25 April 2006 SCREEN DI SPLAY PROCESSI NG APPARATUS, SCREENDI ﬁkﬁﬁ(moa
PROCESSI NG METHOD AND COVPUTER PROGRAM BACKGROUND OF THE I NVENTION Field
of the Invention: The present invention relates to a screen display
processi ng apparatus for processing the display of a screen on a computer,
to a screen display processing nmethod and to a conputer program Mbre ‘
particularly, the invention relates to a screen display processing

apparatus for | o4l of _a conputer screen constituted by a
plurality of S’o%; ecf@i%%wae%%@ﬁﬂ&pﬁ%w&sﬁ%WtW% to a
conputer program I ifically, the invention relates to a screen

di spl ay -pr ocessi ng ggB?FiEE@Gf YEIEPD- YD GEMFHEER| BBOGRAMT a GU screen
constituted by a plurality of objects and successively updated together
with the user interaction, to a screen display processing nethod and to a

conputer program and-particularly to a screen display processing
~apparatus for efficient| PASHSEREBIThPR MHE] i RPENTION a GUl screen by
suppressing the drawi ng of unnecessary objects, to a screen display

processi nfed Rl Hrel Iventhomut er program Description of Related Art:
“Acconpanyi ng the technical innovation in recent years, general purpose
conput er syst erffievhprésent riglwritdelry sebBhted to a screen display
| brocessing apparatus for processing the display of a screen
on a computer, to a screen display processing method and to
-a computer piogram. More particularly, the invention relates
to a screen display processing apparatus for processing the |
display of a computer screen constituted by a plurality of
objects, to ascreendisplay procéssing method and to a computer:
_ program.

More specifically, the invention relates to a screen
display processing ai:para‘tus’ for processing the display of a
GUI screen constituted by a plﬁrality of objects and
Successively updated together with the user interaction, to
a screen display processing method and to a computer program,

: _and particularly to a screen dispiay processing apparatus for
- efficiently j processing the display of a GUI screen by
-suppressing the drawing of unnecessary objects, to a'screen-
_display processing methdd and to a computer program.
_Description of Related Art
| Accompanying the technical innbvation in recent years,

- general purpose computer systems which are relatively small




r .
25 April 2006 in size, low at cost, featuring high additiongapbbgs and
hi gh functions, called work stations (Wss) and personal conputers (PCs) ,
have been devel oped, placed in the market, and are deeply infiltrating
into universities, research institutions, enterprises, offices, and even
into everyday life in general households. Nowadays, nost of the daily
busi nesses involve conputers, and many peopl e spend a day touching the
keyboard ,and the.nouse. In general, a conmputer systemis driven in

response tB S UstPViHpGPSLortRAIEMY biopl agdi tinnak vedusedandhilhs on a
di splay s reen,éinteractive type) to offer an interactive processing
envi r onmehtRCRECRAL | G2 L kerd Wegds stapioneniWEshramd pexfsanad cbapatkes base or
~"CU (character user interface)" through a traditional keyboard as
1 epr esent $8CHY, hpFedveen devrloppds atlaupdyntthrymshied t, saHes dkgpshi fting
toward the "GU (graphical user interface)" which realizes the graphic
- base useinfhpiratingerinte Qihieevsibhesnt, rébesechr eipseytdedoas, desktop
simulating a conputer system and a nunber. of icons on a display screen. On
the deskt@pterpmbses, tdifi@ds, anpreveretnts asmusedy AURCES hapdlgd on a
conmputer systemsuch as files are all - expressed as icons. By using a user
‘input -dedimscurlias NowaRlays, mbetuser tHkr ety ﬁﬂgghgéséﬁ'ﬂnvof$éCks or
drags and drops) an operation to-an object displayed on the screen,. such
as  an i caomputetd,ziame ﬁaﬁ&oﬂééﬂleasﬁ@{éi’a %Jymtgﬁrch(ihgatﬂgvl'cgfboard

- and the mouse. | :

In general, a computer system is driven in fesponse to
a user input command and displays the processed results on a
display screen (interactive type) to offer an interactive
processing énvironment - Recently, the user input ehvironment
of the characte: base or "CUI (character user interface)}"
through a traditional keyboard as represented by the DOS' (disk

- operating system) shell screen, ié shifting toward the "GUI
. {graphical user interface)" which realizes the graphic base
user input. Under the GUI environment, there are ptovided a
, desktop simulating a computer system and a number of icons on
a display screen.

On the desktop on which the GUI is provided, resource
objects handled on a computer system such as files are all
expressed as icons. By using a user input device such as a
mouse, the user directly applies (e.g., clicks or drags and

drops) an operation to an object dispiayed on the screen,. such

- as an icon symbolizir;g a -program, a data, a folder or a device




2 25 Af)ril 2006 on the display screen to operate the corrpu?grAerﬁl%ﬁéivel y |
and in an easy nmanner. On the desktop are further provided bdttons such

as nenu bars and tool boxes for instantaneously calling a variety of
functions, i.e., conputer processings, naking it nore intuitive and easy
to input the command to the conputer. Upon introducing the GUI environnent,
the user is allowed to operate the conputer to a sufficient degree w thout
having "to particularly learn the names of particul ar conmands or how to
operat e tRB ERfiPlashdcreenote dperate thecaompubat ictgil e dagy ahgput . The
conputer further is capable of incorporating a user input faithful to the

user's wi P 3heaR¥ maryiesm  Ondehe thek@db @rw iferiRM prdPed&PBheRbns
(appearance) displayed on the desktop screen is updated at all tines. For

exanpl e, Shehnemmenndews andpeoell Insxes ol dridtrtilelediis 19! Bargeppessed or
rel eased, check boxes are sel ected and excluded, |abel text and c¢ounter-

val ue ar eaurdsitetty oft EunStiLdng, Ghangecbptiter oé&é&(ﬁﬁ‘?é Sm'é%cl:l_%y bl e9ar ded
0 redr

to ‘be a damage on the screen display and nust™ be res edor wn. For

exanpl e, mbea i PO WRINBAYY 115 Gr@8depkh ' where the, nenu had
been di spl ayed nust be recovered ag:ftll n sohgs&t"ﬁ'olﬁg%(?oq: uggeaCW%BFﬁ§'as

veen et ot e by The- ier o TR SOF e Bhkhes' (R Bk et o e
di spl ay afo opceeitd PAE é&nﬂ%elsq:loegtggfffciggt Scﬁi!gerce;[eegvigilg ltalf)llai(r){ngscr een.
‘tc_> partj.é:ularly learn the names of particular commands or how
to operate the comniand, and without having to carry -out complex
key input. The computer furthérr is capable of incorporating
a user input faithful to the user's will in the system.

.Under the GUI environment, 'the content (appearance)
displayed on the desktop screen is updated at all times. For
example, the menu window is opened or closed, the buttons are

) depressed or released, check boxes are se'lecte;d and excluded,
label text and counter value are updated, etc.

Such a change in the GUI screen is usually r.egarded’to
be d damage on the screen display and must be restored or redrawn.
.Fcn.: example, when a drop-down menu is closed, the region where
the menu had‘ been disﬁlayed must be recovered again so as to
produce a display as covered with the menu. Or, when a chéck
box is clicked though it had not been selected by the user,
thle displayed contéﬁt must be updated from the display of screen
that is not selected to the selectedr displa-y of screen.

In Qrder to restore the damage on the two-dimensional




F

In order to restore the danage on the two-dimensional 3 25,4p lnl &%06 aul
screen as descri bed above, there has been wi dely enployed a nt %o of
restoring or redrawing all objects in the danaged region fromthe rear

side toward the front. Nanely, the rear farthest object such as background
image is drawn, first. Then, front objects closer thereto are successively-
drawn and, finally, the object which is at the nost front is drawn. This

met hod hagyyeghA ki "painter; s alggritho since the GU  screen is
drawn in the saﬁ%gﬂng#ng%sgga\hﬁ%gﬁg C D %iq'ie‘?r'red BRsPeen fidakk eBrlgvednvas.

