;}~e3e dR6T SYSTEM FOR HOSTI NG GRAPHI CAL LAYOUT/ PRESENTATI ON OBJECTS FI ELD
OF THE I NVENTI ON The present invention relates generally to conputing
devices. More particularly, 5 the present invention relates to conputing
conponents for arranging graphical elements displayed vi a a graphi cal

renderi ng graphi cal output for an application executing upon a 10 conputing
system i ncl udes nany tasks. One such task is |ayout/presentation
managenent . Layout!| presentati on managenent concerns arrangi |ng
a set of display elenments mnthln their a55|gned dlsplay Spgmﬁmm(@mgmm"
rectangles). Wile "layout"” and "presentation” be dlstlnguls e

ot her contexts, presentation and |ayout, as used hereln shoul d"B&"t r eat ed
as i nterchangeabl e and equivalent ternms. The _. 15 Iayout/presentatlon

Sy st em pr ocessYSTEMF G HOSTINGIGRAPHIC A LAYYUT/PRESENTATION @BIECTS
endering conponents of a graphics output system and graphical display

drlvers Such render.i ts drive graphical display hardware such as
nitors and #ﬂ&ﬁ%@ﬂt/present ation operations executed by

conputing systens t:mmésleﬂemaandelatusagenemlyy tocorhpurtiag devires. p\dmfetpanmdarun

gr aphi cal di sp| 0..an Q rrangi ng

XC it Chi o e Tremr e S P PR e ool B rRle RE Re8GP Heud)

spl ay user idispRyddaiea griptdcal docomentogeinktfacnn det er m nes the content and

acenment of the lines of text within a designated rectangul ar space.

ot her exanple is fram ng an eI errent (e.g., a dialog box) a tool bar, a

ntrol bar, A PUN A\ IO bor der . The operations are al so

eferred to hereln qgrrpaq : ut er

yst em produce grap%ﬁcﬁg%ﬁ%%&d YE gigzg Gton tqgmscta‘téot%e%x%?mt lgpgglrlpspl ay

ement s tHat camputipgspatant wklides meay fapksd Opg sysh @\?lt 6 lryPyYpesseriaiioa d

pyout / present R ¢l Gduk/ %fﬁ@&rﬂirﬁ YedonQrss ARSI Hnd hddMMn£NGt BES are
hown. For exaﬁﬁ%}‘%e CI%%%IO%ra W §enueser nodul e perfaor msn ayqut

pber ati ons wi td*ﬁplﬁ&g’&t’ndmﬁ Withip ﬂlefréﬁﬁﬁne%“ma%ﬂ(e@n regtagglatin Wi "Iaxont

hterface. M GROSLETMMIN be &lktﬁ!lgﬁlﬁhabl@)h &ma&ﬁsxrpb@&aau@banwysmaas
re-defined positions and all ows groupi ngblg];}ef?? ects. Thegﬁ%)m tioning of-

he obj ect s!seshetring S‘P"t‘f“‘é”l"iﬁ@‘ﬂ:%?l‘“‘f’?ﬁli‘ﬂ’ié‘?a NalSRdFBY o of a-physi cal

evi ce. JAMA (ayout/presentation system-processed display. elements provide graphical output data to

o~
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rendering components of a graphics output system and graphical display drivers. Such
rendering components drive graphical display hardware such as monitors and printers.
The layout)prcsentation operations executed by computing systems comprise a
wide variety of functions performed on graphical display elements. An example of such
20  an operation is arranging text within assigned dimensions of an editor application's
graphical display user interface. The layout operation determines the content and
placement of the lines of text within a designated rectangular space. Another example is
framing au element (e.g., a dialog box, a toolbar, a control bar, etc.) with a standardized
border. The operations are also referred to herein as "features.” Rendering components
25  of a computer system produce graphical output data based upon the state of the display
elements that are potentially modified by previously executed layout/presentation
operations/features.
Various presentation engines are known. For example, MICROSOFT
WINDOWS' "user module” performs layout operations with regard to top-level windows
30  on a graphical user interface. MICROSOFT WINDOWS' dialog box manager places
objects at pre-defined positions and allows grouping of objects. The positioning of the
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SWNG perm ts basic placenment operations with regard to objects within a

vi ew based on properties specified on the objects. Layout/presentation
operations have been perfornmed in a nunber of manners. An application
itself can fully carry out its display elenent |ayout operation. The | ayout
(or=—presemntatTon ) operation i S encapsul ated within the application. The
application adorns/atranges display elenents for a view or views)
associated with a current state of the application. The application
rranges the elements within a display region assigned to the application.
he application thereafter renders display output, corresponding to the 10
rranged di splay elenents, to the graphics system drivers. Another |ayout
rocessi ng arrangenent) incorporated into the M CROSOFT W NDOAS XP
perating system provides support for a pre-defined set of |ayout features

hat are call %D'e&s BeéuRRPA logiddl inffASer arkd i€ irdgen@¥nt drapAHical &hﬁicH.UQ.S/ACOWDI’I se
pecialized |a ou /present ation operations for user int, &Hbace gcphl cal

i spl ay el eneStINGrPemmitsHasic placemeppperatiqns with regard tg,phiectpayt view bas
ayout/presentoag,fogsh,éﬁgEMﬁSontwjtctas for exarrple a border generator for

suppl i ed rectangl e duces oad, on ap atlon vel opers
th regard to speﬁ%y%‘?é?ﬁ‘&‘tog 05?38%{&%???%3“5%6% é'sné‘n ?rr?gmg ehen %s of a
raphi cal di sppglicatiohligelt@h ffy cprrped itf diggay dawnuiapait eestiod. aiicllayoat (es

onsi stency w,th r to.executin r.tai [ i

fleat ur es/ f unct P%ﬁgmg‘ﬂ‘c OPSERUpT IS e"%agru%ﬁeégvt@%r{g%&gﬁéagop ﬁgﬁ@{&%mlnl cati ons

uppl ement t hedqh<arthafds dislay elgoents bundew ondew(s) associaled withd dimranbsiate of ayout
perati ons enhedd d wi t t &l yout

processi ng a?? gla‘.ll? hIlhea hgﬂ%w“n%?sdc’lggl negk ayou(?ﬁytlaggt ?Ags%g :‘d;‘bl e by
n applicati onde a@plﬂqahorf nas auzpimgmaﬂmen@crlrar}wﬂlsmlasmuenmm@m@ @9
ppllcatlo S durln e ew before rendering

r aphi cal at & anrﬁgﬂéagoé%% stoﬁ)eggghggg%sﬁgv%gﬁ%onents of a co uter

system However) t Aeothasdaynutipsgressing praeersai, H@OWP@Fﬁdt’@%EhGIWCB%Q readily

sjupport e”hancﬁml?\% &fp lidgd s5@trh Ak Eppére el preldefiddd @etoelaydit pre defi ned
llayout features ca 3 quléhsg cll"lp(?v(l:at|d§’ns Thgre f or exanpl e‘)qgﬁswlayout

| abl
fleatures are rfF”éEEﬁth!P?eéé‘ﬂq%iF biYﬁPRi’cf‘H’éS a"BBISF‘é’éPP’?}H%"é S CPTBRIE FPEF pl aci-ng
tjhe features 'l olt es@ﬁtﬂrdﬂ Eérﬁ‘tﬂﬁ*s FoR My IntckfRad gédphfalisplaly dR ety off he :
esentation/| a out 30 _arc

ite her eaf t er)_ dur
plicati ol ca?PElij’P'a‘t“ésT‘Ee’rFétq QVOC{#“%?WQ? °Sentétffﬁ%§7aﬁﬁ?s i’fgh Bs)f(fe'f %@mﬁf 6- defl ned
llpyout funeti ajagdet dn&&toamdsupaﬁsarrwnt;us adaces tHRhrdgbanmming Pacereapphdation
erations. SUMVAR OF THE l\% th pr senci i nvtent Qn ca rises a
esenter systrlqpsrs "Y‘Vi‘é'iﬁaﬁ;o‘? ‘ﬁaWth\? PrENEINE SRT RSB T &Y Dut
nagenent sy sg#hicaldisphy! mymtofmmm@mmumsulmfacelmte&:bonsystmqrewthsﬁgprd whi ch
jects are arfa egt?tq-)g rha r}etgslc?ﬂgl g{'egtﬁx%gfu“pt%s & gksstm: %reﬁngﬁfb‘ﬂcd bordels. Syst ens

ocess a | ayddf® Fogram provi d ical el ements
cbnt ai ni ngZMat@ptlwpwsmlﬁm@t t!hpspfdaf}méllé’oé‘cfmcémahms "T‘!‘?éd’i!ﬂ‘f"éig} ari%te.g., a
ock of text. Jghodiestnabovifi 48 i ARAEfuRiun, O bl aved or printed page)
i man

e presenters per?orma co ary role to the graphical el ements (that
ecify data) by d&h¢kriowg lwp@wrcﬁyssslsa@@secwrﬁs ingluding preid ﬁéﬂ%‘?@!%‘éﬁf‘s‘r‘ﬂ of the

S
]9 aphi cal el er@@t}bﬁsby’%ﬁ aﬁﬂﬁ:s‘t}ont Mplpﬂ’e@?@E&ﬁﬁﬁngﬂﬂoﬂlt@d@er&oﬁlﬂ&éﬂﬁy description
|
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pr a correspondl ng grap i cal elenmen I n accordance, Wt ent

i hvention) t heapplicatiensduringshaqourie pSRRgBgRVigY PPIGED Tﬁ‘gtgFFe?h‘ﬁ%]é]?gﬁ? rs
apsoci flt ed%sw t BmHaddd b Fe%lri]erﬁ& em;mn&twtahbmplaer\sym I:l'dnﬁ:vﬁrr fhstkmvefla)mgast eml :j n
ifs role of supporting . the derivatiqn o ent er i ncl udes
ai present er bd§%°°§§!’5§g°hft?°6lﬁ‘? &?‘FFB?{ @éﬁ‘ﬁ?cg}e“ ?“3%’2%‘25 Are éar/tllob%‘g‘%
Tpereafter, pregenibelicsctdf@re-definaiibyoat features amlﬂdnley tdemph@dorpﬁr dbemfoer cl asses.
The pr esent er s tem al so | udes .a pr.es e host
ihterface 20 c"&%‘ﬁ?’r’é’é’é’ I%I"oH’Efn%‘gﬁs Fopase 9‘.“’n°§ the 9@ '%aln ?Jd@?aglﬁeégﬂ; ina view
ip accordance pudidy thdRatpleemaind ee- Sefmsstapouafeemxmxtomdem the prptentetidn/layostrent s.

f‘i esggg 0 C;[ (? eldaar' Oué\érg.]; at)egeaﬁgrr a ng%)?‘écutxeoln, e gbpﬁcaWortl ml&]a?es\ﬂeQWohtsusﬁQQC' fied by




.3 'BRIEF DESCRI PTI ON OF THE DRAW NGS Wi | e the appended clains set forth

the features of the present invention with particularity, the invention and
its advantages are best understood fromthe follow ng detail ed description
taken in conjunction with the acconpanying draw ngs, of which: 5 Fig. 1is

ock diragram depicting an exenpl ary conputer systemfor carrying out an |
nbodi ment of the invention; Fig. 2 is a high |evel schematic diagram
epicting the primary conponents of a |ayout managenent architecture
iincluding a presenter systemfor carrying out graphical |ayout maintenance
iin. a conputing system enbodying the present invention; 10 Fig. 3 is a
chematic drawi ng depicting the rel ati onshi ps between graphical el enents
nd presenters defining a graphical docunment/user interface in a system
nbodyi ng the present invention; Figs. 4a and 4b summari ze the structure of
present er basebicaiaasf he pre-defindhayoustionivadidegune ieatiialy exdojiedt cl asses are
erived to car, i r layout/rendering~ 15 tasks in a system
nbodyi ng t he 1{3’\6 @l{éselﬂ?t%eﬁ#%%ﬂ?' Fig. 5 sunmari zes the structure of a child
roxy class; Fig. 6 sunmarizes the structure of a notification handler
llass interfacgimih@y dr PHETRVENERHN he structure of a notification handl er
gite class; Fi ructure of a view class; 20 Fig.. 9
dumari zes St he parTlsr-‘ rogsent iBGXRInZomprisgs spmmlem’yetemlftrrgncomragmmahmes t he
arts of a pagg ﬁ@ﬁ%ﬁfp@ttlgfou%zﬂdgéﬁ%?systgﬁ\g ucm R depfRR: i BifecilitdifL Ure of a
resentation engi ne class; Fig. art sumar|2| ng exenpl ary
st eps for not |“faV¢faY’b16‘h°bdﬁfﬁdF%¥mB§§eﬁFeé-raﬁéé‘é@ﬁdr\‘gmbﬁdlwlﬁ’}’ﬁa#?ges‘!‘-‘é sgstafsaphi cal
llement; 25 Fipghcesh3 naysutao.meﬁmmrp&ogsmmag@gpﬁwei%@fwcoﬁtaﬁmg dafa’
re-cal cul at i ng and rendering a vie nprisrng a set of presenters in
accor dance W t’W’ﬁPP‘@HBBEfPWB%PmBFmPﬁ@C pros@ay{e-2+ hblaskaf et thatigedsitgbe 14 js a
fl owchart jol | ldﬁrid'g@& bﬂ’@hl)(plg@@blcﬁrin&ﬁpﬁ%? ﬁﬂeqfe%eﬁtag p&ibafR i tdRdinfhaHRdRt € Oon a

presenter (and assom ated ‘affected in response to a change to a
related 30 gr é_&btﬁp graphical glgments (that speci ydata) by deﬁmng display states for presenting the

content of the graphical elements. As such, the presenters maintain a layout description

for a corresponding graphical element.
In accordance with the present invention, the presenter system hosts and arranges
15  the presenters associated with graphical elements within a view. The presenter system, in
its role of supporting the derivation of presenters of many types, includes a presenter base
class from which presenter classes are derived. Thereafter, presenters are instantiated
from the derived presenter classes.
The presenter system also includes a presenter host interface. The host interface
20  comprises a method for laying out graphical elements in a view in accordance with the

presenters associated with the graphical elements. As such, the layout of the graphical

elements within a view is specified by the associated presenters.




_DETAI LED DESCRI PTION OF THE DRAW Ir' GS A user interface and docunent

| ayout/ presentation architecture is disclosed herein. The discl osed

| ayout/ presentation architecture includes graphical |ayout

processi ng/ renderi ng conponents (presenters) that carry out view aspects of
assocratedundertyirng data (graphical elements) for a docunentlTuser
interface. A presenter systemhosts the presenters. In its host role, the
presenter system orchestrates and coordi nates updating a view, conprising a
set of presenters, in response to changes to correspondi ng graphi cal

el ements. Thus, the presenter system provides a nechanismthat |inks the
status (e.g., data state) of graphical elenents to view states updated)
cached, and rendered 10 by correspondi ng presenter objects. An aspect of
the presenter system based | ayout/presentation architecture enbodying the
present i nvent,sj% bﬁ?% kTG Droes sRAY et ensibility with regard to the
types of pres STS. resenter base class provided by the
presenter system f ¥bile 1h1eamsdeé>@taewcsmgrﬂathséqaww opthe presenbinvenyipre¥ith obj ect
classes) avail %Lﬁaétg,_rmé iAVenfiSh Alits BVAnthges LEBER L ddhidoll FrBRTRY foRsWiRg OVi ded by
a Qorrespondlrg graphi cal element, The various presenter types derived from
the presenter dya'g@ dg“&ﬁ%"“i takeB AORINEIop Hithithe dreomppayins A ipgfa i Y net hods as
overrides 50 def aufif NEhBREBIIERES WEJiRRE BY eleRBlaBARMipREaTaEh ¢ cﬁﬂrﬁﬁﬁs- The
presenter objects instantiated fromthe set of presenter object classes
i npl ement | ay GHtanSTRSEmERof B el es according to the data state of a
correspondi ng 20 gFiﬁpﬂisQﬁigh%v@l@ﬁ&natigﬂl@gr%aéﬁd@ﬁm?Ehe%ﬁﬁﬁ@rfbhg&kﬁtsbflﬁ
present er obj e[\cts i nstanti ated fron* h’.ge set o;rapresenter. 0 %ect .cllasses.
The present er W9UeaRagsaERtGrehiteqtyre wcuding ARTseyishivsEemfpr carrying Pyt grappifs

del etion, et c.gyo@fmdpitefatidlifh c@kjuliag SysterhtMbpdyRpaRd @ésemymieationnandl es dirty

tracking tq selective]y update ponl. he .chan esenters. The presenter
system sup@orts 25#‘§t1:ja‘¥ﬁf‘%§mﬁtfce %“Hﬁ{%ﬁsegwf‘%@f %gaﬂo%!}‘pf)g‘%‘\'ﬁc&egr aa’i’alﬁ'arle‘nmant s to
mai N pr esent erekmenth endpresemers definingsit geaphizhisiocuneovdenatdse ipadgsiemg and
rendering pres [S. LI . on of changes to graphical elenents
potentially efeﬁg%’:‘g'imﬁgm%ge{'}i"g‘\;/évwéq(t?lat es is facilitated) in an enbodi nent of
the invention, by Figs. 44 amsioAbisammangedhestrycturtloba pretentet kase ¢lon famrvdiichr s enabl e
change noti fi ' LS : : BrendlriRg-OCESSI Ng
perfornmed by %?géés@gﬁ%?g%%ﬁh%}aggg§§Qg§P.%Hgltﬁpf%)@(gwgﬂg@gogi atrl eéd with a
notificatildn hakuinesystsnpembodyio theeresdnt wernitiol handl er processes changes to a

cor respondi ng grﬁ-gm SmaB LR Mructhed obPARAB bRy Ligssneeded, then the
notification handler Initiates settin dirtiness pr operé{égon an

: ; g.a d
associ at ed present Big- Gijpsarizes fagstrygture gf ¢ nqtifieation handjseslasy interse s
recal cul ati on of arigresaimacizesQhy s@Géture Bf 4 RSHCANSR hdndlet Si ctisgnges to the
correspondi ng graphpi cal elenent. The user. interface |ayoutl presentation
architecture, desc ‘?b@ﬂ’"ﬂi}’“ﬁﬁ;}heoifm‘é&'é T‘é‘e‘ﬁgl?séi n, is incorporated into an
oper ati ng 2yst em t higt 9 duasiasizaplg patasfl aBoaStaeluforsguaurgphi cal user/ docunent
interfaces. The appligcations resent.ers nd deyi ce-specific rendering
conponents of the g'ﬁ'e atn 6n23e§/§}e raﬁ%aorgapf’)%vcle%g’-’tgb%r@f Tt dri vers, render
i nt er f ace/ docunent Figr Hphincatizes tiepuictulesf aqeeseuation ehgimealassinds/ dat a t o di spl ay
devi ce 10 hardwareg(e [ [ P I P s of the
render ed out put ar}él bggse%jﬂg? xtéggxfm?rﬁfngg%%{ng&ﬁ&q‘é%rgaﬁ%?g@g%@g{ t?%%
processi ng angracessodgof mchapgerth @ graphicab glempre;

25 Fig. 13 is a flowchart summarizing exemplary steps for re-calculating and

rendering a view comprising a set of presenters in accordance with an embodiment of the

present invention; and
Fig. 14 is a flowchart illustratively depicting the steps for executing an update on

a presenter (and associated affected children) in response to a change to a related

30 graphical element.




presenters hosted by the presenter system The presentation architecture
"enabl es disassociating a displayed element's data state fromit's view
state. Such disassociation provides an extensible and highly 15

custom zable platformfor creating new and rich display personalities for
amundertyimg graphical™ erement. "I'n an enbodiment of the invention) a
display elenent is represented by a graphical el enent object (representing
the elenent's data state) and at | east one associ ated presenter object
(representing a view state) for laying out the elenent in a particul ar
view. The presenter carries out custom zed updating of a |layout for a
related 20 el enent. The presenter also renders the view of the el enent
after updating the layout. Uilizing presenter objects disassociates the
data state of a displayed elenent and its display in a view. As a

consequence, mxm@%seﬁim%ﬁmnﬁngrﬁ&;sdata source) is potentially
capabl e of having nultiple presenters providing distinct views of the
graphi cal el enent 4 #seginterfics andidoaymenidaypnipressuatnnarshitequsnisgisclasedhot ogr aph

el ement). The paip| waydlsapos’e’&lampekeataﬁm{wémtwure iRASSHRIHRIE 1o @ single
graphi cal el enent al so enabl es single elenent to be assom at ed WI th

mul tiple | ocatPf°6?§§‘"W°E‘ﬁ‘i"'r‘?gé°’f‘P°é‘F‘BS (pEesgnters) Shat caryjopbview aippest of agfesipiRt cal
el enent bet5V\IefaﬁHeHyh|n§ dah @r@@icurmsaentsﬁosadocmhawpgee&@dafaeer SpiBicREt SHPROrt S
chai ning mul ti enter differin t.o a single

nct
oot 2 ey B RRRy LS RSP e reaR s P bt S et s o
a basic view fupdatifga eb\e,rmmbnslﬁg)a §Ehﬁ‘:pe:sexaers \ivedebpoase t@tlh&gesasmeipSndﬁg an

exenpl ary displ ay. | ayout nderin i.tecture are,desc erein bel ow
with refer encérap%’cﬁla]émf?tfgluﬁ%'§’%e6prgs°%fréy5t?fn P'ic’f’ﬁ%s[‘?'g?cih%ﬁ'@ 8‘ep| c{'}% an exanpl e
of a suitabl estame(eag |dag sett\)'bﬂ’gammalteldn&ﬁtsftmmcaaueg/updgemmhchbd;encpxreﬁmmdt er
system basl%d g %’ ol%t/[er gcrtsl ng architecture enmbodying the present

i nvention. “The” e? aniilﬁép ?er ment 100 is only one exanple of a suitable
oper ati ng envi r onnemaspecn df the prasehter sybtemdmstdﬂayomipggmnoamhlkacmq ation as to

t he scope of nown
conputing sys?gﬁ%&{ érﬁr\&/é:‘b?%)shﬁeq?tegk; lp'f[ lﬁ ede%@%’@ﬂ&lregét??xg n%ilﬂgbe 'sui tabl e
for use with types dfiprasentgromal lhmsedé)pr%mterapse cmﬂpw‘i@ﬁdtbwﬂwemﬁml

conput ers) Serf%ﬁﬁat&@%hﬁlﬁi Sset e RS @pje@t cfa@d@ﬁ)%bblﬂgle(?&\ﬁ ut and- hel d
COTTpUtl ng devi Ces mul ti F)r ocessor systens, m croprocessor - pased syst e.n'B

net wor k Pds) ﬁﬁ“ﬁ?’é‘@hﬂfﬁ% ign Pfﬁ’élfi??fbryd‘ri‘é”?,saﬂ“&ﬂ’tgéf@hmﬂl P%Jﬂ‘%&”@&ﬁputl ng

envi ronment s tRadntek fyPLsLuiﬂv@rwon%ebk&n@b&wcwsrtceﬂssra&rpaﬂiemmces and the
| i ke. The di scI osed [ayout nanagenent ar Chl tecture Jngé&'?‘%ﬁagFB'ieFr esent er

system serves “d°%(5?ﬂ9§‘?“gdl‘eﬂéﬂd§ésr‘§'§”’id?&‘%fj%f§‘t LmethRds sREFiRG
i ntegration, ans. TRé iu@femet yoJWtstlhsta*nagad floth mctshefﬁhe&ﬁieagbﬁcunmwsonal i ty of a
conputing syst The ipvention is

described in t"ﬂ&'&?ﬁ@?’%ﬂﬁ’%ﬁa St eS‘f“e acc%rt%mé °thfgm R pro(lirgs UL earned out

by conput e0- exephitaklementnst ructi ons, such as program nodul es) being
executed by a Cowpfﬁeg;';ese&&@ymgse s 1Y ngépon}eﬂglngamsa&ﬁ'ﬁmm 4l nes,
prograns, objects) conmponents L ruct ures . that perform

particul ar tagwmomepethtThz@remtermt;maqerfmﬂnfﬁme nggaegemeRides,.  Though t he
exenpl ary enbgg'at%%n*elétlﬁn %?cs)cbrf le?eqte%ﬁjQ:t %9Ft@&ﬁﬁr §ﬁteﬁ1@l§ﬁdlés3ﬁlrﬁ?(tﬁ%ﬁ§d
processes on a single conputer system nventi'on is potentially

i ncor por at ed V4 elertvelyapdase ruly de né?ﬁé’rl’%ﬁfﬂitﬁg The pesenterispiiRmesFPEYHput | ng

envi r onneniss \eﬁh‘?ﬂlﬁgﬁr@s%#t@rs%g@th?ﬁﬁEBWﬂ?gdo%ern%qphﬁmlﬁF&&ﬁé§"ﬂﬁ fsskees that
are |linked through a conmuni cations network. 1n a distribut ed conputi ng
envi ronnent , pYsegr dse coordimaigs Hrating and gadeamg Presentest at ed i n both | ocal and

renote Cgrmu]{er Stﬁétﬁﬁ@c;:dml Etngdded grsbhlﬂgll dﬁﬁgﬂfs)boﬁﬁtﬁm?gﬂ'ec@ﬁg/tm@ﬁw sMlek h ]
continued reference to n exenpl ary em menting the
i nvention i nclivfaditatgd, g%ﬂb%h“%ﬁ?ﬁoq{é@' ?yn%?t’h%‘\?f“&ga"ldh hg ®foam of a
conput er 110. mm&@ﬁcﬂerﬁﬁnaﬁIéﬂiﬁd.h@éﬁonlﬁlﬂloﬁ'&yndhﬂgldolw@epaht&i frdmahdhangei m t ed

to, a processing unit 120,
P % processing performéd by presenters. Each presenter element type is associated with a

notification handler type. Each notification handler processes changes to a corresponding




