiiisitiagpthtIedemiars. At tirsasae Hse e [he i de anijree
far simple, system-wide macro and Ul recording tgq?is hat work with dynamic
S BRSCMY (REEANA IO & Bl sented herein for

recormingrangiciiahbid eplicrRiddo2igmphigatusen daterisaenGUI feastivity
for yarious applicatjons. For.example, a macro and Ul recording and
gl RSO GRIDHF GG S SURE PEtIRG ARSS A AR B R eigmacro
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 H1GP6M 4 CRAGURAPKERSIMINERKRNSH BReN@tbined

from a Ul system recorder, Based on the combined tokens, the tool
tokspiicheopkEPhitaitatecs dHFHRCRAEHYNg 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 HACKO ARG R AL PR RS St 0L BHEE S5O dRE RRRAB A SR FRIgeram
forpRateikibyhelintitaioloviag detaledieses ipibgmef implexeniiiansthat

proceeds with reference to the accompanying drawing. Brief Description Of
mA4ER BEHRTHYRFIgLRE Rsied W&ﬁgqgm%f%h e Thdr Rl et

rebaybaskiicasoawark pra@rinig useoliisc hlatkidiagkam HrpBysemn-wide Ul
recording tool. Figure 3 is.a flowchart illustrating a techpigue for recordin
I GRS R gT A

thé fisl R Wiagkidiaigrade ofrépayatennipiienth tplrylRabkt ook deigivath isfarence 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

maRBrARTBle EESRIHINEHER CRBICHE ﬁwﬁ@g&aﬁﬁgwﬁ&&w&éﬁ@m& beine
recorded and the recording capabilities of the application being used (at

the re d(at
tYRRRIIPSTTHYI ) PRiPSiFeaQrdsmhant sctsenrlnemiaabibitienf (he R Being
ustRICQUAIRG MEfAISIR JRcA esHRP activiti Bgaimat addi mepRatioe -based

application. If the 5 application is not UIA-compatible (or even if it is but

recRERE M SALIR STSTdShRSHV I dgainsts, tHe eurptipleappdGpiiopaw the

apPlERSi68. & nt1QUSE Butipnislicksy keystrakeshithaicdrdag et faiBIBdNtesaedingm
with the application. The tool may use a special recording mechanism_in

is Jasioul-dhE (ARl AR AscorAdhe e iR Ahge SIARTS YRR SR BeutirkGesthat 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,

usHtite @ VR LUSFIM ARG BRR T HBIS Y WSS Ap BlieSHBHSS 8 Hihe 15,

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

N ARRATHRS PREGHANE SUBRSH SRS IT IR SRS MiEntification value
("UIDY)SUrAtgrnespiratoaFopasNe. 1B Y, cruguelyl ddemiiesdamipeiopaet in

SRR ITED SR s paronjecslonlne U pencn e,
intdipdererbyd ot piaytackiBe aativtietevovaiingnd pRetHik thaicrsenie of these
oS SRESRIR [mento Seston o ey REVIESLi0 B Lol
(“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 recording to address

theRnpligatian s ABBR MaCIRIMSHALS REH TSRS QRRANIRSE]piRsPgkens from
th@RPHHBHRSSIONRS ARl IRASE [NQUBERn MR reaRy HRBIEDE RCRERES SiERS

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

regpiditretvat B thetely ke AacBII AR NI Re RS tEPtHE FRacRs ghdseciate the

reéBEQ@ReptaNed R igY Sieig derorRei AN thldbirGaifinadeatimay dh&macro
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 -Wmséﬁ{?é‘&'r‘éfl&ﬂ&%imr€88?%g
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

infuayback, bhdstorsy Mithiaydsyistenyhitdetider drotidigl ging iplayfeaiok,
) 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@hidinEpRRRKIRIBIHARSE LY @Is®. SnRliiaahe inteNesing et oraan Q5said Rthald,
Ul recordings for different applications in combined macro and Ul recordiﬁ?

