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 effhahprésent delwaitialy sebhted 2% ARriderP 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




| .
in size, lowat cost, featuring high additional values and fy gh; 2bpgcti ons,
call ed work stations (W5s) 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 conputer systemis driven in
response tB S4UstP¥iHpGPStortRAIEMY biopl agdi tinnak vedusetandhibhs on a
di splay s r-een,éi nteractive 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 -
“represent E8CBY, bRIelreen deykloppds atlianpd it nshiet t, aedeans dbspshi fting
toward the "GU (graphical user interface)" which realizes the graphic
-base usetnfhptxatimgerinhe Quhivawsibbeept, rébesechr einseYidesdoas, desktop
simulating a conputer system and a nunber. of icons on a display screen. On
t he desktepterpwmihsed, tdffi@ds,i angr evedetn t6 aswar yg_t;jfeectig,1 Q@ng:gg on a
conmputer systemsuch as files are all - expressed as icons. By using a user
‘input deimsehrlias Nowadays, hBEtUSE! tekf gaihy ﬁﬂgghgéséﬁ'ﬂnvoﬂré(:ks or
drags and drops) an operation to-an object displayed on the screen,. such
as an i capmpyrtald 2l AaRFOBESPL e BEMA a AP kUBnIhoPehEEEfDEaRT AT
' - and the mouse. ' -

In genergl, a cqmputer system is driven in fesponse to
a usrer input command and displays the processed resuits on a
display screen (interactivé type) to offer an Vinteractive
prdcessing 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

: ﬁ operating sysfem) shell screen, ié shifting toward the "GUI
. {graphical user interface)" which réalizes the graphic base
user input. Under the GUI environment, there are provided a
, desktop simulating a computer system and a number of icons on
a display scCreen.

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 deviée 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




manner. On the desktop are further provided buttons such as s and
tool boxes for instantaneously calling a variety-of functions, i.

conput er processings, making it nore intuitive and easy to input the
command to the conputer. Upon introducing the GU environnment, the user is
all owed to operate the conputer to a sufficient degree without having . to
particularly learn the nanes of particular commands or how to operate the
command, SRAthR 1Horlameragencte aperahe thenpompukey ittt i vEe, aagput er
further is capable of incorporating a user input faithful to the user's
will in tAB JySREMMAnET. t Do Q¢ deskitbpraeatturithe rgord-eided aREARANCE)

di spl ayed on the desktop screen is updated at all tinmes. For exanple, the

menu W nd8Wchsas perrad bar sc kngetloo 1 heobek t £AS i@{&argeaﬁl@%%gq% 851'1?*1@336(11
check boxes are sel ected and excluded, |abel text and counter valde are

updated, stariRichof chacgbons, the GUboRpesR pioustiellys saaded;to be a
damage on the screen display and nust be restored or redraw. of “exanpl e,
when a drogeedwtuitivd snal €58¢.td he i tihe penu_had, been
di spl ayed nust be recovered aggi n so‘r'gug:g{tg@ pro %%%%Eggp?%@p%ejéwered
with the nenu. on YACRoAuEDNS T | i t haqugh it ,had., pot been

R e A g e T e e " pth R H Stedhe

sel ected by the user, the diSplayed confen
di splay afo 9pee@itet PAL & }5]9; lect o the selected, display of screen.
| n order to%?(rastoree t he %“rrageelsg:r? %h%gﬁ\%gﬁ?%r‘f%% wégﬁgﬁﬁplﬁ‘ﬁ%%

to particularly learn the names of particular commands or how

on the " di splay screen to operate the conputer intuitively %q&rpéﬂlgo(gé;reasy |
e.,

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

QU screen as described above, there has been w dely enpl o%gq\ rifodfat hod of
restoring or redrawing all objects in the damaged region PO the r ear
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 -
nmet hod has been known as "painter's algorithm since the GU screen is

drawn in e sapE-ABGL : n, aint.er draws, a picture on_a canvas.
The painter dr ans. fi r?te,S%t'scﬁe ?k?/g%ﬁﬁ’ ARsPeEn rHcelat erplRyRd dr aws
trees, hoysg Cyp sfinal l draws portraits of nen at the nost
front. Accor;étltijr:ﬂ(g(El 3% r%%%grﬂghBH,y‘%%%@éli Abipetdalmdde degagadcan be
reliably rég%gr 1(:1'11'1 N Eracticg, however, the region nust be redrawn over
the areas’Savarat I e A8k Gedestewardidbegfaontgi dfamelly, Whegraprt he cost

of cal cul tiﬁﬁ. Eor .exangl e, when there is a change in the color
di spl ayi nga"[‘" CHhARIE T TPk a8 barksmundinaggiiscirawmgEirshe region cl osed

with thi sfbut on_i;s a danmaged regi on. which must" be restored. In this
case, thelTH&beOPdrEisn Glnsanscthergte heredamegedsiegilen dsawedsanp, first,
and, .thenf_the button on the above region is redrawn. Here, if the danaged
region isi ¥t dihp ehartdvibich 1w ah the mostt Sront hies Bykian ophys needs be
¥s
redrawn for restoring -the screen display. This overhead .can be accepted in
g pl ay P
the = two R thad itamabeanl knheneas hpainttents 20 gog ieharoednce AL dgR5 April
2006 | |
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




tremendous and only a small nunber of. objects are overlappeg o m,oéée

t wo- and- a- hal f -di nensi onal GUI where the zoom and ani nati on functrons are
added to the two-di nensional display, however, there are displayed a
consi der abl e ampbunt of damage and-the overl appi ng of objects, and the
overhead readily spreads to a problem of performance of the system Here,
restoration of the screen of the animation GU w Il be considered with

re_ferencet{\é) Fié;% 10. dn Ehe illustrated exanple, a given GUJ object is
movi ng fron the o} &4C. BBaKdarsRe orugbernet nhsiewfis agenevent appedi ng t he

object to._a rrent object boundary box at an animation step. A _
rest orat i on gﬁﬁc O RG I hedd ~deviens lopjpdctGUE whesecahley mumst andt ed by
two sinple animation steps. That is, the draw ng processing nust be

execut ed FBALAR Fysrtiienst are wisldesl toelubjteot-diaensdved IWhi se14fe initial
position nust be sneared with the background i mage (see Fig. 11). The
processi MpWelietesheriengrendigphayedis cmeddeat e aqvany S Eefamdge @
general nethod to substitute for the "painter's algorithn, there can be
exenpl i f izl athe - guétbappliggr iotthrdbijediy,s @&h@OothbEhBvEIRGES f@gd§py call ed
z-buffer to maintain the z-order, i.e., to maintain the order of objects