30 systemnmenory t 30, and a systembus 12 | that couples various system
conponents including the systemnenory to the processing unit 120. The
system bus t21 may be any of several types of bus structures including a
menory bus or nenory controller, a peripheral bus, and a | ocal bus using
any of “a variety of "bus architecturés. By way of exanple, and not ~—~—  —
limtation, such architectures include Industry Standard Architecture (I SA)
bus, Mcro Channel Architecture (MCA) bus, Enhanced |SA (ElI SA) bus, Video
El ectroni cs Standards Association (VESA) | ocal bus, and Peripheral
Conmponent | nterconnect (PCl) bus al so known as Mezzani ne bus. Conputer 110
typically includes a variety of conputer readable nedia. Conputer readable
medi a can be any avail abl e nedia that can be accessed by conputer 110 and

i ncludes both volatile and nonvol atil e nedia, renovabl e and non-renovabl e

nedia. By 10 yayhiedl el@?ﬁ@rﬂptﬁpdﬁﬂglsﬁﬁédeh'tﬁ@nttl@etdoQﬂaathrPﬁHﬁHlEﬁhtx‘éﬁ@%p&% nedi a
may conprise corrputer storage nedi.a and communj cation nedi a. Conputer

storage nedi a i%PﬁRﬂ%@“bBﬂW%ﬁfﬂC&ﬁdlpé"s%ﬂ‘ﬁﬂ objgtty dhesset Jiginess grpgeFhtaLses nd

non-r enobvabl erdaﬂ@maloh@piQa&atewb,écnma&xoﬁemﬁdcmge&@anegmnd.@g storage of
i nformation such a? ut er readabl e instructions, data structures,

program nodul gephjfal gemeEt dat a. Conmput er storage rredl a includes, but is not
15 |imtedsto, RAMheRQVlmtEWuUHe&&huﬁBﬁHﬁtyct% debdniBed tryemyrdfe;taafpimol ogy)
CDROM digital versatile dis (DVD)._or ot a di sk. s

magneti ¢ cass8ff'8s§ ‘“ﬁ%fﬁ?f@‘f‘é H‘t‘)ti‘élp?@cra P@W?‘ b}i‘°§tg t‘gﬁﬁha&"g&aﬂggﬁmgnetl c
st or age devi cesy/daumamyntafdees. Tie ehiplivatiots, plescners, hﬂdusemlspbnﬁsteodaang he desired
i nformation an ni cation nedi a
typically errbo(g?ﬁgs%ng{;o{q%@r%ﬁrgéiggrf’% &egwkﬁe?lﬁgﬁé‘%%g%glma structures,

progr am nodul emerfacc/dnchrecnt gaplical putputideded cantead cehameands/dagntel displayldevies a carri er
wave or otRer i hvery

e T I S E S A
of its char aceideaskinipars uppatlayontneéseniefion praqessiog sndaendarngperfganeddy thecode
information i by th gxanpl e, and not limtation)

conmmuni cat i onaﬁéﬁﬁéﬂloﬁgéuﬁ%gﬁ\&%a%ﬁ%dl a such 25 as a wired network or
direct-w red connebreipesentating asghifestupeesalilgs disasseqizting a displavsdsiement'sgdpta j nf r ar ed

and ot her wi r gh@$dmTRdidv stielM8Aich aishsedtfatioh pmeesaamext@xtmmmdam»&e shoul d al so
be included within the scope of conputer readable nmedia,_ ' The a%stem menory

130 includes EWiATHTaRle Péaefa%&écrﬁ@msaevﬁnqw dsplanpesrongliieatarpeings

nonvol aE il E/D MefApHiyal Slgﬁ‘aEht.aE] afn&&lﬂ?d!ﬂbr)t omamvym(oml spl3 lelemant lilﬁﬁlﬁﬁmeﬁCceSﬁ 30
menory ( RAl 32. .basi c i nput/output s em | 3 B taining the
oot ¢ out 1 nel £ RARHHBF e PP (SHEPRng I P fas SR E L R o it hi
conputer 110, assom&\ecasesentdwbjengrepteam:ngjpylewstasbfmetayingsutshemlmnt inaROM 131.
RAM 132 typi cal cont ai-hs _dat nd/ ar I r diately
accessi bl e toP %{l éé;/ar P é@‘eﬂref‘méb%l g 2o cgét% 'Z%mc?ﬁgglg O%I &a’gtgf% rgﬁ’ﬁWlZO By
way of exafpl elemandThmreSemm atlmtrcrdn)s tlﬁlvew df thelellqmntra@t:emdvpuﬁ@tlamt system
134, application ﬁgﬁ AFYyes) A am dat a
137. The corrputerp("itﬁgg J’?so @5&%@&3@%@%& re%bgﬁﬂ &%ﬁ%ﬁ@ggnng{tlgtgilre

vol ati | e/ nonvés @!ﬁIil#)Elne(‘JWb’utAéra canspqusocs. sreligraphi@l clgpant @spay 4HpFYTEhEy, FIG 1
illustrates a &@ﬂ'tgllg!:a%kblg“h‘éeinéﬂigltﬁ)ﬂ%}es&ﬁéﬁfm\tlalﬁghxgﬁr\ché»{'secﬁ' theQraphical

non-r enovabl e, nonvol ati | med magheti c di sk drive 151 that

reads from or e‘\ﬁFF‘t‘é%Sﬂ)f“Hs‘i"‘?rﬁﬁ@%P’é“a‘lﬁ’é‘?ﬁ/?)flaéth‘Pga&‘tFl%ﬁeﬁeca bfitele 152, and

an opticalsdi gdodidté Mltiple Prséhddrs masiﬁng‘w £EpHVal WMrhdnBiisd caliles2HRLAD] €,
nonvol atil e opt| cal disk 15 CD ROM or rf&L}her t| cal dia. O her

r emovabl e/ nonSFBRERRA aé’“°°\?f§$éﬁ“ﬂl"lé‘)‘??i‘d%f‘%ﬁs iinadfield -8y s 8}%@5‘ di a t hat
can be used i @raprhau ex@Bm badvgerOpatiple bﬂmmv,ms@mmsemmymﬁesupmm are not

limted to, cassettes, S ital versatile
di sks, digitaf® ‘%%"‘{‘@EE'S"‘EBP‘FW?P&{ 8‘f‘?mwfg? oﬁ"lgge getn};lf’% and the

i ke. The har ehp@bmkg sttachMeg alﬁahely&qusmnﬁahlayommsecbbmqmw foearsglghann bus 121
t hrough a renova fterfac h .as t d
magnet i c 3 sk EFFAA W"’Qis%{&Ea%?B%/f% eéenéq(arﬂglf"{q/@' liggmmee% g?’@a?ﬁgg/eagegnnect ed
t o the syst emdistusbed Adreinypelawrvatioofatehe torthefigyres. nt er f ace, such as interface
150.




‘The 'drives and their associated conputer storage nedi a di scussed above and
20 illustrated in FIG 1, provide storage of conputer readable
instructions, data structures) program nodul es and other data for the
conputer 110. In FIG 1, for exanple, hard disk drive 141 is illustrated as
stortTgoperating system 144, application prograns 145, ot her program
nodul es 146, and program data 147. Note that these conponents can either be
the sane as or different fromoperating system 134, application prograns
135, other 25 program nodul es 136, and program data 137. QOperating system
144, application prograns 145) other program nodul es 146, and program data
147 are given different nunbers here to illustrate that, at a m ninum they
are different copies. A user may enter comrands and information into the
conput er 20 through i nput devices such as a keyboard 162 and poi nting
device 161 ) comonly referred to as a nouse, trackball or 30 touch pad.

Gt her input devices (not shown) may include a mcrophone, joystick, game
pad, satellite di FHG-&8kstrasivsly 6‘??“1‘9(19@ example of pruisablegparatingrayinenmsat [08evi ces

are often 9 gpeARRGRAGht Preldifr RRMERSdA% P laloutdddiiz QbttiecturdiSer i nput
interface 160 that i's coupled to the system bus, but may be connected by

ot her i nt er f a&Bbodyine Hgoresert ifveniiopsT %QRE%“‘%@“&"W&Q foggs 0;5‘51"1“)3 et Yort or a

uni ver sal serhalnahuspe(rdd‘a@)mvmemmmtdlg n&:%exﬂéd tatsh@rssttat{pmni@‘uoﬁlhﬁahﬁy devi ce
an interface, such as a

may al so be connected to )yitem rréj‘h
vi deo i nt er f a¥@PAYse ‘?’rf“’ﬁﬂ&‘?at‘f 31 tht"d)""f‘?ﬂé’“ i BFIk’E’B’H}SEH‘@t”é‘g PP so i ncl ude
ot her peri pheéxezhromhﬂnminddﬁvmﬂ'@&amk‘naazaa)smakébleﬁ‘oﬂtﬂZ with thepivierticar 196, whi ch

may be connecte ou put i pheral interface, 195 he conput er

TI0 ot ent al 1 o BharEb: gt Bttt teoieh e S heoPaerb

connecti ons t confpeeéngdevives, Eanﬂéﬁkitcemﬁtompdé\ea‘es, mtswdsceﬁsr@stemsmte conput er 180.

The 10 renpte Qn uter. a_server) a router)

a net wor qu m?c? &E&ér l‘;la§ed sQHXm? ﬁ%&o&‘%ﬁ %xmconépe nép ig‘lamfram? comrpdx?trsz/ pical ly

i ncl udes’ rranydl@tnblabd com’pultl!‘ms*«nenhmmms thatiedudei ape df thdhabeee systems ondsvice, t he

conmputer 110, ,a g i

illustrated i h‘ﬁﬁ{lgwlmh#ﬁg%sgd &Xnag‘%{g{?? iggnﬁg eqx?(l:u'gde ag@éﬁﬁ%‘;g&tl ncl ude a

| ocal area netempknmmfdtmseawaeﬁs wla@nam@mh@mrqzra(xmmd alermipyt ey 15

al so i ncl ude Qhﬁ'?'e@arﬂ%t“@&tﬁﬂay {RhEBnATBf SR cBinding SStehO TR B He @t‘e@ieﬁn@t@nnm ace

in offices, enterprise-w de conputer networks, intranets and the Internet.
When usééi i MEIGLAN net wor ki ng environnment, the conputer 110 is connected

to the LAN 171 thrmqheﬁmnestmmsed nﬂﬁlﬂrg%&@ﬂc&ﬁex@@@a@eﬂﬂséﬂ&nd%&sé&sed in a
WAN net wor ki ng envi r onnent, rrput er 110 typically |ncludes a nodem 172

or other 20 nEER PRy QBPUHT- ‘?"§"I"t‘it i IREHEHPRS: é‘é‘thlaéhré’grd(?é’imdﬂ‘ﬁ% boiA& 173a such as
the Internet. ex’Ehﬁedﬁyd&mnbutE’rZGeWHllgjpr@yn hﬁdul&tnmmlmtmﬁesewbgamal may be
connected to tbhe syst em %é" L gt via tthet u ﬁ[) lt el[fma e 160 or ot her
appropri ate neefEntERen" hET SR &Y 3?1\?" e a'p‘?g(é ) pr%‘(fu es depicted
rel ative 20 t peeticuinphstrant datd pesofhqugh the mptanemdmﬂlmemayddseﬂtstimtbd in the
renote menory f i tation,

FIG 1 illust rre%ée?‘ééa{rgg?fg@eléﬁ&t %é(g)tét@gsnoq‘ﬁ r %ﬂ%%s&ggpgmgq%esllg “h%'{%n menory

st orage devi cpoter@ally in¢orpergted \blél"amv@bnmeewcﬁﬂaz intdisritpted gomput@gnnect i ons
shown are exe t %ﬂﬁ“ HXUR igREd ons |i nk
bet ween the c%ﬁ%epg%e%%ggﬁgg mbﬁﬁ%"?gbéf&l@d&w ﬁ el\c/yel schematic

di agr am i dent ihfopRihgcamgnungariens gertarke dn aﬁembtrtes&romtuwnwnme&sprpmmant i at ed
obj ects apgl dﬁ,ta&lésqm@wtyaoéatemtoayneéatérwreﬁ&et&tﬂu&?st&ﬁ c mERORGEARHL System
architecture enbodyi-ng theé present invention. The exerrpFary

| ayout / pr esent8Poy sopgRdyERENt system architecture represented in FIG 2

includes a presentvexth &Mﬁﬁ@mﬁé}&ct MIGSLlﬂﬁ@i&?ﬁ)ldrﬁ%@l@ﬁﬂf&ﬁﬁ@ﬁﬁf&ﬂinlg(ﬂﬁ of

di spl ayabl e obj ects, based on a set of h| rargfh‘#’c |1y arran%tggl qoresent er
obj ect s associt “EB“WFIP Fs& eé‘\}vp‘ﬁﬁ‘?eﬁ?‘%%t“@%l evice ghthe fapmn 967 SIREY Tt ass (see,
FI G 8 descri befipdaedteofitonphteri)i0 aiay idRd¢, Botuestot iit@ino b dessitigiuain L AN
executing.on an operati ) nventi on,
ench vi oa'le. Semei b, i3 ozl BaR bl St oyt (o g,
presenter systnelmnag)(h)a systeai mensory @xpopradekding undn 20relihatspstam gy 12 hmaylbes pl ayabl e
objects within the view. In an enbodi nent of the invention 10 the view 202
is the visual root for all the visuais that are created by the presenter
system 200. The di splayed content within the view 202 is based upon
graphical elenents 206 within a backing store 208. The application 204 is a
source of the graphical elenents 206 within the backing store 208. An
illustrative exanple depicting the relationshi ps between views) presenter
systens, presenter trees for views, and graphical elenment trees




15 associated with an application is depicted in FIG 3 described herein
bel ow. The | ayout/presentati on managenent system architecture depicted in
FIG 2 is divided into a set of functional conponents. The |ines between

t he depicted conponents represent interaction paths between the conponents.
The present invention is not lTimted 20 to thée particular arrangenent of
the conponents and their indicated exenplary interactions in the
illustrative enbodi ment depicted in FIG 2. Rather) the functionality of
t he conponents described herein belowis grouped in different manners in
accordance with alternative enbodi nents of the invention. In an enbodi nent
of the invention, the application 204 calls a constructor nmethod 25 on a
vi ew- object class application programinterface (See view class structure
in FIG 8 described herein below) to create a root object for the view 202
obj ect instanagy of'EB&rdepraﬁbﬁﬁétﬂucﬁzms mcladihga mlamm\yibey\ormmmesuw, ar ef erence
to a root graphi ical e ontawned in the

Ierrg ﬁ ra F Ifgz Si
backi ng storeP eraN? 51 s %&Eﬁ“ﬁ&"{%@ys By ! léfaéc }'fc Y B3 Ayout net hod
on the view 2Q2anm1£aﬁcaﬁn Bthmsnt}emkﬁtmﬂes‘ mludehadxmgesmﬂﬁﬁi Avchitec®f2 a r oot

presenter obj t.o the r hIC ed

i tialy to (he BonLEEEbar A Rt e (R Pl Pl R s £ SR Dl RS
present er t5r e&lactaticssemdards ﬁschhGonzz‘yESIﬂ) locaf lous, anH @enigheral Q@ﬂ)oommri ses a set
of present ers, th?énngﬂggél??ﬁgﬁﬁwgﬁl Rhez2n b PLSZI ng and rendering visual

out put for thev i ment of ‘the invention each view (e.g.,
vi ew 202) owns a pEesmprrdio @ymlb'r‘m(l'éiega varighye$ eameRser spdablameipo LommiEs, i n

response to thé‘adé%gmydwéan%Bwaum@ne\amm el aEUer'e@B)‘?&mfbh?eﬁt fogda new

presenter tree returns it to the caller (e:g., application 204).
Initially, t henowdéi/\bom)@h’éléﬂ qnd "&ﬂV@Bﬁbt‘ﬁed@tTGW°YF§FHB%I“W°@°WB§’&4F&HBWOn engi ne
obj ect cl f,aﬂlsleaan%sﬁmtaﬁ&i Oy kddabld rﬁ’eduaﬂ‘ﬁ&ﬁd&ﬁxﬁnée%ln kg a
present er ost cation programinterface (presenter

ost A The
present ati on éWgﬁgFlé‘eQ‘EE“q ETAISationyrsdig: QMRS SigEss Bediz Belndss ha%*wﬁ')gtﬂand

of chest rat i Ng ,eXRGVSLAB, fiovabl¥ ekt AoRlr@REAbI ediB u@;naﬁa;tddem&ylnsbtmw conputing
system supporting grap h| cal oqutput, Functions per rred/coorgl nated by the

presentation é‘??@‘i‘%%gyf‘fftq"?ﬂfI°€|H'8’““E‘f'°@éi“ihr‘?§ CHPRWE FRREAO IR RIEHES BBt h r oot and
chil d ver si onsjucneprdipaminmdigles 6 otiitk G4, aldnipytepsteraguhalisinclddes,blusiy nett at es,

d a1 T :
i pl o s iten b RBVARENR e ROpE RS Gpr it o By 08 19, o1

anpl es of t im)m,aixgxabire&anbtdhbml(@\m) of tibcraplial disles@rgeanagmaticmgenss, 212" s

esenter host API. ar e descr| I |G 12.

ese met hods "§Ee° t’ﬁla(j’ﬁ TaE el JrDsg GU8: % %Ql?fp?’ g%x\%t&gﬁer%crral ntal Ir)llﬂ‘tnjr?

esent er obj ewdiuhr welgcH @n be h&;dm&&wQl@@esrrﬁ]@fqmammdEhlch@@lésceﬁﬁe‘i’Pbrrred by

e presentati i art
qu E&%%@%ﬂr&ona ”g?{ tgkgik Q%}ﬁl kiaidwdinktRictids,

|1 appreci at’e S can e carried out by the
esent ati®¥n einglsm@hzﬁzpmﬂamIWQ!}thq%f%@Gl“??éh‘f‘@dé‘?‘a%‘ﬁé‘l?'Ghi‘sri’vent| on. The

resentati on @RGikNeavé blotRtiaflspok hﬁclﬁﬁl@tﬁ@m Réludey ShyBRTodRAlioh AelvaRGhadiapr esent er
bj ects associated with the view 202. él}an&i%mant of he i nvention,

he present er 9§ &apmogiated fata sgoal §’°H}sé‘§$ﬁ‘f € g ot 6 The presenter

ase cl ass ZIQhArsctaxsﬁwshtofreﬁhgadeﬁis@asmaﬁdeasaoﬁmdcmmmg ipthesigmt.er

ubcl asses and_pres gnter Ob:l ect ‘B e of, 25 eXﬁ \t q’.:ll.hgmedla¥ucﬁ‘lxt
hnagenent f urft YA Erample, g dt’}‘?é 'éﬁ?‘ﬂ'é’%‘f"\“ﬂ%ﬁ’e & pgjudes resenter base
ass 216 0Pk b $68d AetvaRior atee:-wircmdoudbm, atidrvtitebes r(m&vmch mkabdus)c, BFogr am

pde and dat a s ruct s) from ressnt 4 are
erived. The d? gPS‘ ﬁ)xggegeggmg i Qd&?ﬁ?ﬁ 'ésozgthg’e Y ot spl))ggelsg ‘;ﬁ;édpz%r esent er
ypes cor r espamtided withinheseape obéongpuapteadable nedanent s, havi ng particul ar

splay properti es{rﬁ sgrevrln%emoryq‘%gtlr%gﬂdgs ctgm%Qt]ptpslio? aﬁgﬁ)@jﬁ{a 1fh@m%f ¢hidderived

=

~T 40T

romthe presenter class out content)
' range chi | draed:’)ar ronealétide mmsolalsmchfa@readmﬂnmheméll hi lsﬁ)ndpﬁ@i’rnafcésscont ent

or 12 t ypo ﬁﬂﬁ t Sk gdsg | ncl udi ng
ne graphl%glqnﬁwn% gg%eﬂ+ﬁmcg%gg#gﬁ&%ﬁgﬂ#%%g¥?gﬁa |t;Mg§yeach presenter
ass within treinsethatdklppe tansfer mformptipsenyesn qlemants vathingeppuied OychaSer r i di ng
nd suppl enenting the virtual nethods defined by the presenter base cl ass
16. Presenter objects instantiated fromthe set of 5 presenter classes 214
epresent and handl e di spl ay aspects of fghe graphical elenents 206. In an
bodi nent of the invention the set of presenter object classes 214,

ncl udi ng both predefined presenter classes 218 and external presenter
asses 220, is extensible. The set of predefined presenter classes 218 are
rovided with the presenter system 200. The external presenter object

O'OO_'CD“NQJO”_“Q)_“Q.”D.OO:}U)CT”O'O'O



10 i'ndependently of the presenter system 200. However, properly integrating
the external presenter object classes 210 with the presenter system 200 is
facilitated by a published interface specification for the presenter base
cl ass 216 (described herein belowwith reference to FIGS. 4a and 4b). A
devetoper of external presenter classes 220 overrides/nodi fies program code |
and data structures associated with the custom zable ~~ 15 | ayout/rendering
nmet hods of the presenter base class 216 to achieve customsizing, child
positioning, and rendering functions. Thereafter, the new presenter class
isinstalled in the set of external presenter object classes 220, by for
exanple) installing a Fle containing the new object class in a designated
directory within a conputer's file system In an enbodi nent of the

i nvention, the presenter classes 214 include presenter 20 classes for
carrying out |gyoihad GATsUbGstindd Shord iMRoMs | VRXMOT32 8% AGRY Sonta@ia@Nt | ayout)
child object arrangenent, visuals creation, docunent content pagination,
and i ncr ement #hd/eipiegram spdulesshat pes immedjately progssiblete and/eripsesensly baingy| t i pl e

di splay screengiraedX@hPirsssify vBRE80. fByCwd FSORIpR], addiRElmitdtioh Ud€, 1a text
presenter that neasures and displays text formatted in various ways (e.g.,
bold, italic elﬂlésretes@ﬂveﬁaﬁwéstﬁﬁég‘eﬁﬁrélﬁattonafomé%@@ﬂamag% medelet B9s a
speci fi ed ismaggd p3pdmA@AGK Presenter that partitions a space anong

mul tiple children presenters. After creating the presenter system 200 and
the presenter cl as%é‘s“?‘!ﬂt," H0 say alsp insludethgr smayphl€eqnseeebls ated with the
vi ew 202 and tvBRtiRmMeS®NkiRIcoMyRttraiorade thedia Bl Ra§ afidxhrapie onll, FIGL hfluvtiatey -
beginning with a ro ect a

t,. i AN t t hat, t.he 30..
CEHSt ructor nmétAY 'sgéipper F@eﬂ?“kgegﬁs(r)@%?ﬁ%qtfséﬂ "(Ié"rsiréiqﬁ‘éa%gebf"é‘c?mé]f’ gng %Y create

t he present at inediacngaghetidisk drive hili thatesads fiem powiitego apémaablegioevotatiie f or t he
view 202. After instantiation, the.13. . I i |.I's the
of aphi cal B e 598 113 b oplicifadeluny B ERRIAL KR oF UL dfofille 27,
the root graphnalatitd oprieahdisk b6 shéheasaiGER QDT othertopricalieedin.nOtheng t he

gr aphi cal el enent'’ re I I ls a

et hod, on' ondotyPBoEREREe, tBidnd SRt ERIELUAR GRAL AR e BB ¥ O
p’&esent er obj acthe exgowlargenstatiiig etirbymdnt inblodey butpteinoblimitdddoramagretRGde t o )
instantiate t t o8l berd e JifkS diiGINiG ZapeAS1id stk RABE by 't he
pat h bet ween ?ﬁsesgt%gélgg{nﬁéﬁ&%?%%sg%gﬁ%l gfﬁlned&tiﬁ’e %acﬁ%ﬁg FSt orle, presenter

obj ect's, ilfcl welidiipte REMs ansktheslikes dhe kard digledrive 444 ig rigalhpipnaestedd? Bent s 206 of

the backing stspign B8 21 hrdlgh 8K AnBmbIABIeMRIRB/ ihlelice ShchRa ridrfatd BID, sAaphi cal’
el enents. By way of exa

f exanple) a presenter object for a particylar graphical
el ement is ablmagngicidisk 4ays V)l QWPI‘GMQPSESHY"C%?]P agg typiRrly C‘H'ﬁfqtﬂrt%ﬂ’eéi’m?'he
particul ar gr aphinaly aabmevable memdrytiferfie,aac s atterlayrs0f or each chi | d
gr aphi cal el enent._Th reaf'fi r, the P esenter 8%’ e%t qcal I 4 b]i)ggangach
identified child gFf2pHIVEsA EieE AT CACAMR IO Y38 TRTFUTE H°)

t Chi | dPraoxy FousichtedriaifIGAB Gyovide siotagé afitbmpater readetie Insknpriansydatdgtreettires,r om a

child proxy class 222 of the, presenter syst 2 i jects are
wEapper obj ectPOEBT S esséﬁ‘?%tpggﬁtjag‘gb%“ f‘%‘ét rgqup"l g‘% elgpr‘rf%))r?rcixF li;"@)é’xlﬁgxca[%Sgsent er

opj ect cl assesiri2d )] is Hastrazed @s storiigoderalingtsysiens s, afipigatiay programe 14, pberat ed to a
parent present ] ' _ SBftoRentaA Bitidt @ | on and
security needsp?‘{g(raa%gb‘?&&gség@ﬁa&%g&g%g?X%glihg%?‘atﬁ%%ts ac%ness QX a parent
present er obj dlsgsameps eridiffengap rom qparyding 3ypem 134, appkicatioshrregrams bid, ofhgsr esent er
cont ai ned i t hin the &l 196 RhEsBthAdhta 15V, L GFeRmhd Y8k 148 hBpiRAGSDS Ul at i on

| ayer pr ovillgldez*(ggf/ tﬁlg cﬁi d prgﬁg&obj ects (i%se by%)gg’sgd;ed angpthe parent 20
presenters di regrdmp 148 .cathes programmadnles Htopindpengrag dota I aregayeR et t he

presenter obj gahblhert toSAlstrte 11, 64H thiflinkin?) héy @lejdifetent Qpied M BleCiiBdnteri N an
enbodi nent of the invention, calls a constructor nmethod on the child proxy

I
class 222 and cpm@ards andpfqrgasionjigty thscomppter 20 trepsl inpRAekiges suFRAY@nt ¢ o
instantiate a a@WaiNich Gndfomtdig BRSiRAE1, JBEmPHIP feBdtde fo A3ajntisike, brkbilhe chi | d
graphical elenment. Once 25 instantiated, the new chil roxy. pbject creates
a present et0 oppusBpad JPtherinpubdpvices (gots ‘?W‘Ee‘ﬂayéﬂcg“ il Jﬁ?’é@g#ﬁ“@?
construct or cqfha esemtdishgschimet, BEthPliies ETHesy andl yiher isguedévideedte oftert he i denti fi ed
child graphical elenent. The child proxy object, in tum returns its own
reference to the parent presenter object. The parent presenter object
mai ntains the returned child proxy obj ecy, reference in an array of
references to child proxy objects. As 30 "such the child proxy object array
entries for a presenter object correspond to the graphical 14 el enent
children for a parent graphical element with which the parent presenter is
associ ated. Anot her aspect of the graphical elenent