asfiescabsddnibeAd HaeGpinerlaian reEd Residing friankasb koo &
baBBRPUGHIRAEARS REki dSR GRINBINAr MRGHAIFRCHHah R Aiheictivity against

application-specific Ul recorder, a different -10 recaording mechanism may be
a 5@&?1%@%@éf%lfﬁ%ﬁ%@lﬁa%céﬂa?ﬁ@agygk&ﬁf RO pRRdicalon degsiBaL in
sufip i cpepatentarplicatiar entilegdnRacarsingiBlaybagle Tealsfaril-lnased

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 thesbhovigmatien afchiestergidheechniques
system-wide Ul recording framework RPF may simply record the raw steps a

arg USe U FSIRRLIAR Jr U A RRlF RSO SHE TR LS M PSRRI, Theddkne

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 applicatign is rela_tively simple; the i:_hal]en es arel?if hov“o
T PL R AR AN A5 SRS RSN RER AR L b aR A G AR pble user
inGenfligysableonsericienacs (@om@ins wdieheallawmihe BraBugARddAERI]),

items to be rearranged at will), when an application is upgraded modifyin
W SLEPREAHARGS PO AR et P G P caton
procesyel mgatitosmatiosc srdangniesnahtanguageintcondapigalye. SO6Meptually,

techniques and tools described herein.improve recqrdin rformance by
SO G R S A B STRES S B REL B
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 BAREIRE d9TeraiRgRRA Ups T RABR AREAS: oMgieover,

théaeersing ehie iniepeariawithwaliousiErirnhiinsdsof At saftwarerface.
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 implemented in vagr%s ways, and magi be.used in cog1bination

or sefardBRFoIdne Bt behas ﬁlﬁy"ﬁ&lﬂéﬁé Ak 30 AieAERie gy ork
deanaRlaybaskikiameyeeotding MBP blybaR exlenstbi ffamenedpplicsignsdio

acilitate the recording and playback of Ul activity against applications or
Otﬁ?ﬁé?%ﬂwaa@%%magmgﬂﬁ%@m W IR M Sk Falbk Wi
aghitessioRg@egalers, aHeoiessnantben dE garerakokss kigeHentpEROWE RIPF 100
._exemplary Ul RPF 100 in whjch yariqus techniques descrjbed herein may be
in AR Bk TR RIS 100 RO R Ve it Donte UF
REBPI0@redhdt eeawdfswhidt athsadoivoainthandcoefypaiees (Serwodssmpthd

oth rsof{Eware hat reproduce ghiso her actions op.the same .or another
repruSRtOUY R EMHO D SR %@5%65?&5&8?9@?@5@)& FEIET ARG 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 dacilixetbudtoidiegdh R PlaybaOkodyarious 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 1 shows various modules
associated with the Ul RPF 100. The Ul RPF 25 100 interacts with the Ul

YR NERIBAK N YRS 120 AVRISH SRRV S tteRRIBa A A piapsi diata

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

actixity sseiecshdreonsd dhmiursro rrERBRaIAE ARTEHES bARK Atttk Ul

REPQoacRY g FEsRIdad stRpaifipmRPPIHSBtenMmEHE A text editor 125 and
calculator 126 thrOlﬁ%gthe Ul sbyostem architecture software 120, Eossibly

passedaL IR LERAPHL REfnY S0 8o dnstdrse sraetscr dingsimg mrebife

métple Mentatipisofi@ddhRR Q) Beanplaxsiitaveersdiog anatRiayhrek
mechanism described in the U.S. patent application_entitled, -12

reopidehrdi BRI T oy R G A bl oA Hiveatifo ki) thy dseyart 1 00

refdayRackdlcactbptyoranabraddhtougbrihaibl systesdaichitpebkensoidware
120. Alternatijvely, the Ul RPF 100 uses a different Ul recording and