in the prprdeads tdr avpriohdess 0Ty pelTairmahcadEN SRR s ofr.aw processing is '
executed at a given position, the z-buffer is checked, first, and it is '

j-.udged whet her Hebe, drewt drDERSS bEL KRS PERA SOTRLSLE -3 SiERHY Ay o he above
position. When the previous draw 25 Apri|l 2006 processing existsin front
of the cier ebhsdiaredrRLES S ¥hee 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




the z-‘order, the content of the current draw processing i's, QQﬁﬁfﬁﬂﬁd- Thi s
al gorithmrequires 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 algorithm it is judged at al

times whether a given region is sneared out already in front or what the
z-order is. Therefore, there is no need of drawing the object according to
a predeterm ned order. As conpared to the painter's algorithm the z-buffer
al gor i t hnPFRGeSS Heg evtists timatfriontr efuthescuanraddidrionplrorerBing 68" the
z-buffer. Therefore, this application is unrealistic for the apparatus

that has Bh¢iziendénn tinettentenbrys thstberrent hiisadl §o6kibmag applied to
a three-dinmensional GU which operates on a system having high” performance

such as eXeozaide. -ﬂ'rhﬁsdraa\gomri@ms%bmi&asaaaaitiefla&helﬁgi:gfﬂ giat is, as
for the recent draw processing, the z-buffer contains-the at% rélated to

- he z- or datn bai teshb dia pobietsling MG Hdfedll 300, cLSpLocbepRLOC S e

mai nt ai ni ng such a fine resolution, the fer Vil§
i npossi bluhiana sy HEMIBEAGr 058l ahiye ! bgtipn ability.
‘Besides, since no particular orglter% §§ %ge?iﬁg %%ﬁ%ﬁ ?O?P%QEW%'the Gul

drui ng' An CECBE PN RN, ST MOTRE S BB i e et oy o

drawi ng as described above. aat

' he QU g ggﬁéfgg{ e AU TSR d Gt AL P e on e o Wt te
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
particularorderhasbeenspecifiedfordrawingtheGUIobjects,
there still exists a probability of effecting the unnecessary

drawing as described above.

As another method of updating the display of the GUI




| which is constituted by a combination of the paintér's g%yétﬂgb&gd t he
z-buffer -algorithm This nmethod is, generally, the, sane d
z-buffer"algorithm according to which, however, the GJ objects nust be

i the front side
~drawn in order opposite to that of the z-order, i.e., fromt :
toward the rearpglde Though this avoids the unnecessary draw processing,
the z-buffer still have to bear a | arge .burden of nenory overhead. SUMVARY

OF THE | NVENTI ON Enbodi ment's of this -invention seek to provide an
excel | entreengametie ab%@@@é@fﬂé&%@%@%%s%ag%?hgegf 5 ff‘ {%’bﬁéof

processing the display of a GU" screen constitut

object&mﬂwhsuﬁﬁeééh¥%h¥d&&¥“3g EQQ?H%HLng%Iébtgﬁ% E§ﬁ1|nterac%%§Ps gf

screen. di spl ay processing ‘net ho a Conput

- the i nvendd Pirmeek 4P EP_Vlgebagfg§ce #ﬁgtatgﬁ{ggng ngég% géocgﬁgggg

apparatus for -efficiently proce55|ng

dis play.
suppre draw n cess 0 ects a_screen _
'prgces§?%§gﬁ% d g%% %@mﬁ # F&? ﬁrgﬁ% qﬁfﬂ(ﬁ?ﬁﬁ?@%%@cﬁoof t he

i i creen d| rocessi-ng apparatus or a
!scr:“r/ggtnl ;qst%)lr]gly%gr‘rggég %Pﬁ’é?%ﬁ % ’?Fg“t A8 erder Aprsfsite screen
const i t%%_Qy & LFrallt of aqbjects by utilizing a 7 25 April 2006 front
buf fer Tor Wi Ci 3 h&™8 F@Eﬁ|ﬁn%y3fﬁﬁo%NQRﬁuﬁﬁﬂpﬁrﬂﬁde toward the

~rear side. Though this avoids 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
7 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




screen display and a back buffer for building the i mge dkiﬁlqﬁgg on the
screen, conprising: checking neans or step for determ ning g9 84 regi on
that must be repaired acconpanying a change in the screen; form ng neans
or step for determining an object that -nust be redrawn based on the danaged
regi on found by. said checking neans or step; drawi ng neans or step for
drawi ng the object determined to be redrawn by sai'd form ng nmeans or step
fromthe rear side toward the front on said back buffer; and o

scr eenfupdat bog feea s rokrSHEm § Fhd 5t QbR % hdee JATE (k&R pucing al |
damaged regions fromthe backgiuffer to the f%%%t§%€?§5?a¥g§§§pgﬂg region

o scardeteln smdley e sepaeoneteDe e LIE g e o Step

may check the objects fromthe front toward the rear

z- or deli spRA¢eMBYnPitdle W a4 Ni gle conpletely including the
obj ect that has changed as a déﬁ%%g%Efégﬁgﬁ. The checki ng nmeans or step .may

~integrate thg,da i ons her.. . .Upqn .integrating .the damaged .
regions, it 1is g?ﬁgag%éﬁg $€ J%%gﬁﬁﬁéggg B \EngaBrIeHcrepaR i ng of
the scygeep GiSP! Y- ~LRgs ,checki ng means or step .integrates the damaged

r egi ons td%%% eggwﬁé_g%‘F%ﬁf%ﬁF%@&ﬁ%?%%% Fuohanger dBcthey sqaeeged 25 Apr i
2006 regions are overl apped one upon the other becones greater than a

. region whicerQmiaddmdamq)dxystﬂpegéﬁiddﬁérmining an object that

- must 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<mihimal réctangle compietely'inCIuding'the
6bject that has Ehangedras a damaged region. |

The qhecking ﬁeans or step may integrate the damaged
regions togetherﬁ Upon integrating the damaged regions, it
is allowed to reduée unnecessary drawing or éhe ﬁpdating of
the screen display. | |

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

toggther when a region where the two intersecting damaged




- drawi ng farregiombjlenth i s thedethnmgasl Iregi it iELr secting the preceding