10 handl er base class 225 provides the interface definition of two virtual
net hods (see FIG 6)) the inplenentation of which is provided in the
notification handl er classes 224 in accordance with their correspondi ng
presenter classes 214. The notification handler classes 224 aid increnental
i'ng - recalculating only the presenter objects effected by -
anges to a set of correspondi ng graphical elenents. In an enbodi nent of
the invention, a notification handler is specified for graphical elenent
d view conbi nations. In cases where nultiple presenters are created for a
ngl e graphi cal el ement/view conbination, the single notification handler
erates as the single source for tracking changes to the elenent for
rposes of updating the nmultiple presenters for the elenment in a view

ch presenter type specifies a particular corresponding 20 notification

ndl er type. WfiRBedtoRhetEddbsiy valj12Ehroul a @8r ifhiR iR&Hacd F0ithkt {saBhjiafed t hat
quires a notification hand er, resenter syst emcreates a

I the p
rrespondi ng RFOYTET LUk P Ay oA aenErctekbyofer wisHagerand bussprtursh schpthks t he _
tification hamnodigbr,igamt pert P OmeRisfllse@db@&QUSB). NS MdMifR 39 ér okifterypddf fi cation
ndl er cl asseg ézg deter 'ns whi ch porhti ons of H;e %{.esr@fnt er o %cts are
rty and t herBSPBY SeViSSARAY L0 BRERPRY. o The system hus 12Lvia o inferfacy; sugha
| ati onshisp ivideefiteafatd Hloe th duditor enthemgiiap RomplteremeyrE st indlidé othepot i fi cati on
ndl er created.for,a presenter.in a, vi . 0., view.202 for application
By The not PPrTae] S SRR Fiep afeRysets T fnl oo e Vil Fr & soBBEH ot e
t h t he graphireegh aeloatpwrperiptieral merfacecllobng st ore 208 t hrough the
esentation enging 212 of e presenter system 200. The tificatjon
i or “det or m ea Tt SBpRer O BoBRERT BiEles EASILER Ml 6L
fected by t henrettmng® 088 ot rport henotd computers, sitteaspoemdte comtputen 180aibe er r et ur ns
e affectgd i j J presenter
mar kod D Pt el RT3 ok Borl\oribiieR S 2k G, SYBEEMAY I rERE B ST
stem 200 ac @esrdkvitess othecomgianinptwopk nede aediypicallydnoiugdes menyfagell afithe pr esent er s

a data Struhidh ddbBrineh abdve ifiRE tAnddoRipulef 19; alth¥dR\WUnB A hemoty stérageAl €T
me, in response to a call to re-calculate the layout for a view, the

present ati on SaYFnS1 hasbegn ilpsipted ikl cthedggiqabspnpestionsdepictedindiiGubdat e
th hod/ oper at i@Mude B iatalAbeatnBvofl (LX) T 1858 A tw8deSarea Hatork (WIENDI 7306t g at i on
t

NS OISO STMOoOOoONYEFLO —

il Bl N~ o

ndl er cl asses 224 enable lim¢ting |ayout ypdates to the affected ones of
e presenter aipjneludeothsrasivorkss SusheHRrking sednpREenttars smonplage inpffices. oy oyt
nagenent sy shieprisy-widk tasiuttr Aet@bikeGitiands dddehdIn@MmeNt i nvention operates

i ndependent |y of a%rﬁ%%%i c%ﬁ out put har dwar ehdevi ces, ypon whi 8?9 the laid
out el ements are -ul'tf Y B‘f“é{‘ffgﬂgﬁ‘&"dr(??'af“ﬁd & ETPHET HUAMAEEN ews. The
10 | ayout/ pr esleriiAN i tnthragtegeetenk ingeyfateamadapehil 1le Whenasalepa A in FIG 2
performs a pr 2SS i . j C i Spl utput. In
B enbodi ment PO oo e bk AR Sk SRR £ badtl PGB P

| ayout / pr e¥entsisdor ayablihmgeemmayicationn cxerahl Wedt 17p ssurtsasdeadnismet. Aibependent .
Thereafter, d%dd&ﬂl%,%&ﬂgrﬁ ?gr&%@&&l}ﬁnaﬁﬁxﬁ Gé‘éo%ec%@g@ﬁ%ys{e%?ﬁzlt he

re-cal culated view to gra out put conpohents o comput i ng
system Howeveia)thg yserinphé intasfappoHintrethst approprizse mashenism-dnp netverkedit put of t he
l'ayout / pr esenteﬁ'&ﬂoﬁﬂeﬁyp%%adhﬁ,dm@stdébi@@@re!miv@totu&%mbm& ROSHPBkiBAs tRikszCt s 214

or the presenter system to the calling application 204, and the
appl i cation 28y Bepteis isthe FFEOIRAMOFY figjages8wice. |By way of Bl enainobf t he

i nventi on)2st h@infi @IFHEFIGIA iT@R EMmbte WhRcARR plogRbe 48903 rkdBnddrf@irgr Obj ect s
derived fromthe resenger classes 214, the view 202, .or the a$pl ication 20
204, are passé@ragpdeyicg,! bhﬁt(‘i’é'i ke ABRYsepted thap o ’5?“5’\8(&?08?"8%%5 WY vers 234 on
the user's coRRdtipghdry andtEhed iRitiRiof EstablidhingQtcommanicatidhelfikibesveetetie E@nplitersver s 234
transformthe regderi ng instructions and data to a particul ar selected

out put devi ce "CRYYE a nmonitor 236 or a printer 238. In sumuary of the

| ayout/ present ati on managenent system architecture described 25 above, a
present er stem 200 pr,avi des, a .devi ce- |.ndepen t si ng

pl atform f%)?/ appl i%é?‘lgozrfgaglﬁg hevgssgle%madﬁ?ﬁrﬁnggf ,Ig,gﬂg%%% %%a@%gﬁg%?iocessi ng i s
performed by presentaeweldhy iesdrdiated lijertstand taalcdmponenss of elayodt/ppasentatiaier cl asses
214 hosted by the presenter system 200. The presenter system 200 i s owned
by the view 202. The presenter objects correspond to particul ar view
states/renderings of the graphical elemepts 206. Separating




30 view states (presenter objects) fromel enent states (graphical elenents

'206) enables nmultiple view states/presenters to be independently designated

for a single elenment state. 16 The |l ayout is separated into views, such
as view 202, wherein each view corresponds to a display region such as a

NO<<0VQPTITN3ITT-0ROA00TE  ORNPNO " O S0TTRAQTIPOM-0Q<0T

articul ar rectangl e on an output screen allocated to the application 204
r a docunent page in graphical printer output. The separation of data and
ew states enables a single element to drive multiple views of that

raphi cal el enment and thus enable a single graphical elenment to be

splayed in a variety of viewslways. Another aspect of the disclosed
hyout managenent systemarchitecture is its high degree of extensibility.
Kt endi ng the set of presenter classes 214 is facilitated by the presenter
hse class 216 provided by the presenter system 200 and the presenter host

Pl of the pr Qﬁﬁ%eﬂeh@?st@rﬂgﬂcﬂ@ec&%mb%@ylﬂ-?ﬁe FRQUERHLARET 'Tlﬂegx

pnagenent system architecture supports a variety of advance Iayout
Focessi ng f ed®gpEyesEyptionpANRgeHIeNtSHEem arRkitsruisgerypsapied in &1G-Funglvdes 2 o

[ aphi cal userpres%&rs?@&emoam skPpbid wow réd2Rta il dfutsma)taenewﬁag B4s8d oiti NGl e
ement (graphical_ e emen{&9 into nmul ti ?e Vi ew, st at es <g_{iesent er.s a| ds

hgi nati on and 68 hisrasgncall baransed H"ﬁf'ﬁerﬁ’meftﬁ pseriates Wil aevigna 2Q2sresteds

Agi nat i on)s i m@@@&ujé‘caélmme whens dsaied htﬂ@lnBélbmlﬁihe@élfuwt)fﬁrapﬂhc@m&l pri nt er
Ut put vi ew of % docunent on a d E screen. Such applications include
bh browsers & c’\‘ﬁB‘r'tH’gﬁFBEB%eéﬂ“ﬁés’ﬁ H‘?réarrs. Anot her benefit of the multiple
Fesenters is the &ihnletrlbyd:fnemoamphnvenatoh,cm&nhev(begfvmwnonulxakiapl e attenpts at
tting their content w a en dis The a atl ons can
st ant i at e miPET B?“d"}gﬂreesgm‘gr?ység'? %leér &ht* perre se° 6%1 tjlse'é’fpoﬁp# or? a single
enment) with andnmg emdnplayabbmbjepawahmtﬂer\ee)w a(ndn emlmdxrmdnt aftheinveption t O

bl ect a bgst 0 I ). Yet
Pother - beror 4o e 20218 e Wi iU B b8 Vil dfe RS iR prfu T el
rchitecture |?@0tﬁ®camalycct gpntent Vpémf tbe view 302 i besad monwpumeslemqmamﬁi ew

pnpri sing a I I Change
5 | npl enment e?ﬂ%ﬁ{ﬁ&%ﬁéﬁ%@@ ﬁ%ap Caqﬁr:?}e‘r%t@ 4 bgg{h&@@g‘&{%ﬁgg@ﬁfcﬁﬁﬂ%? %6r e (See,
g., backi ng v&thirthe BRing prore|208. 8') illugtrptivexample deniqting thearietioashipsatieehe '

fesenter systms%&e&e&w&ﬁs Bfesdnbtf fr@e%tfmmra%dgﬂﬁmw Blehédigestpdat e of a
prresponding view to thé presenters that have been affected by changes to

br r espondi3ng 2&joeiAterh fith PWHPH@“B‘&EIQFH&“‘%‘P@F@ 3 dgseribed hgieiR PRlPW-henefit of the
kxenpl ary | ayout managenent architecture is the 30 ability to adorn view
ates of elenments_enbodied in.previously created presenter This is
 Sonpl | shed by ch AT BeRM BBl E gL Eh SO Bt ArES BIG 268 ot ype
peci fied for divided ifto padtiof fundtdhal @breprmets. tmemes(ﬁhaie&i uhgdeytmidl oeslpdmml opers

D enhance user_inter nt out ot de

hckgr ounds) equese‘ftd"tﬁfa?}1°8\ﬁ?‘g§%?‘e”§g‘gg?'ﬁ’oe’ ijThé mvg‘]ué"r' 5P {elzﬂemtder type
or an el erentto the pki&wlagnﬁmmembéﬂiebdmogemﬂltheanmaeécxmp@mf t he | ayout
Pnagenent Y ShEMBIPR Nk REAFRY dLAUENNEE, 2 AR ol Snallf ot e L0

G 3 that de ST el a I ons v ews, lpresent ation engi'nes,
resent er obj exf the coinpdnierts d¢senhed hgr-laphlpwaﬁ greypedriaditerens mannststin pcerdencen

andl ers for a,;3ikingtVe 3mbSA RN Sine ,Wegmm Concept ual | y, a view defines a
articul ar way for laying out a set of graphical 10 el enents represented in

backi ng store 208 aRcabPmaR of the pyertion; theppplicaienitd calls ajcqnsiyctarBehdyent  of

ne inventjon,ond Wéwewjécﬁclﬂis@faﬁﬁﬁgﬁloﬁ)ko@raﬁﬁﬁ&ﬁ&gks%e'vi%w%[hs%&ﬁie inFig.¢ (e.g., a
splay screen In addition to a rectangle and its position, ghew ew al so
n

heci fi es graplerceiasd hereamesinwg t‘éﬁ?t‘?ﬂ%@ﬂ%ﬁbﬂ’b@’ the wisw AP phiect Bstance inthe
ew. Further rdugol chil 1o cPealtQheSHew DERt pabses @:réfeeemb@ldlarimgrapmcau Bleméri¥emE i on each

ew is associated with its own presenter s 15 i nst ance
Fesent er syst&ARPBRIGEneRls 208 eapfasgd i tgﬁ‘afclﬂ%é ?&}r As%%f’é?ﬂ"ﬂ@t?ﬁ’ ?wog)zv*} ew
D2b) . call to a DoLayout method on the view 202 creates a presenter tree for the view 202 with

30  aroot presenter object corresponding to the root graphical element passed initially to the

constructor method that created the view 202, The presenter tree (not shown in FIG. 2)

11




Wth continued reference to FIG 3) the backing store 308 conprises an

0
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c
b

v O
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nao—"un 00T

STTH033ITCT Y0 ~T =0

rgani zed col | ection of graphical elenents (Ex) associated with views 202a
nd 202b. The graphical elenents (Ex) are entities of organized user
ontent. Exanples of elenents 20 include: a graphical user interface (GUJ)
, ' rmdow, —a birtmap, etc.” I'n an embodi ment—
f the invention, the graphical elenents (Ex) in the backing store 208 are
rranged in the formof a tree. Each elenent (Ex) in the set of graphical
enents 206 mai ntained within the backing store 208 is associated with a
et of propertiesJpl acehol ders (which can be either explicit or inplied
rom ot her explicit 25 properties/placehol ders). One or nore such
roperti espl acehol ders on the graphical elenments specify a presenter type
hat is used to lay out and render the content of the graphical elenment in
poper ati on wi th other conpanent f the conputer s. . di nents of
he i nvent i on,P%he" “ﬁ?i?%cé’gngeégéento g?rgsegtfré eag%F feé?otn%lscg‘%n}%égfnﬁg?f

t er nat i vel y)rereing vignbli catpuf foote eeiwe02.pr operti es specified on an el enent

2. g., a "border” 30 pr [ I | i .ned
resenter). Proper E’yante?ggagmg%é)g{hf §n\ggnt@l5ré&&§letv@g? g‘%‘ﬁ?@?%ﬁ%‘%ﬁ? sepdepend
bon t he par t isgudnafe. gy pestnitar aystem 200p nThuainirespoosetd de Dobhyout method, the yiew,

ei ght, w dt h),,et ¢ i j ' . Wi : ntiall

1 Cipi o vieni2f sl ot RILi R f i O AR AhErte f, bipuBRbET LR Y
il ti pl e vi ew0€x dhitidlyvibt yiew 23 cadls ¢ censigictqymediof Pep PrSIEERN IIEE abieds

prr espondi ng 1.9, 3 c%gtrae‘ agges%a?igg }:rfg?rle 283 ﬁ?@%ﬁe%oﬂdh@'a'ﬁr&% Rag kpphgatidhor € 208.

hus, in the case o ap el enen eing present in nultiple views, a
resent er obj exqgrinsinerfaget(argsenist hashAPR ThecprgseniftionienginsAd inFludgs qrecupble
resenter P2 apgk Bf &sritaBhg 74 ordhedirati g@BAtiodd layodtiResertaidh ofehtions @aent W t h
nich the presenter is associated is s‘g‘eci E ed. in an eldffemegt gwetlim Geld and
br r espond¥ t FOPRUING SXHRINSUPPTHYE FRRhFRLYR U OB R IRFRSY{CEOTIRATS OY

pr r espondi ng pﬁé’sﬁtﬁmoﬁ@ﬁgiﬂ AreRlde: &Euéiag bﬁsehtéﬁtbbjézhm(bcgugﬁpdrﬂ child t he i
esentation architecture represented in FlGS. an supperting multiple
esenters o peVFﬁtoi“ﬂg‘OﬂﬁlHﬁ“an‘%cfPlﬁé?‘f%r? TGS %‘&la)bvt?f’ *ndey Pg R‘S"r"é"ﬁ h |g cal P
ement. As a B HEITpRsaiters) dipty @ackiigathamingamdtpld redentes teearbingle/i ng t he

bove-descri bed abilit o .attach ltiple view,.fan r e to a sane
bl | ection of B%F'E’a‘?éﬂli@"%ﬂ ‘E%Wf@}filw"ﬁhgxw&?i%ge5@3@8%%@@?5 (gﬁ?éer aphi cal
ser i nt er fsacerésentaridpahdiee 1L's giesquieatiosngPlant desgribed irenbelod with sederencs it of

hf or mati on prQui de i cal ] . X Miifain! n
ppl i cation su@ﬁ' gs%?%ﬁ&@é%&%%%ﬁfhﬁ? {/\e/?)tgy rru+l§tglﬁeﬂ£)bué&\%gv\s of a
i de are suppbjecescbe faritke view 202y Thovdamtified ekspedermedby Be PrepRTHBARME ey ew, for

same slide gy13pRicahpifty SE Hose skilted HAhSdY WilllafprbQat& th@ralditibRal/ilteRlativedr esent er
pj ect instances for a single %aphl cal elenment also faci gtat es ngl nation
Pl

a singl e gregshrande cerieheuby sentagig engis 211 B eltgmaliyp gbodingnts 9f
ages/ col upps i(lenfon. Where one graphical elenment is split across two pages,
presenter objects are created for the el enent - Qoe for, each tEage).

th reference to FEhepresgntationeaging 2l 2 uildsihe psepis) Sé‘if’fm? )19 hendispressaizr

eives a
assed proper t 3pid{s Qb @atédwii e Rie®@202 einGReRbodirReny of th&ahyention itteaptrdsergert hat

bntent within the ele t (e.g.,.tex I nt E8) | [ acr oss
v col umms. ‘F\XB"‘EH&? ﬂgg$ﬁ§&’ﬁ°€%?é’8ﬁeé%fs lgg@egﬁ&m%ékfse@8%?2@%%&@?@ to two
ap?r at e ?nd dﬂegﬁdednsése cl@éstfm&q;ssig?areseg_branfﬂlasgsmnrtsentdw(bisaisnzi’,a%lapé .
1stanti a under. present er e displ: i f&6kn Pymeor aphi ca
enent EBS Ye"tng%‘gm? R °“}°ﬁ‘?%‘a{’rﬁ‘§'?a£@?/‘§rfg‘%ﬁ%ﬁ?ﬁ%‘Pge’mé_r esenters for a
ngl e graphi cgbsemtbremndiass 216 comprises a template, including virtual (overridable) program

code and data structures, from which a set of presenter classes 214 are derived. The

presenter classes 214 comprise a set of specialized presenter types corresponding to
views, of graphical elements, having particular display properties/behaviors. Customized
30  presenter classes 214 derived from the presenter base class 216, by way of example, lay

out content, arrange children, create visuals for attached elements, paginate content for
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30 arises in the case of adornnents (e.g., borders, backgrounds, Nanes)

‘etc.) assigned to a graphical elenent. An exanple of a chained presenter is

provi ded by chai ned presenter 19 A for element E4 that provides a border

around a rectangle defined by presenter P4 to hold the text supplied by a

field wthinetement B4 Both presenter 4 and presenter P4 are inked

tp/ associated with a graphical elenment E4 by specifying the graphical

ement E4 in their element owner fields, In an enbodi nent of the

vention, a parent 5 presenter detects froman el enent corresponding to

e of its children that a chained presenter is needed (e.g., a border of
pi xels is specified on the elenent). In the case of the chained

esenter 4, when presenter Pl calls a nethod on itself to create a child

roxy) presenter for a child element E4) it recognizes fron1properties on

that a Cha'tﬂ%grapl‘il@§&mn@5ts (a%%cx’eﬁeﬂ?ﬁfi%?ﬁzte[ \'/jlsxfaﬁtmcilmﬁx ) ﬂ)h}%g[oxy/ presenter

is created and s 10 1dentified as resen presenter P 1.

, in turn, cHkagpedog H@eépﬁqahzesrﬁmwmhwémbptemm ¢hass iwithinthessetofc hi | d
esenter of QE@&Q&E@EseQ‘M:% E6aBIdRed byPdveirtinglafd &) Mh&&iﬁagtrkbﬁmsmétﬁ’odpf oxy for
ai ned presentfgg 34 dentif |ng t he next resen in the chain.

ving descri §&neAy fheé’ﬁﬁs%ﬁm 3psl§- Brasem TPWF&‘W%Q“ frem thegetgf esent er s

ing 15 |i5nkq>ebsermera1assam4ge@aau@ad haﬂhl@ﬂﬁﬁl &F&Mf@ﬁtgkdbglcmél&deﬁtls 806/ 1 EWS
nd presenter sys el ements in a backing store

t. of
8) the relations a5§2"8%<10mﬁ?‘gﬁe"m“gb%ayaa?eﬁﬁem%“Maspﬂsél‘hs are now
scri bed. As mmﬂtng(blmdaréﬂ!bﬁhée prets&iﬁ&r\ilhﬁw&lg@&ﬁex@dﬂﬂl glezhtePMkssqa2e6 8Nt er
stens 200a and b121 res Jf The er s ste 00a created and
Fpports a sef XtS‘?SQbE‘?’ éﬁ?‘@ %re %Fse’ﬂthec feé ?BF"Y' EHEE™MShd a base

n noNTT

2D cl ass i ncl ughteng20n TBPéxtérmal‘phBahh:r biject plassescA20 afe ge&ow@er&maéce witten. The

t t 303 f th
Ul ow 2000, Dhs MeabiERtySF B bERAN R0 e Pondly BHESFRYR %0 aphi cal
el ement s (Ex) preppmehebjbta@hssnsgzL@tvoﬂxehmespntcrhgstm é@amfaelﬂlate(ile)a pablishelssoci at ed
wi th corresponding. ARG Ror e BHES ﬁ&éb{ Efthss Taﬁe%sé bl Seidel i | SPT €S ENE
i 3 e) e

vi ew states for correspondl n g}g I ca gr aphi cal
el ements ( Ex) rdferenchéo Hﬁek‘iarqg? oAé‘C@d}lPem(e‘XMPlmaﬁmgeﬂamwmay of exanpl e,

inatree str BC&HJe@/nQHides r@é‘raﬁ@o&%b AL cuRlres st@é"ﬁe&x? ﬂ{@@%sﬁ%ﬂpl e ways.

Exanpl es of such ways include running a text mark through a parser,
usi ng codé3to lvﬂ%@mﬁwt@thq%oghewﬁe@aq bagq dase Aoy a@ﬂ%’e cupfem sizing, eifild

presenters 30%@&&%%& WerlibHR firtibid] rherQ¥ted (1R nbW BRSAlEEas YsSh@dled B0 1N
response to a call to a particular method on the interface 30 (e.qg.)

DoLayout) pr omed%td’f Wemilgreﬁ?"é“é ahiect hasses PAdhvrfer exampleipgalingadiler evi ousl y
herein above brtdinifigthe hénoigedt tladslifa dedignitdiRiinaegsvitin 4 dmpeaIRatBlemobj ect

tree are determ ned b 0. t nodes. of , t he graphic nt tree
associated with a gb %F%'ﬁ‘f’glfm\??@ﬁ/mv Q"dP%‘lffﬁe'%&’I&éfeéﬁLﬂP@“ HFHFHTa view are
det er m ne@0by clafses fooatryyg aptayoal feaireniaeitding) by why eftxdniple: tdoatemilapoht, i ts
children, gr a@lﬂﬁmbjcgﬁ?rgng tex?t V1§u-m%re§t?otn gocuxggrgéinr?%x?éasg{nétcl)oz !H[&I %érgmengal are

arranged hi erarchi resent er reén presenters
P2 and P4 (Q4uvcbtea?tﬂva@kbﬁr(nmW%mseﬂh@spaomupmmwscrm;) Epmeglesnifer P2 has
no childr e” E’qea%@ Ie%nteﬁgygmﬁw&gf a'EEQ%&&Q&&HM%E%%%@@&%@[& PS and P7.

Present er present ers at are associ ated
with a si ngI e fogmattsd i variows ways fr:8.£581d, Gilis latc ha imagg brdsenterithatgneassures ad ng| e

graphi cal 2pr egghbRfa specified image, and a dock presenter that partitions a space among multiple

children presenters.