The pai nt gr LT the sky and nountains at the back, then, draws
trees, hous%%?ﬁéé\@cqg raeﬁgprlﬁgngﬂfl‘? RO §ddt PRI estefindheadanpgedost

front. Ac Lho-._to.this nethpd, the damage in the damaged regi on can be
reliably E?é@?ﬁ%ﬁ‘?@ qthf‘? PPECt PEES TRV Ehe fsonkgi dfamaky, he edaawn  over
the areas se%ﬁraggg.gé as wide as the damaged region, driving up the cost
of cal cul ARFbASSEGRI mpieh afkarkraund smage Handmeaum, tfiestol oThen,

i splayin e .ton disposed in front of a given inage, e region close
di splaying the button d din front of th | osed
with thi sttt oRPIgChsdst@asar reippeto wareh smastesstiwerlestdraeh  AAd] hi s
case, the_jmage portion intersecting the danmaged region is redrawn, first,
and, t hent 123kl Butthenobhiechevhitivvie atdilmmostr edoRMs Hetem .| fThile damaged
region is conpletely sneared out wth the button, the button only needs be
redrawn fgthedtms hgen known as "painter's algorithm" since the GUI
screen is drawn in the same manner as when a painter draws a
picture on a canvas. The painter draws, first, the sky and
mountains at the back, then, draws trees, houses, etc., and,
finally, draws portraits of men at the most front. According
to this method, the damage in the damaged region can be reliably
restor_ed.. In practice, hdwever, the region must be redrawn
over the areas several times as wide as the damaged region,
‘d;iving up the cost of calcuiation.
| For example, when there is a change in the color
__displaYing the button disposed in front of a given image, the
region closed with this button is a damaged region which must
be restored. 1In this case, the image portion intersecting the
damaged region is redrawn, first,. and, then,' the button on the
-above region is redrawn.
Here, if the damaged region is completely smeared out
with the button, the button only needs be redrawn for restoring

the screen display. This overhead can be accepted in the

two-dimensional GUI wh_ere the content to be changed is not




t he scrr een display. This overhead can be accepted in the t%/g)%&ir 5§i‘onal
GUJ where the content to be changed is not 4 25 April 2006 trenendous and

only a small nunber of objects are overlapped. 1In the _
t wo- and- a- hal f -di nensi onal GQJ where the zoom and ani mati on functions are

added to the two-dinensional display, however, there are displayed a
consi derabl e anobunt of danage and the overl apping of objects, and the

over head di | spreads.to_a probl em of performance of the system Here,
restorati %ﬁ&% n%%s @F’ggﬁlgfaﬁilgﬂalnpﬁg@pénogg}bmqqs aye cveslapped.with

reference_to Ei 9. 10. In the illustrated exanple, a given GUJ object is
movi ng frim Fhe SPeendsaahaddy disensitneie GFevivbeset ithie stoomouasiing t he
obj ect to a current object boundary box at an ani mation step. A

r est or at | FH oA SuRg tienst ave msidady toljles ttwios d inesisdahky @ﬂ@plé%pt ed by
two sinple animati on steps. That is, the drawi ng processing nmust be
execut ed lmwed’%wtb@giet pop dosphaped d homdijdotadias anpvad whi fgndde initial
position nust be sneared - with the background i mage (see Fig. 11). The '
processi Rd okhe egverilagpihg ddmaie) dct £Xegmd e@hfeorov%wéédstg@adfﬁy a
general nethod to substitute for the "painter's algorithm', there can be

exenpl i f isgremdsz toufef erodllgar idfhPer folfiancdl @ ithmganages the so-called
z-buffer to maintain the z-order, i.e., to maintain"the order of objects
I-n the previ ouHerd) AV HOELETINS £ ﬂif@%c@réen"&e'ﬂﬁ%eénﬁ@a@cﬂ@%wv?ﬂﬁsSi ng is
be considered with reference to Fig. 10. 1In the illustrated
example,- a given GUI object is moving from the object boundary
bok of the previous time surrounding the object to ar current
object boundary box at an animation step.
| A restoration processing for the moving object is
' b’asically constituted by two simple animation steps. That is,
the drawing processing muét be executed at a new position to
N where the .obj ect has moved while the initial position must be
smeared with the background image (see Fig. 11}). The
processing for re'storing the damage is executed for every step.
As a general method to substitute for the "painter's
algorithm", there can be exemplified a "z-buffer algorithm".
This algorithm manages the so-called z-buffer to ma.intain.the
z-order, i.e., tomaintain the order of objects in the previous
d:taw processing.  That is, whenever the draw processing is
executed at a given positioﬁ, the z-buffer is t:hecked, first,
and it is judged whether the draw proce'ssing has been completed

already at the above position. When the previous draw




execut'ed at a-given position, the z-buffer is checked, flrabyxnp?QF% S
j udged whet her the draw processi ng has been conpl eted already e above
posi tion. Wien the previous draw 25 April 2006 processing exists in front
of the current draw processing on the z-order, the content of the current
draw processing is discarded. This algorithmrequires additional checking
but can omt the draw processing and, hence, features performance which
is still better than that of the painter's algorithm Wth the z-buffer
aIgorlthd?r¢@e$%l$@kﬁﬁﬁﬁtﬂ uﬂIfanMBefmhbequrréhtydﬂaw pegeBsifgssrared out
already in front or what the z-order is. Therefore, there is no need of

drawi ng t¥ee objecder actie dcomt 410t a0 Pr exet enpi-asd QFAR préEcorpgr £d to the-
painter's algorithm the z-buffer algorithmhas a defect in that it

requi res discaici¢d onathisemigyrifam k@aulréﬁfB@HltIBﬁé?feﬁﬁckng
application is unrealistic for the apparatus that has a [imt tlon on t he

 menory. Redd beit thBidral @%ch@@lh%;y aRa! 'lf‘éi}éél %e%%%%sﬂéé’??&'ﬂﬁé‘r?'
er N8 ng

which operates on a system having hig ormance Suchr as execu .the

draw procasidhd d Bt 1UNidetert RE R EﬁlagagﬁaEhel %?fﬁt?]gr§ haefeo L eGant draw

processing, the z-buffer contains-t *for each

of the plm@lﬁthm‘i{?&gr& o%th!ms ip lb; roc@s?sﬁ%&g?izgi{nggm ng Sucgma fine

resol ution, the cklng isTvite

DS % B YA AL S g TR o e
z- orderl is. Therefore, there is no neéd of drawing the object
according to a predetermined order.

As compared to the painter's algorithm, the z-buffer
algorithm has a defect in that it requires an additional memory
for the z-buffer. Therefore, this application is unrealistic
fortheapparatusthathasa]jﬂdtathmlonthenmmory. Further,
this algorithm is applied to a three-dimensional GUI which

o operates on a system having high peﬁfomance sucl;L as executing

‘the draw processing in a unit of the pixel. That is, as for
the recent draw processing, the z-buffer contains the data
;elated to the z-order for each of the pixels. When- the drawing
is to be processed maintaining euch a fine resolﬁtion} the
z-buffer checking.is virtually impossible on a system having
a relatively small calculation ability. Besides, since no
partlcularorderhasbeenspec1f1edfordraw1ngtheGUIobjects,
there still ex:.sts a probability of effecting the unnecessary

drawing as described above.

As another method of updating the display of the GUI




‘e still exists a probability of effecting the unnecess ng as
égggsibed above. As agother met hod of updating the dlsplay%%%A?ﬂé J 6 25
April 2006 screen, there can be exenplified a reverse painter's algorlthm
- Wwhichis constltuted by a conbination of the painter's algorithmand the
z-buffer algorithm This nethod is, ~generally, the, same as the o
z-buffer"algorithm according to mhlch”.homever, the GUI objects nust be

i 0S| i he front side
drawn in order opposite to that of the z-order, i.e., fromt :
tovard $deeenpathéideanhoughoddi SraNQI LS o R;% SiHeaghy Qii?ﬁfégmegamm
the z-buffer still have to bear a | arge burden o nenory

ool | ent e T ey SPRatELR Ohyl o SoMANI LS Rl LBy r°£¥%f}§¢§£w

excel l ent screen display prOCGS I'ng appar Ctuted b lurality of
processivgbiiend SHlAY ol aé%g%%&ee{i%gg” bt hE Pl Bﬁpgﬁa&%n a

| obj ects and succe55|vely upda toge 1
smeen mn rmth ommtm pmmrmn BmomnEMS o]
‘the- |nveﬁ%%%%yg ek o provi agé e%chl @%%QQ%Ff sﬁﬁfﬁoﬁi?%%ﬁ§%ng
or e Rl S'Weﬂéﬁéfe"éﬁ S mrsEpe sl Locs sder s bt
procesgkpgth; %dt%gdzéorde ua?%JTw)gggpthe front 51de toward the

- rear side. Though this avoeids the unnecessary draw processing,
the z~buffer Stlll have to bear a large burden of memory

overhead.

SUMMARY OF THE INVENTION

Embodiments of this invention seek to provide an
excellent screen display processing apparatus capable of
favorably processing the display of a GUI screen constituted
by a plurality of objects and successively updated together
with the user interaction, a screen diSplay processing method

Bl and a computer program. '

Embodiments of the invention seek to provide an excellent
Screen display processing apparatus for efficiently proce551ng
the display of a GUI screen by suppressing the draw1ng of
unnecessary objects, a screen display processing method and a
computer program. _

According to o¢ne aspect of the invention, there is
_provided a screen display processing apparatus or a screen
display processing method for processing the display of a

screen constituted by a plurality of objects by utilizing a




According to one aspect of the invention, there is providggApﬂgﬁfgen .
di spl ay processing apparatus or a screen display processi H@t 8 for
processing the display of a screen constituted by a plurality of objects
by utilizing a 7 25 April 2006 front buffer for witing the screen inmage
for producing the screen display and a back buffer for building the i mge
di spl ayed on the screen, conprising: checking means or step for determ ning
a damaged region that nust be repaired acconpanying a change in the screen

f or i ngrupanbudiest €. oiridetees i Neb:AbergD] £55e LREL BY3LuREabedfan based

on the damaged region found by. said checking neans or s?ep; drawi ng neans
or stepcteendrdivg hanebj £CHd4t ' awn said formng '
neans or step froﬁn%*le rear. side %}&%ﬁ?ﬁﬁt ﬁtg%f Bg%{f%%ngaitg}/eoaﬁlﬁa%ﬁffer; and

screenduggaki;Ba BRARS O S foQ ing the damage by reproducing all
damaged regi ons f?Oﬁthg bé%%hbdé?%§§%%iﬁﬁé front buffer, except a region

~discarded by~gai-f;farmg _ ' or. st _Her.e,, the checking neans or step
may check t he objgécgslﬂé‘ rgn(??ﬁ‘%? X &%\F&FB‘W‘—? garlarpdedeedteing to a
z-ordegpat pi.ck a mniml_ rectangle conpletely including the

obj ect "t hat gga%ﬁa%ééag%g%a%ﬁﬁﬁﬂﬁﬁp¥%@?o'.Chﬁﬁg§h68k¢ FEZ®SETdr step nay

i ntegrate the danaged |
forming means or step for determining an object that

' nust be redrawn based on the damaged region found by.séid
‘checking means or.step;
' dfawingzneans‘or step-for'drawing'the object determined
‘to be redrawn by said forming means or step from the rear side
toward the front on said back buffer; and
 8creen-updating means or step for reétoring‘the daﬁage
' by reproducing all daipaged reéions from the back buffer to the
front buffer, except a region discarded by said formiﬁg
means or step.