ApBILSAHINDE FHSRAS ISR PFRESRIBLISs Brerdshrak b 18! AR il | Smart

Apptiesdiarg ang plesbacknh S oediHevid thiemiterenaiatirgpabilagplicatipnsuser’s
. that have their own native. macro recorder, Bypassing theélﬁl system

inpPEARHINS L HIFARPYSIIRS RANERRSK 488 FackpBeEBradhstplcgtions

1 1stheremacrdsdermatioman yecesetird stgipiokenskiEamo applieationsreuc as
word processor 115, spreadsheet 116, and photo editor 117. Applications
thﬂ@?’ﬁ&%?&‘f*? L yrhngnd éwﬁafkéesﬂaﬂ?gl Hpabilities to map a user's

10 inpyt O1aREBND 0nbh i apipis aiio b INakivel ke et ier eVMiEpAment ol ien the

applications 115, 116, 117 pass the. internally rec ctions as tokens to
o AR O Y SRR R G AT HAUBAR R PO 1ot
thd 10st Eigedh RpPlitaton adntaimshad)sb eééheiapplisationsdac idi claras cronedrt
reUIg?Cti\llli’%%r ay b recordfd. A new application seen by the Ul RPF 100 is

S8t AN APRILIAIAR dRE PPRRLBIT AR aHESS tBosupafnterface,
thekppariidieractiobcaecossed scoardigeardiegppleriece’ Jfricerdpplicaiitilities

oes support interaction across the smart interface, then user actions ma
o R ) BB RN A 5 8 AP ISTIAS (DL OTAg AR B egEe
thivagh doch foidhpbirugbrikdineribesofdiapativeinitisgnadlions passiigedicegh
the smart recording interface) and through the UI 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 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&REIGRNI N PRRIGAERA S YR 1A ROEOT JiNBHuMBEHBFism REpRERILIRSplications
through the Ul system architecture software 120, but not both. Or, the user,
for e iunindpaiationining rsinSraatcidd e teBE 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

meChﬁﬁf%@;i&&ﬂthmée(&@n%%&eﬁlﬁééltEi«FéE Hat@%%%@c@ﬁ@&%ﬂ%ﬁ@ff 6en the
application converts the recorded user activity events into tokens. The

p ! : : :
reeeidehticpf keadabuahiaiard soueiherPiqatiareyLR foH npiroadesor With
re€oY@A d04 BbeoRe Mhrklanguane okabieatitradelsdsechRy the appiieation.

Ultimately, the information, stored in the "payloads” of -13 these tokens is not

iMplemsd IR O reepid 8GN g RIBAN Dy the respective applications for

whichrthgdiiferniaaigiiy abeidventpunahtd iBeWtRRE &R0 oy dyhetuce
tokenize recorded step tokens and associate the data with other relevant

plghack e thah SRR LR BrL AHERIE AR08 SRR daBpinat allows

othecestiechsiep rgiantdala reayrielceaeaienated with recorded step token
data gbtained from other app%cations with native recorders, or.with recorded

data bBEH B S GRVHEAS S BHP X HRtEERTIFReLb SRS Besnsiraeing Ul

activie Mentsysieon levehipcordkngand playhaakd nadhidion worepasdidgor that
acro and Ul data, the framewqr

k 100 may produce 10 playback code that
S e S R AL L s oS
inShidwarthémieplicalie ke eosied anitvity afcorcexaiaglewirea Méckesafprocessor is
Windqws enyi nt, a user begins recording Ul .activity, then clicks on the
TSI ek R S R st
reSoRdifid @oRraing interiache U IRPEAAt@XEotibIdp B RFulsIsathac tians didl
mouse, click on.the "Start" button are reﬁ%%(%gr hen the wor

includin%tTge F
PrRFGRIOLIBEIL OAGRRIN HASTANS PR SRRl FOCSERYY s 2150

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

-14-



10

15

20

25

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

difRRHN&THR Mg tnter YRy IeRH AtelitRRidr RIS r OSRLtIGRANY ntBR ihe UI
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 U] system architecture software. Thus, the Ul RPF may use
I jterimdct ReepEditgns 25 for recording and playback. This framework 100
may Fglude elerments,eferfiviase anelerdias dware oThecsghattansinpshsRawn
between modules in Figure 1 indicate the main flow of information:;_other
VeRH PRI S 4 36T BRO WA SBY Y LskBlegisiphtin tsdbRBlhg drigure |
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