When the region added up by integration becones greater t rhth egi on
where the damaged regi ons are overl apped one -upon the oth pt"l’éG amaged
regi on obtai ned by the integration becomes nearly, twice as great. As a
result, the anmbunt of data  transferred fromthe back buffer to the front
buf fer beconmes greater when the damaged regions are updated after the.
conpl etion of the inmage restoration algorithm Wen the boundary box of
the third object intersects the thus integrated danmaged region, then, this
boundary Besiord@renoserbeppat dre upbe thavithe ribO66HSE REcatiert i9n t he
form ng neans or step may set a flag which indicates the necessity of

object. In this case, the drawi ng neans or step nay draw, on the back

buffer, all GUWhabjttetBefDomttiddedng Eﬁteirﬂé&{]]:fdﬁgﬁ‘ bggi"ﬁ‘gg éfpeg’f ep may

necessary of the draw processing. Furt " t'he formng neans or

set a fl aghahittle repdbgaiBerk i1y of .draw r_the object in the

~damaged regi on thgt @has not rggghé]conp eétcglr%gclg)\?%r 8%%{39?5%51%?% g

obj ect. hipdhtheCRSfart j RN O aw,_on the back

buffer, aﬁpl Gul eobj ecﬁsrﬁ?lgd &\Aﬁi_ cﬁg%re sz)tn {’]ﬁg‘%‘?ﬁ%@l’ ghﬁ%ﬁ‘f?wqw

necessar waorddien : I en.,an_ qbi t | s conpletely opaque and

its boundé'(rgf box gég%gﬁ‘fﬁg%aé%?a\‘%bnpﬁse? 7Y Itﬁ?ﬁd“c’c% aardedeEd region,
ch_indicates that the damaged

the forni t | ag wh
region TaREen el B Rl e CE AT g ot bhe Freat ke dassiise

greater when the damaged regions are updated after the-

completion of the image restoration algorithm. When the

1.)oundary 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 necess;}.ty of 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



i s*covering the danmaged region. In.the damaged regi on that 2'5% ?i@@deed out,
there is no need of checking whether the remaining object§ are :
intersecting. Since the objects are checked fromthe front toward the rear
side, the object that is judged to be intersecting the damaged region
after setting the flag of snear out is inevitably covered. wth the object
that snmears. out the damaged region. Upon omtting the draw processing,
the total amount of the draw processing can be. decreased over the. whole

scr eeni.s leoipi@rte I & nkaiiiing FRaNGaRhqel SR &Py 1862 ALY khensobi ect and
t he dansged regi on when. tﬁgjobj ect ig di sposed on this tslilbdeg‘opst he

damagest: be@iPRayhabt is ftlggbﬁhﬁhﬁcf&&féaééﬁ tilﬁgé il gt%gl%f&teﬁggggﬂn The

damaged region is. conpletely covered wt | € Fe not

h [ : ' [ ' he . obj h
vt Chanart TR T o e Reed DR A Son EPPALL. LSE, L OBafebn, ana i

have changed. Therefore, fthe n, and-the .

draw g‘rsoc&s‘ﬁé'%ga&gedméégdge@ggg[di ng to a second aspect .of the present

i nventl on, -t e IS provi creén display _processi ng met hod Vfor_
By it 1121 nd i (P ReB e, BT A e AL ATt mieTFol SpRBduc] ng ¢ he
Sor cone R RE ARk SRS EnRE 1S 5686 1intBHakl Tt S res ToroREeet dhding &
.danagggi_nrc%git g E)B%tects are ._checked frc-am' the front toward the rear
side, the obj éct _thait is judged to be illxterse_cting_th_e .da:mag-ed .
region aftér sgi:ting the flag of éméar ocut is inevi.tably 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 damagéd reé’ion when the bbjeét is disposed on
~ this side of the damaged region that is to be processed and
ﬁas not been changed.
The damagéd.region is completely cove?éd with the objects
| thatl. are not changing even Wwhen the damaged region is
.¢onstituted 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




must be repaired acconpanying a change in the screen; a for giﬂp iﬁéfeo for.
determ ni ng ‘an object that nust be redrawn based on the damagfgb €gi on
found by said checking step; a . drawing step for drawi ng the object
determned to be redrawn by said formng step fromthe rear side toward
the front on said back buffer; and a screen-updating step for restoring

t he damage by reproducing all damaged regions fromthe back buffer to the

front buffer excdghga steg avrdi goal@ediRy i @hfQLA n&g?{rogp tHagcording to
a third,aspgst eg; ithg present invention, ‘there is provided a conputer

program described in a forREKard Tamasger dadth seresmputer to execute, on
a conputer gysiceming spepcessi ngthenidispl ayi BY;ESCLREN f-&BQ@tE%Ut ed by a

plural ibt¥Yra@f BRiEsts, Y Utilizing a front buffer for witing the screen
Page Forrat  barte tg’ﬁe)éé‘c‘?re"{eaﬁ“aa?gplrsglaﬂd fQupdcRyhurrier dhsckibai | ding t he

i mge 8F8Pi ayed on the.screen, conprising: a checking step for determnning

~a damaged rggizQn,fhat st_be. repaired acconpanyi ng a change in the:.
screen; a form ng S e%tégjf%?r d%]fae"?lrﬁgnitﬁbe tcfi@e(%j thitedus® be redrawn

based BF¥HE dermgedd r égimmd ostrb byreai dheheski Ngiss epowasa dEAWI Ng St ep

for-draymg dnhe ;98] 8alx @g&@gm rgshqjto be redrawn by said formng step from
the rear side toward the front ~on said back buffer; and a screen-updating

step for redtdtiifgrrHedeaige sbyp répr odusitegial| tanagedagegi gps fromthe
back bwﬁwdubgnghallf@gﬂggg&f FEL1 o SXCERL, the, regions f|esrcatrodetclllh y said

for'm'nj{gr ©
ont 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 _fo_riuing step for defermining the object 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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step. 11 25 April 2006 The conput-er program according to t Ag‘j“rz o@spect -
of the invention is the one defining the conputer program describéd in a
formthat can be read by a conputer to realize a predeterm ned processing
on a conputer system In other words, the conputer program according to
the third aspect of the present invention is installed on a conputer

system V\heflé%fof“ﬁét%é’ﬁ@?’é‘imi\P@Caéﬁfmtpstlwhhb'rdexbpenttdﬂe conput er system

to obtghn t ciion and effect same as those of the .screen display .
pr-o'cesé%:h%g g%‘ﬁ%’r‘é 98 ot %‘%c?%@n‘éﬁgwwg gt e Sompe treat hpdogeaer di ng to