After creating the presenter system 200 and the presenter classes 214, a set of
presenter objects associated with the view 202 and the presenter system 200 are
instantiated for the view — beginning with a root presenter object. It is noted that the

30  constructor method call to the presentation engine object class to create the presentation

engine 212 identifies the root graphical element for the view 202. After instantiation, the




‘between two presenter objects arises, by way of exanple) when a text
graphical elenent 10 E8 is divided between two colums of a parent text
graphi cal elenment ES, which has a presenter (PS) of type TextPresenter.
Presenter PS initiates a colum division process when the presenter PS
notes—aproperty om ES Tequesting ES s content (E8) to be divided across — —
two columms. The presenters P8a and P8b correspond to the graphical

exi stence of parts of graphical elenment E8 in the two columms. 1 S It has
been previously noted that a single graphical elenent can have nmultiple
associ ated presenter objects. Three exenplary cases have been identifi ed.
In a first scenario) depicted by the multiple views 202a and 202b and
correspondi ng presenter systenms 200a and 200b in FIG 3, a single graphical
el enment (e.g., E2) has corresponding presenters P2 and P2’ associated W th

views 202a an%ﬁ%ngm RN E lcmsluye gra%mesu YenRHE zé’@mq%ﬁ,ﬁﬁpmgsm@efo

exanple, to a't nai |l vi ew and size view of a photograp mage
(E2) di spl ayedYRStaSSGFIP“F@Wé’hEheF%E@%C%Fle‘aﬂlﬁ&ﬁﬁhel vifthed0R g Adteryistrapinig theby a

phot ogr aphi ¢ iRERaIRIREREDrIChGRRIe! B&breRkatidntnfilé 312CARFa mRRAS EN6RIE P2 and
2' are created for the elenent E2 in each view 202a and 202b tgont ai ni ng

the el ement. Ithe piessRerbiscdastes 21 Heoratponding g thaprassisr Qbistd e ideptillediby, o

si ngl e el ersentme(ﬁa;mmal a@a&tseben@mamﬁﬁ)e,thm&w&m oaﬁct%xemmvszma and P8b
correspond to two col yms

rectangl e define e presenter
el enent PS. Al t er nAf ingisptpd b%tﬁlﬁ ﬂ&&%ﬁ‘“é‘?" F’tt?'ﬁIaésebglé‘s%ﬁ?lﬁi’gc E? %i ew
r f](car enci ngI a pi;elaemergbjaahlnﬁbaldnfgltlﬁiﬂeatprﬁém&&)ccd‘ss)uhe gmglimll elemwhel06af har ent
prormsrmtlpeatte t a. view an s dhegrlese Ina
third scenari §*KIN&5ALE t‘%f’g‘frg“rﬁy§ ‘%?B leﬁgtipaf“sc Mbcéﬁe%eﬁgsn Bgn @Y Ry
esenter (e. g:xam;ﬂ’él;}a presmer@mpafm panictlbregraphical ebdnrahes alfle @ idDtifyraaphi cal
R T i e e B T R RS S Rk
esent er chaieadhgild graphidabelchoent. pfmﬁerenhe pnesrmedol:ngt @llb,cforcbech identifisdrent to a
' That “ont | @ B R dERE R RS el 10 e R A Rk L BERR D2 are
appers for duestintiggha thildpraxyohieetfrooty child proky daaga%«rﬁthwess@m%ﬁtemﬁ?%ct In
e graphi cal &%Bk}gﬁg?@e&;aré aﬁppér%g,@a; R pledcfifer S %Jc%%n%&atc@rﬁowtﬁé’v 202a, the

ild proxy obj ec represente e arrowheads in the |ines
nnect i ngl% ppaqsermr ome@§@meé?l4t) &hat %rgn@ml Iwéfh‘ﬁr“@sdéﬁﬁiaélsp"@bf@é%'%d opRareRh; | d

oxy obj ects JrdsBitdr oBfebtE The E1dPraR§eRAL2D FRES MHcsulirnl sdcbrity nseds ¥igd.,d
esenter objects. Notification hand] ers é{l\lé({%ﬁgare rresponsi ble fo not| fying

rrespondi ng AFMEd FRTeateEob]qst impus acegss b3 par nietohisgh or the 2RRiEation 304 o cal
ements ( Ex) .o tHeloriér@edfia@restindd dbritdified Nthity the ¢hiltl pRS@ER) iAMernatvetynthe oper at i on

the presentation/| ay. out stem Rather facilitate
crenental ugdspadatiog al"&’s}’§°vt’%§%y§$ ICF“E X ORIEET 5 %as\%ﬁﬁleaﬁgme PH&ERge occurs in
el ement20M tﬂmsamtasdnteemyadcéssWetrhhmafrseﬁme to FIGS. 4a and 4b, the

resenter base cla a set of (=S fields. In

h enbodi nent of tﬁg m%ven “eiﬁe restewer 0%*88{%{{]%323 ag{éﬂg’%xg Osﬁﬁq‘%}%na parti cul ar
bf er enced pr ederhein anbp'eadxmbtyt Ofthvcwpmgn,geklﬂasc@nst@p'er!a@thm thiechilde object. A
poKaround pr QRS tolasd P10 3§<Pga§ge§ R Sachip Rt b oMl gHBndclleickldft B RARM I ney

pckground. A Kgroun proper ores a value specifying an
paci ty for ttrbildpromuetiagt WWSCW'BBIF‘EF@?‘ ‘ér@ﬂ‘ég‘lag)“%ﬂ%?%r@%“a val ue

peci fyi ngy¢ hendlkiskd) fhe®lchitd ﬁ@iﬂﬁiecp&@a\@@a feﬁ!ﬁ&goﬁjgﬁ?f&%&hﬂkf gﬂlﬂ]ﬁbal
[ esenter's Ia¥out space. The border proper %/)6404 st ores, “'Q‘I}Ff’ Ie) f our

al ues i ndi catdlamsnt ‘h@a PRSTERET CARPIENCIPS C‘FGFP%“F\‘%S B PrESERIFTIYRE SPY | ef t

des of a re%éﬁﬂlé@chﬁ&%ﬁaﬁ!ﬂ@ﬂe&ﬂerﬁ @ﬁ&%ﬂ&'?x@ﬁyob‘j‘ecb%ﬁﬁf refhsdfs ohoperty 406
peci fies a val ue desi the color_of the bord ar ound Ehapresent er. A

or der  styl e peisisasaty thg(pgregttpéqsggerg ject \Fh§ RAESTY PGTCRISE QRS BHBRBE 1S set of
prder  di spl ayre@in¥h 8ifild pfoks Bhe@ Feferend2 @ #hedra$ breReences to child proxy objects. As

30  such the child proxy object array entries for a presenter object correspond to the graphical
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include: solid, groove) ridge, inset and outset. A bounding box property

410 specifies the area (e.g., rectangle) in which the presenter graphics

(or children) are drawn. The default size of the hounding box property 410

is the same as a size specified by a |ayout size field 4b0. However) the
e Tayout—size thereby enabling the —

esenter to draw outside the |ayout size. 22 On the other hand, if a

ip property 414 is set to true, then the presenter (and its chi I dren

esenters) can not be drawn outside a rectangle specified by a | ayout size

eld 460. If the clip property 414 is set to true, then the boundi ng box

operty 410 is no larger than the |layout size. This ensures that the drawn

esenter dyes not render 5 graphics outside its assigned | ayout space. A

ni | dren property 412 is an array, or alternatively any other suitable

il ti el ement  dadrfenbéHildieh tr@)pafeMataphicAle@meh@ligf AHiGARe fafenfpresei@Pd! €S,

Di nters) direct/| nd| rect etc.) to child presenters nested within a parent

esenter and ¥#8PREdt r ansformed | ocations within the parent presenter's .

hyout space. The children property 412 is popul ated on first use in 10 the

bnt ext of an OnUp tﬁ met hod. cal | Q% cussed herein bel ow) g

esenter. "On fir FASPEFLYt e graph! et ap’é’i’&?ﬁ‘?“‘f??"’é%‘f’ef“c ‘é"tﬁﬁ‘éentl ally

pquest s the Cd%bkddﬁd‘ﬂ(l%@ﬁddhﬁn@mﬁhﬂcbﬁbrﬁmﬁt?d‘n&ibdmhﬂdfﬂfclp@dﬁeﬂt&vmmmﬂt efl Wi th

esenters corre to ca enent s ica

ement corressﬁb‘ﬁ b‘ai‘%‘ VH@"&L‘\%E%@%@'@W@ ”?'FSSWFWI?e“'lSr"@@“ eaddh F%bhi cal

ements in a thaprksegr ais@a“sel{ eTl@ npnﬂimﬁdm Hagdl&tcmarses 2DGare defined &Mrhtfig&m

operty -~ |15 412 faci n ni n

of | ecti ng nes °te‘}cangﬁ1§ﬁ"fif8n ecass f heno g{’?oa’p&rl"ersbéﬁt gﬁﬁﬂﬁsa"a@ reavr? In an

rbodi nent of cﬂdsethamémsrammterfabnefoamc agnt‘eattormhasildrelfaatEZ%ede’mdndicemomxy .

pj ects. The Gfihhg &%Qgp\é ?&Ad% ﬁ\r gxtéfyfa]@@é’e%umbﬁ% SiruBfm PddL thePEREENt €

hj ects that are nes hint play space a '6cated to a par ent

esent er obj efdithe rrrw&;en@man@ qf e l&ﬁ?‘@@qd lwhap‘pé'rcatmé@lsﬂ@nbsﬁpﬁMam on and

pCuri ty needSycfRadded with B Ed?%eéﬁin&lﬁfﬁ%&ht%{cliskég‘zw ﬁmmamﬁ i@ ent

esenter to its contents). The I'p prop ertly 14, as expl al ned above,

bnt rol s whet éasses §24 %W@@ﬁl@@aldryoat ypAR resalcwlating oply tegmeseriebiesls cl i ppi ng,

b the layout fedifd B chengdds e%eett&eo@espoﬁaegglfabﬁ&r EWmH&e th &Y &fodihentor | € d
DO. A set of pro perties designate the space allocated to content within

ne space br d1® wrl%éﬂ%ﬁca"qwa%w%Psrr ot Fephisal drmren AT st y 404, a
i](jldl nNg properdombihdfons PRGhdes Xﬁeraﬂluﬁlﬁﬁlpaﬁserﬁdcrs SPorefled 1054 d@gré erm][der thatI is
Pf t unoccupl e cont e cont ent ert CITlIes a val ue
R e T S o R R AR A A S
Drtion of thdopragkiegtiangssiathe elemeit fis paboses omdnmgthemgxlﬁmpredamemﬁrues

pecified int r r 416. A
o ent i dth g%erg%f'ﬁ vE’J“Pge%cﬁ %res‘b% tg-g sggpﬁisgggr%c ?:gg{ré)sﬁ&{dﬁxﬁe Cath
| ocat ed 20 cngnﬁ@non hantilqr tpea Vphqas@msencrabﬁerfora\o@bmmtrmgstirmated that bor der
roperty 404 hei ght
L operty 418 Z’%ﬂ"’gﬂ‘@é‘ﬁgﬂ%ggﬁ[& ¥he éeﬂérgg%e% Qrga?es ak ﬁesgg’hdl r%%g%%gﬁ y the
rea of a predendlerof thespecifisd Hpe em‘tllﬂ&# uhyn@xfwmné\mlqntOdhppres#eWt@aery cont ent .
hei ght property figRnR96f e mtﬁmmmmﬁrErxsséLZﬁ‘raaaﬁmaw&epo%w@dméﬁel ght

nd width of a presenter, and these two values include the content, padding
hd border di rEtelepbicctaats ity ind thewsfognieayireapdating Im*zllbaﬁa%ﬁ%?rhurt wi dt h |

Opﬁ{ty 4324 ?Hﬁﬁidfgmaﬁgﬁtwgﬁcd\&maﬁa Qspzcgzamm ird atnbﬁﬁdif&ﬂgﬂglefcr%/&ﬂn th]g:
i ght pr oper nd wi r are r ovi or .a specific
Fesent er obj 8% PFRCHERN ﬁﬁrﬁ F@)%@F trpligpsign g%&i -Etl 168 bt oper t y

2 speci fy baegepss cflﬁﬂgetrbﬁﬁdé&bnsassaﬁ&b(gﬂﬂldth'& graplieal wesléd ixhopeking stéd4. 10 Yet

hot her di nen al operty for rs i s a narqj roperty 434. The
o o omer 8 HaaueR et buion eaerls ObBe ssebist v 20l s BEhcaton o
prder. The neiagdiér dptenmiggsta)podidd, if snysqfeie présertlerliat bas(bbénladfeﬂécelaeth& eangend i s

C d b i
crar oy B e ang ShFRaReSon bRty ARG SRefar R i tBh i hd T

sibility st gtr®enér sidnan pole Jthe petented fa@narked as "dirty" by the presentation engine 212.
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15 visibility property 436 is referenced to determ ne how (or whether) a
graphi cal inmage corresponding to the presenter and its children is
rendered. I n an enbodi nent of the invention potential visibility states

i nclude: visible, collapsed, and hidden. A nunber of presenter pr opertl es
At et—to—t++nk—presenters—to other—ent+ties—tn the
| ayout / present ati on managenent system A presenter property 438 specifies
the type 20 of presenter that is used to | ayout and render the graphical

el ement. The presenter type is initially set on a graphical elenent, and
the presenter system 200 reads the presenter property 438 firomthe

graphi cal elenent and instantiates a presenter object corresponding to the
present type identified by the presenter property 438. The presenter
property 438 is passed to an instantiator that, in turn, creates an

i nstance of entifi PE.y operty
440 specifies q\ﬁﬁ%rgﬁnter yﬁtgrq 2?@?3%9{“%5 b cﬁréy §§ﬁ5éncrrr§§@ﬁ g:{f%ggﬂ% 5“‘%%

(e.g., last) prraemm«vtunennaammd ferfa mﬁemedlewrw%)emteﬂ%eramdolﬂapme iniat h a
graphi cal ele 0, the mai n
presenter for g?ﬂ% Edéﬁ%?\a%tﬂfﬁg Fir:\dgr]gg'egv thgbrgkenérmpg gﬁ@%ﬁgtl}i‘}eskrﬁ

i nventi on, théySFﬁm\mOnIPiOb@énPﬂatﬂgﬁﬁmwwﬂb’sonahﬁ%bvfé?fh‘ﬂtsyBbuspﬁhﬁperty 30.
An el ement sOWRELrBEARRRdI cfkés%s bakenbiid lifRing RFoud LR RAhe £1BRE Bies bothe Whi Ch

the presenter was instantiated. Referring again to FIG 3, the ghost |ines
connect i ng th@fcﬁ‘d-“ef°‘pF‘éﬁs‘i§?ﬁ"érfE°"(W?‘e%ebtebgﬁs“ég%nd| ng graphical elenents

(Ex) represent theﬂé?ta%féﬁt'ﬁnh@ﬁﬁﬁnﬁ@ﬁérﬁ%ﬁ&@tuﬁ%ﬂbb?mﬁé grédentifiventien el ement

owner property 442 | ayout ~_cont éxt_ propert specifies | obal
context that PBw3eS mn&ee@errtm‘)éﬁnw&cem e&tpufregi ﬁirdwawmngv }ca%ﬂﬁ out

processi ng. Tlaﬁm&ﬁ!iM@ﬁltl%ﬁﬁfﬁﬂspla@edi&@orhlﬂﬁ/w&elﬁ&ﬂﬁ@%ﬁe\@r Omrty 444 enabl e
presenters to . pass nessages independe tl%u EE@% stem 200. A
notificatiln I‘Fé(ﬂ‘mpéprs‘m&"@bé‘tai‘%ge‘ﬂ% Sl?f?@’cﬁ“f L réd?pécl"élr' PEY™i8t i fi cati on
handl| fe_r for tfp&ptb&&&ﬁilitﬂd‘wlftlﬁeﬁdi)ﬂ tofgr@ﬁtchl@lﬁbphﬁl?ibﬂr htgnmbpdxoqemrolf;he_dfﬁg _
specifies at notific nef.el tification
handl er pr opeﬁl Ny 6'%" Waagerdtolu??esasssoﬁlragcgé”r“ JPeABGIYRS resgﬁﬂlog)éna&\%pﬁ@r a
particul ar premntachlthasrelmeienlccmdmecttml(rhemtftet,ldemmfm@criwmace@ update
PrOCeSS! NG, o s SR Flendhy B AN AVILAT SAGH A Silp OBmARGRL Sra0f L e

| ayout manage I'tecture support I ncr rocessing of a layout.
The dirti néss cpnpytisg systens Glowmiant in pthecknibpdimgeth ofsheiseemtion, thermrpéh‘tfé@ on a
present er by g %sﬁm@@s&mfemﬂa cftieP HE BleSE A AR 118 Plhe YRUGIRD. W LD
continued refere nmp

da, an ex ary set of fields of the presenter
t 5 base cl assysmnezogmwhwwnnqqumoémédiemhcatem 20feerforpeiie reafering he

fields are ComgipnmlageRbsfedRdithe fﬁ@er{tl@r@e rEﬂd@xl: ofn&laﬁ&s' ﬁﬁetﬁ@xs\é&lﬂby kigown
menber variables in the C++ c| asses). nventl on,

the properti e®reauds Phiprtdesned fom the Pgefﬁ‘?feF %EFss't'sc} q tﬁ? ‘6%“’ 5%%‘5%?"}’ H8herti es
on the graphi cad, arlpagedios gréphigs subgysemaing glapiitselavicd drival @34 ar tae oseried and

managed by the backl st store 2 property 20
changes, the B%%“ﬁg & 8P 'cﬁéétisﬁgeé’la'}% apb‘f%‘%vﬁfg\?‘fe{fgﬁéﬁrﬁmﬁ@é t he change.
The present at irenderitiggnstractioas gnd data tesganicalar sieced gitpe dNi@& shcraspmemiert er system
200) in turn r} i fi ester% appropriate notification handl ers 224. Thus) in
the case of a g %pae"r"tn a change notification is received via one of the

af or ement i oned notlnfsummhny@tﬁtﬁaéaydﬁt@rsentﬁoetm!mgelowtsmsﬂwﬁwcmaﬁmﬂlmﬂe not
managed by th cki d ﬁqeprp&ggq, fglgf gxanmpl e by
the CLR). 2I-Ien%té&%’n T mal ggtnot W?rég{i]%g?éﬁ%érlgé#ﬁgeﬁgg the pr esen?atl on

engi ne when a f¢r|aeﬂ>l(¢am1naﬂgbss the pepliFatipn 2@4. Jiayaut proggsginglis perfpamed BY M&eHf'nensi ons
of a presenter bﬁct?lngtgﬁﬁteﬁ‘#roh?a)’s@Wf rp?ﬂ@@i?e?clas;ggkezlh%@?é&tby%ezﬁes@ﬁtalsSlsté’rﬁo is

utilized to arrange neig orlng esenters in a page/user interface |ayout.
An affects | apddt Hemeqsentet@zstqns 99%wrreeétfﬂ\smezyf2°i6r5*¢fé>rfisrﬂé§f°(°§°'§ 30 border)

padding, etc. ), P &hdRé %ﬁa@?xekﬁﬁtcs/réﬁﬁéﬂg& SranORbhicall dédtehts 20& Seﬁé/rﬂiﬂg of the

presenter. An a ects arent layout field 464 |s a olle%d)enab%s properties

(e.g., mar%j)i n)vxeyq %qtqg,(prps(eyt)sr objects) from element states (graphical e ements
multiple view states/presenters to be independently designated for a smgle element state.




25 "etc.) of a presenter that, when changed for an element (e.g., El enent
A, dirties (i.e., potentially affects) the |ayout of a first parent of the
el enent (Elenent A) having a specified presenter. An effects render field
466 is a notification nmechanismthat triggers invalidation and re-rendering
of—the—presenter—Referring now to the methods—of ~the presenter basectass-
206 listed in FIG 4b, an OnUpdate nethod 470 perforns neasuring and
positioning tasks on a presenter for an elenent. Presenter authors
overwite a base class version of the OnUpdate nethod 470 to createdprovide
custom zed | ayout sizingl positioning behavior for an elenent's
corresponding view 10 A first default action of the OnUpdate nethod 470 is
sizing the presenter. The OnUpdate nmethod 470 receives presenter size

di mensions in a passed BoxSizelnfo~ paraneter. The OnUpdate nethod 470 sets
the di mensi ong, SARGH i ’segg'afe@mttchﬁe\l/@YlRHtas Sk 804, WhbEin 48R VL Ondipdflstt@a t he
speci fi ed BoxSi zel nfo default 'width property 428 and default hei ght
property 426 displayaegionsyeh asiagagiculagsiengle anfan SpppIgEHAlPeatedi? g i nf or mati on

15 for a pr eSfpgr,&ao@mdr@e@suneﬁt%sanlgamczh Bﬁm@iﬂoﬁfﬁupsmd sipaRBSN R based
| ayout/ presentation processing architecture, and such sources are utilized

in alternati vadaippoeatenspables g ingls slempntde drvsmultipledewi e tabgraphial slemsat of t he

OnUpdat e net had ih@ndble am@letgr@lmcawmhd 16 bR RSN HRE &Y Svavikty B iewdmaysocal
di nensi on space of the present ase cl ass versi op of t OnUpdat e

. e
met hod 470 iter at i\PeY ae%ﬁclgfﬂe%%scaﬁﬂdepﬁw“m%atszwaﬁ F‘F?ﬂ‘?é‘ﬁ% B esenters
identified i ndetgneocéadtdndbmty mx&aang §he4&3f}$reseﬁkb§dtﬂyeem4 fa@icilitdéd®nsd ons and

chil dren. Upon discoverin senters chil dren
are positi one‘ifes\ﬂ‘tf“rchaﬁe ‘E‘ﬁ%g}o@ %‘Hﬁ%ly é&e@ﬁ?q% °r5§/s n%/@kag‘rilgmgwf Panae s})?\?}{ met hod
(di scussed hedsfelnerprksexhtatw)xeogmdne i ndi vidual children. The iterative calls to

t h? OnUpdai e met h. £ élb ve. 83501%)%(1 lag'o&\tr;‘na%%e et g%ér? £r§hxﬁﬁgrev¥g§3n$9vjn'é ! [per

chil dren e speci er|n Its size
in the | ayoutadsamced lfaycmlt ﬂ-odeﬁﬂnafeatunes @raapﬂtmlloys readeting\grapha®| qutpphiong chi | dren

presenters) ! B lHRIAhE R m%gmﬂt%g TRE S et il fle Dibfenk flrdpflcar

I ndi cating whet re ren I's desire e ca
OnUpdat e net hdemetfdnto Mujtiply vigvestates (presentersh aids EpBinatianging dizjdingglements fnio narre for

the presenter mfxlﬂgle EQGmL@(X Pt oF gaéﬁﬁ'ﬂgﬁ))ﬁ aﬁﬂ&tl% Wih ken@&in@ p¥intet di@ut or

appropriate |lis resenters 1ncl 9 t hose mai ntained b exten5|ons to
t he preseht er%P"“m@“‘P@g’l‘%‘t ¢fra %E‘@Pﬁ“h‘ﬁ’t%ﬂ’ aypqregns Sugh appligetiensinciidsisb e to 26

browsers and word processing programs.

Another benefit of the multiple presenters is the ability for applications to perform
multiple attempts at fitting their content within a given display space. The applications
can instantiate multiple tries on different presenter objects, for a single element, with

20  different input parameters, and then allow a user to select a best one of the displayed
views of the graphical element(s).

Yet another benefit arising from the above-described layout management
architecture is the ability to perform incremental updates on a view comprising a set of
presenters for a set of corresponding elements. Change is implemented on an element-

25  by-clement basis in the backing store (See, e.g., backing store 308 in FIG. 3). The
notiﬁcation- handlers and the presenter system 200 provide an infrastructure for limiting
update of a corresponding view to the presenters that have been affected by changes to
corresponding elements in the backing store.

Still another benefit of the exemplary layout management architecture is the

30  ability to adom view states of elements embodied in previously created presenters. This

is accomplished by chaining additional presenters onto a presenter of a type specified for




~conmuni cate with another presenter object in a non-standard manner (e.g., a
manner not currently supported by the presenter application program
interface). Presenters register an atomand then set the object to whom
they wish to communi cate using the atom For exanple, a child presenter

esenter registers an atom | abel ed/tagged "Descent" and receives an
entification for the atom The child conputes the descent and sets the
lue in the atomusing the identification. The parent presenter then uses
e identification (that is also received by registering "Descent") to
trieve the stored information. An OnUpdat eBoundi ngBox net hod 472 produces
updat ed boundi ng box 10 property 410 for a presenter. The
UpdateBoundingBox nmethod 472 is called if the OnUpdate nethod 470 returns

val ue (e. 9., 5pdf; v t ring is re he
fault inpl err?a té#?aéneiggqlt)ﬁ)@ %15%1 g@%tdﬂou‘%gﬁgpg (§(>)<erne'tlct‘?é'(s.f”r%’3E c?f‘raB ded in
e presenter yac yae@anssbar Wrds efsr BROTENestae Spdafis ad in the
grsyment optput by gddingsb ﬁ%sbhkmdr@ pdafied by aed h
ni | dren pr Opeﬁatrthuﬂlgre;eQ{er?ybcefop&?é&ﬁ%?r and conbines (i.e., performs a
npt hematical 1 ~ union of rectangles tor) transforned children's Bounding
Bbx properties with the di nensions of the presenter stored within the
prop h the di f the p d hi h

| pyout sizesfield 4f0ing dederiteasR g@ﬁé‘a‘lﬁrchm&{u%meqwo%&fag&&ﬁts stem
ﬁUpdateBoundl n 8 mit hod 472 al so accesses the clip p roperty 414, and if
Lo

is "true, € RicFt @ﬁ“g%aﬁmpw diesieddo Fl%ﬁtwdemﬁere Herishipen

Lese”t 20 pr esEqLor B Reerore LRt e crral nnrEoR AP RALIRERD el

rent 20 presenter ters

el d 460 di nelf§i® ‘H?a% &Gﬁ?’?@'?ﬁf‘%‘c%%@&f’“‘%ﬁ‘éﬁ custom zed presenter
asses call the bmsecepuuﬁeemew deﬁx&sSpa-nduaiMyﬂﬁwytngeﬂ@dsetdf@%pﬁeeﬁa in
hei r overml t

e?em ngre esctcﬂm bc nng) gjg'}gltnvenugr Bre_senters are
| owed to estiate Feor aK™Erasings chg? P FREFDSEREEPIY: (Ui red. | f
he boundi ng bambogimepafthe inkEticnr ©dew & cﬁfh&ldlb@la rdchagle inhw oafpeaﬁdneergied to draw
he presenter, t ased. up n t he. bou g box
operty 410 d‘i‘%ﬁaﬁté?g%% g%ggflwvegg?cgar%glg rlcp%rpo Ssle?ﬂ’av‘cwﬂ g-’ﬁ r}‘Fﬁ?{'hod 474
i nvoked up(ﬂ’fﬁnwesemseqcytqdmemgqmmded E.nqhe Yiew. rEathhambeer itignoteiihiast mnRender
thod 474 is [ resenter
and any of |tsatnr§ﬁ1|b9(g*rngﬁ g'rhg?é’%\“@?é&h%@%%%ﬂaé‘td QVI{hq%s gﬂgﬁ:ﬂﬁer s%r ef erably
i nvoked!daf tiaytancee-2ontopeniar systaat 09l fog Yigwi2924 and plesatep systeim 2000l far tvigW
presenters in gyhayout (e.g., a scene). In an enmbodi ment of the invention,
the OnRender net hod 474 is invoked 27 on presenter objects based upon
et her the OnUpdat¥atheettinges rafersnectp FIGd, the hpcking stoes 308 ispmprisey atauganizedl an

i ndi cation thablléctien mge@eiaaxerenree@(masomecmndﬁéwsrma Ada 20%b. egodi nent  of
the i nventi on, met hod 474 Per orns

devi ce- | ndeper?daé’ﬁicalﬁfgggtﬁf%% ‘E?r?f‘ﬁ“éf?Bﬁ‘l'gaé‘fZF%\HﬁE?Péf‘?{‘ SHRMBIFS Yrlemspts o

present er . 20Qx hm1udeoengrm‘wahs)r interfdce (GUD buthua of teR(ahél s tsxtb&mﬁmmarwl gr aphi cs
devi ce dri ver e ent er iew.in deV| eC| fic
format. The caost%‘ etc eé;"?b\‘/)g egtnogﬁ1 f‘"“’ﬁ‘é’“dﬁﬁ%‘ﬁ%‘?‘ ﬂgf‘ ﬁ)fﬂ ®ncl ude calls
to graphics ge)aémrmtsmmzascmmaegwsn thé farnef ¢ o6 Ehelr elayeat @EX) inohd serader

raphi cal doc
ignvgnt i on, %g@g&@%geg%mis/ gé@%ﬁ&g?@%ﬁ B}ﬂ"‘ecn%crj' & smrerzaﬁbscfsTﬁ'atﬁgﬁ' “ﬁ Bifers the
contents of a of propestitsiplacehotdersdivhigh campe eithiel ekplicit orrimplied dinl @lyep etplipit ocessi ng
stages. Duysi ng, ggﬁggg f gg%, ] ect
i nvokes opesr at |r ogg1 esl gﬁgétigd% g?lﬁérg%ugggx%h @ ag&gldg{sggg{séﬁ %hgg
chil d present élegents PPealﬁYané??ﬁ'GWPRat gt igsed qqéammdﬂndcr thﬁtmtctﬂi@sélecl ass
i npl ement at i 0%ra‘ﬂfuc&l@%m@i\'ﬂ@%ﬁéraﬁﬁh@@tlﬁ? éon%f?éﬁks@?&c%mh@ﬁ& siddm.CSt oM zat i on

and does not specify ty prepr.ocessing operations -~ during the
OnRender Bef or é@ﬁ?q“ai"eﬁ" dheigeentiony the ghained greseseasase explicidyidefived, E’Ed repl acenent

for this def aultémma?vaur&&nphgd@&ﬁadabﬂps&yenﬁé SeaMdg, aﬂeﬁh‘l@ﬁt?% baekgeeound for
the presenter's display are The base cl ass version of OnRender net hod

474, durimg aPE"rﬂ’F‘l‘)G?féYP P'éﬂaei'nhﬁ%f Rardey ehaingd pregegisn)- grqaﬁres@?ﬁsépec@eefﬂn dren
presenters identified in the children property 412. 20 The OnRender met hod
474, is invoked in turn on each of the children presenters (to the extent
requested by the children when the OnUpdate net hod 470 was perfornmned).