configueatiopaiafdnesiules Resforns ik of thare RtbiesWI weriding @ ture
) E)Iayback techniques described herein. |l. Smart Recording 5 Figure 2 shows
m

e
upapan RAde! Eﬁ%é&%i?(&%&&%%p@&ﬁﬂﬂ?éﬁm ¥R WIREPAsydth
apisliehutiohieth slaseRbakberai ), bevifiy emasieswh hatle RREro kgt d
includes the recording tool 220. Alternatjvely, the recording tool 220 is used
SO WHRCBHS anBiet Y fri ?WI&?&SB?@%W%@%P SarFATE ifat
withathif 1@s10108 Adtsystienm pysihitestiveeret OrthifQrmaiian dgsndweao tinghwitR PF
rtain applicatjons, but also intergperates with .applications that record.user |
Nistrdiristamiiisa sty e e
ovhaid FéeQrcipghilppicalining axshangalteaoriedcordaie o Y siatac 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
veiRapplieatipplicdioawn recording capabilities, which may thus allow Ul
oot ;ﬁgrgfgéa @?ﬁéﬁ%@@%@@ﬁ@ ejﬂ?}‘e%ﬂé%ﬁs‘fﬂé‘i‘%g%% dpatisre-playanle
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. NhgvieRdnaamisPierord the raw Ul input from the user's mouse
and keyboard, either separately or in combination with the other recording .

mecHEHiBAtY SRRt AT A2brreaiftth utsentiy ety ithdbroipplinalatad Using

usBPEHOf dBVUR e PRI GatiB RS Useb 4D g6l RH P RRAIKAIERSIABRMN screen,
_ multiple applications in 25 use. For e‘xarg&lseglif a user configures the

Joystigkdmis 1Yo 9% VRRT FERYRS deticsr SR BVSERLE B s aRmligation

2405 d aser dispthe futhing assipagtingopli sty iRnmacspraadshert DIBHAMIR in
the word processor, only the steps related to the word processor are

the B RHOn & DRUNG IRAS TR SBEREAHYE SR NP LS RIS LU P faR8aRSugh as

VBEPEREASESipitMIherarplicatin AA0ruSingutser TRUASIBIIEESSYE@EaR
mouse, a keyboard, a touch pad, touch screen, Braille screen, joystick,

e BB IFERED G RSP G F Rl SRS REK (B RSB WA B & BB M ation
pred24ah Hendseli iy i Bral eRsess et apglieaaalet &3 thedmrpraitdloiggaigtied

245 as steps in the application's native macro recqrding environment, as.

bye%ﬁrﬁgg?ﬂl?ﬁ%olﬁ% LA HEANNS ARSI LTERT GrasmRs if an

applagifolapeuaigea The apglidationsiimiesala inserslifgsapahiiieshiowde a
robust framework for acquiring data that may be predictably and reliably

re ‘?5@1%315‘ AR5 application. Recorded steps are only limited 10 by the

limitatienapplieatRpOtatNEsiRalive recaidbagtepvikaomeat. thotskxamaled) so
an application, permits r tg declare variables in a macro, those variables
(B B RUSSTHAR BRI Tz ek S ARRLSHA PR ONBRAS SR AEBAQEEs
to StRasdBhoovicAs dhectakeminel 2%hé)teRetbayeciade pagsetso 1be, twhlch2Beans
Then, the application passes the recorded step tokens 15 to the tool 22
g L2 LTS0S RO SE AT DA e C30H3 S5 O SRR
coittehR20andinsrphece tordecsieplokans asplicaiote? ANagudchihokamid, may
. _data whose contents are not ip%ﬁer%%%erge%y the tq(ol ZZ%EQ%n%gglication 240,

inferpiet é?aﬁaF?dthﬁ]%?}ltents 0 step tokens. ts are in a

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,
(dVQdaceR @ sERISIPARtATO Dsde RRAGRY RBnBaty hBySiRM RecardinthRathnd

