SCREEN DI SPLAY PROCESSI NG APPARATUS, SCREEN DI SPLAY PROCESSI NG METHOD AND
COVPUTER PROGRAM BACKGROUND OF THE I NVENTION Field of the Invention: The
present invention relates to a screen display processing apparatus for
processing-the display of a screen on a conputer, to a screen display
processing nmethod and to a conputer program More particularly, the
invention relates to a screen display processing apparatus for processing
the display of a conmputer screen constituted by a plurality of objects,
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specifically, the invention relates to a screen play processing

apparatus for proceﬁﬁ%éﬁFéfﬁthéﬁéag'ﬁﬁDq%g$%QF$%5€§¢Fﬁﬁﬁ§titUted by a

plurality of objects a successi vely up er With the user
interaction, to a screen display processing nethod and to a conputer
program and particularly to a screen display processing apparatus for

efficiently processing t i n.by suppressing the
drawi ng of unnecessary ogﬁggbggbgﬁ §%é@ﬁ§ghN%§5§§P§y processi ng net hod and
to a conputer program_ Description of Related Art: Acconpanying the
technicgﬁgﬁﬁﬁ%§§?i i Ryears, general purpose conputer systens

which are relatively smal|l 1 in size, |low at cost, featuring_high
additional val J&¢ angespyh invention relates to a screen “display

processing apparatus for processing the display of a screen
on a computer, to a screen display processing method and to
a computer program. 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 a screendisplay processingmethod and to a computer
program.

More specifically, the invention relates to a screen
display processing apparatus for processing the display of a
GUI screen constituted by a plurality 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 display processing apparatus for
efficiently processing the display of a GUI screen by
suppressing the drawing of unnecessary objects, to a screen
display processing method and to a computer program.
Description of Related Art:

Accompanying the technical innovation in recent years,

general purpose computer systems which are relatively small



fiuncti.ons, called work stations (Wss) and personal conputers (PCs)
been devel oped, placed in the market, and are deeply infiltrating
universities, research institutions, enterprises, offices, and even into

ever yday

life in general househol ds. Nowadays, nost of the daily

busi nesses involve conputers, and many people spend a day touching
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conmput er system such as files are all expressed as icons. By usin
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di splay screen to operate the conputer intuitively and

computers, and many people spend a day touching the keyboard
and the mouse.

In general, a computer system is driven in response to
a user input command and displays the processed results on a
display screen {interactive type) to offer an interactive
processing environment. Recently, the user input environment
of the character base or "CUI (character user interface)"
through a traditional keyboard as represented by the DOS (disk
operating sysﬁem) shell screen, is shifting toward the "GUI
(graphical user interface)" which realizes 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 screen.

On the desktop on which the GUI is provided, resource
cbjects 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 displaved on the screen, such

as an icon symbolizing a program, a data, a folder or a device

on a
a user

such
t he



hn anreasy manner. on the desktop are further provided buttons such as
menu 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 nanes of particular commands or how to
operate the conmand, and wi thout having to carry out conplex key input.
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been di spl ayed nust .be recovered again ,so as to produce a display as
cover ed WIS CREUREATE BRS SHEN to SHEEK LB TRt dRednenstBRLTE? had not
been selected by the user,  the displayed content nust be updated fromthe
di spl ay of  scr éﬁ”l%%%¥°¢%Cﬁ%gt§€N@§Eéﬁvﬂﬁoﬁﬁ€n§eﬂéé%Eﬁeﬁﬂéb$h¥0%@dscreen.
In order to restore the damage on the two-dinensional 3 GJ screen as
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to particularly learn the names of particular commands or how
to operate the command, and without having to carry out complex
key input. The computer further 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 selected and excluded,
label text and counter wvalue are updated, etc.

Such a change in the GUI screen is usually regarded to
be a damage on the screen display andmust be restored or redrawn.
For example, when a drop-down menu is closed, the region where
the menu had been displayed must be recovered again so as to
produce a display as covered with the menu. Or, when a check
box is clicked though it had not been selected by the user,
the displayed content must be updated from the display of screen
that is not selected to the selected display of screen.