Thus) a top-level call to the OnRender ! thod 474 cascades down to children
presenters, and their children) until thé bottomof a tree is reached
(i.e., the presenter has no children). Wen the top-level call is conplete)
all the children presenters in a tree that requested re25 renderi ng have
been re-rendered. During an OnRender After Children stage, the presenter
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30 operations during the OnRender AfterChildren stage. However)

custom zati on exanpl es include annotations) adornnents, etc. 28 If a
presenter does not re-render anything other than its children, then there
is no need to overwite the base class version of the OnRender net hod 474.
However)—if—anything s to be drawn by thepresenter Ttself, then the base-
class for the OnRender nethod 474 is overwitten to render graphical data
wi thin the space assigned the presenter. The replacenent code includes, by
way of example) calls to the applications 230 and/ or the graphics subsystem
and graphics device drivers. A chained presenter is in the tree of
presenters for a particular view |If the chained presenter requires
re-rendering, then its OnRender nethod will be invoked by the presenter
systemin a manner simlar to OnRender for a main presenter. 10 In the
context of t \r;v%ﬁ RER Ll'eﬁ@t;té §erdd upgr\ {heb tgularrgﬁgﬁEzﬁ elefhedt 2aRd ﬂgﬁ&s célgrr fo t

i dentifying |ch presenter falls un ticulaz grid polnt

gr aphi cal usepameyheightawidtheeté-d space. For exanple a hit-test is used to
locate where a MOURR LRKidytsie 208 id RERIRH Wil gmaﬂyﬁ{uugtvms% SaRkEr 1t
sits) when a user selects one of the nouse buttons estDetal
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b esent er t haliRIG ER ISR (8 Hpphce] e ar Ay oS BREHeT B ¢ oxt) . 20
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viewresult o { n L eGOr ner position of a
presenter. Qﬂe?g&\% Pé)oﬁalﬁﬁgﬁag% t%%bpﬁfsgi fr]lé[i'ac‘)’Rlc!'lf&mreggard| ng a presenter's
state is deS| red) Asuciansgguenesof pmregentatinearchifecturs)embadyingabarbaiqdederibad t he
presenter, thﬂﬂhtﬁ/%t@%ﬁulﬁﬂ@$éwyﬁﬁ§br@§nﬁk) m%am:fu%atoﬁ Emﬁ#&v't et hod 478
is overridden to provid desired 1 nfofmation the view result
obj ect. Alhi t cleraas ingherbaekingstrrs #18; ¢ grarhicahusey lﬂtet’f@‘;@t“% afl§isPlavine t r ee r oot ed

at a specifiegup es&ws%fasam%mmalda rﬁlaeb{agraﬁm&x El'@rﬁedt@%l' coordi nat es
of the presenter) are passed to 30 the hit test nethod upon whi ch the

hit test is t#apelepdihentpricationsughias MIGROSGET' hB@WEBQOH*éT mmmhttqne%st dat a
cont ai ni ng thaewmlsh&e ¢ suppétted] the hf VieWQhd the BredR% (SRR IDidW, frRd 29
presenter. The reFéJ ts.contain all visuals hit by the point. Avisual is a
base object (¥ sidegrsnhigabelamegty, which a presenter derives a display inage.
A visual k8 a gr aghealshqhxp aedte malvpla gresdneer alsjaﬁbisdandeyfdr@slaglé gaphiyal dr aw an
;gpsgfafncta_rﬁsg;?%mlgg }acﬁjla?egp?\{naf)on&%sunglkﬁappxggl%ﬁe?nngt?e g8 fdogﬁlrgeenrt]ge%r}pcal » t ext
i mages) Vi deozcrass multipls p@eSsolBypes sl Wisre orsighpbical 8Rmentoyspiemras twost of chi |l d
presenters pr f e The |ist of
child present g:éksow El|%rt§‘zl=at e£€%§%§£eg{e%g£gﬁ eﬁ:ﬁﬁ%‘r edélgg%rg‘ﬁ%%g%)l gvéml ayout

cal cul ati on (esfegengce @cfhfﬁa?r P nayendt pressnter abjenyfe.gH15) teceivasia ppasedrerssty yromal cul at ed

| ayout chhkdr SoRiP AGRLF e @gsimaﬁatu.?mw?o%ten{wmms Lnxmgﬁk&ylt@{t%amgme 10 i f
there is a ma resenter discovers its children
by referenci n@S)tlhme&emblm@wsmmey ﬁWQC‘U@IPF%W?T@hI)?CtF PBatpd 88thot have to
override thiscm I_:[Jagﬂng HW@YenpﬁrLtdafxd &Hﬁlc@'oﬁﬁ%mas{ Hﬁfg)&s 8n the document, are

Get Chi | dPr oxyFor El enent net hod 486 (descri bed pel ow)) .t he OnGet BypassLi st
met hod 482 |s'“§f€H’éY€éPP‘§Ff6R9§P$°f %@hd‘SH‘W%ﬁe%BﬁWide%N gophisel elemeglBlyt  syst em

enbodyi ng the pres@finothey&ed éfistantidling RRItHRSResdReri oLl @inﬁ]h@raphlcal element
Get Chi | dPr oxyFor El ene

hod 486 is cal OnGet passL st met hod
482 is caP? edarﬁésf‘ﬁt‘l'ﬁcfsﬁé’?‘e tsde-grel %&F L.afgg' %{'ﬁﬁﬁiimﬁ?’ CRAEEYBPect
creates and pgppHial @éméi AhleRymdld &fta chdifidd pediedied iroVided Ol jckuined ptedeseer i bed
herein below with reference to FIG 5) that it cached froma previous
| ayout cal culation. If a presenter object does not have a cache for storing
the recal cul ated child proxy objects) all,g child presenters of the




20 presenter object are recalculated on every call to the OnUpdate net hod
470 on the presenter. A cal cul ate bounds nethod 484 cal cul ates and returns
t he bounds of a sub-graph rooted at an identified visual. A child proxy

obj ect, as expl ained above) is a wapper object that acts as an 25

| Aterredtary—between—a parent presenter and a chitd presenter fora—
particul ar graphical elenment. The child proxy objects for the child
presenters of a particular presenter object are referenced as a collection
within the children property 412 of the presenter object. The

Get Chi | dProxyFor El enent nmethod 486 is a nethod on the parent presenter
object that creates a child proxy object and presenter object for a
specified elenment. The 30 nmethod, returns "null" if the specified el enent
does not have a presenter. 30 An OnBef oreBypass nethod 488 is call ed when
a presenter Syptgn a0 ms:jx&v@des P¥&a& SrouRd p@&ﬁ geaeaﬁewm@m:@rm(m e., to

skip a call to the presente P at e net hod uch §¥ ass occurs)
far exanpl e, \sbidnhe ters synpliedhnacdata fildithinygloment B Btk ressriepq %F’H’Hd 470
call input pr { U w s ST SerhdBOEShy STy ¢ htal changed
fromthe | ast %%%% lﬁgidgb/qrr%?ﬁgd 470 cal | toet he r%?eﬂgmg ﬁb‘?'g;? OnBef or eBypass
nmet hod . 488 |Cbm&mp5érlﬁ Wmﬁ@@“‘@ﬁ’ﬁ%ﬂ?idﬁg["ﬁﬁéﬁﬁ ngeRte f)l"l"ﬁ@“’?ﬂ”é’g’éﬂ& ers, that
have their sowy &isd QieGOkdR el él@tﬂen@f:orf‘eE\io'nﬂin@foQﬁWoﬂ&]cBﬂdr&l thithahaikddat use t he

Get Chi | dPr oxyFor El enrent et hod 486), to. reuse t Xy .0obj.ects of
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Dl lects a MnWdth value that is arm%éggoduct of a %é%v Wdth ¢ I t|on
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(B infinity) and both directio sen 4|sa

c gnstruct or rré’t’?ﬂfdaf“@)?“"ﬁ°’ﬁr“é§‘é’2?§fenfeﬁ3 06@” grglée cJﬁ%EHfﬁb é}eq494 has

nb par anmet g5 S. clabbRclndiag &NAPYto mbich de pde@ehtarslassmkwdttmé‘he piesenigr S€Mt er i s

i pstanti at ed enter S r rret hod 494 sets the
Fesent er i nst%ﬂééreﬂ%{ SERPBT & e%?%@%&qgs %)Q}@ tp‘{r‘gﬁggﬁ , OnUpdat e) on
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t hsk) to be pey th QBEH6Hd gueue of
| pyout tasks tO cﬁgst\%etzﬁs ga s%t&r?&ﬁxb‘ﬁ‘re?ségczﬁﬁ\ﬁ hsystﬁm é%%ﬁap\?\lﬁc?n t he
S
2
n

-oq-vc:mmo-o-o'-*o—h—h
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ptification h resenter
way of example, in a tree structure built by an application in one of many possible ways.

Examples of such ways include running a text markup file through a parser, using code to
instantiate the graphical elements, etc. The set of presenters 302 tree structure is built by
the presenter system 200a in response to a call to a particular method on the interface

30  (e.g., DoLayout) provided by its presentation engine. As explained previously herein

above with reference to FIG. 2, the nodes of the presenter object tree are determined by
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An OnQueryVal ue nmethod 498 returns a value corresponding to a specified

cal cul ated value for the presenter. Having described the presenter base
class 216, attention is directed to FIG 5 that provides a summary of the
properties and methods of an exenplary enbodi nent of the child proxy cl ass
2 e S =¥ Sy —E X PHEHRE S ——an—enbodi-rent—of—the—invention;—the 16 -
hild proxy objects are wappers for presenter objects that are children of
parent presenter object) and support limting access by the parent to the
esources of the child presenter objects. Al comrunications
request sl responses) between a parent presenter object and a child

resenter object are routed through the child proxy for the child

resenter. The child proxy object holds a reference to the child presenter
nd routes 15 calls/requests by the parent presenter to the child

resenter. In an enbodi ment of the presenter system 200, the child proxy
ass 222 i nclturnedessf thelzeaphical elswsatyirep psspriated widmpartisaler WpkcThe BaphicRle el enent
N the graphi Galmehls WiBRtaSicPfe Wirddhindl b fhe tdde gafHidatlelth & Ypesifit€lopthenced
fesenter is associated. A transformproperty 502 positions the child
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attempts at laying out a view and saves the tries. In a third scenario, a presenter (e.g.,
Q4) that is dependent upon another presenter (e.g., P4) — as opposed to the data state of 2
30 graphical element (e.g., E4) — is chained to the other presenter thereby enriching the
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OnRender conmmand on a child presenter associated with the child proxy. A
query val ue net hod 540 provides a presenter value corresponding to a

cal cul ated val ue type (property) identified in the nethod call. The query
val ue nethod 540 call is delegated to the correspondi ng OnQueryVal ue net hod
itd—25 presenter objectT-A-query tayout—size method 550 )
fovi des cal cul ated | ayout size paraneters. The query |ayout size nethod
b0 call is delegated to the correspondi ng OnQueryVal ue nmet hod 496 on the
il d presenter abject. A conpute M nMax net hod 560 provides a m ni num and
axi mum wi dth of a child presenter. 30 33 Referring to FIG 6, the set of
nse cl asses associated with the presenter system 200 include a

bt i fication handl er base class. As explained previously herein above, the
pti ficati on handl er objects receive all notifications regardi ng changes
ptentially ef i 1 e

cumul ate”af ({PRLIBRA BAEREBE B ASRARIELES, b LOuBIR Rt it
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ncl udi ng a net hodﬁth poaggg ?’%@l{ofeg%g(}//vgn‘paﬁﬁ Beg%nr@t? Fgé\%frrhg%nikﬁgb ,gé;: ment in
he graphi cal Oéleétmtast!ﬂEOé fgm)thgﬂalsmrqzcalclaammqmsapszormqhwh\mresqmme

pti fication hﬁ'\ggﬂo%pbr'ém%&%&ﬁér%ﬁﬂ In th@grgﬂﬁda de mmtm?&m& egse class

hcl udes an On provid s notification of dirtiness

Fa parti cul &FUAEEEEViaed2p heshiid @sztﬂbpeé@tare rqpsesenterh\Rt the drroveheads én tho 0

ptential |y i nakdidasectielh fatedngrbsenteiss it BRilaPrbséliver bljadtd. Ve RRild frbSadbjeel t asks
by overnding .the default action of %r oVi d ness property val ue)

|
at are execUiBtPoFH PRAREHEReIH!F fv.'ﬁ@h@mﬁmf E f%on. The OnNotify
thlod 200 recei velfsomcaﬁm; Haﬂc!ll_t]l'ﬁ (T{D)@h&ﬁ@ip&ﬁlﬂl%@ﬂdﬁ%ﬁg@&ﬂ@éﬂ@h&ngapr&b?%e th?t
sulte | a tificatlon e turn ean val ue
di cat i ng%é?’ﬁé’f dagg stafe ehapges t‘h@?‘f g ‘Ea, ﬂﬁﬂ%h%%%gﬁnﬁ? lees N%%e change
itself (or neh&tdnedl td the bﬁenmaﬁesmapxyseh@nmhyoﬁymmgemt syﬁﬂeﬁamm& fandl er
r an ancest r&Fresent er tree iew). The nethod

e
so returns Bt f"ﬁ??@%’aﬂpﬂﬁeﬂﬂgf“ \l “hldgi/m%sf'ﬁ‘érf wE’ﬁ’ea 'é%@ﬁ?“ésrma% "cl ean",
irty", or a ecledientwithystiemder”. 20 An OnLayQut Task nethod 602 executes any
sks previously queued by an associ ated presenter through the
eueLayout Task 496. Referring to FIG 7, the set of base cl asses
associ at ed!Swi t h t h¥ithreferense &g Fiyac4aandADOthe presenter basnelasa dnsindes apstaff | cat i on
handl er site Gleiipds, prtderiR0l bR AR ARRHES ofihd ifyehlidt: e bfo éetdrd!  © obj ect
pbssed to a nOtIfICgtIOI’l handl er obj ect that enables the n flcatlon
handl er to i npeseesedhon # pariaiar sferansed preseaterabjsptiexeking seyset %F@%‘éﬁ?@ﬂ‘esyst em

200. The noti fobfeat iAGRc th p&tytﬁo%e@r‘ﬁ%séﬁhﬁ‘dtk‘ﬂ@éfcﬁiﬁeﬁk%&%acﬁ%uﬂ{d property
700 specifying the grap el enent object with he notification

handl er site obpaskgoynd oaa§§ases°afr@a4°23ferw Yy speclying o ARaRitY 195702 regi sters
ﬁ p(rj |OV| de%?st ][bhdl@roﬂﬂdrﬁkl Mrﬁé’tlpfbphhﬁt&dﬁ}tﬂdh veladépRetyirgdre :marcneas dfatbbidecat | onI
andl er e functionality of .the r ter ato t is simlar
to register at Baﬁﬁ"r‘?‘é"tuﬂ‘gg‘eﬁ% oh &6 Pres geg f?é?%?%c%\%g '\af pﬁc’pr’@' 2?4 L to the
present er basdorckasge, fdinealnesgaditating the bordersidilcfortB@top,ottbroright anddefs f or
conmuni cat i ng

an
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sides of a rectangle assigned to a presenter. A border color property 406 specifies a value
designating the color of the border around a presenter. A border style property 408 stores
25  avalue indicating one of a set of border display styles. Examples of border styles
include: solid, groove, ridge, inset and outset.

A bounding box property 410 specifies the area (e.g., rectangle) in which the
presenter graphics (or children) are drawn. The default size of the bounding box property
410 is the same as a size specified by a layout size field 460. However, the bounding box

30  size can exceed the layout size thereby enabling the presenter to draw outside the layout

size.




requests by a notification handler to other objects (e.g., presenter
objects). A create notification nethod 704 creates a new presenter
notification object and initializes its fields based upon passed

parameters. The passed paraneters include an identification of an atomtype
f=treh f 1ion object—type) —and notification data——
notify descendents nethod 706 i nvokes the OnNotify nethod 600 on the
tification handl ers associated with the descendants of a presenter) with
ich thet O notification handler site is associated, to pass a specified
esenter notification. The notify descendants nethod 706 perforns the
nction of notifying descendant presenters of any changes to a parent
esenter (e.g., re-sizing). Simlarly, a notify ancestors nethod 708

vokes the OnNotify nmethod 600 on the notification handl ers associ at ed

th the ancestors of. a.presenter, Wt ication handler site
associated:'to 8 tl'ﬁa?g% ang’ﬁé%fl%plpé%f"&g@‘eﬁfeé OHHIS ﬁ?"i Eea?rcscgﬂter (ﬂﬁﬁ stors are
term ned by chﬂcamepruemgrs)dae ngrteghavaautside e nenngle speaifitdineg laquGslzeajeld n the
cking store 208 | nt king store
clude a pr oﬁ‘é?trm}e ?9mgecw€lg's Sg{tﬁgﬁgghrmﬁ{%%fm%%gﬁg?mp eg?%‘%) of the
aphi cal el erapdr thaA thedayobiysizz] Thisenshms thattbe dmwmklesrntempemﬂmmdéry met hod 600
the notific all presenters in a presenter tree
ed 20 b %%hﬁp?ﬂﬁ&qls%s‘&@b Eg&'?sgagé notification. Finally, a notify self
thod 7 t 2 provi el@bllcaerrmawsty%ihsanpraeysemtenattvolylanwwkesmnéle@mil@rt| fy met hod
opo Lo mark | hslch dllalorrd Uhd L0 Ieferblofi (e hﬁ@le?é@iml'sa&yecl\/lbﬁw&é?& gct class
i deplctedfromv\)n (h 202 18 Instanti at Vi ew obj ect s possess

an instance ofto ¢hild Pms@é‘?éh'ﬂeéﬁed Wb‘!‘érﬁ?fe@ Pg“"“‘?&“‘bﬁ‘é‘sEW@W%VSQ“@PHSZ’G@)" and are
t
i

e visual roqge @fenaﬁrksembﬁsu@loat @B@atrﬁ@lcmmltem tfes 18 iRRb @St PEEESNEM SYySt em
stance. The view ob ] ect injtiates al cal culpat| ons on the resgnt ers

t hin t helOyi &g coptextiofan QrYpidts msthedicall @‘sﬁﬁﬁ"éithte{?@t‘lﬂ”wr)rﬁ’t‘ Hearessiser 1 ysed to

cfeate a new \ﬂrﬁ\ﬁ/séobdfa@to wheha pyﬂeﬁ\fdrd’s@ﬁéi‘lséqﬂ&tﬁﬁy ﬁqt&@ﬁ aﬁdhwoﬂaa%&anda
ference to a rrent that is t Sz oot graphical &£ e”g{;'ld t]e view. A
ot El enent prt l’ edisction i populatgd with preseriters capespepdipg i) phifdlcal - el ement
r the vi eW (etehﬁﬁtsva&e%sdpaﬂakue&heﬁk cbhespuglmgtmele@hw@m@mrfrdaeme weeny met hod

0). 35 nmet hod 804 new ent e ree for the view
d returns a gf“é’ﬁ%ﬁ«?ﬁ? nes g %‘?‘?@k‘% Sba%\ Eé@i rﬁrg{]%%'blp "8 ecei ves
i nput pEr anw? écditata emtdpmsguhaxhemgigta haenatchyi refldotifgnestedhelationships with angl e as

|l as two Baq , QEE ' t abl i sh

et her the prga?ﬁga%génﬁgﬁgﬁo#éeg%#% g{dgﬁﬁgﬁk&%‘% %’ﬁa%ﬂgﬁ)ut met hod
4 execut i on.refireRdeaiBl prexypabingtsr ifye @8 proay objediscareivrappes plieass fof childe vi ew. The
ewsSi ze pr Op%gehyntégg)ectgtthré ﬁesQH‘lNYthlﬂrtlfé%'bvylpab§alléutéd tgg‘Barmg)FbsH?& Vi ew
ject is host hin a w ndow, and WSi ze property 806 represents
initial siz2diett Jhe sRIdEFPx obisstSmPPERTRIckenERsYlasiop arndrsequRCAceds e K. 2

tVi ewResyy t cnﬁamgnéﬂﬁmﬁseae@esy@ysaﬁrafﬁmah@ﬁb ictsmny. reference as an

put, and the GetViewResult method 808 returns the resultlrgxgﬁat{ewfor t he

of aphi cal el enent . The SRIPIRPEHY 4 1dutsiexplainedabgyeneaptrpls whether dhreqpt t he

gLaph' cal el ergeRéntérswill 8¢ cdnBifiét Beclipbinglitditht G oR 6lze 6f a [Fésambtiag specifie@bent s f or
the view.
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the layout size field 460.
A set of properties designate the space allocated to content within the space of a
25  presenter. Inaddition to the border property 404, a padding property 416 specifies an
amount of s;pace inside the border that is left unoccupied by content. A content height
property 418 specifies a value indicating the height of content within a presenter - the
height of the portion of the presenter that remains after accounting for the values
specified in the border property 404 and the padding property 416. A content width
30  property 420 specifies a value indicating the width allocated to content within a presenter

after accounting for the border property 404 and padding property 416 dimensions. The

23




A HtTest nethod 810 perfornms a hit test at a passed point within a
coordi nate 15 systemof the view. The Hit Test nethod 810 returns a first
non-transparent hit test target. If no graphical elenment is hit, then the
nmethod returns "false." A CreatePage nethod 812 receives as |nput

d—hereinm belowyand—
geDescriptor (see, Fig. 10 descrl bed herein below). The CreatePage nethod

2 creates a new page) based upon the input paraneters, and returns 20 the
ild proxy object corresponding to the root graphical elenent for the

ge. Turning to FIG 9, an exenplary BoxSizelnfo structure is depicted.

e BoxSi zelnfo structure specifies a set of dinensions for presenters and
eir child presenters within a view, and haw t hose di nensi ons shoul d be
eated by the recipient. A 25 proposed size property 900 sets forth the
oposed size for a chrldgF) %en er V\nturn t he vi ew. X t he val ue
t he propos&ent&t beishs PRt CoRES AR PERETEY ?)zrqetntcf"@ ‘"‘I‘%’P specifyitheq

aphi cal el enpabf dﬂi‘res%nﬂaﬁlﬁktl1§]@tﬁ\tlﬂry&ccdpied¢xﬁmprbenﬂ€m#cfohteﬂ by a parent

esenter before p a rent |ze operty.902 jis a
oposed size for g?‘ﬁ‘ﬁ tg’ﬁ‘tpe eéeaﬁf‘ér‘”ﬁﬁ'ﬁgpeﬁtﬁr Tpegf’gtée %FUSE%}%%PM’SOZ i s used,
way of exanqadu&))fztmesmhx;addame%\dltmainslumsq coiarem;rpqdémgemﬂbovdu ues of the

rent, for l|d The BoxS,ze ur | udes two
ol ean vaI5 H?eé’f)‘ t%@*)&a“é SERT®E lf"é 8&@“‘”3 mé’gny {’%%péc 6 t hat
structs the deﬁatt pnltenhssgnmmmerprmrhémn thh geigh ppperact diandwelilon as an
.Sﬁfdoﬁf'wxﬁfr" opt rm)aﬁe%f g’@,%;tg%i%tt@m | JERLS O&hetglxyesat,ﬁ,um&tgmg ggest ed
[ructure are 4d@p1d0tneuhunﬁﬂdﬁ’g’@°n§53 ¢32 speaifiy boyndb fed the VaJUPeﬁglG&dztempr“@bler ty

300 The Pagg)@p?rey&r yoperty 1000 is a read only property specifying the

ze of a pag I's initialized when the page descriptor structure is
reat ed. AObreak r¥et@nethesdisprapipnal ppertyifer naesenters isaumassin prOPHEi4ty: The char act er

psi tion star tmaﬁ’%]@ﬁrob&t@'l@h Eebidied Duthel dpade oﬁﬂﬁﬁe fHelpRkerdr's bétBerC Thé ARkginPT €sent er
hat 1S on a nex 4;%6 W th rescgect to the graphical elenment that is the

bot of a vi ewrappm 434ds wesifigd byd chidprssristand ‘%Pcfﬁﬁ‘ff'ﬂ@?’ it3, pargnt pesgoiep pien

count i ng baCiﬁnirtgm@atlmucda%aﬁh@i hxae&htmrastﬁi;aésteatert hat can invalidate a
evi ous page; and an | sDir

I%ﬁg 1? g @ cat es Wj’ﬁt her a break
ecord (covering aAb’éfrbt‘lft}SBW"a YCHE FRECHIEY ¢ ?’é‘ﬁ‘a “ﬂrﬁ‘at“h‘? °aPr‘f§§’§fr ®d graphi cal
ST T bl or St 1 et B ot el o an: e | APLEY 1o, p ””‘?*t‘“‘“‘“‘*‘%ﬁgeme 15
i et e_page AP haaRraritF aniireynBaiel Tl iRkl By
hUpdat e net hoﬂ/e@utbntpb&nqtm esidilitestatesiduddvasible lobliapsedecandhalder.t y 1004 i ndi cat es
he space remainin bér%?gr%&g% %r%er@es ere%ﬁﬁﬂzh?rf lmé(g;b%eﬁaé@'fo oﬂm' ﬁtﬁhgs(%n property

D04 is initialize I"ue ra page urning to FIG |1 1) a
bt of et hodshanwuvwmnmtﬁqwnamnwemaAmewteegtopw 43R epepifiestiantynt i on
ngi ne 212,,0f | ?Eﬁsoﬂe?ﬂﬁ%g frded &b’r%‘ﬁ%ﬁ%a& ?;ﬂtc@lyeletnﬁﬁt \’I'h@g('egeg?er fyper, Fig.