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

(RS e BPOre eSS it ke eyl s YerisraliM Yo oo tReStRgsEents
hel) SURINr QRN CTuFecsadinv@ i thal a i@ F U hBNStaReaseMitR G FLEREO D sal

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

reggy R G bRE e AR Tat an 28788 IS e, Rt EHEghe
opMId Qe sreationp ebkdnd Gy iiRskinéaurainiy el tHRe o SNVIPRRESHEIER Assical

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

repQR g FECRLIPEFRUPTaHGN e, SHiftBg SR USIEBIF R T iigurations, 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 dingkevesisfokNesplaaicah sreaiding exenishihiaky Howde220 uses
reﬁdabl Ul recording output and reliable Ul recording playback. Logical
ARG BV Ty HECEL A BT SRS SERIBRSF 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 S QO (TN AR e R S50 SERADEs 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 apchiteticeliceaishing sibe thend2e:maydisplayitkensidaddhfystation
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

whergagnRPRlsRiQM s et COMRAIRIBIWE M Higes ToREnkeG oSl ngréntatface or
the Ul system architecture. These recorded actions may alsg be displayed in

applifating ad senrding hodss iha HRsiisRledy dde s sedhs daimiciay 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 Pe AliTRINY  tRAPHTGEEY At sl REdBlECHfig actions and
anf) GNHEESsar MSEN TS A0 T ecor GipatoRetdifeand noraptivaiecardeeqisdcing

apEIication data in the system-wide Ul RPF. The data recorded from raw user
of{REERSHY BiARANY BECARYBY AR eREh RLSH RSy AIEAGRS Andsysvaluss:
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 LILEiT 5 SEPPHIGHEF RSB i
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.
scappiligatioirsoant deaardingomades | meukles ysieheActoimakBNS, itkerioaba2r 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

exiefiy ey iR ase th SPRHUGALISNS noRh §X_IAIBa i reastaGrAepalkeAS OBBARS ble

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

to c9iiehespl ek @it AaY BERNIdes H STV YR ACLRISRIFNLADA BY¥eifil mechanism

foRteMBGEIUIRQOY deRheSRRIRAHL. Rsaienr! aRplicationsepitiad program, etc.
"Recordig%/Playback Tools for Ul-based Applications," filed June 15, 2004.

ThegensetoasulstBRUNY pitsHHe raSHIGRY fRESIRISniRItRAPEEoRiRG 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, compil(ti%({jf,ét
d (0]

9

repradie IS SEFISH O 18IS BACVRA NS Bt Thitat B Wh thé

theylanbiokedird) e dpohiray iewlabacifyoeécotragpeatesarcachsienitiens.
. 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 WETgREFeRORinG TERIStREPTBRICS 30 e diseriptive
andetailed inéermatamoreath kRIS Atbeomarahkansively lagpptieation 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

activilyfsP8L AR FPBOHRI Ay 18af Brovie BRI RS feseded (e-g
mRYSae Ii!ﬂ)ll'&fﬁiﬁfgﬁiéﬁmal@md[ﬁgHlﬁﬁl,tlgf?"eﬂﬂmg'iﬂﬁlﬁ@,sab.&},c&fﬂﬂ f dﬁ*(lj@@@cﬁﬂfty
ersonnel, or for other purposes. Similarly, the tool 220 may.record . . .
Gt famw?éa&é‘ihﬁ%ﬂ%%mem%yﬁ&ﬂ“ i Pé%@ﬁ@%&%@y 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
(ot Ry RPN, P PR B RO B B O LS B O SRS Einter
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 Thhéael2Mdhipeshonsiblerfertoading etheF Rlugdahiéitardtlemaa flow of

nflsc{e g, modules or coleting data,tokenipng daia, genering sode
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

regotingAPRESRi e A B RLSP ree BRI Rdtisalv udiskbr s therrspraimsdiarh

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/Playback TOOISlfaJCg Ul-based Applications." -21 F.

baeh Y HIFGRFRYR MGHR RN RIPt5 BiaRls R Retkse draengons Bndiergpplication

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 HaakeheskedtAir et ifthe.apmicasinnssasBemaituser