In order to restore the damage on the two-dimensional



a nethod of restoring or redrawing all objects in the danaged region from
the rear side toward the front. Nanely, the rear farthest object such as
background inmage is drawn, first. Then, front objects closer thereto are
successively drawn and, finally, the object which is at the nost front is
drawn. This nethod has been known as "Painter's algorithnt since the QU
screen is drawn in the sane nmanner as when a painter draws a picture on a
canvas. The painter draws, first, the sky and nountains at the back, then,
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first, and, then, .the button on the above region is redrawm. Here, if the
danmaged regitn PRIEERPI SLOBELs neB*RF QuRTewistir cers Igdiorirae BBEton only
needs be redrawn for restoring the screen display. This overhead can be
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4 trenmendous and only a small nunber of objects are overl apped.
method has been known as "painter's algorithm" since the GUI

screen 1s 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
restored. In practice, however, the region must be redrawn
over the areas several times as wide as the damaged region,
driving up the cost of calculation.

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. In 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 where the content to be changed is not



kn the two-and-a-half -dinmensional GUJ where the zoom and ani mation
functions are added to the two-di nensional display, however, there are

di spl ayed a consi derabl e anount of damage and the overlappi ng of objects,
and the overhead readily spreads to a problem of perfornmance of the
system Here, restoration of the screen of the animation GU wll be
considered with reference to Fig. 10. In the illustrated exanple, a given
QU object is noving fromthe object boundary box of the previous tine
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already at the_above position. Wen the previous draw 5 processing exists
in front of th&e&grrieesteraiionr odethe sgreen of the animation GUI will

be considered with reference to Fig. 10. 1In the illustrated
example, a given GUI object is moving from the ocbject boundary
box of the previous time surrounding the object to a current
object boundary box at an animation step.

A restoration processing for the moving object is
basically constituted by two simple animation steps. That is,
the drawing processing must be executed at a new position to
where the object has moved while the initial position must be
smeared with the background image (see Fig. 11). The
processing for restoring 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 maintain the
z-order, i.e., tomaintain the order of objects in the previous
draw processing. That is, whenever the draw processing is
executed at a given position, the z-buffer is checked, first,
and it is judged whether the draw processing has been completed

already at the above position. When the previous draw



the z;order, the content of the current draw processing is discarded. This
al gorithmrequires additional checking but can onmt the draw processing
and, hence, features perfornmance which is still better than that of the
painter's algorithm Wth the z-buf f er 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
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a given reglon is smeared out already in front or what the

z—order is. Therefore, there is no need 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 applicatiocon is unrealistic

for the apparatus that has a limitation on the memory. Further,

this algorithm is applied to a three-dimensional GUI which

operates on a system having high performance such 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

related to the z-order for each of the pixels. When the drawing

is to be processed maintaining such a fine resolution, the

z-buffer checking is virtually impossible on a system having

a relatively small calculation ability. Besides, since no

particular order has been specified for drawing the GUI objects,

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 conbination of the painter's algorithmand the
z-buffer algorithm This nmethod is, generally, the sanme as the z-buffer
al gorithm according to whichor however, the GUI objects nust be drawn in

order opposite to that of the z-order, i.e., fromthe front side toward
the rearside. 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 An object of this invention is to provide an excellent
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plurality of objects by utilizing a 7 front buffer for witing the screen
i mge fortpitbadcpigthfez-order, i.e., from the front side toward the

rear side. Though this avoids the unnecessary drawprocessing,

the z-buffer still have to bear a large burden of memory

overhead.

SUMMARY OF THE INVENTION

An object of this invention is 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 and
a computer program.

Another object of the invention is to provide an
excellent screen display processing apparatus for efficiently
processing the display of a GUI screen by suppressing the
drawing of unnecessary objects, a screen display processing
method and a computer program.

According to one 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 image displayed on the
screen, conprising: checking neans or step for determ ning a damaged regi on
that nust be repaired acconpanying a change in the screen; formng neans
or step for determ ning the object that nmust be redrawn based on the
damaged regi on found by said checking neans or step; draw ng nmeans or step
for draw ng the object determned to be redrawn by said form ng neans or
step fromthe rear side toward the front on said back buffer; and
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8 regions are overl apped one upon the other becones greater t han
forming means or step for determining the object that

must be redrawn based on the damaged region found by said
checking means or step;

drawing means 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

screen-updating means or step for restoring the damage
by reproducing all damaged reéions from the back buffer to the
front buffer, except the regions discarded by said forming
means or step.