A construc on the presen ation engl ne 12 accesses the
ew 202 that ieit#Hbyapys aéfqpé!ctlr“@m?ét’ g ttmesmﬁetsymmr he|PESEMAT for t he

ew (provi dedyb¥nj mmhm&tmﬂeﬁﬁm@tmuttw@pws@mmmheﬁmmd 1102

bcei ves a width and hei ght as passed par anet ers reepresentrl_??g g'ﬁ
ayout

mensi ons of %® WéP(FF'é‘&\FYE@‘fe’ﬁWGd y the P@?ﬁt‘ihg@!’e"é’(ﬁ%ﬂl‘?é’é SERE PIPF

ocess Wi th reaad d ahthstahtatdr At Qrmuﬁt a%attsha ngraaatvfﬂehdeaheewaéssma@@e An
)dateLayout nmet hod 1104, execut er executi ng t he o t at | east
A e bR P

(ce, conmnced EManbressgter propesing FRaHY PR fltfl?gff FRENL ST at ed
hy out f or t thé/ﬂrﬁrWr)Z@% lakt) pregmted Mgt dfehdied pﬂei&&rsrsmiatedwthasgrapmal nput

hr amet er, box.size.in ( t at

mensi ons of Enﬁé‘g“e’ﬂqu{?g%?%tai‘ g‘ﬁ‘t"‘ Pf&?f&‘eaﬁ"l EhS 5?sfp?rr(}?‘a‘é€a\ ai ni ng

nf or mat i on r egeuditigrBy dad\R4t h anteanbodimbre opthe tmmbmnhqjatgsﬂmﬂqemonenan | ay out
| 37
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440 is a Boolean type property.
30 An element owner property 442 identifies the graphical element for which the

presenter was instantiated. Referring again to FIG. 3, the ghost lines connecting the
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content under a root of the graphical elenments 206 for the view 202, the
Creat ePage net hod 1106 | ays out only a single page of interest. An
exenpl ary | ayout processing architecture has been described with reference
to FIGs. 1-11. The exenplary architecture includes separate view states
( ates (graphicat—elenment—
obj ects). The exenplary architecture includes a presenter system 200 that
flacilitates extending the view | ayout/presentation capabilities through a
presenter base class 216 from whi ch new presenter object classes) enbodying
new | ayoudpresentation functionality) are derived. 'The system and 10
rchitecture disclosed herein also include a notification nechani smlinking
el enents to their corresponding presenter objects to selectively invoke
recal cul ating portions of a viewin response to changes. The illustrative
obj ect base cl g il ential alternative ways of
carryi ng out PR EhLioispistBbre B B ) RE=bL g peBABM Mvent s on
and shoul d notdeipgaamdby\md corgerit pithe élergent henes ppetyofd2t Adayonwoentext@mpetty- Havi ng
described a s & /'l ayout
processing ar ?ﬁ?’ g%’f:l?l u{g;g%eb%ng&gtemmt g“%?sgg&gné; Qﬁéﬂﬁ%sag{n?%%ﬁgf’\%&oﬁgn is
di rected FI G piRessinat Thieaiues SOPFCh@ tepd myoubdonisxipyerss s #4drenatfle pressotersde ng changes
tio a graphiscal t ing store
208 changes L% n{lgs’i 45%&?::?&:@22?‘%55{%98%& @345%283 %)%é@%ta {égs)‘%gﬁag#;er ation that
results in a svtomrﬁos‘*‘*éﬁmccﬁesemﬁ%r@we tocveti featipmhapdler ©r thapregenist- Ahe di spl ayed

conponent s of gl A HaR@Er t ropeRty 48 PESH Js@'i)];o kBEa ﬁo@imdtféﬁhhﬁ[& ref@edc&B PONSE,
at step 1202 a change notification, arising froma change to a graphl cal

el ement in t h®Y BECRIGH bapdler preperteddh yved by the presentation engine 212 of

the presenter systgrirdf¥ds préfertiPus0\epycifids \hﬂﬁlk@']ﬁﬂﬁdhrﬂk%ﬁeﬂﬁgﬁéeﬂch&gﬁi ep
1204) the rese(ré1 f‘??é/rlsctem 200 mai nt al nf associ at i onf éween el enents and

presenters i n? Lt wrdats processing. gSeier cxstmy 200\AR present er
is cr egt ed fﬁrcora?@eapmtsaﬂgy@k am@érﬁenaaremfean@rsa@oh%ctdﬂﬁhtgpgre&mh gtai S
created on t el e and is st i nt ai ne t he presenter
cystem 11 dMalin BANEIS MR oD TR OB CH s 1 IR er o wi ||
be 30 multipl dby-li:&%&itdi‘lbamwl'(eﬂﬁ& pesrentprrescanbaﬁx)pdntadt he graphi cal elenment's
cecur 38 (o) T b ERARG RS IR e T M pe S SR i o
el ement) (15) TPhw chacke wglr@mmde IQﬂeemhptluﬁemm" tlteheveptrcms@mﬁ@lds gaCengbme 212 of
t he change, wi ' perienced a
change to one L%&us ﬁ{?‘?@‘g %@e@em{%ﬁ#m&?gggﬁ?gt %gtﬁggﬁé%gﬁ@hg% wal ks the
EPI of the gr&jsksedaln an cetbedimentiofthe inyanige dhawrdpatéss described pbayepresiopeeYent er s
that have beemcgsealweder, sxropm@s ofl iRy pRRkI efelnﬁmgﬂ:tg zg?z{zbﬂlcﬁl@enmﬁQOG)Qﬁ

presenter is determ ned) presentati on engi ne obtains a reference to
t he present er "o¥nedAnd Spesed bh@e ARsking istoret(F-gnbacking stere 208)h MO\5R A PIoREty

notificatizn kedagieihe PARNE ko rdffes@hb prédeniitiof SRR the chéhgd i) in vi ew of
t he above, at step | 204) the resent ati.on lgggrl ne 212 of g(ﬂg{ resenter

system 200 detf&? 8%“1% (- ehiEIeRtgtioprenging,? ke LBr presenter YSigm Mchange
notification apxids €. apﬁ&pr&l’dﬂoﬁﬁﬁﬂdl miaome)zza hEuprnemeaisebfzsgrs;tm amintains a

|ist of pr esen s c%%}gicatlo \srrg ewre] Eianttleo the aforeme tt:o edno 1&Epon han llet s EPI. After
det er mi ni ng a “prELY fRE° Tharge not i éa r'es (assum ng

for this examnmpledistdngthe ghdryaral, a:m ngfinminaged bStlp rbeécemtswe M |(mi9reflmteaﬂ he

eLerent). 5 [RATAER S AL 007 ndlod M RBRRBAGS SELATDC 2 15

reference to an esenter throug
noti ficati on presentation engine when a field changes.

The layout size field 460 maintains dimensions of a presenter's allocated layout
space. The layout size field 460 is utilized to arrange neighboring presenters in a
page/user interface layout. An affects layout field 462 is a collection of properties (e.g.,

30  border, padding, etc.) of a presenter that, when changed, affect the layout of the presenter.

An affects parent layout field 464 is a collection of properties (e.g., margin, visibility,




‘handl er property 446 on the identified presenter. Thereafter, during step
1206 the presentation engine 212 of the presenter system 200 forwards the
change notification to the notification handler using the reference 20
obtai ned during step 1204. In an enbodi nent of the invention, step 1206 is
carried out by invoking the OnNotify method 602 on a particular
notification handler object. After receiving the change notification from
the presenter system during step 1208 (e.g., during execution of the
OnNoti fy nmethod 602) the notification handler determ nes the actions, if
any) required by the presenter in response to the changes) 25 during step
1200, to the graphical elenent in the backing store 208. In an enbodi nent
of the invention, the notification handl er determ nes what portion, if any,
of a corresponding presenter requires updating in view of the received

change noti fi eRl P preseHe thtOkhdnQRshgbd ol Hpc@emelﬂy(e\gaflemen Jaﬂmeg(l el he children
of the presenter a resenter _itself. Thereafter, during step 1210 the

nd t
notification ReAMieBY af("étsb‘l?‘e laypsf 3 first nepnhefahegiementiBlement AYhavias f esul t t hat

enabl es the cCogeciBiePprosthidg A EEeBtaberltRIddBE AlaHoRfcaBmEnSGiiHh BafRifdedNS 1N
view of the cha e notifi caél on {thEI ved by the presenter system 200 during

step 1202. 39mva datiof And fgstrRAGT0R O 1B PIESSE'ER nyent i on, the form of the returned
resul t Id s BOt:flCaldf&ﬂnd}&ﬂdtbl lardr?%memtaéprsdaﬁxeﬂa‘akﬁolasémmfeﬁcmab ahhek_
returned result s ahel s the presenter as irty" - thereby invoking a
conpl ete re-cgf‘gﬂ‘%agﬁp'f%h"doﬁg r’é‘&F‘F”é‘E‘b‘&?ﬂ&ﬁ%"tW%éaﬁk%}".a PrSSeRerH¥ N ases)
information i SlemémVPﬂ&;ﬂtef sutisord mtwmet lyalse ﬂvs@K&sﬁﬁlb&thé)@ﬂwd@fé%eﬂfodm]fz@toh
presenter's vie al cul ati.on abili.ties i ment of the

i nvention, th&re%l)yFJB?é f &t °5'Hze3(rﬂ WéB‘ f°8?°“f'}$ebe*5arvb°§g%agq fngem 200 receives
the returned r@sspondihg okwt he not|f| cation handler for a presenter during
step t 21 There ng store

di d not I’gl se a ngiei‘ E%efa?ﬁet(?gtﬁogﬁ)lfa e %‘%’Eggééwa%ﬁﬁﬁhé&gseﬁroI passes to
deci si on bl ocRntpdag:. metipdi4Gdeageives prefsetmr sige diprenPang int dpassed BaxSizdnfoesul t

i ndi cates tha rM&erPFrﬁﬁéﬁ'@ ate HRRY 4t76’se%‘%hé nggagrls%'gé %&8&«1 h/deNa szr ol passes

to step 1214 ereint esenter system pres ter to the set
of "dirty" présléﬂﬁ(éacsordmto thegpgsified B@S@alm&méﬂefaﬂt wigdth P@ﬂpew’éﬁrﬁh@lry

enbodi ment of 4l HelPhEtbieRY 42d meprs&&wﬂwso&xéto?mlﬁ?ﬁ&.&onﬁg ehir

property 450 on the correspondi ng presenter (1ndica nee

re-cal cul dfe fdna pPyspeates pge dfcprrarsted antelthe diseloged srefﬂntfe&bm@hay%praw@twrbf
presenters thalcdd@ffartitefifre! Md GRhGoilrads 8/ utilih2e iPdIRSeNhibodintRs SMRLI Ty

i nformation describing the extent of changes that led to the setting of the
dirtiness proP¥fY™450. Control then passes to step 1216. At step 1216, if
a parent present erA swoasl daﬁhltesxksﬁthe‘mu;idhtemmsemneposaibsmgblatdqrﬂeswtérh t he
notification h d| er, g resent interest s to the End
1218. If a 20" BaP&k l°°ai%rs%8"sf rsP?f?)ghg R h@ g?sectaﬁs ﬁrsp ?t passes from
step 1216200 @h@pﬂaﬂcm}mmwecmmalmﬂs the Oslt/pdate method #e&kdredhildeon pr(emrssed t 0)
the parent pr s i I fi catl on
handl er for t e'%gtaeglenn a’(r?lg%;‘ 9?5‘189{1% hoa&] ot ?‘{'lﬂ%g? ﬂljén%w&%na E’afdpe% E@&L

dotted retur ndxlsqonmng@ncsmeq;mimae chﬂhussentersethsemldmh aget popiordd piitbinglee i n FI G 12
enabl es the phﬁ&gpltegé‘me?M?ﬁﬁmn?goaQran}‘on%ﬁ?\aﬁtﬁ H}ééﬁgeﬁ h@reln'bgltowf)gn tthpe presenters

t hat have bee as a resu backi ng store 220
since | ast caindiyidyslichijdren. IH‘QGB"@“YWP“%"H@Q&W@ “T E}S‘é‘?d"ﬂﬁtoéﬂ“h’é@ Tur ni ng now

to FIG 13} aphiawshad WhadARauhide shikfen 8apRIRE ¥n PhREARS IEQBdlﬁ& to
cal cul ati ng/re rendering . a docunment/user interface accordjng to changes to

presenters i nreé‘S‘SD“%‘ésrsﬂzieé‘hﬁhéPy%t &ifF E@ié@ apq geratvsly falling/ P‘Bélfi’“'ﬁé Faldnahove) .
In an enbodi npwdenefs, hBOnUpdate method 470 returns a value to the caller indicating whether re-

rendering is desired in view of the call to the OnUpdate method 470.

A register atom method 471 registers a string name for the presenter for the layout

30 context 444 as well as any other appropriate lists of presenters including those maintained

by extensions to the presenters. The register atom method 471 is called, for example, to




invention, the application 204 controls updates to its view 202 and i nvokes
vi ew update 40 procedures, such as the one summarized in FIG 13, in
response to events such as: a period expiring, a docunent print request, or
a change in status of a graphical user interface. Initially) during step

1 880=—t=-Pre—pt-esenter—system 200, and particular—the presentati-on engine 22—
receives a call to the DoLayout nethod 1102 (described herei.n above with
reference to the presentation engine 212 APl description). In response to
receiving the DoLayout nethod 1102 call by the application 204 the
presenter system 200 re-cal cul ates presenter objects contained within the
view 204 to accommbdate changes to elenents in the backing store 208 since
a |last DoLayout nethod 1102 call. LO In an enbodi nent of the present
invention wherein the presenters for a view are hierarchically arranged
(see) FIG 3), the .presen 1Nt L he ot
presenter for CPWE’“WF%?NW?#@E%%%%@? d%?cgt 'gﬁ né#r%%@ﬁeqﬁ#ﬁ%gé '?’him?%\%%o? ion, the
root present ercuirantly seppoitedi bydhetpyeseier applisgiéantreogram tniroface). Brasentees rediddr el ement
tshat Is subm tted I8qtle séf'tkﬁ‘ﬂ%%&%g?qrﬂ }h@g’w%\?ﬁ?&onﬁﬂﬂic%_ﬂﬁﬁg fhBGoRr gsent er

stem (e.g.) presenter system, ~After determning the root
esenter, corsxsreple, pabikbpresefersyighss PFOMmMuAISHER P Fext dreccpite d pHEEPreEsiF em 200

mences ty avigk ShilihrdsbifertréSReOin A6 RBALPagel ODestdhe il RkidAdnT €- cal cul ating
ch dirty presenter. During step 1304 the ﬁ)resent er system 200 i nvokes the

Updat e net hdeentifietienfop e po (Thg childcempitesthe desqepicang setgthe yahue g Hepiog

Updat e met hqding 4fd ideftiRABSE Orhe phteit GRkented thert HseWind idin@icafior (B2t isBgd € Wi thin
ich the presenter is to re-calpcul ate its layqut. After re calculating its

ayout, the priessivad by registerings Descsnty)de fateve s §iored iHeRmatihpl eti on of step 1304
1ehp{j e¥i ously dirphy daogwuo_ eﬁ&ngmmeb.e@mmo@aégcau!uada&d bﬁmmgmekr b_r esults
nched for easy access. during subsequent re-renderin e di it is
eared on!%adforsrty ¢#10dorapress %ﬂggg’ﬂ%@é‘?% °’6f“°g‘fc”%'b7 ‘f)%ﬁ(ﬂf‘%{f#’éd during

N exenpl ary @updae eetied #madetdnd a eallid (eqt, &ni) iddieating thectehanderning ibel ow i n
reater detail wit eference.to Fl.G .14 [ e ar Yher ways in

hi ch to cl earf*#F 'y‘hﬁrdééglgime"rleén € !Elr'?"ncbf%set%np p??%%".unﬁg%@er, |‘_ir‘1‘9%n enmbodi ment
t he i nvent ippovidet irethppreseotet base elyssiseans 2BGhildrercbresantgra identified iy the he

esent ati on ecgﬁér”&‘ %é% QE’?E& %@%@éﬁﬁer Ot 3RBinds 04, pdrforl AHARerd BBl -
erarchi cal relati nehlyps etween presenters in a viewto sinplify its
bl e in cohpl emiongf ereneldIon traisfordd! gyildren cRituading Box praperésteditithoon of t he
Updat e et Nogly 40, LAME SakLGLRLAARN L 1abdLLA hei@hot, TRL base ks

s the p t tem 200 to cal

ternatively reques resenter sys ) the OnUpdate

bt hod 41  47@plsmertationef the @nbpdattBoppringBak method ¢ Lsrbsraggesses g €liP  he

esenter systgiPedD4 bl 8 ist"hife,t igAMEY chidre® bouhingloREL Nistad the@Rildadn t he root
esenter's OnUpdate net hod 470 (&yg .. '?Eﬁé? ter Pl of  FlL.G 3) and supports
tbsequent cal Aresenteys Wl peFlippeddihe igyaut gize f %fglﬁﬁ'ﬁp@s?‘fé WIFE™R70 cal |
averses jje hésamed @seséiterd thar drdwesutsidelvf tir layswsrafied 460 dimedsons e- cal cul ate
rty presenters. The iterative calls to the Updat e t 7 n the

i | dren pr esefERYEE tgﬁé'lfﬁ@g %‘ﬁ:gtcus %Tziﬁirpéeg%ng?é:%Segcnaﬁtﬂllleebq\% rle;l'ig/%;/g%{g}recq)atsér)aver sed,
nd i f the premeaddddditiana "idk area) it theiy ovarerite eedeallcan eatbedimetswd thednyeptiont i on,

ch OnUpdate nethod 470 called duripg, St& 4 r [ Lt S

#oper ty 450 iWELEE f‘ﬁég?"ﬁ%tm fs?mﬁ%ajes? " blgléﬁre? 39 %% R g‘t§ 'g%a%apg fegﬁltlra%ihgg?é Each

) OnUpdat e netichndinglbtd pedpsuty 4 dtarma issmallerahandhet apeatriqesed tol drasy the peeseaieri ng

ether t h?s prtgesnetﬂé %wing is clipped based upon the bounding box property 410 dimensions
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specified for the presenter.

An OnRender method 474 is invoked upon presenters that request/require re-
rendering. The OnRender method 474 is the primary call on a presenter to re-render the
presenter and any of its children presenters. The OnRender method 474 is preferably

30 invoked after the OnUpdate method 470 is invoked on all "dirty" presenters in a layout

(e.g., a scene). In an embodiment of the invention, the OnRender method 474 is invoked
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requires re-rendering (i.e.) re-drawing). In an enbodi nent of the invention
the returned value is a Boolean value. If "true", then re-rendering is
required. If "false" is returned then re-rendering is not necessary. After
processi ng each of the dirty presenters for a view during step 1304,

C omtet—passes—to—a renderinyg step 1306 wherein-presenters 15 identifiedin—
the list of presenters requiring re-rendering are processed. During step
1306 the presenter system 200 i nvokes the OnRender nethod 474 on each
presenter identified in the |ist of presenters requesting re-rendering. The
operation of an exenplary enbodi nent of the OnRender nethod 474 is
described with reference to FIG 14. In the base class inplenentation of

t he OnRender nethod 474, the presenter 20 does not draw anything, and
instead iteratively calls the OnRender nethod 474 on its children and/or

chained presenters to fill, i r

Cust oni zed ver® ipﬁcﬁ%"tl%f) L’teﬁsébaé]%é’%gg&ﬁ%?}%owgﬁe &gﬁg%?mbclgﬂ’r'ggg&ﬁtr%ugh calls
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gr aphi cs devic r. ] i € requesting
re-rendering S’Fh%ﬁrgV%gtgogp&%gﬁ%ét‘%g\ntll%#pgg@sﬂgm? g&%’@g? %‘E&EE%B%L%(%% and
control ret ur rpsesergatiohdayoutiafrengement ohesations eryapresentet REEr componemspmelyding he
present at i i ne. ' rotd AV r i 1o Jidhy i

fl owchart gﬂm% eécfs‘t bﬁ%&eﬁ% g(;)%pﬁ}td%)%rvg% _Upﬂ_ astz-egu’nl‘g%ﬁgtc}ié E’f?“gésr %g‘? ;rnrasad to
re-cal cul at e aleypiresnssifieformat. Ihesustpmizes dervatigns af the GaRender metipd 334 bglide| ates a

new | ayout forg,g g %ﬁgﬁ&t Oﬁﬂgrat&dﬂQng&ﬁﬁs 8tHe Snpu@F §BteRNE RAM: @FaPhicdANd caches
the results for acCeSs during a re-rendering stage. In the exanple provided

herei n bel ow, dopinenguser igi§TiRERUPU et hod 470 cal |l to each presenter passes a
Et t of di gensi ons ﬁgﬁ%iﬁbiﬁﬁﬂngﬁxttohme![iﬂvﬁi%ttotﬁ, 4 Kasd Iks Vdrawh &p}l@@@)h Refd@ Fnet;wct angl e)
at can be occupi ed by the | ayout of . . pres er, e, set of di mensions
peci fi es, & ort78xRAME C?‘]ﬁ"é‘tsrfg?ﬁffﬁe“éeﬁﬂ‘cvhsﬂgﬁ"ya‘i%ﬂ&’\ﬂﬁ@ttwg? la?'?’f'(tsgré’cﬁﬂ?%es can

e nodi fied dukghy DRKAE st OARenaérBEHRCRIMARNRge, theirbietterbbftcriavdkes However, the
nvention contenplates, re-cal cul at.in resent.ers based.ypon_an ne or nore
fa variety @%&%”ég&“ﬁ%ﬁéﬁﬁ?@??f'“ﬁ‘ ﬁeé$r5870ﬁ3519¥Woza%g‘élﬂg ersreélgeé%l olﬁasrf “that

[ fect a | ayoudmbofiehtrvd thetipentiohDfle bdsk elags ireplenénatiop ef thoOnRenderymattedd@dt si zi ng
per ati ons, ari si. I t he passed [ anet | i ng: apy. child
Fesenters (vipé°vd%|9f’hf’°g(? 8558 j'z?:t('l:qt“saf‘&)§l sfqgt Sg‘{é?’?’ 3'%?#%%%&%&58%?%@? The

bnt ent  of 15 ucduringthk OnBerdlerBefoaesihildiep saget loweess,iag nxepfplagy patorized| ar present er

ype. Thereaf ten, ;06 rRRS GRS befiRAde s &Qﬂﬁhi&@?ﬁ%ﬁ%@ﬂ&@rﬁ bi¥EloBH 808 t O

bcat e and updra e any c ren presenters o e current presenter. During
ne preprocessirgsgnterisaipelay pge presenter potentially detects the need to

feate a new page/ gRl phanlca Jersib® ot tREOAR B nfellioll 474) dGkky dvhR&Eiehderih® handl e
ne new page/ colum for the view, 1 S Ne uring step . t 402, tﬁg OnUpdat e

: xt). durin .
bt hod 470 on %488 asgepseempressateEnihildien preseniers idratifigd yt theshildrennropepty i
esenter ﬁ(?_ ChlelonRendéPRiethed 4745is krﬂ'ﬁﬁﬁﬁtin tubr onl edcH TR hildred prbé’eiélﬁrsmﬂl'}b, at )
east in a first instance requjres .t ept presenter to.deteryine the
ki stence of &*Eht Tegpestrdheihe 83%5“(‘,”?’8’& 8B§bﬁcgf°r'£"§?f§r?g{) (o %aﬁﬁofnéfdﬁ Ths]
FoXy/ present ef top-evellcall Rrthd DR eatiéraieshod #ivecapadabwp oschitditepresarrsumed t he
hched child praxi identified in its children field 4 0.1l tify a 20
bxt  remai ni nd ?’hﬂ‘g‘?ﬁ&é‘é‘gethj {mg'ﬁ‘“lo 3 edis fached € fhep ?ﬁsgné?}’gsaéoccmlﬁgﬂbr esent er
nat has not y@hertbewnpdekl el ishompliey, dihthe childrer ptesantessrin 2 fromthasfrequpsted@prUpdat e

et hod on ??e ey eﬁﬁgﬁﬁng&'ﬁ%re%e‘??ﬂ?m er. The parent presenter receives a
bsponse ffom the cking store or determnes on its own fromits children

Foperty 412 whet h@uring oHDiRengderaSeRhiddren stage,i thepresentireobjseigpokesaperations
that are to be executed after calling the OnRender method 474 on the children presenters
identified in the children property 412. The base class version of the OnRender method
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474 provides a hook for customization and does not specify any post-processing
30  operations during the OnRenderAfterChildren stage. However, customization examples

include annotations, adornments, etc.
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25 and at step 1404, if no unprocessed child remains to be updated) then
‘control passes to step |420 (described herein below). Qherwise, if the
presenter does have an unprocessed child presenter) within its children
property 412) that has not yet been updated, then control passes to step
hepresenter catts the Update nethod -S26-onthe—————
returned child 30 proxy that is interposed between the parent presenter
and a current child presenter of interest, to obtain a height and w dth of
a child presenter with which the child proxy is 43 associ ated. The child
presenter is associated with a particul ar graphical elenent (specified in
its elenment owner field 442). At step 1410 the child proxy calls the
OnUpdat e nethod 470 on the child presenter with which the child proxy is
associ ated. The OnUpdate nethod 470 cal cul ates an updated hei ght and wi dth

of the child pres ter ther .re-renderi is noted
that during step 1 iﬁref 'é‘%ﬁpt‘fa "%f%@nﬁof&erﬂg }‘%Eﬂj‘?’%{‘v‘é‘f'ﬁ%frﬁ\%‘&ed by
child present eced taiervritathe bise eldssokisiod opthe OeRereler mebar4TinHeyevat, ifst ep 1402

that it has n Al . ter
(through s ity il R thetiEn b e le e BBEHOPRE ORRERED 0 o
chi | d present eethodéhtis oteryrittes dsrendsr graphical datajwithin meTMSassmedsbfep 1414 the
calling pr se he Update
ot hod cal P a5 episPy T Helierh QA i By whRitidiple Sale i RERARC el 12 1O
hei ght and w aiorpnd‘for thheraelmts sgbsystens anrt graphips deviseulriversl 4 ghained pessenter Bie
response al sogyj.idi gﬁpké%@nté’i@?otrgghim vied iffle GllinkdplleRR il fites FeahtefifS
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re-rendering. Next) at ste parent presenter positions the called
child present en it q«rdtrmedpdr»elhte ipyakedhix b presentsr yFEHdmA BAMCRSBIl B pace

based upon a @L\ﬁg,ﬁg,’efg,ta,ajng?reggn&m policy. In an enbodi ment of the invention,
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Y
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processing of graphjca togser. interface outgn corrputl ng
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WHAT IS CLAIMED | S: 1. A graphical output |ayout nmanagement system for
arrangi ng and mai ntai ni ng graphically displayed output of prograns
executing on a conputing system the graphical output |ayout managenent
system conprising: 5 graphical elenents containing data representing