._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

applid 26N EEHBHES TS A8 AR R AR ttherBHIE IR he ABRUFRT IR RHACE,
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,

whegRidIngtHIaias 4t ass RIIRbEBHO A SlaaB I WP iR SURPRIbiItaraiRNWNah e
interface, the tool may add the application to a list of non- supported

COBIRIAHINET PRI IMTSR MARENRESHARG NEMAde MhRULSEO e T85F ayadable

foBidkanigihien, eEeridetaseenittJUactitiynfios Ml INR! [oglddsasapdbified
software recorder for a UlA-enabled application, or alternatively, a raw Ul

nypbaE PEEFEISSBRhEAANIhlfied 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

iSSPTEE s Balele L BASNESIA, ubelhe g engnaed  clemens

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

in&huthe tRkenizatiantesiate matiomadditionkd sl dRebor avnlicalians part of
evaluates 335 whether to continue with the macro data recording. Again, this
anotfstil th 5986 4RMste any of a variety of conditions, including whether the user

has spiegivebadRrBHIABHIUES BT AU INE P GESSH MBGIRSbiekRDIAHAN driving
succeeded or annotation information should be solicited from the user, etc.
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in&epRiAN0AQhighdRe tRkees e @Rbaddrfnkal eambleHpeaions baes Aaw

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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SO GRS MR ATEY B hREmArk Ll tPRE P BERss ArRfsal pative

plazBasiciudefthe Playhasklioehh2OrR Alterpatyeigutiael playiiaak 4ol A2 @oisl 420 to
UE%\? gas art of another Ul framework. The playback tool replicates U,
CORLERGitNS\ PERBRAFISOIAYDER RRRIESARP R S sRe RHIBE AvDich may

theysIRiW SENplagbadly foadsigniokass iinapisaiidns 101 plagteiy €taliaansetheder
. oW na'g{ivec(}?ﬁc‘#rding environment, or through playing back raw steps
mn ERt R WItH THE VO HRAY 2 AP HEANSRCK tool 420 is system-wide in that it

handigis: playback bl Xy stemods ehitpathite tofocrasdibwiien blaseegtdicigmacro or

layback with certajn applications, byt also interoperate g{z apr%i ions.
Ul ST FRETACE STLTIELLIA T B TR e greides
wiAlitoreniaSuapiativiereccstsr Hhabplicatinsexepangadecarbed.
ARy b D R SOh e PO 2R3 SR 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

appligatiomeimplomaianhack dRophighcrnialatbe Rathéshtahgsranhen

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

cophipereesteiand tRkepsoitanndiilesarianphettisricud seratiiacppieatin
infeterdaL RiRYRAsK Pt sSystgim plasdash seipeilens e mativalyeJRBHOabRAY for

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

diffgratnating S04t 2 FURBHET FNtIE Sifs3heations Witsods iRy Dpsystem
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
pljdybiackdetaifpaepiptiher srigghrnign MdidvasHriiaseshspplitatidnsiastett

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
o M R S AT R R
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

FREEPHEE Y ) RO KBME Sl RXPESFIS Adaneraen e dkah YRsser
PARR (R rYatMe, RexoslamBliayPack Bain 2R dor Aativpl AR il HRcaERing

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 passed as

actign §ak dFRIMID O PHIIBEHE R AATLELRe SRS tHakeBpidUaB A% Bastrd 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

ARV R X LR o RS R GR LA AHTRTBS HBORAPR

stiighiuss, andietiaiinfr amseweidéarspipback dantasimneskall ovworth iplay Pack
that is ssible through the Ul s architecture. The application 440

P A GRS ST PO 2 it FLEd HOBPLRBE iy MR AR 4

nadipplicatiehingddvmaynextriact one recorded step action from a single token, or
the lication 440 extract multiple recarded step actions fro single
tokert KR HA AP AT B PSP RGBT 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

UbrsuigasaneHaniy g et was e Pt dp Je RSAcO PR ATSHIALE added to
pripeaaoised emastienadaia yrhanipkezingitae slataeo 201 peapdacki patHada:
rovides relevant details for playback, for example, application information

Pl%b@fsliﬁ%%é%?@&?%f‘éﬁbﬁegﬂsﬁawi& therelaxsT damiedeRiin o hdicsRredsd
steyegndivilegas, aismatiodeamudairiahtsiaievnaadediicopiay tpeIsieiin.