the first aspect.of the present invention. O her aspects, enbodi nents and
advant&%eséz%&geﬁhén ?ng%ﬂgi et gan the girad by eusofipainerh&odetailli ge
description of the enbodi ment "of the invention described bel ow and the
acborrpgn?ffﬁ&e&uem%ﬁ’@& YRGS PESTRYPTROMOBPURHE: DRAVEMES Fig. othikg a

di agram schematically illustrating a m ni num degree of hardware
“const i PET9n ™G CRTREE PRPIser eenotiisgl ay thpraaeasispgeanpgar at us 100 of the
invention is provided. Fig-- 2 is a diagram schematically illustrating the

const i @i Breseng sioremnttbspliay Mocebbead o 09 thPuteaccysiag, to an
enbodi nent- of the invéntion. Fig. 3'is a diagramillustrating a detail ed
proceddrereby the cooperative action is exhibited 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 to 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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of 'processing in.a screen display processing _al_goritrhm—chggg ri e . .
according to the enbodi nent of.the invention. 12 25 April 8 Ig. 4is a
diagramillustrating a detailed procedure of processing in a screen

di spl ay processing algorithmgenerate phase according to the enbodi nent of
the invention-. Fig. 5is a diagramillustrating exanples of boundary

boxes related to GUI objects of various shapes.. Fig. 6 is a diagram
“illustrating a processing for integrating the damaged regi ons together.
Fig. 7 is a diagramillustrating a processing for integrating the danmaged
regions together. Fig. 8 is a diagramillustrating an opague object and .
obj ect's whi chFiage #0isco : E Lo 5 April. 2006 Fig..9 is a

- diagramill ust?%ti ng a s'g%%%?%ﬁf ggiﬁﬁgﬁfﬁ%ﬁﬁeﬁ%&%@ ¥®gi on be
put to éherd-aysp QCES i oL i rded. Fi.g: 10 is _a diagram -

i Il ustrat ipng a . p?locesa%i %gr%%%éggﬁﬁeﬁgﬁ)?g?s&ﬁ%}ai%?r%EEF&ﬁ‘}ﬁfat% screen -

Jin the pud@td&ko : LOepdl | .diagramillustrating a processing
. procedure (prior %I)lgfgér) 1r:telé‘st Sirn?’ﬁghﬁ’r‘?é%s&r%e'fp? nR¥ReEACHat i on' QU .

DESCRI PTI ON %&R%EE,R%D 'VBOD"'\SH\{ Embodi ments of the present invention

“will nowbe described i (h IEFE! ehctIFbrehénar helgd-es of boundary
boxes related to GUI objects of various shapes. . .

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

Fig. 7 is a diagram illustrating a processing for
integrating the damaged regions together. |

Fig. 8 is a diagram illustrating an opaque object and -

-objects which are not completely apaque.,
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The screen display processing method according to the inv ; be
preferably applied to a processing for drawing a conputerggiéén&ﬁﬁgr

of fering a two-di nmensional or a two- and-a-hal f-di nmensional GU

envi ronnment. The two-and-a- hal f-di nensional QU screen referred to here
stands for the two-dinensional GJ screen equipped with zoom and ani mation
functions. Fig. 1 schematically illustrates the hardware . constitution of a

m ni nrum degree with which is provided a screen display processing

apparatus 100 td"hi 8hit lheddmgsent il huettaOing i s2RRMERE. £ Rdgin the
screen di splay processing apparatus 100 includes a CPU (central processi ng

unit) 101 Whethesy e RAMagednﬂemaﬁcsgspﬁenggyahelqgr@apg)r% %rimgrc]oi}ardware
103. The CPU 101 is connected to the hardware constitdent ele ts 13 25

April 200®ecedrisiadieidng t he apparatus 100 through a bus. (not shown) which
is a common signal transmission line. The CPU (central processing unit) 101

‘which is a minFegntrdlikes d&é%‘iﬁinefl&%’@féﬂr?%%‘;pﬁc%l %?C%%nsﬁggua .
) erating

controlled by an operating system (GOS

system i s (provirdgety EBrarQonFEB 8' ¥ Lup {.1'10%2? a%%{-}lfl?sﬁh()f Tﬁ?ri-ﬁlﬁea

t wo- di nensi onal or a two-and-a- ha |rren5| ona
lurality of DRAMs

program RAM 102 N$Li ,
(dynami c RAMS), é?ldqﬁs%séeg&gg 2?( ll APy proé)ess:l.ng procedure

(prlor art) for restoring the screen 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-—half-ﬂimen_sional 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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progrdm code executed by the CPU 101 and for tenporarily sEgr'i 8%200 he
operation data of an execution program The graphic hardvvareAf I's a

dedi cated controller for actually processing a drawing instruction issued
by the CPU 101, and is provided in the apparatus 100 in the formof, for

exanpl e, an adapter card. To the graphic hardware 103 is connected a

di splay (not shown) such as CRT (cathode-ray tube) or LCD (liquid crystal
di splay) as a target to which the display output. In this enbodinent, the

di spl ay isossppouting theeappiratnp 1tic Rha¥ubHNE b (0GP 68" aRhi
hardware 103 as shown, there is nmounted a éi deo RAf\ﬁlloéSf}A{&usgd@lgg&g frame

buffer foistenpomasnlyigalifehndhes SN enfnOf display on the screen.
I nstead of an independent hardware that TS shown, the video RAM 103A may

2006 the pr ogr am RAG 105 Heagh Fest o e SER ol BRep a9 T Hhessi ng
Pt A R A S E S el I R
100 10 o et aarra el Lty (Tl PRI oSt TP ARG A
bea comsuraren i Bh ot PG B Gt i Sk rn Sk Al et sonal
_Govpgt er o(fafce:)ri%r&;d é:[ r]:ewo—dJ'.men:'siona.l 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 temporarilj storing

the opération 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 display (not shown) such as CRT (cathode-;ray tu]de)
or LCD (liqgid Crystal display) as a target to which the displéy
output. In this 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 temporalrily writing
the content of display on the screen. Instead of an

independent hardware that is shown, the video RAM 103A may be

:J'l.n the form of a share memory mapped on the memory space of
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|

a prograntll a data, a folder or a device on the
the conputl

i ke. ‘Under the QU environnent, there are provi ded a deskt Paor b ating a

L:Jrrguter system and a number of icons on a display screen. %1 I%Ee&%geskt op

on which the GU is provided, resource objects on a conputer system Slﬁlcgs

as files are all expressed as icons. By using a user input -dgv:jce sucan

Sperati on to an obj ect di spl ayed on the screen.  such as an | con Symbol | 2i ng
> . . 5 e ,