Here, the checking means or step may check the objects
from the front towérd the rear side according to a z-ordef,
and may pick up a niihimal r;actangle compl.etely including the
b_bj ect that has .changedﬂas a damaged region. |

The qhecking ﬁzeans or step may integrate the damaged
regions together,_ Upon integrating the damaged regions, it
is allowed to redué:e unnecessary drawing or i;he ﬁpd_ating of
the screen display. | |

The.checkj_ng means or step ihtegra-tes the damaged regions

toggther when a region where the two intersecting damaged




regi ons together., Upon integrating the danaged regions, it5 's.g%domed to
reduce unnecessary drawing or the updating of - the screen &%J%F% 00rhe., '
checki ng neans or step integrates the damaged regions together when a
regi on where the two intersecting damaged 25 April 2006 regions are
over | apped one upon the other becones greater than a region which is added
up by-integration. Wen the regi on added up by integration becones greater
than the regi on where the damaged regions are overlapped one upon the

ot her, theCgoRged e eyevhappediarstiupynttitee bihegrBééORe HLIWENEHA Y, tW ce
as great. As a result, the anount of data transferred fromthe back buffer

- to the franredidi eshibeitoiesaddedai® byhiaitddie iiaimoed regions are updat ed
after the. conpletion of the image restoration algorithm. Wen the

boundary box ofiidre thhi régﬂbh%ddédlhﬁrﬁﬁcitzﬁtéé}.%ﬁi%f?ble@hﬁggazgfgat&amged
region, then, this boundary box, too, nust be put to the draw ng

~ processi nghaiFwHeheegibhewhera fige r@éﬁgﬁ er%fgaglj%n@)érn%e%ﬁer %ﬁﬁa@@lﬁ egi on

i ndi cates the necessity of drawi ng for ‘ect i
i-nt er secty: the di | i t.he, .draw ng neans or step
o, AT QQxhgﬁ%déjb 1%2;bSbE€§S?g LR e TRatiqle £ ags

‘may draw, on the back buff_er, J ects _
AN or o e et A By PR ] A CAr e i R B 6F i ng for
- the obj -e%train'%ftel}?e@aﬁgﬁ%he back buffer to the front buffer becomes
greater when the damaged regions are updated after the-
completion of the image ‘resto'ration .algorithm. When the
boundary box of the third object 'intlersect's the thus integrated
damag,ed region, then, this b_oﬁndarjr— box, too,r must be put to
the drawing processing.
Further, the forming means or step méy set a flag which
indicates the necessityof drawing for the object in the damaged
‘ region intersecting the preceding objéct. In this case, the
drawing means or step may draw, on the back buffer, all GUI
objects to which are set the flags indicating the necessary
of the draw processing.
E‘urther, the foming means or step may set a flag which
_ indicates thé necessity of drawing for the object in the damaged
.region that has not been completely covered by the preceding
object. In this case, the drawing ﬁleans or step may draw, on
the back buffer, all GUI objects to which are set the fiags

- indicating the necessary of the draw processing.

When an obj ect 1s completely opaque and its boundary box




regi on that has not been conpletely covered by the pr ecedl ?Fé@)%t
this case, the drawi ng neans or step may draw, on the ba'c Juk aII
objects to which are set the flags indicating the necessary of t he draw
processi'ng. Wien an obi ect is conpletely opaque and its boundary box 25
April 2006 is, conpletely including the danaged region, the formng neans
or step may set a flag which indicates that the damaged regi on has been
snmeared out after having confirmed that the object is covering the damaged

r egi oni.s lcenidie taanpdad 1iREHY thBadahsgs A8 SloRUtthd ff%fr%l:dng R@aneed of
checki ng whet her the remai ning objects are Tnter sectl ng I nce the objects

are chackedy nap s&e £ ranly &ﬁ%hdlﬁ&fcéegé tﬁé@' %ﬂ%g}egﬂegigh i's judged

to be |ntersect| ng the .darffaged Tregion after set snear out

ool ohd Hdh %y&{féh eté‘dfriagl"3 LFyset i ng, %%HS?C)?%F% %tﬁggbgg ﬁgddr aw

region. Upon omtting 1 aw proces

process NG A 08+ gc&glﬁlgﬁggﬁ)é?ﬁlgﬁe whol e screen. Further, .the form ngt . '

nmeans or step .na I'scara Obj ect and the darraged regi on when
obj ect is di SS|de t he dama ed re i,s to be

processed algpq%as ROt eeﬁegﬁgﬁ‘gg%“atﬂg % 6581 PE 'oﬁ §e denPPet el y
cover t Q are not .changj ng even when the. danmaged
tegi o%lgle\sQf ]Eons I?J{ge‘d}‘B‘ﬁh F@E"E“%ntlﬁgtc’%%t%I@ér‘i‘gé’dte#‘ﬁéﬁéf-ége t he

changg does gg r on the screen, and the draw processing
: ince t e objects are checked from the front toward the rear

side, the object: that is judged to be 1ntersect1ng the damaged .
region dfter settlng the flagof smear out is inevitably covered .
Yﬂi—th the object that smears. out the damaged region. Uponv
-._omi.tting_ the draw processing, the total ameuht of the 'draw
'pi:ocess_ing can ‘be, decreased over .the whole screen. |
Further, tl‘_le forming medns or step. may-discard both the
object and the damaged red’ion when_ the ebjeét is disposed on
':\_ this side of the damaged region that is to be processed and
ﬁas not been changed.
The damaged.region is completely coveeed with the objects
| thatl. are not changing even Wwhen the damaged region is
‘constituted by the objects that have_ changed. Therefore, the
change does not appear on the screen, and the draw processing

can be omitted.

According to a second aspect of the present invention,
there 1is provided a screen display processing method for
processing the display of a screen constituted by a plurality
of objects by utilizing a front buffer for writing the screen
image for producing the screen display and a back ‘buffer for
building the_ image displayed on the screen, comprising:

10




can be omtted. According to a second aspect of the presen&si vigéﬁyn,-.
there is provided a screen display processing nethod for ‘proéﬁ g the

di splay of a screen constituted by a plurality of objects by utilizing a
front buffer for witing the screen image for producing the screen display
and a back buffer for building the inmage displayed on the screen,
conprising: 10 25 April 2006 a checking step for determ ning a danaged

region that a misickiegr eftapr efbracCMaAnNyiAg & qﬂg@@%diqx%EEQEQ%ggga a

form ng,step.f rmning an object that nust be re on the
darrageduregllpeon]p 33%§8b§0%%ﬁé§ngﬁgg fgandieepn Bheirsnkieny: step for drawing the

obj ect det efnifivgtiing Is¢epr edrawi thynsaisy f @h MoBgest epnif opLheLear side

toward theawd rgot.on. sai.d back buffer; and a screen-updating step for
restoring the da%%geo ytg?e%%gaag?n§egFPnd5ﬁ&@€dbﬁe@#ﬁﬁ% Fhesiinbe back

buf ferSE®Pthe front buffer, except a region discarded by said forning

~step. Accordi gg 0,2 Lpigd-aspect .of the present invention, there is
provi ded a corrpat erru?pr%éf% a%gjae%%ar"i’lbrlgd tirl}‘? LHISTh Gpdermingd beorbad by a

conput EF ¥y Mexie useid oRoamivanmsitar Sysi ethe arePF 06881 RGEBE displ aying a

Screenfegnstdnt ubed g¥ﬂ@bgkgg§lhh%i of objects by utilizing a front buffer
for witing the screen inmage for producing the screen display and a back

buffer for @ Screen-updating step for restoring the damage by
reproducing all damaged regions from the back buffer to the

front buffer, except a region discarded by said forming step.