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.
codiystemdRlaybacktRathuhber agnbsalio U AAQ svith iheadativé MEGgHERokder

playback and/or a oéher application 460 support playback according to
VO SR OB iR ) T SPEANGERRLIRS eGP 58, The

playdih4dmiscis &Ssenptaphelngiie 1o eiproganngatichiyyaisired eatiesdf
. a Ul-based a(gglicatii)n. for thisgila@gck ath, the playback tool 420
inppb e ASHRRAR S a5 BeTY AT A SN S I A RHE PR Pl SRk ps
playth¢ll Qetivyvtiicaugh psageaiyatioddiaealbn it the ddttbagsedded step in
oJpEon n same mplementatons, g 1ol 420 peros UL ASEM 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

TiReeandhesuUsent isaneitians b ias: conditians tepdefovdigl e dpblications.

recording was made. If significant variations are detected, the user is
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to CRHE 5 1DaliieXRE WP ARG EeAIEs R Rd HaRabiaRY! @ sactay hcastrol.
Alternatively, Ul sgstem actions are put into an internal playback queue,
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mdyBeRlaNBEdRa Getsdachecassepl SeRcamdhecd e, Wwaistamihe, the playback
. aﬁpropriate application to become available, waits for the process to be
of
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th&'@pItaZhediaubaskilas 4P RN elsauhere foamuohioesasiens fgihyBack code.

sim%Ie sleep function is called and the player 425 simply waits a certain

ThsepiayPaF i B BAREMBHATY 10 PEPRSBURE YRR DI A SRp CAFRH Dy stem

ruMied he e canrehhe. pexiesmesh die paebisinetiiad andaskeddasiemplaiet
the stﬁ?p. This allows playback failures to be handled gracefully without

I
WL IRG tAE ISy BIEN TS0 1 Broa Ry SHUFE 25888 AR REpRENRARS SR run

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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as Y FHH I HERKEYES @%@qﬁfélg%arﬂ%ﬁ&%bm%gﬁéml&?k Arsych a

deaekipinbsigtorstasus s UsQis ving tadladdsdeadaunitnatorjenak SppRtation
and only allowing buffer playbackﬁalayback from code and/or tokens not put
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 tHéaWG LREIAAIED NS RN WeheR BlaPuiRINaEDHADMNBFRObr the
and/or application perform the technique 500. The tool receives 510 code
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embedded therein. The tool then verifies 520 the code. The tool ma
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may be prompted to terminate playback or, alternatively, perform an action.

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

CrREEP RN SRR RamRYE SR Ydedp oate AR @ PRt itiemaerver,
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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 550 for tokens in a playback pipeline. IV.
Computing Environment The above described tools for macro and Ul

twiSCOIlingeAchPEaVhAcK {6 VeS8 38 Artpithikaced SRItwaR (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
inRiustiesh? oenprbzRd FRERIm S teh s WERIENSRMPCON I BNTARMENr £

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
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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,
enRironinbiareThaeowusiic, ¢ bibeeaTgystradtibhe foragraanthd Yaeoardidgyamnd
layback techniques herein can be.described.in the general context
e A SR PR I8 TGy S g Deine. 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, bein
exec&ted\iﬁ%Wﬂﬁﬁﬂ@?m?éw%ﬂ%%?@&%%ﬂWWH@&PBPH&@Q%rgor
cafreReRIbmPIRST BidA prosidesine iR BOU PRSI g AR HRAHSsARIeCts,
classes, components, data structures, etc. that perform particular tasks or
impleiRfERtBaARIIEN A Sf HUEBHATHDOSACHIRS RATERHO AR SF RO SBRaN

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 & 1RBIR b XS Ea6F L aBRERE it an external Ul recorder. 2.