operation to an object displayed on ol o A e Y hr

P PhegremvelN B02.in an easy manner. On the o_leskt;)p ar esrurther

provided buttons such as nmenu bars and tool boxes for instan aneouI gb'ect

calling a variﬂtqugii fnoict istitsin,| . @he CeeRdkar 359%§.§§' n?]goc%@%% | I

is constituting a hierarchical tree structure which IS s ore_t e e o

pr ogr am RANARZ N CRyLBE $ar28sn0ai i BO0P IS pBureadlILLt g, gecess to

t he program RAM 102. In thl? enbodi rrent',' the frame er hzr_cgns ![hg e y

obj ect 5. The frant bur Fer i e o why o Kol g 5 S0 a95ag8 Mint BPTAB * User

obj ects. The front buffeggl s al V\II;%_)GS;, hol di ng aThel ;ckgebuffer e

uses for midlugise anditSRAY 2 ORI MRS S E&Twr {1H1E §AC ,

hand, is used for building an i _mag; _tha% eane:E ce)dtbgf?f‘gﬁi Zgﬁ?‘:%zf;"?s’fg%aicr een.

That i s, iderdhe ' [ ing I

t her eof .il\gﬂ‘%‘li%rst, (%F??ﬂﬁ%%gﬁe?ﬁe%gac S BRPPEA TR ﬁgq:r%ﬁrlﬁ%m&la‘ronto t he

front bUld®l , in addition to the above-mentioned units.

‘A representative example of the screen display
pProcessing apparatus 100 may be a computer system for offering
a GUI environment, such as a pérsonal computer {PC) and the
like.

Under the GUI environmen't, there are provided 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

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) V'an
operation to an c;bj ect 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
easy manner. On the desktop are further provided buttons such
aé menu bars and tool boxes for instantaneously dalling a
variety of functions, i.e., compufér processings.

The GUI 6bj ect is constitutiﬁg & hierarchical tree

"~ structure which is stored on the program RAM 102. The CPU 101
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after it is conpleted. The front buffer is the data itself_%q{ryéaﬂycing
the screen, and exists on the video RAM 103A. The back bu e nay = be
assigned to either the video RAM 103A or the program RAM 102. In the
hardware constitution shown in Fig. 1, the CPU 101 nakes at least a wite

access to the video RAM 103A. Fig. 2 schematically illustrates the
constitution of a screen display process algorithmaccording to the
enbodi nent of the present invention. The screen display processing starts

in responmekts &heeca®fwiitensecofs dadags, %;?éiﬁaﬁ nin the rendering
i 'net é5 inaggi¢%

cycle, i.e., in response to a change I at nust be

i on di Splayi ng the mamster e AEPEAY IR 'S BofRBRruTedover e

regi on displaying the nenu nust be so recovere

with the grauw. i o | cessin hase determ nes a GU
regi on that rfﬁ??tggﬁré%s]{ o?égﬁéeﬁéégéﬁl%{foﬁrne@‘b&? gﬁ?dﬁ’rcﬁ?lll‘éﬂ”%rmged

region“.'ﬂﬁésG OG8P i phase is hereinafter called "check phase” and its
detail ed procg@Bre 3%£%$bcessing is illustrated in Fig. 3. A succeeding

ect that nust be restored based

on the Gamaged T8y CRAFGUNGECT 115 RLVEHBCHSIHuRe 2 6B uags Hbd Pt hner con
B S gt LG N R SR
“proce 'S : g 4. ac
' buffer, on the other hand, is used for building an image fhat
is tobe displayed on the screen. That is, while the GUI object
..isbeingrendered,thegraphicdisplaythereofis,firsg,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
screeh, 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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A succeeding third processing phase draws, on the back bU&ggﬁrngéfiGUl
objects to which are set flags in the generate phase. Here, the objects
are drawn fromthe rear side toward the front. This processing phase is
call ed "paint phase". A succeeding fourth processing phase finishes the
restoration of damage by reproducing al'l damaged regions from the back
buffer onto the front buffer. Here, the damaged regions are reproduced by
excluding the regions discarded in the generate phase. This processing
phase is cal | ed® "tigRlt @Tqsivesying Thessecdetdrpinessai GUIphageoshesks al | of
the QU objects whether they intersect all of the danmaged regions that are

found. THesGhe otfsimirsedir d fehon dettecindtheagal Peliom £0L1EQ OMamigley toward
the rear side according to the z-order. Fig. 3 Illustrates the detailed

processi ne@iaTtdudiisnpidcassinyi ph2606i § h%r%ﬁﬁ%'ft%ﬁ}aéélmﬁc'kbﬂicﬁ he
second processing phase. The damaged regi ons are determ ned by checking al

of the GHasd| eatisi thdethaledhanaeslirdBr r HWEYEg }gihﬂ;]gﬂpétt(’;fﬁ%d are

checked fromthe front side toward the rear side acco z-order.
When t herim aFigy f @ind the objects that have changed (judging block a), a
boundary box of before the change (previous) and a boundary box of after

oy Sok I FAeR AT SOOI BB T T, P BES. 41 e

' -pbj 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 Cal.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 calléd "update
phase".

| The second processing phasé checks all of the GUI objects
whethertheyintersectalloftﬂuadamagedregionsthatarefound.
The GUI objects are then checked again from the front side
toward the rear side according to the z~order.

Fig. 3 illustrates the detailed processing procedure in
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boundary box of before t he change is the one of the object E ; gy drawn

| ast (see Fig. 10). The boundary box conpletely includes above obj ect,
and the smal |l est rectangle of which the position is aligned.in the

hori zontal direction beconmes the danmaged region. Fig. 5 illustrates the
boundary boxes related to the GJ objects of various shapes. The damages
are processed within the damaged regions. Next, all danmaged regions are
integrated. If two danmged regions are |ntersect|ng by nore than a
predeternih@dChQGQrBEaseh@&lehelsntE@r@é@mhdrgﬁbégggfkgnﬁﬁggéeglon (j udgi ng
block b) . Namely, it is judged whether the previous or current boundary

box of the obj eTheidamatet se0fionss thie @M?ﬂnre%ngnchey:\Efﬂg' élisof

intersecting, the previous or current boundary box b ect

i nt egr at ethe I@UT bb¢edasuged hegkPharl #E‘d' r €9i.0 m)ved to
restart the process as the 18 25 April 2006 |nt egrat e%rrggll oélbi%f) §