According to a third aspect of the present invention,
there is provided a computer program described in a form that
can be read by a computer to execute, on a computer system, a
processing for displaying a screen constituted by a plurality
of objects by utilizing a front buffer for writing the screen
image for producing the screen display and a back buffer for

building the image displayed on the screen, comprising:

a Chec:king.steﬁ_ for dei-:er'mini_ng a da;uagéd re;_;ion that
"mus't be repaj.red 'accompanying a r.change in the ;;sj,éreen;
'a_forming step for defermining'%ﬁé”ébjedt that must be
. redrawn bas ed on the d{ﬂﬁaged region found by said c:he‘éking, step;
a drawing step for-dr"awin.g the object determined to be
. redrawn by said foming step from_ the rear side toward the front
on said back buffer; and | |
a sc-reén-ur:)dat'ing step for restoring thé‘u damage by "
'rebroducing a;l dama_ged‘regi‘ons from the .back buffe-r t.o- the
front buffer, except the regjfons. discarded by said forming
step. |
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bui l di ng the i mage di splayed on the screen, conprising: a cﬂeﬁglj“%oétep for
determ ning a danmaged region that nust be. repaired acconpanying a change
in the:. screen; a formng step ' for determ ning the object that nust be
redrawn based on the danmaged region found by said checking step; a draw ng
step for-drawi ng the object determned to be redrawn by said form ng step
fromthe real SiIFBPELWaPIoPHER fAc6Ardingn toathe Wadkd ket omnd a- -

screenyypdat | ‘ep for restoring the damage by reproducing all damaged
regi on}“%r oirr{ll?%%é%ggk Yuf FE\F t 8Rehelefinhmapiier compudstr t heogegmons

di scar said forming step. 11 25 April 2006 The conputer program
accordﬁ%%c%bleﬁelf’h?r@’ﬂgd@&gﬁaﬁﬁ@ inpAchtiyor comphéesntodebhahing t he

conput er Sr ram described in-a formthat can be read by a conputer to
realiz8 P e%%@&%“ﬁdné&%mmn@noa sopgniuerspysérm im ether words,
t he con‘gu er program according to the third aspect of the present invention
i's i nst'@F{%edtoh camRiEep RO 8 Stcentdinghes ehy tihedcogpet ajd ve action is
exhi bited on the conputer systemto obtain the action and effect same as
those BRet REesends davetispdmy ipr aoesta DUedPRA ai UsoRpbules S&§Seandi spl ay -
processing nethod according to the first aspect of the present invention.
Q her wivpeehy, theboobpens i addaadiant 3geex®idit®d on the computer

~system to obtain the action and effect same as those of the

' screen display processing apparatus or the screen display

. Processing method according td the first aspect of the present

invention.

Other aspects, - embodiments 'and advantages of the
invention will become obvious from the detailed description of

the embodiment of the invention described below and the
accompanying drawings.
BRIEF. DESCRIPTION OF THE DRAWINGS

, Fig. 1 is a diagram sche_maticaliy illustrating a mnlmum '
degl:_‘_e.e of hardware constitution with which a_s"i:i:eeﬁ display
'process_-ing apparatus 100 of the invention is provided.

Fig. 2 is a diagram schematically iuust;éting t&e
éonétitutién ©OEf a sereen displéy procéssing a‘ig@rithmg‘.

- according to an embbdiment of the invention.
o Fig. 3'is a diaqraz-n- illustrating a 'detaile&;procet::luré
' of processing in a screen di‘splay Processing alg;)rithm check |

phase according to the embodiment of the invention.
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invention will becone .obvious fromthe detaiIQd_deScrjptioQ5g¢w“§dqg o
enbodi nent of the invention described bel ow and the acconpanylng draw ngs.
BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a diagram schematically
illustrating a mni mum degree of hardware constitution with which a screen
di splay processing apparatus 100 of the invention is provided. Fig- 2 is a
di agram schematically illustrating the constitution of a screen display
~processing algorithm, according to an enbodi nent of the invention. Fig.
3'is adiagramillustrating a detail ed procedure of 'processing in a screen
di splay processing algorithmcheck phase according to the enbodi nent

of .the inventFd§, 42525 AR{ikr2Q061FiQ i diggramillustrating a ‘
- detail ed procedure of proc%ggﬁﬁgﬁﬁghgtgéﬁggﬁféﬁ§%ﬁﬁvﬁki<§£¥ﬁ?éﬁ%ﬁgorithm
gener atef pphaes saeeo] 4l 0.4 ha pnent of..the tnvention-. Fig.- 5is a
di.agram il | ust rati %Siefg%p#%esﬁgﬁ %ou(r)?gg?‘-?ceﬁg%é’g FLIQr RGBT ect s of -

vari ouplsd P esceo Fi Png Ok S di_agr illustrating, a processing for
_integrating the %anag%dtér)egﬁgnsegggggﬁ%}; qﬁlté.:hel, IRvengiggramitlustrating

eSO 4 e R it N it
' beeé related to GUI objects of various shapes. . .

Fig. 6 is a diagram illustrating a processing for '
integrating the damaged regions.tqgether-

Fig. ?.is a diagram illﬁstrating a processing for
integrating the damAged regioné togéther. | |

Fig. é is a diagrém illustrating an opaque object and -

-objects which are not completely apaque.,
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obj ects which are not conpletely opaque. 12a 25 April 2006 %ﬂ » %PQ a
diagramillustrating a standard for judging whether the da '8%& gi on be
put to the draw processing or be discarded. Fig. 10 is a diagram
illustrating a .processing procedure (prior art) for restoring the screen
in the animation GU. Fig. 11 is a diagramillustrating a processing
procedure (prior art) for restoring the screen in the animation GJ .

DESCRI PTI ON OF PREFERRED EMBCDI MENTS Enbodi nents of the present invention
wi || now be desdHithed i tehdietermntil tiot tiei amﬁaaaﬁﬁ%éff;;%ﬁﬁpl ay
pr ocessi ngw;et;hg;:d accor di ngdto thg inventi og canfc?e- preferably "applied tlo
a processi dhawdagagadc eaplibRr b& CHEEN: : - si ona
or a two- and-a- hal f-di mensi onal GU enﬂ\sli ronngtﬁ%é.) Tleﬁ[ew ?%D&éeﬁls\éﬂn%l 4

hal f - di melrsi ehislca®dedscreen referred to here stands for the ,

t wo- di nensi onal QU screen equi pped with zoom and ani mation functions.

Fig. 1 schemati @allylo ﬁb@ﬁri&b%émtfﬂﬁ?ﬁ%r?%ﬁﬁfé%e%éﬁ%%ggggwégi T&T to

degree with which is provided a screen : .
Drocaon ni- e st 56 28ech AR Lo Ehrtheh P e BRSPS,
program RAM Fig. 11 is a diagram illustrating a proceés—ing procedure |
-(prior art) for restoring the écreen in the animation GUI.
DESCRIPTION OF PREFERRED EMBODIMENTS
Embodiments of the present invention will now be
| described with reference to the drawings.
The screen display Processing method éccording to the
invention canbe preferabiy applied to a processing for drawing
a computer screen for offering a two—dimensio_nal‘ or a. two-
and—a—half4dimensional GUI environment. The twé—and—a-
half-dimensional GUI screen referred to here stands for the
two-dimensional GUI screen equipped with zoom and animation
functions.
| Fig. 1 schematically illustrates the hardware
constitution of aminimum dégree with which is provided a screen
. display processing apparatus 100 to which the present invention
.is applied.
In Fig. 1, the sdréep display processing apparatus 100
' inqludes a CPU (central processing unit) 101, a brogram RAM
{random access memory) 102 and a grai)hic hardware 103. The

- CPU 101 is connected to the hardware constituent elements
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(random access nenory) 102 and a graphic hardware 103. The_2 %@% S
connected to the hardware constituent elenents 13 25 April 3

constituting the apparatus 100 through a bus. (not shown) which is a
common signal transm ssion line. The CPU (central processing unit) 101
which is a main controller executes a variety of applications being
controlled by an operating system (0OS). In this enbodi nent, the operating
systemis provided with a bit map display function, and is offering a

t wo- di mensonsal toting thie- apgasabakitoh FERSLGAM LuSUnERY 'Tex?lrn he
program RAM 102 is constituted by, for exarrg | e, }i g)nurahlroty ﬂ

(dynam ¢ RAMB) comifiéh | $igser :04nd08¢k 16 &1 1 L 0gr am code executed by the CPU
101 and for tenporarily storing the operation data of an execution

bt oo6ssi np & grp“‘*"@m”%ﬁllﬁdﬁs%&%ﬁdhﬁﬁtﬁcm?”B S%af%’%n%f%tvi’é"ehy.n

processing a drawi ng instructioil i ssué

I B T R s

graphic hardware 103 is connecte
the. Q?S&%@X St SRk eh WG N Pl s R Brasing the bi
ﬁﬁn?'eip'ﬁy S Hher e "m—i‘ii%“ﬁcifqé?a?’x Fraiahigat arand 31 i ng
) offering a two- dlmen31onal or a two-and-a-half-dimensional
GUI environment.
The program RAM 102 is constituted by, for example, a
plurality of DRAMs (dynamic RAMS) , and is used for loading a
| program code executed by the CPU 101 and for temporar:!.ly storing
the operatlon data of an execution program.
The graphic hardware 103 is a dedicated controller for
actually processing a drawing insi:rucf:ion issued by .the CPU
101, and is provided in the apparatus 100 in the form of, for
example, an adapter card. To the graphic hardware 103 is
connected a dlsplay (not shown) such as CRT (cathode~-ray tube)
or LCD (liqaid crystal display) as a target to which the display
output. In phis embodiment, the display is supporting the bit
map display function.
On the graphic hardware 103 as shown, there is mounted
a video RAM 103A used as a frame buffer for temporai:ily writing
the content of display on the screen. Instead of an
independent hardware i:hat is shown, the video RAM 103A may be