Here, the checking means or step may check the objects
from the front toward the rear side according to a z—qrder,
and may pick up a minimal rectangle completely including the
object that has changed as a damaged region.

The checking means or step may integrate the damaged
regions together. Upon integrating the damaged regions, it
is allowed to reduce unnecessary drawing or the updating of
the screen display.

The checkingmeans or step integrates the damaged regions

together when a region where the two intersecting damaged



a region which is added up by integration. Wen the regi on added up by

i ntegration becones greater than the region where the damaged regi ons are
over| apped one wupon the other, the damaged regi on obtained by the
integration becones nearly twice as great. As a result, the anpunt of data
transferred fromthe back buffer to the front buffer becones greater when
t he damaged regions are updated after the conpletion of the inage
restoration algorithm Wen the boundary box of the third object

i ntersectg e st hs dvd A&k ondammged nie gt Ry Hé?f‘dheét Egéf,éewﬁ?&y box,

too, must be put to the drawi ng processing. Further, orm ng neans or
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processing.. Further,.the form ans oy step may set a fla ich
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conpl etely including the danaged regi on, the form ng neans
transferred from the back buffer to the front buffer becomes

greater when the damaged regions are updated after the
completion of the image restoration algorithm. When the
boundary box of the third object intersects the thus integrated
damaged region, then, this boundary box, too, must be put to
the drawing processing.

Further, the forming means or step may set a f£lag which
indicates the necessity of drawing for the object in the damaged
region intersecting the preceding object. 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.

Further, the forming means or step may set a flag which
indicates the necessityof drawing for the object in the damaged
region that has not been completely covered by the preceding
object. 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.

When an object is completely opaque and its boundary box



or step may set a flag which indicates that the damaged regi on has been
sneared out after having confirmed that the object 1is covering the damaged
region. In the damaged region that is snmeared out, there is no need of
checki ng whet her the renmaining objects 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 with the obj ect that snears out the damaged regi on.
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writing the screen inmage for
Since the objects are checked from the front toward the rear

side, the object that is judged to be intersecting the damaged
region after setting the flag of smear out is inevitably covered
with the object that smears out the damaged region. Upon
omitting the draw processing, the total amcunt of the draw
processing can be decreased over the whole screen.

Further, the forming means or step may discard both the
ocbject 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.

The damaged region is completely covered with the objects
that are not changing even when the damaged region 1is
constituted by the objects that have changed. Therefore, the
change does not appear on the screen, and the draw processing
can be omitted.

A second aspect of the present invention is concerned
with 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
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produci ng the screen display and a back buffer for building the inage

di spl ayed on the screen, conprising: a checking step for determning a
damaged region that nust be repaired acconmpanying a change in the screen;
a formng step for determ ning the object that nust be redrawn based on

t he danmaged regi on found by said checking step; a drawing step for draw 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

i . i I ' [ fr hg back
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rogram accardi-ng to the, second_aspect _of .the invention
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read by conputer t.o realize redet erm ned processing on a conputer
system ﬁ:r]n"eotlﬁ[?rge \Ki}lrstfsl,alf @b ST BYr a‘fﬁ“ﬁg’@o’f‘d??fg to the second
aspect of the present inventign is installed on _a conputer system
wher eby the cofp&P&eai@dadtien Irs grhrbriadngnat Aaragrputrediosyklamm t o
obtain the action and effect sane as those of the screen display
processi FPHpRe RRR GG REKHMRAY QIS H Sharpgrodds sihey saitesYd according to

the first aspect of the present invention. 11 Qther objects, features and
advant ages of teh&oirmiagt s6aP for determining the object that must be

redrawn based on the damaged region found by said checking step;

a drawing step for drawing the object determined to be
redrawn by said forming step from the rear side 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 the regions discarded by said forming
step.