i nt egr at | &ge iR dP IS eH ¢Ront! $idd SR r@"gﬂe ea redu gcéjcg(g%c fﬁs@;}yt he

drawi ng and the processing for updating 't I'sp ay
regi on adeledrpp HVotdis- i ntegration becones greater than t he regi on where
the daneged regions are overlapped one upon another as shown in, for

exanple, Fig. Gned hﬁléilaémggg rf%%gl%n t?geftszj(%ﬂ?jeg%ﬁ%n%g%g nt egr at |q?12%€; hﬁre:)fs

becomes nearly tw ce as great
Jpated LRI BTLLRS 59 eh IRl e e oSt T a0 ol gort e
(previous) and a boundary box of after the change (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
includes the above object, end the smallest rectangle of which
the'position is aligned in the horizontal direetion becoﬁes
the damaged region. Fig. 5 illustrates the boundary boxes
" related to the GUI objects of various shapes _The damages are
processed w1th1n the damaged regions.
Next, all damaged regions are integrated. 1If two
_damaged regions are intersecting by more than a predetermined
degree, theyl 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 iptersecting, the previous or current boundary box
of the object is integrated into the damaged region. Then,

the damaged region is removed to restart the brocess as the
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t he back buffer to the front buffer. Further, when the boggg?{i]woggx of the
third object intersects the thus integrated danaged region, e boundary
box, too, nust be put to the draw processing. In such a case, therefore,

it is efficient to separately process the two damaged regi ons and, hence,
the damaged regions are not integrated together. Wen the sumof the two
damaged regions is greater than the integrated damaged region, on the
other hand, it is rather disadvantageous to handle the damaged region that
has been 1PFeetRtr@ et icsady Upent it egwa sipartdte ddameedregabass if the
region where the two intersecting damaged regions are overlapped one upon
anot her bekgoreovpddierdduare theecegisary aﬁdﬁﬁlnﬁpaﬁ&' tRLegrateopidgee Fig.
7) . The threshold value for judging whether the intersecting danaged

regi ons b¥or niretptiney tHoghidilay S8 &5 .2 paraneter in the algorithm 19
25 April 2006 To determ ne the danmged region, the. GQJ objects are
checked from t e e ShélgidwVaEded NEp! 837 +3id r@&?q} Ing, t z-order.
The object at the nost front has a Ievgl gvone ?he -oaﬂidlggl. Cecgr{;]egsvel _
nunber | NAfeRASAS GRABNLYLIOC ffi BV ely bj ggﬁ?rg the rear side. Wen
the damaged region is di SCO\% ed, tﬁgrﬁevgfés o] edre gggﬁn@la%ebj ects on
the z-or QRler1aH e@sghgmggo Q. g ion.. For exaople,. when there
is a change in_p?he thir o[%)j ecdt?ﬁ}e%i%?t %@?&nlggjtn’f rf(?_ﬁ:t ?x?ﬂgirgevgjrg° Zé]'on the
z- or der 't?xeaéélhﬁg‘g&? Vr\%%gl%nt gﬁ%gﬁqgg%grshqgii%r}:égr}%[tilo% géggogﬁec%smeas result.

Furt her, when t amaged regi o
nearly twj_.ce 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
process.ir_lg. In such‘a case, thei‘efore, 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 damaged 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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are integrated together, the |ower |evel between those of thea h@@oganaged
regions on the z-order is assigned to the integrated damagéed Peglon. Af ter

t he damaged regions are all checked as described above, the previous and
current boundary boxes of object are added to the |ist of damaged regions.
When the unprocessed objects are remaining, the next object is taken out,
checked for the presence of change, and the processing is repeated in the
same manner as described above. Fig. 4 illustrates a detail ed processing

procedure of the determiwee ptiss edahgdd i Sedhén) NERE GHPCESSLOLs Phase. The

generate phase checks all of the GU objects concerning et her they

i ntersectchetked fren ¢ABOLINTE O QDT onla@WN E1] LV e. Here,
however, the objects 20 25 ApriIVZOOg are ghggﬁ% f?%ﬁ%?ﬁggsggﬁghgimard t he

niereecting & alven damsociores of tAS flost, EEohEhASTR IGhel 17 S5 1
i catle tie asensi (yuRl oo BRSIUNG, Ablcobuthe, O sblccis e
Coneor e S Seoge (U0 dosk Ml el e S S ELRCKEL,
whet her tdlesé?:me%ds, fhE lseqr%irsi 39 tglétrélhaeﬁeéj g{fnli%%% erc(?f:gsi gz? ?:he z—order
are assigned to the damaged region. For example, when there
iz 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 the 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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(judging block b). Wen the objects are not filling the d@gg@ﬁp%ﬁ%gions,

it is then checked whether the boundary box of the object Ts"Intersecting
t he damaged region (judging block <c¢). Wen the boundary box.of the object
is not intersecting the danaged regions, it -is checked whether the object
is conpletely opaque and whether its boundary box is conpletely including
t he damaged regi on. When the object is conpletely opaque and its boundary
box is conpletely including the. damaged regi on (judging block d), then, a
flag i s sBfStere@Eee from frentahegaddrighe areathad decancsrgangdtout
(filled) upon confirmng that the object is conpletely covering the
damaged rEBPorEterder. t héild) edtt i Ssonleharmedi dehan tHhe Zobhdet ang i s not
changing) (judging block e). In the danaged region that has been sneared
~out, theietéssactimed oivandekbggdwhaiiwi, hiflisy iBtRtSestdRiobiec2l 25
April 2006 remaining objects. Fig. 8 illustrates an opaque object and

0bj ect s wht cinaieabo! tiompedsd it pRIIEraBigks:ddiaep) ect s are checked from
the front side toward the rear side, the damaged region is inevitably

covered with tAm ofF eké ddxabwaeaésapéﬂchte*&gﬁa Gb{eeﬁ'&eﬂt"\{?@?aéé s

judged that the object is intersecting the daneged region af aflag is
set ther etife keainlidal § ﬂe@%raf?&hh%g@%tthéy 2POR9 £ B Etged &len

processing, the total anount of the draw procéessing can ecreased on

the scredegbfhdMggéékgﬁqn the object has a z-order level |ower than the
damaged '