:in the form of a share memory mapped on the memory space of

14




|

the content of display on the screen. Instead of an indepej%d ﬁzg@édware
that is shown, the video RAM 103A may be in the formof a’share nenory
mapped on the nenory space of 14 25 April 2006 the program RAM 102. Though
not shown, the screen display processing apparatus 100 nmay be furnished
with a user input device such as a keyboard or a nobuse, an external
storage unit. such as a hard disk unit or a CO/DVD read/ wite device, a
network interface (NIC) for connecting the apparatus 100 to a network,

etc., in BBEiProgram RMS hdDve- nentioned units. A representative exanple of

the screen display processing apparatus 100 may be a conputer system for

offering a GUITkmwihoonment staet) aghe Peksasal goERYLE! éfg%eéggn he

li ke. Under the GU environnment, there are provided a desktop similating a

conput er apsAEmMEnd G0 MaPBe Ehrhe9ASION 8 4 SR ;SCLee t esktop
on which the GU is provided, resource objects onlagggngﬁyg?esys?€n1such

as f11es as @ aldyboepieased ndiskeOllt oo tial LA Uonr 5&5‘4% devigce such as
a nouse, the wuser directly applies (€. g., clicks"® rags &ﬁ 8P obs) an
b ogram- e darar SHL o 8RO/ LR ilke SHERIES. OB diPu S bperate
:)ngfggguirﬁ{etﬁ;)ﬂngsd@szigﬁéb yf&ng:oinﬂe%@in%aéﬂe %%%%%%tugllbg etodgsrgtovporakr,e further
' - ete., in addition'to‘the above-mentioned units.
.A. representative example ‘of the screen display
processing apparatus 100 may be a computer system for offering
a GUI environment, such as a pérsonal computer {PC) and the
- like.
Under the‘GUI environment, there are provided a desktop
l_simulat.ing a computer system and a number of icons on a display
screen. On the desktop on which the GUI is ‘provided, resource
r\. objects on a computer system such as files are all expressed
as icdns. By using a user input device such as a mouse, the
user directly applies (e.g., clicks or drags and drops)rén
operat-ion to an object displayed on the screen, such as an icon
symbolizing a program, a data, a folder or a device on the
- display screen to operate the computer intuitively and in an
ensy manner. On the desktop are further provided buttons such
as menu bars and tool boges for instantaneously dalling a
variety of functions, i.e., compufér processings.

The GUI object is constituting a hierarchical tree

"~ structure which is stored on the program RAM 102. The CPU 101
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as nenu bars and tool boxes for |nstantaneously calling a %q%‘féq
functions, i.e., conputer processings. The GU object is cons Ing a
hierarchical tree structure which is stored on the program RAM 102. The

CPU 101 15 25 April 2006 nakes a read/wite access to the program RAM 102.
In this enbodi ment, the franme buffer is constituted by the "front buffer”
and the "back buffer” which are for rendering the GUJ objects. The front

buffer is always holding a GU imge which the user uses'for produci ng a

di spl ay omakbe acregd/wribe H3&kssbedfefhe Oﬁfbépﬁn is used for
building an image that is to be displayed on”the screen That s, while

bui 11 up on 1 he- bace barr o ieng; thacoPae hed ?'ﬁs R U

built up on the back buffer an ‘i s repro

LS CoTRheaon T, A4t UG LR LSG LA B8l Lo producpg the

screen, and exists on the VI

to elthertﬁgas iQQﬂ% 103A or the program RAM 102. In the hardware
constitution shown 1g. 1, the CPU 101 nakes at least a wite access to
cally ilJlustrates the constitution of a

the vi deo RAM Fi chemat i

screen di spl ayllglr ocess%ali)%%f?]f H QEUGV&W@J&]‘I ReGURbigw IR rhichfthee
resent i ent e screen, displ a rocessing starts in response to the

P RES A dses f-I;’r PrOC?UClng £ dJysgg)lay on tl?e screen.. The pback

buffer, on the other hand, is used for building an image fhat
is tobe displayed on the screen. That is, while the GUI object

.. 1s being rendered, the graphic display thereof is, first‘, built
‘up on the back buffer and is reproduced onto the front buffer
lafter it is completed.

The front buffer is the data itself for producing the
scree.n, and exists on the video RAM 103A. The back buffer may
be .assigned to either the video RAM 1034 or the program RAM
102z, Ip the hardware constitution shown in Fig. 1, the CPU
-10l_makeé at 1east a write access to the video‘RAM 1034,

Fig. 2 schematically illustrates the constitution of a
Screen display process algorithm according to the embodiment
of.the pPresent invention.

The screen display processing starts in response to the
qccurrence'of damage on the GUI séreen in the rendering cycle,
i.e., in response to a change in the GUI image that must be
restored (redrawn), such as when a drop-down menu is closed
or when a region displaying the menu‘must be'so_reéovered as

_to display as covered with the menu.
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occurr'ence of damage on the GU screen in the renderi ng cycg r”
response to a change in the GQUJ inage that nust be restore §¥) ramn
such as when a drop-down nenu is closed or when a region displaying t he
menu nmust be so recovered as to display as covered with the nmenu. 16 25
April 2006 A first processing phase deternines a QU region that nust be
restored, i.e., determnes a region called "damaged region". This
processi ng phase is hereinafter called "check phase" and its detailed
procedure of pricesEithPrardsding phieee deeEmined. aACHICEEGULNTLBLEONd
processi ng phase determ nes an object that nust be restored based on the

dameged r@g#brbd ogrtona,t lie echedetpradecsandregisnachl a6dt hesRadeq Thi s
processing phase is hereinafter called "generate phase" and its det ailed

pr ocedur e efqntbeedbilsgpiacebunyrhade i HeeifarhotUeserdhnts
processi ng phase draws, on the back buffer, all GJ objects to |ch are

set fl agshasd'hendeiies dtetalﬂha%ﬂcod@i&e bbepz%&é@g q’iﬁ_g ﬂfﬁ){g}#g éat'be rear
aint-p

side toward the front. This processing phase Is ca ase
succeedi nigh fRi t B processi ng phase finishes the restoration of damage by
reproduci ng all danmaged regrons from the back buffer onto the front

buffer. Here, thesger@gsethy Egbgﬂa ﬁ{ JER SI 8 %%agi)é%l ggléggﬁt he regions

di scarded in the generate phase S proce e&“”update
obj ect that must be restored based on the damaged region found
in the check phase, and sets a flag thereon. This processing
phase is hereinafter eal.l_ed "generate phase" and its detailed
procedure of processing is illustrated in Fig. 4.

A succeeding third processing phase draws, on the back
buffer, all GUI objects to which are set flags in the generate
phase. Here, the objects are drawn from the rear side toward
the front. This processing phase is called "paint phase".

A A succeeding fourth processing phase finishes the
restoration of damage by reprodﬁcing all damaged i'egions from
the back buffer onto the front buffer. Here, the damaded
:egiohs are reproduced by excluding the regions discarded in
the generate phase. This processing phase is called "update
phase".

The second processing phase checks all of the GUI obj ects
whethertheylntersectallof1ﬂuadamagedreglonsthatarefound
The GUI objects are then checked again from the front side
toward the rear side according to tbe z~order.

Fig. 3 illustrates the detailed processing procedure in
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phase". The second processi ng phase checks all of the GU 9$h§§Q§90€Nh6ther
they intersect all of the danmaged regions that are found. h obj ect s
are then checked again fromthe front side toward the rear side according
to the .z-order. Fig. 3 illustrates the detail ed processing procedure in 17
25 April 2006 the check phase which is the second processing phase. The
damaged regions are determ ned by checking all of the GU objects that
have changed. Here, however, the objects are checked fromthe front side
toward théhpegheckdphaseowhiicly isothées@condesroddian dhasimade found the
obj ects that have changed (judging block a), a boundary box of before the

change (previolise demhgedataiams boe Qifet%fﬁrﬁheﬁhﬁycﬁﬂﬁgﬁiﬁﬁg ifn(ltll% become
e c

damage regions (see Fig. 11). Here, the boundary box after ange is

the one othél@Iobyeots ajachavanchdtifed 'bo%@?rgﬁéaﬁéﬁg@éq%?feoﬁlﬁ%égﬁs change

Is the one of the object that is drawn | ast undary

box conpl telshedyae Beles tihe rabaves pbi mal;lest rectangl e of
which the position is aligned in ?ﬁeé ﬁ%ﬁaﬁggé%a%egtlggna%%%ﬁ t he
damaged regiehe Fldedex il lustrates the boundary boxes related to the GU
obj ects of various shapes. The damages are processed within the damaged

regiqns. Nbxt,wﬂgnc%ﬁ@9§da£gg¥gﬁﬁgﬂéhgf%ﬁ?ég%gdtth %g%e changed

(judging block a), a_boundéry box of before the change

(previous) and a boundary box of after the (.:hange (current)

become damage regions (see Fig. 11). Here, therboundary box

after the change is the one_of the current object, and the

'boundary box of before the change is the one of the object that

is drawn last (see Fig. 10). The boundary box completely

o | includes the above object, and the smallest rectangle of which

the'position is aligned in the horizontal direétion beconies

N the damaged region. Fig. 5 illustrates the boundary boxes

" related to the GUI 'objects of various shapes. The damages are
proéessed wi.t_hin the damaged regions. |

Next, all damaged regions are integrated. 1If two

_damaged régions are intersecting by more than a predetermined

degree, they:are integrated into one damaged region (judging

block b). ‘Namely, it is judged wh.ether the previous or current

boundary box of the object .'LS intersecting the damaged region.