The computer program according to the second aspect of
the invention is the one defining the computer program
described in a form that can be read by a computer to realize
a predetermined processing on a computer system. In other
words, the computer program according to the second aspect of
the present invention 1s installed on a computer system,
whereby 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.
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wi |l becone obvious fromthe detail ed description of the enbodi nent of the
i nvention described bel ow and the acconpanying draw ngs. BRI EF DESCRI PTI ON
OF THE DRAWNGS Fig. 1 is a diagramschematically illustrating a m ni num
degree of hardware constitution with which a screen display processing
apparatus 100 of the invention is provided. Fig. 2 is a diagram
schematically illustrating the <constitution of a screen display processing
al gorithm according to an enbodinent of the invention. Fig. 3 is a diagram
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accordi ng he enbodlnent of the invention. Fig. 5 is a diagram
|IIustraf? eLhof MRundRYE bR 1@ ERFS o Qiﬂoﬁbj@%gs BRevari ous
shapes. Fig. 6 is a diagramillustrating a processing for integrating the

danmaged r%ﬁﬁQﬂﬂﬁQXkﬂﬁrﬁﬁaW#ﬂQf 7 is a diagramillustrating a processing for
integrating the damaged regions together. Fig. 8 is a diagramillustrating
an opaque obj ect and BBBEECDESKRIEA IQNe Ofo THEOPPAFIYGY opaque. 12 Fig. 9 is
a diagramillustrating a standard for judging

Fig. 1 is a diagram schematically illustrating a minimum
degree of hardware constitution with which a screen display
processing apparatus 100 of the invention is provided.

Fig. 2 1is a diagram schematically illustrating the
constitution of a screen display processing algorithm
according to an embodiment of the invention.

Fig. 3 is a diagram illustrating a detailed procedure
of processing in a screen display processing algorithm check
phase according to the embodiment of the invention.

Fig. 4 is a diagram illustrating a detailed procedure
of processing in a screen display processing algorithm generate
phase according to the embodiment of the invention.

Fig. 5 is a diagram illustrating examples of boundary
boxes related to GUI objects of various shapes.

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

Fig. 7 1is 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 opaque.
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whet her the damaged regi on be put to the draw processing or be discarded.
Fig. 10 is a diagramillustrating a processing procedure (prior art) for
restoring the screen in the animation GJ. Fig. 11 is a diagram
illustrating a processing procedure (prior art) for restoring the screen in
the animation GU . DESCRI PTI ON OF PREFERRED EMBODI MENTS Enbodi nents of
the present invention will now be described with reference to the draw ngs.
The screen display processing nethod according to the invention can be

pref erably applgedl b0; @ PAGEINGLEALLALRILAGL A LGOI 86 SFhaEMnO"

offering a two- nen5|ona nen5|onal

envi ron t ... The .two- hal f.- di nS| n creen referred to here

st ands gﬁﬁhﬁﬁ?ertthe ama %QNﬁﬁgagﬂ % %8qgﬁﬁpéﬁaﬁﬁPﬁ°§88ﬁ%ﬁﬂdoﬁnination
function ggﬁnatlcally |IIustrates the hardware constitution of a
m ni mum IAQ%QHﬁi% ich is provided a screen display processing

appar at us 100 to whi ch, t he present, |nvent|on is applied. In Fig. 1, the
screen di spl ay Ffocé és’t%@ SRR gL P@Grﬁtﬁ&gu@ﬁoéeéﬁen@c%ﬁ??ﬁﬁuﬁ?ocess| ng
unit) 101, a program RAM (random access nenory) 102 and a graphi c hardware
103. " The (REPAGTIEE s (O FEIQF IS (e RaRan diedig ianiamtianemis 13

constituting the apgaratus 100 through a bus (not shown) which
Fig. 11 is a diagram illustrating a processing procedure

(prior 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 ﬁccording to the
invention can be preferably applied to a processing for drawing
a computer screen for offering a two-dimensional or a two-~
and-a-half-dimensional GUI environment. The two-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 degree with which is provided a screen
display processing apparatus 100 to which the present invention
is applied.

In Fig. 1, the screen display processing apparatus 100
includes a CPU (central processing unit) 101, a program RAM
(random access memory)} 102 and a graphic hardware 103. The

CPU 101 is connected to the hardware constituent elements

13



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 (0S) . In this enbodinent, the operating
systemis provided with a bit map display function, and is offering a

t wo- di nensi onal or a two-and-a-half-dinensional GJ environnment. The
program RAM 102 is constituted by, for exanple, a plurality of DRAMs
(dynamic RAMs), and is used for loading a program code executed by the CPU