" The wvisible objects are checked concerning the
relationship to all damaged regioqs. It .is further checked
" whether the objécts are smearing out the damaged régiOns
(judging block b). When the objects are not filling the
' damaged regions, it ié then checked whether the boundary box
of the object is intérsecting the damaged region {judging block
¢). When the boundéry 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) uﬁon 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 thét‘has been smeared out,

there is no need of checking whether it is intersecting the
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region that is to be processed, i.e., is placed on this Si@%l%ﬂﬂgo S not
been changed, both the object and the danaged region can be canceled. This
i s because, even when the damaged region is constituted by the abject that
has changed, it is conpletely concealed by the object that has not been
changed. In such a case, a change in the object in the danaged region is
conceal ed, and the draw processing can be omtted. Wwen it is judged at

t he judging block d that the boundary box is not conpletely including the .
damaged rePHIRLRg fQupqts - s&iot o8t hélubfeates nan hepalquegsish eetyiam t
indicate the necessity of the draw processing. Fig. 9 illustrates a

st andar d 9ie¢imgihigwesteharott omdreigddy opgicue .be put to the draw

processi ng or discarded. Wen the object on this side of the danaged

region i.s not Siowms thelobavies ang dheckedEges fiedibnt Beddamaad r egi on
must 22 25 April 2006 be put to the draw processing. Further, the damaged

regi on dﬁmeaed;wbtdeantn@aﬂu@ugﬁiaﬁgﬁmﬁ§§sbgn@uitégl%h@ogég&ﬁQﬁgﬁpssing.
The danaged region conpletely, covered with the objecti - on this side needs

not be puthd obiaetdiiai Bheaessintd cndlWhnsgdh 3681 ARGNLE AW 1S gpepsi Ly of

processing. The invention was descri bed above i'n tal erence to

bar ti cul BhATORYIIHECE: i tiriidiloediduRNeLe lﬁ%%%@’%%i}# D3 e Srmodi rent s

can be nodified or substituted for w romthe glsgt of the

|nventions SeERineretd Bol MHANEAOD chd Gh8EHPRELIL 1BE SRIM Bl HATP! es. and
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




contefits disclosed in the specification shall not be inte@ng%ﬁgo¢y a
limted sense. To-judge the gist of the invention, reference should be
made to the colum of clains described at the beginning. According to the
present invention as described above, there are provided an excell ent
screen di splay processing apparatus capable of processing the display of a
GQUl screen constituted by a plurality of objects and successively updated
together with the user interaction, a screen display processing nethod and
a conput €Pe Rlyren the al mpaseasiagr eEuntheny ehhe odamaged eragion ur t her
provi ded an excell ent screen display processing apparatus capable of

ef fi ci entfQVeFekwishran onaque Spjectofust Belpwttedme dyas processing.t he
drawi ng of unnecessary objects, a screen display processing nmethod and a
conput er Proglemagez3regionpronhp ROOSL Aeomedictgwl tht tiee striet ehsil iy
processing apparatus or the screen display processing nethod of the

present isidmtieeds not be palt! boethd draRddEScéHei mgTeld ok @1 svwRiQeessi ngs
at the tine of redrawing the GQUI screen. According to the screen display

processi nrappdratiscaysi e S @raiesligR}.ay processing nethod of the
present invention, further, it is allowed to reduce the total anmount of

data transfermed fiavehbeoRadkaduliet rtiBebincabsodt huf fhep g thay tine of

redrawi ng the GUI screen. According to the screen display- processing
appar at Usefference 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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the séreen display processing nmethod of the present inventbgmpﬁlﬁyﬁgher, it
is allowed to reduce the nenory capacity required in the conputer
~processing.for providing a GU environnent. 24 25 April 2006.CLAIMS: 1. A
screen di splay processing apparatus for processing the display of a screen
constituted by a plurality of objects, conprising: a front buffer for
witing picture inage for producing a picture display; a back buffer used
for building an_inmage,to be displayed on the screen; checking neans for
determning a d%%@ggl?‘édi%ﬁh?%rmFilSDéaﬁfepaWe@Isim@@mmmtm; archange
in the screen; formng nmeans for determ ning an object that nust be
redrawn be8RFGFhEl gakaaraesfisimyf nebbiod\o S ahd mhesdingnveraisa, dr awi ng-
means for drawi ng the object determined to be redrawn by said formng
means fr ok tie arlg-awesi de reduee tthee nufibent odndsal prlasls JiHdehr nd
screen-updating neans for restoring the damage by reproducing all danaged
regi ons f¥bne td€ bedkawing eth¢ GUhescdaent buffer, except a region
di scarded by said form ng neans. 2. A screen display processing apparatus
according to daiondingter he staidrcheskiag pRANSS 'f}f‘gcﬁﬁpé\gs_tagj Sfts from
an

the front toward the rear side according to a z-order, pi cks up
the screen display. processing method of the present invention,

‘further, it is allowed to reduce the total amount of déta

' transferred from the back buffer to the front buffer at the

time of fedrawing. the GUI screen.

lAccording to the screeh.displagrprocessing'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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a mnimal rectangle conpletely including the object that h@g;uQWQQgﬁd as a
damaged regiion. 25 25 April 2006 3. A screen display processing apparatus
according to. claiml1l or 2, wherein said checking neans integrates the
damaged regi ons together. 4. A screen display processing apparatus
accordipgats: claim 3, wherein said checking neans integrates the danmaged
regi ons together when a region where the two intersecting damged regions

are over | apped NG e 41810} SFabECONE? oiBReaker than,2oLenl an, wakch is

added up by integration. 5. A screen display processing apparatus accordi ng

to any @ngnfy the pfeceding AT MREr &l LS8k A, LorNg jSgls a flag
whi ch inﬂ%:atyes the necessity gf g#avm’ ng&?orat gu% jlerg':)[t1 ’h ?%Z]%gtﬁéged
regi on céﬁﬁf{éﬁmgﬁng t he precedi ng object; and said drawi ng neans draws, on
t he back buffer,” all GU objects-to which is set a flag indicating the

necessity of i N aid. . formre ns.._ 6. .A_screen displa rocessi ng
Roparat s achor Bt "Rabresotsy QLTINS TRR0 urS: 18R FEP S al Brg” O

~ nmeans by fl i.¢h indicates the necessity of drawing for the object
in theﬁﬁgﬁﬁggadgggﬁ% “that has not been conpletely covered by the