When it is ipte_rsecting, the previous or current boundary box

of the object is integrated into thé damaged region. Then,

the damaged region is removed to restart the brocess as the
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damaged regions are intersecting by nore than a predeterm g rildﬁ%%ee, t hey
are integrated into one danmaged region (judging block b) . nely, it is
j udged whet her the previous or current boundary box of the object is

i ntersecting the damaged region. Wen it is intersecting, the previous or
current boundary box of the object is integrated into the danmaged regi on.
Then, the damaged region is renoved to restart the process as the 18 25
April 2006 integrated region. Upon integrating the damaged regions, it is
al I oved tdPFegrEed rReiedsar Ypdnainbegnatitde iy ceessjedyrebobnypdat i ng t he
di splay of screen. Wien the region added up by the integration becones
greater thamllweddioraduerce unhe ceasaggddragh 8§SanlethOVSFbappethene upon
anot her as shown in, for exanple, Fig. 6, the danmaged regi on obtal ned by

t he i nt egfert iwpdathiare dfhdetiymsy nemrdardan ce as great. As a result, when
t he damaged region is. updated acconpanying the conpletion of the inmage

restoration alWied tiHe ﬁ%tﬁi&@tﬁdééé hpapst %%%eQLﬂﬂ?eg\%}:eﬂniQﬁg@&g&neasmum

from the back buffer to e front buffer. Further, ouridary box

of the thyrahtehj eehahntehse ithe [ r region, the
boundary box, too, '?rust be gtt?t%liogl'tﬁgagﬁaﬁﬁ%r%%%gie%h?gﬁggﬁéh alar‘:"case,

Lher et of o bhel G5 Lo SELA! Ly Arffess | be Lupdamged. regione

and, hence, thée  danmmged regions arée not | htegrat

of t he. t W daReEHa &%%ii%gsoﬁéa%ggtb? tltlgia:i%tegration thereof becomes

nearly twice as great. As a result, when the damaged region

is updated accompanying the completion of the image restoration

algorithm, the data are transferred in an increased a_mouﬁt from

the back buffer to the front buffer. Further, when the

j boundary box ‘of the third obj éct‘intersect':s the thus integrated

damaged region, the boundary box, too, must be put to the draw

proceséing. In such‘a case, thefefore, it is efficient to

- _ separately process the two damaged regiéns and, hence, the
damaged regions are not integfated together.

When the sum of the two démaged regions is greater than

the integrated dainaged region, on the other hand, it is rather

‘_disadvantageous to handle the damaged region that has been

integrated already as the two separate damaged regions if the

region where ~the two intersecting damaged regions are

overlapped one upon anotﬁer becomes greater than the region

added up by integration (see Fig. 7). The threshold value for

judging whether the intersecting damaged regions be integrated

- together, serves as a parameter in the algorithm.
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the integrated damaged region, on the other hand, it is rathepq 200
di sadvant ageous to handl e the danaged regi on that has been |n?egra?ed
already as the two separate danmged regions if the region where the two
i ntersecting danmaged regi ons are overl apped one upon anot her becones
greater than the region added up by integration (see Fig. 7) . The
threshol d value for judgi-ng whether the intersecting danaged regi ons be
integrated together, serves as a paraneter in the algorithm 19 25 Apri

2006 To det er mTe déeedaimgethes eginiged heegfdh, OBLECEST aél?je&@gcﬁfg from
e

the front side toward the rear side according to the z-order. The object

at the moshedrentedus tad exoht &nfe izt OhUFead B dCYRLUERE! L nCT Cases

one by one for every object toward the rear side. en regi on
i s di scontes eghotdier | evales obfj ddie ahekater G rpRiechs 00 1hg 7-grder are
assigned to the danagedregigﬁ. Fgr ex%n%?g£ &ggh%thg?ea %%V%fcﬁdﬂbe in the
third objged F4padhe gpstdy I; |.__2 on the z-order is assigned
onto the damaged regi on that €£H¥a eﬁféu%%§§535r8§8| Y OB&r tRErSVSHhen t he

he ] ower | evel between those

E):‘Not ﬁgm% %cggn;g%%alfg;?g%g &%%rﬁathsgjg%% '_(c))? h‘% ’stégsidﬁﬁ‘é‘ﬂefio 1499 At € at ed
camoed, (B St e AP LSl ol BB clecked B e e
list of %&%@%@%i&%%ﬁpgg'the damaged region. For example, when there
| is a change :E_.n the third obiject from the most front, the level
2 on the z-order is assigned onto the damaged region that is
taken out gs a result. Further; when the two damaged regions
are integrated together, the lower level between those of the
twodamagedregionsonthez—orderiséssignedtotheintegfated
damaged region.
After the damaged regions ére all checked as described
A above, the previous and current boundary boxes of object are
added fo the list of damaged régions.
When fhe unprocessed objects are remaining, the nekt
object is taken out, checked for the presence of change, and
the processing is repeated in the same.manner as described
. above, |
Fig. 4 illuétrates a detailed processing procédure of
thg generate phase which is the third processiné phase.
The generate-_phase checks ail of the GUI objects
concerning whether they intersect ali of the-damaged regions

' fqund in the above check phase, Here, however, the objects
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When the unprocessed obj ects are renaining, the next objegk A5 %ﬁﬁen out,
checked for the presence of change, and the processing is reygea I n the
same manner as described above. Fig. 4 illustrates a detail ed processing
procedure of the generate phase which is the third processing phase. The
gener ate phase checks all of the GU objects concerning whether they
Intersect all of the damaged regions found in the above check phase. Here,
however, the objects 20 25 April 2006 are checked fromthe front toward the
rear si deaééc@i‘%ﬁ:]ﬁ@dt@fom [fhez L5pBbrtowhed the irrdmaidedatbardihg tbj ect is
intersecting a given damaged region, a flag is set to the object to

i ndi cate the recesdiry ofWhemwifr odessiagrnédl itat heHaUl obheeet sigre
checked fromthe front toward the rear side in regard to whether they are
- visibl e obntéessctireya ¢jvelgdagabkdaedon THG_EMQSiblgﬁetO@qu{eso %@cghecked

concerning the relationship to all damaged regions. Is furt checked
whet her tbe ibjicdise aflee S@edd it PWF tdieaw ﬁﬁ‘&%kiﬁﬁﬂ' ons (J udgi.ng bl ock
b). Wien the objects are not filling the anaged regi ons, is then

checked whet herathefhenadary obgct 8fatdeneliedt £t ! damaged
region (judging block c). Vhe% thei%oundary box % iﬂﬁi%%gﬁgc |%ﬂ%o

i nt er sectingrebbes i¢ATREed fa9d RhethelrStipsked Mghnes, the objegt is

(judging block a).

" The wvisible objects are checked concerning the

relationship to all damaged regions. It.is further checked

" whether the objects are smearing out the damaged regions

(judging block b). When the objects are not filling the

' damaged regions, it 1s then checked whether the boundary box

of the object is inﬁersecting the damaged region {judging block

¢). When the ‘boundalry box of the object is not intersecting

the damaged regions, it is checked whether the object is

completely opaque and whether its boundary box is completely
including the damaged region.

When the object is completely opaque and its boundary
box is completely including the damaged region (judging block
d), then, a.flag is set to indicate that the .damaged region
has been smeared out {filled) upcn confirming that the object
is completely covering the damaged region (i.e., the object
is on this side on the z-order. ahd is not changing) (judging

_block el. Ih the damaged region thet ‘has been smeared out,

there is no need of checking whether it is intersecting the
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conpl €t el y opaque and whether its boundary box is conplete@g;\}ﬂgb&ging t he
damaged regi on. Wien the object is conpletely opaque and its boundary box
is completely including the. damaged region (judging block d), then, a
flag is set to indicate that the damaged regi on has been sneared out
(filled) upon confirmng that the object 1is conpletely covering the
damaged region (i.e., the object is on this side on the z-order and is not
changing) (judging block e). In the danaged region that has been sneared
out, theF@E Y RABieETs chddki-ng whduhtratesisnimagsecthhect el 25
April 2006 remaining objects. Fig. 8 illustrates an opaque object ‘and

obj ect s v Iertks evlnisth e lrettel gomgiadiedy Sipaemet.he obj ects are checked from
the front side toward the rear side, the damaged region is inevitably

covered with tHaasbibetoljmttsararshatited FeodafRe ad-drR0EPR WRhdd 1S
judged that the object is intersecting the danmaged region after a flag s

set ther dtie treairndiidal ethdedammpsd Megin 1By RV ELRYyt Bbverdi A th
processing, the total anount of the.draw processing can be decreased on

the scredtheasbieshaltat M@ﬂrbhﬁl@%@%ﬂ@ée@rég%ﬂ%héﬁ‘é@ iég‘r’t:fbfsgeté‘a” the
e |

damaged region that is to be processed, 1.e., “is placed on side and

Cancel ed. i o e Besause et ary FRY e A PAG R W A R e by
the obj egls sbateie N 8896M: dded TheOIREEEELY out. By omitting this

draw prgcessing, the total amount of the draw processing can

be decreased on the screen as a whole.