101 and f ' S ' ration data, of. an execution

progr am C%Lneétgr ap%'{iq{cd ké? dévéééep%%%é .'1? Oggﬁgg}sggtaegugom?%lslhgm o‘i%’lhlglet ual Iy
processi r\igia draw n i.nstrucﬁﬁj on _issued hy. the CPU 101, and is provided in
t he appara g5 O8] ﬁlf?epaf]br BB O% ‘e, an adapter card. To the

graphi ¢ har dwar, 1%%318 Cc nnﬁpted a dLspIagégnot shown) such as CRI
(cat hode-ray t (CEBLERGRFR eSS UALED 40) WB1GDt 4R gRt™@ 4P whi ch
the displa output. In this enbodinent, the displaé)Ls supporting the bit
map di sp|%6%}/“‘fliﬁiéter—bﬁ?<e@ﬂtﬁﬁ@ YREpPREY HarbRht 62 T03naPedmenpon Rt bod s
mounted a video RAM 103A used as a frane buffer for tenporarily witing
t he cont & 2BORALFNIAY vistaB (&S eenInitisieatbodinant; idependeatingr dwar e
that is shown, the video RAM 103A may be in the formof a share nmenory
mapped orf¥&femefp B apdatad ofitn a Hel hriogp atd RAM Y 0Runction, and is
offering a two-dimensional 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 temporarily storing
the operation data of an execution program.
The graphic hardware 103 is a dedicated controller for
actually processing a drawing instruction 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 tube)
or LCD (liquid crystal display) as a target to which the display
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 temporarily writing
the content of display on the screen. Instead of an

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

in the form of a share memory mapped on the memory space of
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Though not shown, the screen display processing apparatus 100 nay be
furnished with a user input device such as a keyboard or a nouse, 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 addition to the above-nentioned units. A representative
exanpl e of the screen display processing apparatus 100 nay be a conputer
system for offering a GJ environnent, such as a personal conputer (PC)
and the hjk ro%%?r[ Al @4 environment, there are provided a desktop
simul ati ng a corfputer system and a nunber of icons on a display screen. on

t he desktop on ich t GUL.i.s_proyjded, resource bj.ects on_a, conputer
system such as T%ué@l alrﬁg)tal Fhé’)a(’[r)lr’es\sﬂél ggrﬁg%ns.lﬁ)/f in%r%c%%@rn‘?nput

devi ce such as .a e, the wpser.directly applies.(e.q., clicks qr drags
and dr opﬁppﬁatéfgﬁgt%i Ba Yt B ahi o) & ‘?Sdfjs%}f‘fg e&ﬁ%ﬁ&&@?géﬁ? %‘ﬁ‘g}h as an
icon synboli f(i ng) a rogr am a data, a folder or a device on the display
screen t GSoferS¥ROfRE ROnpUIRYISEntdh SRE P EhFhTage WwadyShERng%.2on the
desktop are further provided buttons such ~as nenu bars and tool boxes for

i nst ant ak@dEs| 91341 PPAG £F var CYPVEr FeaiWiokze fegicecompurelwork

- processings. The GUJI _object is constituting a hierarchical tree structure
whi ch i s &terd@cen (Nie) prog ceprnrRAVLIIG2EhT Rrrema tip1 109 tmkasetworiad/ writ e

access to the program RAM 102.
etc., 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 personal computer (PC) and the
like.

Under the GUI environment, 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
objects 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 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
as menu bars and tool boxes for instantaneously calling a
variety of functions, i.e., computer 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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In this enbodinment, the frame 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 image which the wuser uses for producing a
di splay on-the screen. The back buffer, on the other hand, is used for
buil ding an image that is to be displayed on the screen. That is, while
the GU object s being rendered, the graphic display thereof is, first,
built wup on the back buffer and is reproduced onto the front buffer after

it is co Ieted Th t buffer is data its produci ng the
screen, %(laSt #“f%le%%laa%%eﬁl\ﬁﬂdgf EA‘%’& “may be assi gned

to elther t he v F‘éogA or the ro ram RAM 102. In t he har dwar e
constitution s 1ﬁ = jmepfa THgme hilddeniy £986t4 tiEpdeb¥ccess to