~preceding obj gct. an fs%ig drawi ng neans draws, on the back huffer, all GU
obj ects to ﬁ%lc i $¥setTa ??%gﬂ$%g?g§fﬂﬁ@‘Fﬁelﬁﬁgﬁsg?t isplayed: 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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drawing by said formng neans. 7. A screen display processing apparatus
according to 26 25 April 2006 any one of the precedi2yg agrdilmeo06her ei n,
when an object is conpletely opaque and its boundary box is conpletely
i ncluding the damaged region, said form ng nmeans sets a flag which

i ndi cates that the damaged regi on has been sneared out after having
confirnmed that the object is covering the danmaged region. 8. A screen

di spl ay processgpgpggggk%gpaigﬁggggiﬁ%ﬁé%$%¥¥§ g Jgggkugg%Fﬁégggﬁén cl ai s,

wherein said form ng neans di scar an ge& region

when the opj 26f ic]is o] §PO§1§gr8Ent @iaﬁdSi&%8&'&8{1?mga%‘rlrsagg%}:éggiﬁgggggg} Is to

be processed and has not been changed. een di s an

met hod for Sj t he di splay of a screen constituted by a plurality
of objectsd{%é§§$l%%§%%§§a%9 8§Beﬁaffer for witing the screen imge for

produci ng the sgregn display.anj@a back buffer for building the imge

di spl ayed on th& sér &&H CCLorHrPditNg: PROERELRENGPOPERL RS AFELERIAI fE a
darmaged regi on tgft nust, be repaired acconmpanying a change in the screen

a forming StER for MG niHg SHUhEG Namas didedsetepedhswaopased on t he
damaged r%g%on found by said checking step; a drawing step for drawi ng the
obj ect det'&TMMEY tIPE?RAVARA By reQiignf othfinfy Hiept¥e obmtheseehingi de

toward the front on said back buffer; and a screen-updating step for
restoringqﬁﬂ§Qﬁﬁmﬁﬁg%®ﬂS 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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reproducing al | damaged regions fromthe back buffer to thes sripsjoebuf fer,
except a region discarded by said formng 27 25 April 2006 step. 10. A
screen di splay processing nmethod according to claim9, wherein said

checking step checks the objects from the front toward the rear side

accordi agyt > Zopr dae, PREPiiaksS clding, Mhdmdid,echiagl gncympletel ¥s
i ncluding the object that has changed as a danaged region. 1I. A screen

di spl ay cBhptessi PIopBL i dadg COF 8i Boub@are! BbiN 950k ohBi e YOE) € A 53k g
- checki ng s?ep i&?e%?ﬁ%es ?he danaggd ?%%ions tggeghgr? 1§¥ A(gcreef-

di spl aytaéoc:@mdgmj MeleRQdnaccos dh NG ngl 280 WnarLi n S%EQ?C%&‘%’W step
integrates the damaged™ regions together "when a region where the two
i nterseghingacdampged Hegi Qs Oe/deegfi'o%gﬂ?gs OBser%&enggoto & Bbgegnes
greater than a region which 1s added up by |ntegr?tlﬁn: . sg;eeah

i spl e i h di . ai Q ) erein:
di spl aynRL96&SSAg: R %ﬂF?CERE égi%%é;fsa%%vgggﬁg £k dégﬁéé& 94 R ng f or

said form ng step sets a ag whic icate necessiiy o

-the object ip the ed..region_ i secting the precedi ohj ect: and
“said dramﬁnggét%b gramg; &ﬁgghg gggggé* %r?p§?¥a a%B0] e ?%’ﬁﬂﬁ%h i's

set a fggg

screen di Sp+§3ﬂ1%e?g§r@:etﬂ%gn% %%gjsty @%Jﬁ%astvg&%g t%)émg%dmégrrlsm LR 14 A

cessing~’me act

both the object and the damaged region when the object 1is
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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any one of clains 9 to 12, wherein: said formng step sets a flag which
indicates the 28 25 April 2006 necessity of draw ng I®raghie @gjosct in the
damaged region that has not been conpletely covered by the precedi ng
object; and said drawi ng step draws, on the back buffer, all GUJ objects
to which is set a flag indicating the necessity of drawing by said form ng
step. 15. A screen display processing nethod according to any one of
clains 9 tetdd, wherein, when an object is conpletely opaque and its
boundary box is conpletely including the damaged region, said formng step

sets a flag whief, i ndi sabesnt habpihy lammaed 1o, has Been sEaned out
e

after having confirmed that the object is covering t amaged region. 16.

thorei nsar Tt e e e o ek A B YT (el A R Fage e ogi on

be. processel and Ras Thel THEeh Thapsd o 29 RS Spat BrorsiAger AR dRGHT bed 1 n

processi ng R or T EHE gt B a4 % Beal B oft o] ect s

by utili zi afront, buffer for iting the screen image for producing the
pla

screen dis )/Qﬁﬁ%ﬁﬂ Uhd £ARIRIEFPEP for buil ding the i mage di spl ayed

on the screen, co ising: a checking step for determ ning a damaged regi on
t hat nust 12"Ph screen dlsplaygprocgssing method aé%ordinggto J

{:) 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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be repaired acconpanying a change in the screen; a formng §5g5m3@56
determ ning an object that nust be 29 25 April 2006 redrawn based on the

damaged region found by said checking step; a drawing step for draw ng the
object determined to be redrawn by said formng step fromthe rear side

toward hbeess Dy oOndsithParde biHd esnjand o SELLeRRAA | Ay SILP- A
restoring the damage by reproducing all damaged regions fromthe back

buf fer hesthier danicdaphbeslyexsedied fediendihscarded, by sai dfor mi ng
step. 30 ® SCREEN DI SPLAY PROGESS NG AP ARATUS, SCRE%I [%PLAY "PROCESSI NG

VETHOD AND CEMVPATER :RREGRAM o ABSERAGT Q5. THE D ggedgls%@%fe'ro orger 4a

efficiently conduct the display processing of screen by suppressing

the dravbiecwf upneaassarys aRiects.sithe ﬂmi%%ttﬁngr €end ! B%ngggg}ﬂc%%d from

the front toward the rear according to"a reverse painter’s thm whil e

traci Nngggq s 0K £ssi he drawing. In this step, flags
necessgcrly florgg?ﬁ{as‘g?awﬁﬁgﬁmg %%Eé ai sed instead of drawing the objects,

e Pt VLB B M Bt L SR LR R oy T
one of claims 9 to 14, wherein, when an object is completely
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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FIG 1

25 April 2006

redrawn based on the damaged region found by said checking step;
a drawing step for drawing the object determined to be
fedrawn by said forming step from the rear siae toward the front
on said back buffer; and
a 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.
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