When the object has a z—_order‘ level lower than the damaged
'region that is to be processed, i.e., is placed on-this.side
and has not been changed, both the object and the damaged region
can be canceled. This is because, eveﬁ when the damaged region
is constituted by the object fhat has changed, it is completely

N concealed by the object that has not been changed. In such
a case, a change in the object in the damaged region is concealed,
and the draw.processing can-ﬁe omitted.

When it is judged at the judging block d that the boundary
box is not completely'including'the damaged region,'a flag is
set to the 6bject in the damaged region to indicate the
necessity of the &raw processing.

| Fig. 9 illustrates a standard for judging whether the
damaged region be.put to'the draw processing or discarded.
When the object on this side of the damaged region is not

- completely covering the damaged region, the damaged regionmust




concedl ed by the object that has not been changed. In S“Ch253hﬁﬁ§§b a
change in the object in the damaged region is conceal ed, and'the draw
processing can be omtted. Wen it is judged at the judging block d that

t he boundary box is not conpletely including the damaged region, a flag is
set to the object in the danmaged region to indicate the necessity of the
draw processing. Fig. 9 illustrates a standard for judgi ng whether the
damaged regi on be put to the draw processing or discarded. Wen the object
on this s?%ePQF § o Lhpn AR RIQsiass ing .noFurEbepl etbeydenaged gegien damaged
regi on, the damaged region nmust 22 25 April 2006 be put to the draw
processi ngPVeERd Weith athepdane gbd acdgiesit bequer ed thid draw prpagseiabj. ect nust
be put to the draw processing. The danaged region conpletely, covered with
t he obj ecth@dlamsiged sedéonesusphate e quvterted hehdtleadbyjeeasshnghi@nd is

di scarded fromthe necessity of processing. The invention was described

~above i n selainleedst hot ref puente e Eakii S1beEs SIRQONIIRNE S di dcavddd
however, be obvious that the enbodi nents can be nodified or substituted

for w thaotomleqtsy trigtge iary tde @hcdefidgie i nvention. Nanely, the
invention is disclosed in the formof exanples, and the contents disclosed

in the specifiaaid 0AngBALLoAOlwde deBEelBE! bt a il Mybedigenstn To J udge
the gist of the invention, reference should be nmade to the colum of
claine reference to particular embodiments. It will,  -however, be
- obvious that the_embodiments can be modified or subStituted
for without departing from the gist of the invention. Namely,
the invention is disclosed in the form of eﬁamﬁles, and the
contents disclosed in the specification shall not be
interpreted in a limited sense. To judge the gist of the
invention, reference sheuld be made to the column of claims
described at the beginning.
- According to the present invention as described above,
_rhere are provided an excellent screen display prpcessing'
apparatus cepable of processing the display of a GUI screen
constituted by a plurality of objects and successively updated
together with the user interactioh, a screendisplay processing
method and e computer program.

According to the present invention, there are.furtﬁer
provided an excellent écreen display processing apparatus
capable of efficiently processing the display of a GUI sereen
by suppressing the drawing of unnecessary objects, a screen

display processing method and a computer program.
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descri'bed at the beginning. According to the present inveggm@n“gmG

descri bed above, there are provided an excellent screen display processing
- appar atus capabl e of processing the display of a GJ screen .constituted by
a plurality of objects and successively updated together with the user
interaction, a screen display processing nethod and a conputer program
According to the present invention, there are further provided an ,
excel | ent screep display processing apparatus capable of efficiently
processi-ng the ?E%Fgﬁn%ftoat@l Sgkeaie Al shy ayuppe esss img Eppachadnisngrof
unnecessary objects, a screen display processing nethod and a conputer
program 93¢ S5y eqh fiispbar prasnsdiing nothod et thepmisytaynpent£648) Ng
apparatus_or, the screen display processing nethod of the present

i nventionlt %% ailéo&ieldoﬁedre@ucedllrﬁenumbemuabedrmpiro&)@s@im?%saitngﬁeat. t he
time of redrawing the GUI screen. According to the screen display

processi ngle@paf atedrawing hehs GEEs@liegt Ay processi ng net hod of the
present invention, further, it is allowed to reduce the total anmount of"

data transfer Faxbdrding he bla@lsdiléfeﬁ'ﬁﬁikﬁlé?%xfdéggsi?g Epbadhthi€ortime of

redrawi ng the GU screen. According to the screen di ay processing

appar at usth sctrbensdigerayd b&l@b@%s@h?@@é@dé@ o’feﬁlbé’%g%fsehlﬂeir&;%fén, .
invention, further, it is allowed fo reduce the nory capaci ty required
: ‘further, it is allowed to reduce the total amount of déta
~transferred from the back buffer to the front ‘buffer at the
time of redrawing the GUI screen.
'According to the screen display processing apparatus or
the screen display,processing method of the present invention,

further, it is allowed to reduce the memory capacitjr required

in the computer processing for providing a GUI environment.
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in the conputer processing for providing a GU environnent25aﬂ“@§ndpril
2006 CLAIMS:. 1. A screen display processing apparatus for processing the
di splay of a:.screen constituted by a plurality of objects, conprising: a
front buffer for witing picture inmage for producing a picture display;, a
back buffgrmsised for building an image to be displayed on the screen
checki ng neans for determ ning a danmaged region that nust be repaired

acconpanyi ng a £hange @l%B@a%S}éP@@eséﬂ{dna%%%%ggé Eor ﬁfﬁ%ﬁ&%%@“

object that nust be redrawn ed on the regi o sai d

checki r@lsﬁféﬁﬂsofdraawsﬁgeggar&)ns%rltqrt@w t Qed;g £6f ¢ ﬁ%mcgjﬁ% L be

redrawn by said formng neans fromthe rea t owar ot "6n sai d
back bufdgisiang.screen-updating neans for restoring the damage by
reproduci ng al'l ‘damaged regi ons fromthe back buffer to the front buffer,

t b s mlge e di
o ocossi ng apparatus aceer arah 1osEhd REsPEERC snfke SR BRBAkRRY bans

- checks omthe front toward the rear side according to a
'z-ordeﬁ%ngﬁggiickélé “a mniml rectangle conpletely including the object

-that has a back buffer used for building an image to be displayed on

the screen;

checking means for determining a damaged region that must
be repaired accompanying a change in the screen;

forming means for determining an object that must be
redrawn based on the .damaged region found by said checking
means; |

drawing means for drawing the object determined to be
redrawn by said forming means from the rear side toward the
front on said back buffer; and

screen—updating means for restoring the damage by
reproducing all damaged regions from the back buffer to the
front buffer, except a region discarded by said forming means.

2. A screen display processing apparatus éccording to
claim 1, wherein said checking means checks the objects from the
front toward the reér side according to a z~order, and picks up
a minimal rectangle completely including the object lthat has

changed as a damaged region.
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changed as a damaged region. 25 25 April 2006 3. A screen display
processi ng apparatus according to claim1 or 2, whesiaprddi doolBecki ng
nmeans integrates the danaged regions together. 4. A screen display
processi ng apparatus according to claim3, wherein said checking neans
i ntegrates the damaged regions together when a region where the two
intersecting danaged regions are overl apped one upon the other becones
greater than a gegironsMWigh &8 1nt j . en di spl ay
processi ng appar atus accordi ng E?%qﬁ f%n%éolfn%t %g{p%%gggai f,égcd?@?{,}@ r%\ﬁher ein:
sai d form ng,eans sets a - Whi i ndi cates the necessity. of awi ng

‘9 G |.qL iltg §, wf’l%ggl}qhs%qd i%{;e&él%&.mean%elrﬁ Sg]é%tl:%a g

for the object int damaged regi on ersecting t Fect;
and said d i s draws, .on_the back buffer, all GU objects-to which
T TR Bt

is set af ng t (%Ssity of drawing by said form ng neans.
6. A screen di 5@' ay processi pparatus according to any one of clains 1
to 4, wherein: %aid fOfm-Hy Ys POESFLRg iPERaFREI dgcesding to

necessity'éi drg*ﬁsg}for,the object in the damaged region that has not
been compl &tEY ToVEITFEYY SHE FrecEdingg MsElec tintegg agssd theafRg9reans
draws, on the back buffer, all GJ objects to which is set a flag
indicatindxﬁﬁgnﬁécggg$¥@e5fwhen a region where the two intersecting

damaged regions are overlapped one upon the other becomes
i;;) greater than a region which is added up by integration.
~ 5. A screen display processing apparatus according to
any one of the preceding claims, wherein: .
said forming means sets a flag which indicates the
necessity of drawing for the objebt in the damaged région
‘ intersecting the preceding object; and
said drawing means draws, on the back buffer, all GUI
objects. to which is set a flag indicating the necessity of
drawing by said forming means. |
{:) 0. A screen display processing apparatus according to
any one of claims 1 to 4, wherein:
 said forming means sets a flag which indicates the
_necessity of drawing for the object in the damaged region that
has not been completely covered by the preceding object; and
said drawing means draws, on the back buffer, all GUI
objects to which is set a flag indicating the necessity of
_drawing by said'forming means.