the videg RAM_103A. 2. schematically illustrates the constitution of a
screen di'dht afrprb % g%’il‘iittll% RTOF Bdderd TN absdicerenderinge
present invention. The screen display proceSS|ng starts in response to t he
occur r encdd®fCHarRje@F the QU screen in the rendering cycle, i.e., in
response to a change in the GJU image that nust be restored (redrawn),
such as when aﬂaﬁbgréaﬁhbmﬁiﬁKWM§ elverd hokdimer GULegrare dihsphayhag t he
menu nmust be so recovered as to display as covered with the nenu. 16 A
first processiugpphise petdueimesa adiplaggoonthhatcreen. The back
buffer, on the other hand, is used for building an image that
is tobe displayed on the screen. That is, while the GUI object
is being rendered, the graphic display thereof is, first, built
up on the back buffer and is reproduced onto the front buffer
after it is completed.
The front buffer is the data itself for producing the
screen, and exists on the video RAM 103A. The back buffer may
be assigned to either the video RAM 103A or the program RAM
102. In the hardware constitution shown in Fig. 1, the CPU
101 makes at least a write access to the video RAM 103A.
Fig. 2 schematically illustrates the constitution of a
screen display process algorithm according to the embodiment
of the present invention.
The screen display processing starts in response to the
occurrence of damage on the GUI screen 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 recovered as

to display as covered with the menu.
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ust be restored, i.e., determnes a region called "damaged region". This
processi ng phase is hereinafter called "check phase" and its detailed
procedure of processing is illustrated in Fig. 3. A succeeding second
processi ng-phase determ nes an object that nust be restored based on the
damaged region found in the check phase, and sets a flag thereon. This
processing phase is hereinafter called "generate phase" and its detailed
procedure of processing is illustrated in Fig. 4. A succeeding third

processi ng. phase 145240 o, 8Rddas b plasBUbEeErmhsCHl OBI eahsohouiht ch ar e

set flags int gener te phas Her e he objects are drawn fron1the rear

31 de tovaede b rs%tredTh'Seproa%%}%&mn%@aat L5168 Lot o aaﬂ'&arpg(gg e’

succeedi n ourt A proceséln inrs restoration anage by
reprodu0|n alh,da i t he buf er. on

buf f er. ™ He ggggggﬁgg?g %?f%%?%ﬁﬁ%@ﬁ ﬁ 8|ngc?%% reglons
dlscarded |n ner.a se. cessin hase | al l ed "update
Dhaser  PHESeoRe o ceteing ;ﬁfa%%e%rﬁ%ﬁ Sroears PR 1au Tigtested et hor
t hey |ntersect al] of the damaged regions that are found. The GUJ objects
are then ‘thddi¥d 3xgain fromthe front side toward the rear side accor di ng

to the z-order. Fig. 3 illustrates the detajled Eroce33|ng procedure in 17
the check phasé@ WiEREFIL RN e SEEEHA RIAETTINE bhase. determines an

object that must be restored based on the damaged region found
in the check phase, and sets a flag thereon. This processing
phase is hereinafter called "generate phase" and its detailed
procedure of processing is illustrated in Fig. 4.

B 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 succeeding fourth processing phase finishes the
restoration of damage by reproducing all 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 called "update
phase".

The second processing phase checks all of the GUI ocbjects
whether they intersect all of the damaged regions that are found.
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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The danmaged regions are determ ned by checking all of the GU objects that

have changed. Here, however, the objects are checked fromthe front side
toward the -rear side according to the z-order. Wen there are found the
obj ects that have changed (judging block a), a boundary box of before the
change (previous) and a boundary box of after the change (current) becone
damage regions (see Fig. 11) Here, the boundary box after the change is
the one of the current object, and the boundary box of before the change

is the ong, cgg& gm'l?%gésvt aly, s g{eﬁl%dcﬁg rt)(déﬁ%g:é%eﬁ I est o .The boundary

box conpletely e above obj ect rectangle of
whi ch the posi i |4 r Lon_hec s- the
damaged regi onTthl—e aﬁr%g%d] ?%eagoungkg%l;%/dng ght CE 3 e@lﬂm Fhe aul
obj ects da es 4 rocessed mn n the danaged

r egi ons. ?ﬁ& Li?j%cani%%atrle%‘l’%ng‘a rqee nt ESE WIVRT 4 e ARHRGET regi ons
are intersect| red rm ned . degree, the are_|[ntegrated
Tto one AHEEHBH<PEGTO (TUOFRGE 10t EoBALe RafaIgAT i oPeiy SoRRtidnet her

t he preV|ous or current boundary box of the object is |ntersect|ng t he

damaged r . 4 is intersecting, the previous or current boundary
box of the object is integrated into the damaged region. Then, the

damaged regi on WheTy rhRRRI BBer dOURG thie phdeess isbathdam i pherged ed

region. Upon integrating the damaged regions, it
judging block a}, a boundary box of before the change

(previous) and a boundary box of after the change (current)
become damage regions (see Fig. 11). Here, the boundary 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, and the smallest rectangle of which
the position is aligned in the horizontal direction becomes
the damaged region. Fig. 5 illustrates the boundary boxes
related to the GUI objects of various shapes. The damages are
processed within the damaged regions.