The cempatiaE @rdatieresgitwmalselaime ffavb eskendfer pherplityatityiniesnatm 0
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 1 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¥dthdinsi@xteraal ke 2QIRCArFRhd cXRenaPUPHQITisAHPbie MRt ohCiRiM
1 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 1 further comprising associating the

one d MBFCBPRYIR TEUABIET SN TORERSAth YAIBRAMRERAGP T HROES R EIC
re&driegQtep ol Lart hecenMmPbiahsastahle Medisrief lammeadberaiitheom
relevant data comprises application identification information for the
the ABRESHEN: -33 7. The computer-readable medium of claim 1 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
mediﬁmTcE‘FcﬁamP‘it%ﬁs?gﬁl?%@%‘HB‘BPﬁfé?g‘bbdﬁktfée%ﬂﬁraéﬁ@ﬁéﬁo’i%ﬂ%der
inRiopecalvyed dihitripiiaiffalddt recandemitioteiastive medaftpr different
application. 10 9. The computer-readable medium of claim 1 wherein the
BRI RSO m%&?&k%&f‘ég%hﬁpmmﬁw@m%% iPREARIM RIS
infecareersdanpplitpiedifferent applications, wherein the multiple different
applications include the graphical user interface-based application. 15 10.
The computer-readable medium of claim 1 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-rReatdandalens ofr @ austernddidaaerdas 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 corpRétspiRRdaRieyRadiam Al 8iR 1 WhBERIM i SRANGI Qurther

program generates the set of one or more recorder tokens. -34 13. The
CO8YMHptiter-readable medium of claim 11 wherein the system Ul recorder

prograpkigaicides tdesalfyieng HonraQiteeudaeiokensa Setdnd R ording
computer-readable medium of claim 11 wherein the method further

lapgpapriused PYARGTRYY 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

TECRETE" P TREHUEICRIART O The & BFRS A Pecorder program. 15. The
computer-readable medium of claim 11 wherein the method further
compriseii: receiving a second set, of o%e or more actions expressgg ina

systeln- U PFetBRRpgT Te a0 fumy & R & el BL S IRE e BIsPE BEBHe or

compri@ctions as a second set of one or more recorder tokens for the system
vl re%:eocrgslrn%rg éggr]l'ci 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 11 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 11 wherein the one or more recorder tokens are received by the

systefdiRC IR RPN dBsterAcHNR DReHP M 25 Fathva e set of
. rogram. 18. A system-wide Ul recording tool for recording and playing back
ng.

érface activity, the tool comprising: a module for collecting a first set

of dajamaseaeiRiethibiHsNdptRdReE detiwly iRRaRinstiPlral difissBhg the
applications, wherein the first set of data is expressed in any of plural native

tokspd taity FsRRAEPBrHEERETAl apRdraHeappiitadich the thshidabdep is

ashauigbag at least part 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 gatddsodl aFxesinted. fhhdh@ togti sihelaimod81 s eb SRMMISIAG st of
module for converting the set of tokens into output code 10 20. The tool of

tokeLAMS WhHERYRe modules are extensible. 21. The tool of claim 18 further
comprising: a module for collecting a second set of data associated with
second user interface. activity, wherein th sg:cond set of data is expressed in
t

a northatie ! SERRIR IScBRern T Mg & e HYGule 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 fisshsatRf @atevisttibatcheonatlest 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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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 EELEEST tAKRITTERMNASHSLPEAd deSAIoRS RERYIREL D 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 recording language used
SYBF &/ SETERAIE BrogriminiRrapercthy i Bydeintemabisidripiiigiinioftvare
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

systerg. Uttie eoraigiitcGdanpianmdaiansecendsoffwaie arogiametas @ layhrek
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 AR Eseh B he
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 oLmore rec(j)rder tokens j

S
LA 1§ SYRIERPDITASSHAMY TRGIaE Has B’&gﬁf“’e%%;‘}é?é?rﬂﬁfle second
sofBeare pro Prag aMdriey ape sgtesith ifie sRepRsksnfiWateoptegkanitidthe 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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