7. A screen display processing apparatus according to
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drawing by said formng nmeans. 7. A screen display processipqpaPRfsat US
according to 26 25 April 2006 any one of the preceding clains, wherein,

when an object is conpletely opaque and its boundary box is conpletely
i'ncluding the damaged region, said formng neans sets a flag which

i ndi cat asyt hale toe dagagadde-aaihgn hasmgenssdmarned Qn afheropshavi ngs
confirnmed that the object is covering the danaged region. 8. screen )

di spl ay cBrpCessi NIopRPas ahis B€60hdiRGatP BBY 19neoRbhibher pr egefifg,£! ai ns,
'mhereincsa?d for%i%g means di scards b%t t he ébjegtgand tﬁe ganage regi on

when t henebj @sfadets desRosed omd hi:%rﬁii@lg ofeLhe g%%oeg r%%g” G@l, 1s to

be processed and has not begn changed. A scre di spl ay processing

method §ah; PLOCESEHAY  chBe Arthled) Alg RS CRACNLEORSIIdUted yd pluwal ity

of objects by utilizing a front” buffer for witing the screen inage for

prOdUC'HQv£H§ é@Hf%yﬁéy'%B%@ytﬁgdo 'é%%ﬂi %%E%Eik rtgglégﬁgl dtgg%ibg?ge
ac Step

di spl ayed on"the screen, conprisin ecking for ermning a

aTorming St2p For-atits aPatoReBEr e e TR ALS SO AR, b on the

a formng step for ermn ( _ _

damgec. e e oL dleing BSIEEK 0% 6P 0 m DLBIRY, Slopn ol dia no the

t.ovvard lggt?hfrt%%t o]%]er?tai %ngacghebuu;?nraéegndregion when the object is
disposed on this side of the damaged region that is to be
processed and has not been changed.

9. A screen display processing method for processing
the display of a screen constituted by a plurality of objects
by wutilizing a front buffer for writing the screen image for
producing the screen display and a back buffer for building
the image displayed on the screen, comprising:

a checking step for determining a damaged region that must
be repaired accompanying a change in the screen; |

a forming step for determining an object that must be
fedrawn based on the damaged region found by said checking step;

a drawing step fdr drawing the object detefmined.'to be
redrawn by said forming step from the rear side toward the front

‘Qn said back buffer} and

a screen-updating step‘ for restoring the damage by
reproducing all damaged regions from the back buffer to the
ffoht buffer, except a region discarded by said forming_
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a screen-updating step for restoring the damage by reproducing all danmaged
regions fromthe back buffer to the front buffer, exxepiria rEmeON :
di scarded by said form ng 27 25 April 2006 step. 10. A screen display
processi ng nmethod according to claim9, wherein said checking step checks
the objects from the front toward the rear side according to a z-order,
and picks up a mninmal rectangle conpletely including the object that has
changed assaegdamaged region. 11. A screen display processing nethod
according to claim9 or 10, wherein said checking step integrates the

damaged regi ons10.00t NeEredd. dispehge i AL ACERSE NdHBLARA aGE0r di ng

to claim9, wherein said checking 3tep I ntegrates the damge egions

together woesig 6e0hRE-MEr &, ihe o { eét?%:él{]%ksd%@egeo%é%e | I()drl'ﬁfo?rgeadded

over | apped one upon the ot her becones reate an a'redi

up oy T ERSURA {3nasy SHECROnE SO B pASRE N0, B s g SO

|t er oot i 15 1 RBTEh Ao Bh] Bot T S TS (b5 APaRet Shethe back

buf fer, alﬂasaélhanogtgc{a%tss ‘_at%a\{\ngigcéla irsegig%'a flag indicating the necessity of
11. A screen display procéssing method according to
{:) claim 9 or 10, wherein said checking step integrates the
"  damaged regions together. |
12. A screen display processing method according to
claim 9, wherein said checking step integrates the damaged
regions together when a region whefe the two intersecting
damaged regions are overlapped one upon the other becomes
greater than a region which is added up by integration.
13. A screen display processing method according to
any one of claims 9 to 12, wherein:

;i) said forming step sets a flag which  indicates the
necessity of drawing for the object in the damaged region
intersecting the preceding object; and

said drawing step draws, on the back buffer, all GUI
objects to which is set a flag indicating the necessity of
_drawing by said forming step.

14. A screen display processing method according to

any one of claims 9 to 12, wherein:

sald forming step sets a flag which indicates the
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drawi ng by said formng step. 14. A screen display processisgagRtpasg
according to any one of clains 9 to 12, wherein: said formng step sets a

flag which indicates the 28 25 April 2006 necessity of drawing for the
object in the danmaged region that has not been conpletely covered by the

pr ecedi ngcebs tef ; ofngrsairth dfe f1ge Sbiefedl ans, cid s pack-dyfderonal | QU
objects to which is set a flag indicating the necessity of draw ng by said

f or m nghst efiot BoerA coabee e iy SEbAYr4Y $3leng rBELA afﬁﬁgdﬂ;n% o any one
of clainms 9 to 14, whe?ei n(,e &/hen an ogjggct elg corrplpl_g?e y opaqt?e and its

boundar y boxshsd cemaheng! Vsidis! uding, t he, damoed, of egi gk Sai g { oragng step
sets a flag which indicates that the danaged regi on has been sneared out

after hawiaa£ombi bdn e - Jhe gbisgel | smaauanio e dagaged.yegion. 16.

A screen display processing nethod acc Ing to anly one o

wher ei 2 thd gy S disc _both the object and the damaged region
when thn%§obj eg{:t 1'{nss‘ggidsEpf)glgrgd %n&{t Is side of the damaged region that is.to

atorm that San B read 1y B et a1 s e eER o kSt Sfe%%gt om &
D 0CeSSn L07 cHLHL ™S00, % FCTGER. SRSt o0, D8 B Lo o ot
opaque and its boundary box is completely including the damaged
region, said forming step sets a flag which indicates that the
- damaged region has been smeared out after having confirmed that
the object is covering the damaged region.
16. A screen display processing method according to any
one of c¢laims 9 to 15, wherein said forming step discards both
the object and the damaged region when the object is disposed on
this side of the damaged region that is to be processed and has
not been changed.
17. A computer program described in a form that can be
‘read by a . computer to execute, on a computer system, a
processing for displaying a screen constituted by a plurality
of'objeéts by utilizing a front buffer for writiné the screen
image for producing the screen display output and a back buffer
for building the image displayed on the screén,'comprisingf
a checking steﬁ for determining a damaged region that must
be repaired accompanying a change in the screen;

a forming step for determining an object that must be
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i mge for producing the screen display output and a back b%%ﬁﬁﬁnzéd§

buil ding the i mage di splayed on the screen, conprising: a checking step for
determ ning a danaged region that nust be repaired acconpanying a change
in the screen; a formng step for determ ning an object that nust be 29 25
April 2p86rsedrsawedasednendtiegd@mpapdd 6o Housd; Bycsaid £hecking step;
a drawing step for drawing the object determned to be redrawi by said
form ng stepaf raatiig r€dp Skde Lewakdqt hefr '@ndéééfﬁpﬁ&¥ byf fer; and
a screen-updating step for restoring t%e dghvéégﬁf . reproducl ng alﬁﬁéanaged
r egi onsréasmi hey hack Bekhehgt Ociher i Al BULT el 48X i

di scarded by said form ng stgp. :%CREEﬁ DlggLﬁ% %RE%@%&?NE%%&%&Q&TUS,
SCREEN &k SPAAY b RROSESSLNG METHOD AND COVPUTER PROGRAM  ABSTRACT OF THE

DI SCLOSURE I n order to efficiently conduct the display processing of a
CU screen by suppLEsSifithdie drAMNG Of UNNRGRSSALY (Ql eche,, jLhe gbj ects

are, first, searched fromt front toward e rear according t Yever se

pai nt erfép@écgﬂfiintghn%wi ldgmas_;ég(:ir%%i%né_ of.def T:}Qé Eat%?(esk?dp&rt hgodrt%vg ng. In

- this step,

front buffer, except a region discarded by said forming step.
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' ' i f drﬁ’&&;ﬂﬂ 20681©
for the drawing may be raised instead o
LL?gztgeczzza;yz-buffer needs not be provided. The objects can be really

drawn fromthe rear toward the front according to a painter's algorithm
FIG 1

SCREEN DISPLAY PROCESSING APPARATUS, SCREEN DISPLAY
PROCESSING METHOD AND COMPUTER PROGRAM
ABSTRACT OF THE DISCLOSURE
In order to efficiently conduct the display processing
of a GUI screen by suppressing the drawing of unnecessary

objects, the objects are, first, searched from the front toward

the rear according to a reverse painter's algorithm while

tracing a z-order for processing the drawing. In this step,
flags.necessary for the drawing may be raised instead of drawing
the objects, and a z-buffer needs not be provided. The objects
can be really drawn from the rear toward the front according

to a painter's algorithm.

FIG. 1
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