' f—a prograny presenters defining dispray states for— ]
tjhe graphical elenents, wherein a presenter of a particular type naintains
| ayout description for a correspondi ng graphical elenment; and a presenter
stem including a presenter host interface conprising a nethod for 10
reparing a |layout for a view) according to a set of presenters associated
1 th graphical elenents contained within the view. 2. The graphi cal out put
yout managenment system of claim 1l wherein the presenter system further
nprises a presenter base class) and wherein the set of 15 presenters are

ijnstanti at ed fh Qo SREREAE c6id® ALAHR M B thepbRN A DiSuPIsaPRRIBlecli@ge Cl ass.
The graphi cal output |ayout nmanagenent” system of claim 2 ereirn the

Fesent ers i nclipelerommwhiskia preserist SIS astispiay|imeaea i vigyal 15y gaphissobiseh t i es f or

e present er .h,afg the capaBIiG (6 RN Lra®ish Rlge oA YR hap HRAAABAR Bty S £M of claim
wherein the presenters |Q§hude q render gﬁghod fo eneratin
gndgt a6

! \ or g
structions iPESERYSOgR hiT¥L2 SEtS At 1S 9§iséﬂféﬁ’9f°ﬁ5“d8"off’[5ut er system
. The graglhi GRAmE] gt imdgey, dideo,RNAgEMENt System of claim 2 wherein the 25
esenter classes includ redefine esent er. cl es and ext.er nal
esenter cl asses. AB&“#F\@"&’%{&%W&C °93€‘{‘Hﬂ‘f‘dels3&5&%%@%@5’?@%%&%‘%5 em of
aim 1 wher eicalcalaedhfoothetideetifrdesmeti@r Shelat afichid preseatetsdyodlistestyptseing or a
[ eSPORdl N PR ReE Eh (G TR BRIRGRE oL AARH « RAT AVRH Bia VS

specified on t

previously calculated layout children presenters and re-using a previously calculated one
10 if there is a match to one in the list). If a presenter discovers its children by referencing
the children property 412 collection, it does not have to override this method. However,
if the presenter uses a GetChildProxyForElement method 486 (described below), the
OnGetBypassList method 482 is generally overridden.
In an application of a layout system embodying the present invention, in the case
15  where the GetChildProxyForElement method 486 is called, the OnGetBypassList method
482 is called before the OnUpdate method 470, and a presenter object creates and
populates an array list with child proxy objects (described herein below with reference to
FIG. 5) that it cached from a previous layout calculation. If a presenter object does not
have a cache for storing the recalculated child proxy objects, all child presenters of the
20  presenter object are recalculated on every call to the OnUpdate method 470 on the
presenter.
A calculate bounds method 484 calculates and returns the bounds of a sub-graph
rooted at an identified visual.
A child proxy object, as explained above, is a wrapper object that acts as an
25  intermediary between a parent presenter and a child presenter for a particular graphical
element. T-he child proxy objects for the child presenters of a particular presenter object
are referenced as a collection within the children property 412 of the presenter object.
The GetChildProxyForElement method 486 is a method on the parent presenter object
that creates a child proxy object and presenter object for a specified element. The

30  method, returns "nuil" if the specified element does not have a presenter.
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7. The graphical output |ayout managenent system of claim1 further

conprising a set of notification handlers, each notification handl er being
associated with a particular one of the set of presenters in the view, and
wherein a notification handl er processes a change to a graphical elenment to
d

t put | ayout managenent system of claim 7 wherein each presenter specifies

type of notification handler that provides change notifications to the

rticular presenter regarding an associ ated graphical elenent. 10 9. The

aphi cal output |ayout managenent system of claim8 wherein a notification

ndl er determ nes a part of a correspondi ng presenter that requires

dating in view of changes to an associ ated graphical elenent. 15 10. The

aphi cal output |ayout managenment system of claim 7 wherein the presenter

stemregisters, hro ndl.e r.s. that

quire updating b 5(9(5' gééwhy%aﬁan%tégsd@g‘%%r J]“%CSnalreﬁéd“eSF)ésp r%ogl“%n P&ent s.

. The graphi"bﬂiassbubputuldrepyawter(mnagm;ﬁmallwm pueseofer'cOulipdatt methedei n a 20

aphi cal el engpt ph n g th

il tiple presgz ersg&s%gg‘&?ﬁ& Fopgﬁ iée&?ﬂeﬁés?% §'?°t d&rxa‘ﬁéﬁg@bgystem of

aiml 1 whemethedtdf@cathinmut plesnpr @mmtmrpsfameten (Rmscﬂhlnfﬂéla’g?@pmawﬂ el enent

pstance i s aspachBhebRplyheRod Al theHesende Thd rh;fbﬁs &5RBRaSAhecel PUT

Ayout managenment system o e e presenters

or r espond t o 488 istai pefermande nRancing tﬂlq‘Fhﬁmémsmbnsertewﬂat have thejirpavngr aphi cal

ptput | ayout (BARGSIERN o?mtdepm,&fogﬁét@nmt a%nyyeﬁ{e@e{thhmomo;mamtpresenters
0

pbrrespond to d| stinct pages curent view of a_ sing gr aphi cal

| ement. 5 15.method 486)atonpusatbe shildauexyokigess pf %h@g@ﬁ%wbewéw% Bf claim11

herein a fir SferrpthR6ME BV (K. am&ﬁ@ﬁapdsﬂme nEF a 14ybutlid ¥rebidd by | €
resenters associated with the graphi cal enent instance) are associ ated

th respel®i 828k st and second distinct VI ews. 16. The graphical output
ayout managenent 8y &ndicainedtCiidien hiethtkd @b@iemotdiall thlldkdnipadserst@dbreas ond

stinct V|em5 are ho res t|ve fi nd second, presenter systens.
7. The graphi‘®8 a??h?%&]ﬁgfrh&ﬁﬁﬁf“e‘?’ré tﬁ%ﬁ}‘&?éﬁ?‘fwerﬁ'l i? Ts'i’/ﬁ%@rc‘ii n the
eW COr I espongderte. o thedzfaanghildan pir«qgttpmm berridden fr amlaseoak cleisgpivay space.
b 18. ' The graphi cal out wher ei n
he nul tiple d% "BRPIEFETte Bgasﬁﬁyt‘%%%%%mﬁc ﬁhsgaﬁn }éocréé‘g? rpﬂ#ét ance are
di fferert toygreddenl@ensﬂ'rh@rogcramﬁposahd»f childrgudresemtgrout nmanagenment syst em of
aim 18 wherein OR&in/Max pass is a special sizing pass used by partitioning presenters (e.g.,

OO"*_<I—‘Q._S'DS('DOOO__'OQQI—\"U)@CI(Q'O

DockPresenter) when sizing children to content. Knowing the minimum and maximum
widths of children allow a parent to intelligently distribute space among multiple children
sharing a particular width dimension. Without the min/max information provided by the

20 MinMaxPass function, a partitioning presenter would require multiple passes to
intelligently size to content. An OnMinWidth method 492 is called after a Min/Max
pass. The OnMinWidth method 492 collects a MinWidth value that is a byproduct of a
MaxWidth calculation. The base class version of the OnMinWidth method 492 issues an
"I don't care" message which invokes a calculation pass with a ProposedSize =

25  (0,infinity) and both directions "NotFixed."

A presenter method 494 is a constructor method for a presenter instance. The
presenter method 494 has no parameters. The presenter method 494 is invoked when the
presenter is instantiated by the presenter system 200. The presenter method 494 sets the
presenter instance up to enable invoking other methods (e.g., OnUpdate) on the presenter.

30 A QueueLayoutTask method 496 adds a specified layout task, to be performed

with regard to the presenter object, to a queue of layout tasks to be executed by the
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20 of the nmultiple presenters conprises an adornnent presenter to a nmain
presenter. 24. The graphical output |ayout nanagenent systemof claiml
wherein presenters within a view are hierarchically arranged such that
child presenters are contained within a region specified by a corresponding

gr aphi cal output | ayout managenent system for processing a | ayout, on
behal f of a program provi di ng graphi cal elenments containing data
riepresenting di spl ayabl e content of the program through presenters

efi ning display states for the graphical elenments, and wherein a presenter
5 maintains a | ayout description for a correspondi ng graphical elenent) and
erein the presenter system hosts and arranges the presenters associ ated

i th graphical elements within a view, the presenter system conprising: a

presenter bas r&érﬁﬁ%ﬁfté’n?f@o g tl‘?r g&:ﬁﬂh Hyolt kAR ?‘e‘iale?{hg (AR df Wﬁ%uet@ ntﬂe V"h erein

thhe presenter are Instanti ate presenter cl asses;

present er hostprésertarsysame2Qoalby aninkgyeurlask method /e Kdsaesibpdhbareiny P‘H@W kﬁ“ t\“‘e ast a

thod for pr q,gg{éag&,ﬁnh,@yfg%c@gng ed in the set of presenters associated
1 th graphi cal enents wthin the view 22. The presenter sy%tem of claim

21 wherein the prebaRn@rery%alue methadd9p setupeayalyeserrapendingdod ssbified updat e
thod, overrigdanedyalcant MepteRiR®eent er cl asses) for cal cul ating |ayout
properties for a presenter. 23. The presenter system of claim22 wherein
the presenter base class specifies a custom zabl e render nethod, overridden
by derived present ghvifg &s&Rsd the Presodfer BREOEIRARI 6 GtrénkioH i’sldﬁ'édt@lns FI(S.SMM to a

gr aphi cs out put subs stem of the conp(t tenl 2 F@ system
of ©1ai m 21 WHEPEISha RHEASY BLAR PIaPeRLS Spd et S e iplde emBpdpRtS e oyt &y
asses that I chftd pldﬂﬁclﬂ& emefAsrpednqmﬁlgswﬁ:ﬁa .alaﬁsmmmxmdome iavensibn, reesent er
asses. nt er st em th esent er base
ass spec‘ﬂf i é:gﬁ%l& éﬁftsfaf)er r&%ﬁng?r&rTSﬁ er%qe%%&ar%ihqg re"? faDEaéengr aphi cal
enment based pu@aﬂerloayauandpapmnmhmmg\wdesm tisgyacnf to e resourmes dideabildat ed
esenter. 30 26, esgn | ing a
tification HARAI'E tem Ea% eﬁg %@éuﬁ%ﬁﬁ%ﬁ&%ﬁ%ﬁ%@%%%&%ﬁ%ﬁg Ereﬁ%mdt asses are
rived, and \Mbﬁpteahdaelatdrpm@lter ohigetiafe routed breubtathel Fhild proxyitfenihd ehiléd from a
tification r | - I nter in a
ew, and Meibg{g%ltg gg% ??lﬁgl-&raﬁg&%lg%fgfewp (E)J;zg??%gm %ﬁrg&gﬁg%natrg’iﬁ gr aphi cal
ement t 015detcelrlmmﬂmﬁlhe#reltt@reefm&atoéhwhdéPfeéﬂslﬁ?bnd| ng presenter.

In an embodiment of the presenter system 200, the child proxy class 222 includes

D< S5 0O>5T DO OO0

an element owner property 500 that specifies the element in the graphical elements 206
with which the child proxy's referenced presenter is associated.
A transform property 502 positions the child presenter object (and its associated
20  visuals) inside its parent presenter object. A transform is a standard graphics 3x3
transformation matrix on a visual object base class. When the transformation matrix is
set up, a visual object, associated with the presenter's graphical element, places its child
at an offset specified by the transformation matrix.
A bounding box property 504 specifies the rendering bounds of a child presenter.
25  The rendering bounds of the child presenter can thus differ from the layout size of the
child presenter.
A dirtiness property 506 specifies the dirtiness state of the child proxy's presenter.
In an embodiment of the presenter system 200, the dirty state is either: clean, dirty
bystander, or dirty. A clean state indicates that no changes have occurred to the child
30  presenter since the last update of the view. A dirty state indicates that a change has

occurred to the child presenter since the last update of the view. A dirty bystander state
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5 27. The presenter systemof claim26 wherein the base presenter class
i ncludes a placehol der for a presenter to specify a type of notification
handl er that provides change notifications to the particul ar presenter
regardi ng an associ ated graphical element. 28. The presenter system of
Fat-m26—wherern the presenter systemTegisters; 10 through notificatton
andl ers, presenters that require updati ng based upon changes to
arresponding graphi cal elenments. 29. The presenter systemof claim?21
herein the presenter systemis associated with a view characterized by a
pot graphi cal elenent and an assigned area -' 15 within which to display
ne root graphical elenment and its child graphical elenents. 30. The

[ esenter system of claim?29 wherein the view corresponds to a rectangul ar
pgion within a graphical di spl ay space. 20 31. The presenter system of
aim 21 wherein [ r ctor for
hstant i ating 1{1%1cat ft}éag gtﬁ ﬁp (En% of {i\gajil%d (SJpés?r{téréggnc ﬁi&eéqsgx?xgglbgﬁgf&ﬁlﬁa vi ew
bnpri sing a smsemﬁr 1gel£ph1|ot:d1try &@Msenalﬂeparén'rhesqmeesenptémizsg;slatem of claim
L wherein the yiewds specified at |east in 25 part by a root graphical

ement passedoPto Ye constructor. 33. The presenter systemof claim21

nerei n the presentAcQuesyBeafauliSigelpfoareathod Shinitiahizes theldimepbiensmf askilk er s such

nat a firsg rss%ﬁtatf%m @Jf&wﬂﬁss ﬁpﬂleadgm@mmprés%e@ Semndediresent er
s5soci ated with a graphical el enent (g presenter system of

aim 21 wherein t#he Srsthed SHrseuests g uldiprrxpy triigsoks ‘*ﬁl%@ﬁﬁ? pethod or

peci fying chidd opiRI8IM Srestntet SHRIcE Dihe PABIR QFcsénd cAls @Rt UpARe @letrdd B2@drAr chi cal
ree structure of presenters within a view such that chi déﬁre senters are

ont ai ned wit h‘ihﬁ‘*& PEGY Shersihe parent pessapier seeksolcrlapinpl theghildnressntersy axouht er .

5. A nethod fpfe (iR &bl §20call MeRidts twd Passditanefs. BoR kiedintdiaioavi di ng
aphi cal eI enents containjng data re resentl%‘g&gl spl bI e contﬂﬁrt of the

Fogram th ou@#‘%é@%‘f’%‘ﬁ?“ﬂ%@@?ﬁ%@“ ngpnichyh do¢ “f°r13e]a3éﬂ”h fal
ements, and ;yaﬁmwnns R tiPLES 8 parent [FPdsétited pikSesPageriiPthatidR Sy papé desdtiptonr a

Dr r espondi ng e em hosts
nd arranges t "ff g‘%ﬁt‘ﬂ; lrseadé)%cgg‘fad eéeH‘ORﬁYm“ﬁ ﬁW%é‘Ftl@?S%ﬁt’”r&'@ﬁl n a

ew, the net holdye berpedénsi aalier apd ochild ipregenger pbjasmatexablmtcmmﬂmpng sf ng a
resenter base, d, g net hod for
feating a Iayo%ggl%ﬁéga llgh%&s%?gjo? %\t?é{eg’g‘ggs Cl at ea V\It h graphi cal
Llements wi § h|bvpaswlbvwmla&iyrtal@!!ﬂwihﬁ@nﬁpdammmdOnbl}BOtl%Ptpﬂee@rﬁoer host
terface, to &gﬁﬁlréE\ﬁgUﬁda#eWé?%td SEQEalﬁs @%ke@ cﬁEe@%&r@ 3lhifd it gﬁﬂ&&aé’\ﬁcﬁh' n-a
ew, and instant tg or the set hical el ement's correspondi ng
resent ers fr othesged end thé inputesrameters (‘qual!}séﬁowqmﬂeﬂpﬁaeéwlﬂﬁé’"bﬂ%ent er base
ass and i nvokj-pgo& Method on each instantiated presenter to calculate a
hyout state for a graphl cal element 20 corresponding to the presenter. 36.
ne nethod of claim 35 further conprising the step of providing a

pti fication handl e dkahendtiod$30,486ibly M ipA@ntpestrnidres £ ame pfory, ifvoketanof
otification rsthat fac tate incre te to a | ayout based
hon changes t@quje@ H SPPRAIRANS hﬁébr‘r'sﬁﬁtﬁ%%ﬂc'ag‘fiévh‘gﬁtfescw‘g FFO%The nethod ofclai m
b further conpri siAvuenrgheinethod 540yeovides 8 reseates vdlar corresponding to a

calculated value type (property) identified in the method call. The query value method

(JOC33—|_O'O<_'CDO'O<Q)O('D'O©OOO""U)OQ)""§CDOOO_'O“'D"’“SOIO

540 call is delegated to the corresponding OnQueryValue method 498 on the child
25  presenter object. '

A query layout size method 550 provides calculated layout size parameters. The
query layout size method 550 call is delegated to the corresponding OnQueryValue
method 496 on the child presenter object. A compute MinMax method 560 provides a
minimum and maximum width of a child presenter.
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he viewin the formof a hierarchical tree. 51 38. The nethod of claim
5 wherein an instance of the presenter systemis created in response to a
all to create a layout for a view, thereby creating a distinct presenter
ystem and correspondi ng presenters, for each view 5 39. The nethod of
farmm35—wherernthe presenter base cl ass specifies an update nethod for

al cul ating | ayout properties for a presenter instance associated with a
articul ar graphical elenent. 40. The nmethod of claim 35 wherein the
fesenter base class specifies a render 10 nethod for generating
hstructions issued to a graphics output subsystem 41. The nethod of claim
b wherein the presenter system supports derivation of predefined presenter
asses and external presenter classes. 15 42. The nethod of claim 35
nerein the presenter classes correspond to differing types of presenters
pat layout differ %E‘erﬁr{gggﬁlé% ﬁ%@&*&t&a@é clﬂsc%q?éa&at‘ﬁ@@hﬁ% preée%ter Ifignmret hod of
aim 35 wherein presenters wthin a view are hierarchically arranged such
nat child pre2rinciyds agpdficetion handleshass dass. nAcexplaigedbrredpnsly ereutpbors: b9 a

prr espondi NG pakeffon RERARE Bbj&dts retive all hfhificAridrd ng%ﬁg ch&gsaRleidpdi um

hcl udi ng conput er -execut abl’e i nstructions for facrlitating processing a
hyout, on beheffettingra presprtergssopintsd Bith aP#gouar yjsh eesarmidpte digtitess iIROARAIPHI ng dat a

Ppresent i ng dén%%cﬂﬁﬁbh&erﬁ@rﬂﬁﬁmetﬂf arf Jﬂf‘ocﬂfe@?fe@éﬂer Bﬁ]é&k%hlréarus&ﬁiﬂﬁ .CBdth
efining display states for t hi cal elenents, and wherein a presenter

hi ntai ns a | apetheds@a serpiifisation haaﬂle%\bawﬁéseﬁ%m?waw&ﬁ.aeaPJe?é| enent) and

nerein the pragiafhes mewsd mma?&mesfmtmmmg@sﬁ&mepmmm m&graﬂﬁe‘dDCI at ed
th graphical elenments w nstruct i ons

acilitating pEfToys ﬁggrép}fﬁ?# HS’B‘"B%% T"’sﬂ? Wb"’h E‘FBV%W?Q%&“%%S aé”t‘"@r system
bnpri sing a preserlmehotb'ﬁmﬁ)nmhﬁﬂabmdla& npcrlﬁ&emt@mNmnﬁgsmetlmtﬁ)OftMe conpri sing

Coct at ed i ¢ HORregR Sa o ruRPESla ok ferb s Pleallef SRS T cquest, by
ne presenter OaNtify niethod 600eqpotentallydurbidas aeldaxohayommnfzmdeavam nmfﬁcgroaphl cal
oL WL R PR BRI P bl iR AL
rom the pres enteeanedlampqnlsaissecawdlglamvmﬁqan@ d'hn@nﬁwymth!eﬁtSQQa@WNen& anti at ed
esenter 10 Cal bl Bhimded iftbAHiioR bt {i3fecnad QRN &AL ndBERRAL ! T eSPONdi ng

p the presenter uter-rea e medi um of cl a|m44further
bpr i si ng 1& onfPolVesify m@e@temsé Baelerr vadys ipdieptingwhethep ogrog g ingtififgtiann e

fesenters forpd iR 4h@Wcksd :ﬁehﬁanfgesm&ff (& WHeBEAT i§ RiceRhrylté RAify h6. The
bnput er - r eadabl e nedi um of cl aim 44 wherein conputer- execut a%@
stemin

hstructions fBRtficstioghendier gen ArRpesior preseterit e BresepiREISs TR e Dy

esponse to a methbd slgb et b QirfinesEyaigtindidatingwhetiRithe plasshebis "cleanst dimg”, a

stinct presenter ste and correspondi n
P ora dlrty ystanrcri]er P 9

20 An OnLayOutTask method 602 executes any tasks previously queued by an
associated presenter through the QueueLayoutTask 496.

Referring to FIG. 7, the set of base classes associated with the presenter system

200 further includes a notification handler site class. The notification handler site class is
25  asite object passed to a notification handler object that enables the notification handler to
invoke notification services supported by the presenter system 200.

The notification handler site class includes an element owner property 700
specifying the graphical element object with which the notification handler site object is
associated.

30 A register atom method 702 registers a provided string name within the layout

context 444 for a notification handler. The functionality of the register atom method 702
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25 presenters) for each view 47. The conputer-readabl e nedi um of claim 44
wherein the presenter base class specifies an update nmethod for cal cul ating
| ayout properties for a presenter instance associated with a particul ar
graphi cal elenent. 30 53 48. The conput er-readabl e nedi um of cl aim 44
werer-n—thepresenter—base ctrass specifies a render method for generating
istructions issued to a graphics output subsystem 49. The
pnput er - r eadabl e nedi um of cl ai m 44 wherein the presenter system supports
brivati on of predefined presenter classes and external presenter classes.
D). The conput er-readabl e medi um of cl aim 44 wheiein the presenter classes
brrespond to differing types of presenters that |ayout different types of
aphi cal elenment 10 content. 51. The conputer-readabl e nedi um of claim 44
wperein the presenter base class specifies a placeholder for child
pjesenters) thereb I 0 Larc a esenters

M thin a vi ew Sugnier edrei R ffad A BeredBerh b8 8 SRS B gl on —-
1% specified bypresntobasecdpan@herggiperagmt mpthed #Ntiethus Hmeang\for fondBnicainge. A . AY

AR A LA yte’é\%sts 'b@‘a Eotifég%n handler to other objects (e.g., presenter objects).

A create notification method 704 creates a new presenter notification object and

QO Q0O ™

5 initializes its fields based upon passed parameters. The passed parameters include an
identification of an atom type (indicating the presenter notification object type) and
notification data.

A notify descendents method 706 invokes the OnNotify method 600 on the

notification handlers associated with the descendants of a presenter, with which the

10 notification handler site is associated, to pass a specified presenter notification. The
notify descendants method 706 performs the function of notifying descendant presenters
of any changes to a parent presenter (e.g., re-sizing). Simil.arly, a notify ancestors
method 708 invokes the OnNotify method 600 on the notification handlers associated
with the ancestors of a presenter, with which the notification handler site is associated; to

15  pass a specified presenter notification. Ancestors are determined by traversing the
graphical element tree (see, FIG., 3) in the backing store 208. The graphical elements
represented in the backing store include a property that specifies the parent (immediate
ancestor) of the graphical element. A notify all method 710 invokes the OnNotify
method 600 on the notification handler objects for all presenters in a presenter tree owned

20 by a view to pass a specified notification. Finally, a notify self method 712 provides a

means for a presenter to invoke the OnNotify method 600 to mark itself dirty.

Turning to FIG. 8, an exemplary view object class is depicted from which the

view 202 is instantiated. View objects possess an instance of the presenter system (e.g.,

25  presenter system 200) and are the visual root of all visuals created within the created
presenter system instance. The view object initiates all calculations on the presenters
within the view. A view method 800 is a constructor method that is used to create a new
view object. The view receives as a passed parameter a reference to an element that is
the root graphical element of the view. A RootElement property 802 returns a reference

30  to aroot graphical element for the view (that was established through the above-
described view method 800).
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A DoLayout method 804 creates a new presenter tree for the view and returns a
reference to the new tree. The DoLayout method 804 receives as input parameters: a
proposed height and width for the view rectangle as well as two Boolean values
(fixedwidth and fixedheight) that establish whether the proposed dimensions can be
5 altered during the DoLayout method 804 execution.
A ViewSize property 806 sets the dimensions of the view. The ViewSize
property 806, a write-only property, is utilized when the view object is hosted within a
window, and the ViewSize property 806 represents an initial size from which a layout
operation is performed.
10 A GetViewResult method 808 receives a graphical element reference as an input,
and the GetViewResult method 808 returns the resulting view for the graphical element.
A value of null is returned in the event that the graphical element is not located within the
set of graphical elements for the view.
A HitTest method 810 performs a hit test at a passed point within a coordinate ™
15  system of the view. The HitTest method 810 returns a first non-transparent hit test target.
If no graphical element is hit, then the method returns "false.”
A CreatePage method 812 receives as input parameters BoxSizeInfo (see, Fig. 9
described herein below) and PageDescriptor (see, Fig. 10 described herein below). The
CreatePage method 812 creates a new page, based upon the input parameters, and returns

20  the child proxy object corresponding to the root graphical element for the page.

Turning to FIG. 9, an exemplary BoxSizelnfo structure is depicted. The

BoxSizelnfo structure specifies a set of dimensions for presenters and their child
presenters within a view, and how those dimensions should be treated by the recipient. A

25  proposed size property 900 sets forth the proposed size for a child presenter within the
view. Initially, the value of the proposed size property 900 comes from properties for a
child graphical element in a backing store. It can be modified by a parent presenter
before passing to a child. A parent size property 902 is a proposed size for a parent
presenter. The parent size property 902 is used, by way of example, to calculate

30  dimensions, from percent values of the parent, for child presenters. The BoxSizeInfo

structure also includes two Boolean value properties, FixedWidth 904 and FixedHeight
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UpdateLayout method 1104, executed after executing the DoLayout at least once,

commences applying incremental changes to a previously calculated layout for the view

202. A CreatePage method 1106 receives, as an input parameter, box size information
30  (BoxSizelnfo) that contains the dimensions of a page to be laid out, and a page descriptor

containing information regarding how to start the particular page. Rather than lay out all
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content under a root of the graphical elements 206 for the view 202, the CreatePage

method 1106 lays out only a single page of interest.

An exemplary layout processing architecture has been described with reference to

5  FIGs. 1-11. The exemplary architecture includes separate view states (presenter objects)
linked to element data states (graphical element objects). The exemplary architecture
includes a presenter system 200 that facilitates extending the view layout/presentation
capabilities through a presenter base class 216 from which new presenter object classes,
embodying new layout/presentation functionality, are derived. The system and

10 architecture disclosed herein also include a notification mechanism linking elements to

their corresponding presenter objects to selectively invoke recalculating portions of a
view in response to changes. The illustrative object base classes are illustrative of many
potential alternative ways of carrying out the extensible architecture embodying the

present invention and should not be viewed as limiting the scope of the invention.

Having described a set of components making up an exemplary
presentation/layout processing architecture embodying the present invention, attention is
directed FIG. 12 that depicts the general progression of processing changes to a
graphically displayed element. Initially, at 1200 the backing store 208 changes. For

20  example, the application 204 executes an operation that resuits in a status and/or content
change to one or more of the displayed components of a graphical user interface for the
application. In response, at step 1202 a change notification, arising from a change to a
graphical element in the backing store, is received by the presentation engine 212 of the
presenter system 200,

25 By way of background, with regard to step 1204, the presenter system 200
maintéins associations between elements and presenters in element-to-presenter
information (EPI). Whenever a presenter is created for a graphical element, a reference
to that presenter is created on the element and is stored in EPI maintained by the
presenter system. [f a graphical element has more than one presenter, then there will be

30  multiple references (one per presenter) in the graphical element's EPI. When a property

changes on a graphical element, the following steps occur:

38




1

1

PRRORR (R

VH"'

0% & ()- 10< 10< 10<&; "10%& ()-!("

'109%&' ()-, Sl A?-\:0!13!I F10% & ()-!9f 109008& () - 9f 10%& ()-9s10% & () -3

0% ()-@3 10% (& ()- @ U!lz[<~\:0'TL*10% & ()-L*10%& ()- ,#109%& ()-!

#10%h& () -! #10%{(&' ()-!' ,#10%, & ()-'MI{"";, #Q#SHTHz[<1: 0
Y?STO%@“C)'*BTO%T‘&"@ t‘BTOWT)-' . @I0% ()-TC @ )

U%&' () - THURVH} ##{ WR&NK: 0 10( L&<t 1!

¥<<& ()-s9yZ109%& ()-9FL09& () - m].O%ﬂ&' ()-&Y 10%& ()- 10(

(R "Mc) **"<K:0 10('1. 1098& ()-S',z( 10% & ()-( 10%& ()-&H#1l09%& ()--

10%& ()-s! S 10%<& ()-s*+D+++,,,a?1: 0 10<<!'# 5f 10%<& ()-! 5f

I<<& ()-93410%& ()-2109%<& ()-91110%& ()-. 10%& ()-S,,,T-..[//dB: 0

<<IT@10% & ()-S!'10%00& ()- 109 ()-10%08& ()-S&F 109%&% () - 10<< 10<</

09&&1(2)4"%3 0 10<<!I(!z 10 OO ()-!'('z 10%/& ()-!'@10%0C% ()- @ 10%W& () -

% 1090 fe % S 100 100

s 10V () - ( a‘) %J;%@ﬁ?@ﬁgé{zb@ &tx&&ihé&(ﬂ&gﬁ}he 558%9 éﬁhf%r{xc()

D<10%&' () - ss&lo%?&Tbs bafb%ame)?g%%%f&e PrEsentptoRRaging 2 2pthe C@)‘“ﬂs’ with

B<<4==aB{ Y: 0 reference to the graﬁhncal element that has expenenced a chan éf to one of its propernes

D<+10%& S9* 10% & 0 % Coy =
77@\@832| AP10L() Tlg_‘()@}’ﬁs&"t(“jonoeﬁgﬁ s]t'l% EPlo t)he graphnc@gterslgnt that 10%& () - =+>

S changed and determines the presenters that have been created for the graphical element,
and
(d) Once the presenter is determined, the presentation engine 212 obtains a
reference to the presenter's corresponding notification handler (through the notification
handler property 446 on the presenter).

10 Thus, in view of the above, at step 1204, the presentation engine 212 of the
presenter system 200 determines the identity of a presenter to which the change
notification applies. As explained above, the presenter system maintains a list of
presenters that were instantiated for the element in its EPI. After determining a presenter
to which the change notification applies (assuming for this example that only a single -

15  presenter exists for the element), the presentation engine 212 of the presenter system
obtains a reference to a notification handler for the presenter through the notification
handler property 446 on the identified presenter.

Thereafter, during step 1206 the presentation engine 212 of the presenter system
200 forwards the change notification to the notification handler using the reference

20  obtained during step 1204. In an embodiment of the invention, step 1206 is carried out
by invoking the OnNotify method 602 on a particular notification handler object.

After receiving the change notification from the presenter system, during step
1208 (e.g., during execution of the OnNotify method 602) the notification handler
determines the actions, if any, required by the presenter in response to the changes,

25 during step_1200, to the graphical element in the backing store 208. In an embodiment of
the invention, the notification handler determines what portion, if any, of a corresponding
presenter requires updating in view of the received change notification. Such portions
include, by way of example, the children of the presenter and the presenter itself.

Thereafter, during step 1210 the notification handler (e.g., OnNotify method 602)

30  returns a result that enables the corresponding presenter to determine and execute actions

in view of the change notification received by the presenter system 200 during step 1202.
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In an embodiment of the invention, the presentation engine 212 of the presenter
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system 200 receives the returned result from the notification handler for a presenter
during step 1210. Thereafter, at step 1212 if the changes to the backing store did not
raise a need to recalculate the presenter, then control passes to decision block 1216.

10  However, if at step 1212 the returned result indicates that the presenter needs to be re-
calculated, then control passes to step 1214 wherein the presenter system 200 adds the
presenter to the set of "dirty" presenters that require re-calculation. In an exemplary
embodiment of the invention, the presenter system sets the dirtiness property 450 on the
corresponding presenter (indicating a need to re-calculate the presenter) and adds the -

15  presenter to a set of presenters that need to be re-calculated. The presenters also specify
information describing the extent of changes that led to the setting of the dirtiness
property 450. Control then passes to step 1216.

At step 1216, if a parent presenter does not exist for the presenter associated with
the notification handler of present interest, then control passes to the End 1218. Ifa

20  parent presenter does indeed exist, then control passes from step 1216 to step 1220
wherein a notification is created for (passed to) the parent presenter's notification handler
(resulting-in the notification handler for the parent processing the notification) as
indicated by the dotted retumn line to step 1208.

Thus, the set of steps depicted in FIG. 12 enables the presenter system 200 to

25  accumulate a list of the presenters that have been "dirtied" as a result of changes to the

backing store 220 since last calculating a layout for a document/user interface.

Turning now to FIG. 13, a flowchart describes an exemplary process for re-
calculating/re-rendering a document/user interface according to changes to presenters ina
30  particular view (see, FIG. 12 described herein above). In an embodiment of the

invention, the application 204 controls updates to its view 202 and invokes view update
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procedures, such as the one summarized in FIG. 13, in response to events such as: a
period expiring, a document print request, or a change in status of a graphical user
interface.
Initially, during step 1300 the presenter system 200, and particular the
5  presentation engine 212 receives a call to the DoLayout method 1102 (described herein

above with reference to the presentation engine 212 API description). In response to
receiving the DoLayout method 1102 call by the application 204 the presenter system
200 re-calculates presenter objects contained within the view 204 to accommodate
changes to elements in the backing store 208 since a last DoLayout method 1102 call.

10 In an embodiment of the present invention wherein the presenters for a view are
hierarchically arranged (see, FIG. 3), the presenter system 200 initially determines the
root presenter for the view in step 1302. In an embodiment of the invention, the root
presenter is identified by the presenter property on the root element that is submitted to
the view (e.g., view 204a) and hence the presenter system (e.g., presenter system 200a).

IS  After determining the root presenter, control passes to step 1304 wherein the presenter
system 200 commences traversing the tree of presenters for the view and re-calculating

each dirty presenter.
During step 1304 the presenter system 200 invokes the OnUpdate method 470 on

each dirty presenter in the view. The called OnUpdate method 470 is passed a height and
20  width of a rectangle within which the presenter is to re-calculate its layout. After re-
calculating its layout, the presenter caches its result. Thus, upon completion of step 1304
the previously dirty presenters have been re-calculated and their resuits cached for easy
access during subsequent re-rendering. The dirty bit is cleared on each of the called
presenters. A set of steps performed during an exemplary OnUpdate method 470 call are
25  described herein below in greater detail with reference to FIG. 14.
’I‘he—re are a number of ways in which to clean dirty presenters during step 1304,
However, in an embodiment of the invention, the presenter system 200, and in particular
the presentation engine 212 UpdateLayout method 1104, leverages the hierarchical
relationships between presenters in a view to simplify its role in completing step 1304. In
30 particular, during execution of the OnUpdate method 470 each called presenter iteratively

calls (or alternatively requests the presenter system 200 to call) the OnUpdate method

41




.10TV[}[<K 1 10- 109&' ()-!F(10% ()- L' 109& ()-'Y, 109%& ()-!'Y,

109 ()- 109 ()-b$}~SH= 1 10 10 10
109<10%& () - L810% ()-337Y10%& ()-! (" 3. @ 10%& ()-!,3. @ 10%& ()-}[9SH= 1 10!
@10%&'() 1~ @10%{(&'() !@10%{&'() @10%&'() “ &l 10%{&'() &

1
1
1
!

0% (& () -! f
DoavE ()-1 f 109% (& ()-! f 10%{&'() +] H= 10( 88<10% y 109%KuKu&’ () -

D% u& ()-m 10% u& ()-1Y ~10%u-u& ()-Y " 10% u& ()- 10( 10(u}[9H= 10(|/-
NOKUKU&' () -1 L*10% +-+& ()--L*10% ! & ()--y 10% F& ()- ' ("y 109%JuUu& () -
ty 109P&P&& ()- "{\=0(!sY10% & ()-@ 10% & ()- 10-u 10-u

470 on all children of the called presenter. Thus, the presenter system 200 starts the
traversal of the presenter tree at the root presenter's OnUpdate method 470 (e.g., presenter
P1 of FIG. 3) and supports subsequent calls to child presenters as the OnUpdate method
470 call traverses the branches of the hierarchical presenter tree to re-calculate dirty

5  presenters. The iterative calls to the OnUpdate method 470 on the children presenters
ensures that all presenters in the view are traversed, and if the presenters are dirty they
are re-calculated.

Upon completion, each OnUpdate method 470 called during step 1304 resets its
dirtiness property 450 indicating that it has been re-calculated or "cleaned.” Each

10 OnUpdate method 470 also retumns a value to the caller indicating whether the presenter
requires re-rendering (i.e., re-drawing). In an embodiment of the invention the returned
value is a Boolean value. If "true", then re-rendering is required. If "false” is returned
then re-rendering is not necessary. After processing each of the dirty presenters for a
view during step 1304, control passes to a rendering step 1306 wherein presenters

15  identified in the list of presenters requiring re-rendering are processed.

During step 1306 the presenter system 200 invokes the OnRender method 474 on
each presenter identified in the list of presenters requesting re-rendering. The operation
of an exemplary embodiment of the OnRender method 474 is described with reference to
FIG. 14. In the base class implementation of the OnRender method 474, the presenter

20  does not draw anything, and instead iteratively calls the OnRender method 474 on its
children and/or chained presenters to fill its allocated space (e.g., rectangle). Customized
versions of the OnRender method 474 render bitmaps through calls to the application 204
and/or the APIs of the graphics subsystem and graphics device drivers 234. After
processing all the presenters requesting re-rendering during step 1306, control passes to

25  the End 1308, and control returns to the caller of the DoLayout method call 1102 on the

presentation engine for the particular view.

Turning to FIG. 14, a flowchart summarizes the steps of the OnUpdate method
470 performed to re-calculate a presenter of a view. The OnUpdate method 470

30 calculates a new layout for a presenter, including any children presenters, and caches the

results for access during a re-rendering stage. In the example provided herein below, the
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more of a variety of passed parameters, including view space dimensions, that affect a

Y

layout.
During step 1400, the presenter performs any needed sizing operations, arising
from the passed parameters, before calling any child presenters (via child proxy objects)
10  to perform their updates. The content of such work is dependent upon the design of a
particular presenter type. Théreafter, the presenter calls upon the presenter system 200 to
locate and update any children presenters of the current presenter. During the pre-
processing stage, the presenter potentially detects the need to create a new page/column
and creates a new child proxy/presenter to handle the new page/column for the view. -
15 Next, during step 1402, the OnUpdate method 470 on the current parent presenter
determines a next child presenter to call to update its layout. It is noted that this step, at
least in a first instance requires the parent presenter to determine the existence of a child
clement and create a corresponding child proxy/presenter. In later iterations, the parent
presenter can use the cached child proxies identified in its children field 412 to identify a
20  next remaining (unprocessed) child proxy/presenter—i.e., a child presenter that has not
yet been called during the current iteration of the OnUpdate method on the current parent
presenter.-
The parent presenter receives a response from the backing store or determines on
its own from its children property 412 whether a child presenter remains to be processed,
25  and at step 1404, if no unprocessed child remains to be updated, then control passes to
step 1420 (described herein below). Otherwise, if the presenter does have an
unprocessed child presenter, within its children property 412, that has not yet been
updated, then control passes to step 1406.
At step 1406, the presenter calls the Update method 520 on the returned child

30  proxy, that is interposed between the parent presenter and a current child presenter of

interest, to obtain a height and width of a child presenter with which the child proxy is
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associated. The child presenter is associated with a particular graphical element
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(specified in its element owner field 442).
At step 1410 the child proxy calls the OnUpdate method 470 on the child
presenter with which the child proxy is associated. The OnUpdate method 470 calculates
S anupdated height and width of the child presenter (and whether re-rendering is required).
It is noted that during step 1410 the OnUpdate method 470 is recursively invoked by

child presenters until a called child presenter determines, at step 1402 that it has no

children and returns to its calling parent presenter (through its child proxy). After
invoking the OnUpdate method 470 on the child presenter, control passes to step 1414,
10 Thus, at step 1414 the calling presenter parent (from step 1406) receives a
response to the Update method call 520 to the identified child proxy. The response
includes the height and width of the child presenter as returned parameters. The response
also indicates whether the called child presenter requires re-rendering. Next, at step 1416
the parent presenter positions the called child presenter within the parent presenter's
15  allocated layout space based upon a placement algorithm/policy. In an embodiment of
the invention, during step 1416 the parent presenter places the child presenter within its
layout based upon the height and width parameters of the child presenter received by the
presenter during step 1414,
Control then returns to step 1402 where the OnUpdate method 470 of the parent
20  presenter continues to update any remaining child presenters (through their child proxy
wrapper objects).
If at step 1404, no child (element or proxy/presenters) remain to be
processed/updated, then control passes to step 1420. At step 1420 the OnUpdate method
470 of the called presenter performs customized layout functions including potentially
25  further calls to the OnUpdate method 470 on the children presenters to tune the layout for
the presenter.
At step 1422, or potentially any point where new information is derived by the

OnUpdate method 470, the results of the layout processing are cached for later use during

a re-rendering stage of the graphical view processing.
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called presenter, at step 1424 the presenter returns its dimensions to the caller (presenter
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system 200) as well as a value indicating whether the presenter needs to be re-rendered.

5 It will be appreciated by those skilled in the art that a new exemplary'platfo-rm
and exemplary methods have been described for managing layout/presentation processing
of graphical document/user interface output within a computing environment including
graphical output devices such as a graphical user interface display or a printer. In view of
the many possible environments to which the principles of this invention may be applied

10  and the flexibility of designing and carrying out software utilities and tools, it should be
recognized that the embodiments described herein are meant to be illustrative and should
not be taken as limiting the scope of invention. Those skilled in the art to which the
present invention applies will appreciate that the illustrated embodiments can be modified
in arrangement and detail without departing from the spirit of the invention. Therefore,

15  the invention as described herein contemplates all such embodiments as may come within

the scope of the following claims and equivalents thereof.
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A graphical output layout management system for arranging and

maintaining graphically displayed output of programs executing on a computing system,
the graphical output layout management system comprising:
5 graphical elements containing data representing displayable content of a program;
presenters defining display states for the graphical elements, wherein a presenter
of a particular type maintains a layout description for a corresponding graphical element;
and
a presenter system, including a presenter host interface comprising a2 method for
10 preparing a layout for a view, according to a set of presenters associated with graphical

elements contained within the view.

2. The graphical output layout management system of claim 1 wherein the
presenter system further comprises a presenter base class, and wherein the set of

15  presenters are instantiated from presenter classes derived from the presenter base class.

3. The graphical output layout management system of claim 2 wherein the

presenters include an update method for calculating layout properties for the presenter.

20 4, The graphical output layout management system of claim 3 wherein the
presenters include a render method for generating instructions issued to a graphics output

subsystem of the computer system.

5. The graphical output layout management system of claim 2 wherein the

25  presenter classes include predefined presenter classes and external presenter classes.

6. The graphical output layout management system of claim 1 wherein each

of the presenters calculates a layout state for a corresponding graphical element based

upon layout parameter values specified on the presenter.
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8. The graphical output layout management system of claim 7 wherein each
presenter specifies a type of notification handler that provides change notifications to the

particular presenter regarding an associated graphical element.

10
9. The graphical output layout management system of claim 8 wherein a
notification handler determines a part of a corresponding presenter that requires updating
in view of changes to an associated graphical element.
15 10.  The graphical output layout management system of claim 7 wherein the

presenter system registers, through the notification handlers, presenters that require

updating based upon changes to corresponding graphical elements.

11.  The graphical output layout management system of claim 1 wherein a
20  graphical element instance of the graphical elements is associated with multiple

presenters.

12. The graphical output layout management system of claim |1 wherein the

multiple presenters with which the graphical element instance is associated are of a same

25  type.

13.  The graphical output layout management system of claim 12 wherein the

multiple presenters correspond to distinct columns within a same view.
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14.  The graphical output layout management system of claim 12 wherein the

multiple presenters correspond to distinct pages in a document view of a single graphical

element.

5 " 15, The graphical output layout management system of claim 11 wherein a
first presenter and a second presenter, of the multiple presenters associated with the

graphical element instance, are associated with respective first and second distinct views.

16.  The graphical output layout management system of claim 15 wherein the
10 first and second distinct views are hosted by respective first and second presenter

systems.

17.  The graphical output layout management system of claim | wherein the
view corresponds to a rectangular region within a graphical display space.
15
18.  The graphical output layout management system of claim 11 wherein the

multiple presenters associated with the graphical element instance are of different types.

19.  The graphical output layout management system of claim 18 wherein one

20  of the multiple presenters comprises an adornment presenter to a main presenter.

20.  The graphical output layout management system of claim 1 wherein
presenters within a view are hierarchically arranged such that child presenters are
contained within a region specified by a corresponding parent presenter.

25
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elements containing data representing displayable content of the program, through
presenters defining display states for the graphical elements, and wherein a presenter

5  maintains a layout description for a corresponding graphical element, and wherein the
presenter system hosts and arranges the presenters associated with graphical elements
within a view, the presenter system comprising:

a presenter base class from which presenter classes are derived, and wherein the
presenters are instantiated from the presenter classes; and
10 a presenter host interface comprising a set of methods including at least a method

for preparing a layout embodied in the set of presenters associated with graphical

elements within the view.

22.  The presenter system of claim 21 wherein the presenter base class
IS  specifies a customizable update method, overridden by derived presenter classes, for

calculating layout properties for a presenter.

23.  The presenter system of claim 22 wherein the presenter base class
specifies a customizable render method, overridden by derived presenter classes, for

20  generating instructions issued to a graphics output subsystem of the computer system.

24.  The presenter system of claim 21 wherein the presenter system supports a

set of presenter classes that includes predefined presenter classes and external presenter

classes.
25 _

25.  The presenter system of claim 21 wherein the presenter base class
specifies a method for calculating a layout state for a graphical element based upon
layout parameter values specified on an associated presenter.

30 26.  The presenter system of claim 21 further comprising a notification handler

base class from which notification handler classes are derived, and wherein each
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notification handler instantiated from a notification handler class is associated with a
particular presenter in a view, and wherein a notification handler processes a change to a

graphical element to determine whether to update a corresponding presenter.

27.  The presenter system of claim 26 wherein the base presenter class includes
a placeholder for a presenter to specify a type of notification handler that provides change

notifications to the particular presenter regarding an associated graphical element.

28.  The presenter system of claim 26 wherein the presenter system registers,
through notification handlers, presenters that require updating based upon changes to

corresponding graphical elements.

29. The presenter system of claim 21 wherein the presenter system is
associated with a view characterized by a root graphical element and an assigned area ~

within which to display the root graphical element and its child graphical elements.

30.  The presenter system of claim 29 wherein the view corresponds to a

rectangular region within a graphical display space.

31.  The presenter system of claim 21 wherein the presenter host interface
includes a constructor for instantiating the presenter system for laying out a display for a

view comprising a set of graphical elements.

32.  The presenter system of claim 31 wherein the view is specified at least in

part by a root graphical element passed to the constructor.

33.  The presenter system of claim 21 wherein the presenter system supports
chaining multiple presenters such that a first presenter provides and adomment for a

second presenter associated with a graphical element.
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34.  The presenter system of claim 21 wherein the presenter base class includes
a placeholder for specifying child presenters, thereby supporting creation of a hierarchical
tree structure of presenters within a view such that child presenters are contained within a

region specified by a corresponding parent presenter.

35. A method for processing a layout, on behalf of a program providing
graphical elements containing data representing displayable content of the program,
through presenters defining display states for the graphical elements, and wherein a
presenter maintains a layout description for a corresponding graphical element, and

10 wherein the presenter system hosts and arranges the presenters associated with graphical
elements within a view, the method comprising:

providing a presenter system comprising a presenter base class and a presenter
host interface comprising a method for creating a layout embodied in a set of presenters
associated with graphical elements within a view;

15 receiving a request, by the presenter host interface, to generate a layout for a set
of graphical elements within a view; and

instantiating, for the set of graphical elements, corresponding presenters from a
set of presenter classes derived from the presenter base class and invoking a method on

each instantiated presenter to calculate a layout state for a graphical element

20  corresponding to the presenter.

36.  The method of claim 35 further comprising the step of:
providing a notification handler base class specifying an interface for a set of
notification handlers that facilitate incremental update to a layout based upon changes to

25  corresponding graphical elements.

37.  The method of claim 35 further comprising organizing the presenters for

the view in the form of a hierarchical tree.
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38.
created in response to a call to create a layout for a view, thereby creating a distinct

presenter system, and corresponding presenters, for each view.

39.
update method for calculating layout properties for a presenter instance associated with a

particular graphical element.

40,

method for generating instructions issued to a graphics output subsystem.

41,

of predefined presenter classes and external presenter classes.

42.
differing types of presenters that layout different types of graphical element content.

43.
hierarchically arranged such that child presenters are contained within a region specified

by a corresponding parent presenter.
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The method of claim 35 wherein an instance of the presenter system is

The method of claim 35 wherein the presenter base class specifies an

The method of claim 35 wherein the presenter base class specifies a render

The method of claim 35 wherein the presenter system supports derivation

The method of claim 35 wherein the presenter classes correspond to

The method of claim 35 wherein presenters within a view are
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for facilitating processing a layout, on behalf of a program providing graphical elements

7

containing data representing displayable content of the program, through presenters
defining display states for the graphical elements, and wherein a presenter maintains a
5 layout description for a corresponding graphical element, and wherein the presenter
system hosts and arranges the presenters associated with graphical elements within a
view, the computer-executable instructions facilitating performing a method comprising:
providing a presenter system comprising a presenter base class and a presenter
host interface comprising a method for creating a layout embodied in a set of presenters
10 associated with graphical elements within a view;
receiving a request, by the presenter host interface, to generate a layout for a set
of graphical elements within a view; and
instantiating, for the set of graphical elements, corresponding presenters from a
set of presenter classes derived from the presenter base class and invoking a method on
15 each instantiated presenter to calculate a layout state for a graphical element

corresponding to the presenter.

45.  The computer-readable medium of claim 44 further comprising computer-
executable instructions for:

20 organizing the presenters for the view in the form of a hierarchical tree.

46.  The computer-readable medium of claim 44 wherein computer-executable
instructions facilitate creating an instance of the presenter system in response to a call to
create a layout for a view, thereby creating a distinct presenter system, and corresponding

25  presenters, for each view.

47.  The computer-readable medium of claim 44 wherein the presenter base

class specifies an update method for calculating layout properties for a presenter instance

associated with a particular graphical element.
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subsystem.

S 49.  The computer-readable medium of claim 44 wherein the presenter system

supports derivation of predefined presenter classes and external presenter classes.

50.  The computer-readable medium of claim 44 wherein the presenter classes

correspond to differing types of presenters that layout different types of graphical element

' 10 content.

51.  The computer-readable medium of claim 44 wherein the presenter base
class specifies a placeholder for child presenters, thereby facilitating hierarchically laying

out presenters within a view such that child presenters are contained within a region

15  specified by a corresponding parent presenter.