Next, all damaged regions are integrated. If two
damaged regions are intersecting by more than a predetermined
degree, they are integrated into one damaged region (judging
block b). Namely, it is judged whether the previous or current
boundary box of the object is intersecting the damaged region.
When it is intersecting, the previous or current boundary box
of the object is integrated into the damaged region. Then,

the damaged region is removed to restart the process as the
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Is allowed to reduce unnecessary drawi ng and the processing for updating
the display of screen. When the regi on added up by the integration becones
greater than the regi on where the danaged regions are overlapped one upon
anot her as-shown in, for exanple, Fig. 6, the danaged region obtained by
the integration thereof becones nearly twice as great. As a result, when
t he damaged region is updated acconpanying the conpletion of the inmage

restoration algorithm the data are transferred in an increased anount

from thi%ﬂé ?:_reﬁgli%nt.h%ﬂ&ﬂ”ﬁn@%&fﬂin%%ﬂ@@ aWaenLhe nboupdary box

of the thir ject intersects the thus 1ntegrate amaged region, the

boundary 1050 19k TSt B8 UL 8L LN Bt BGeRN B L1 SUED, A gase.

t herefore efficie separate darage egi ons

and, hen t he,_.da d regions, are not integrated together. When the sum

of the t\ACfxe)drdélr?adgaécd'nrr%gcﬁloensﬁ% cigafyeacffgrs%ﬁweaeﬁl' the integrated danaged region,

on the other hapd, it is rather I gadvant ageous, to handl e the danmaged

regi on that ha@]hﬁé’enth‘? nt eGr 4t eﬁdg‘?ae}iﬁy%é(s %r‘?e P TR R LHRGR

regions if the region where the two intersectipng damaged regions are

over | app&f%%p@%a&noiﬂ%r L5 s "HrEst ebE hAFMAReY egPEAODEddREC Up by

integration (see Fig. 7) . The threshold value for judging whether the

i nt er sectYRy lddREFeANCeBPORSAEEheN g ahern iBgeitecXaydrlvesFag-abpar anet er

in the algorithm 19 To determ ne the danaged region, the GQUI objects are
the damaged region obtained by the integration 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 amount from
the back buffer to the front buffer. Further, when the
boundary boxrof the third object intersects the thus integrated
damaged region, the boundary box, too, must be put to the draw
processing. In such a case, therefore, it is efficient to
separately process the two damaged regions and, hence, the
damaged regions are not integrated together.

When the sum of 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
integrated already as the two separate damaged regions 1f the
region where the two intersecting damaged regions are
overlapped one upon another 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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checked fromthe front side toward the rear side according to the z-order.
The object at the nost front has a level 0 on the z-order. The |evel

nunber increases one by one for every object toward the rear side. \Wen

t he damaged region is discovered, the levels of the related GQJ objects on
the z-order are assigned to the damaged regi on. For exanple, when there

is a change in the third object fromthe nost front, the level 2 on the
z-order is assigned onto the damaged region that is taken out as a result.

Further, when e regqi ednte 0 her he | ower

| evel between ?%os%%q?e%&%c%%&;eedd%e ]icgc%{rfsg%?ét ef z(-%gi%‘gi?siésr%ssi gned
to the integrat da ed regian, After .the damaged regions . are al

checked acgh%eksec(fi%ﬁgﬁl gggog%?n 95 &9r86E g]ﬂ‘a %‘?ﬁf@ﬁidl’eo%ﬁﬁaﬁfiﬂlngog%s of

obj ect ar added. to t li st of d ed regigns. en the unprocessed

obj ect's éﬁé?r%ﬁﬂﬁqﬁrhg,ggﬁeo QQFE 8%?2@? nggaEEHHEX$?SCﬂe ?Eﬂffgro?he
presence of chan%g, and the processing is repeated in the sane manner as
descri bed2eBoPEder-g. The i 1§ (Rt rarberalneraprred pRredes ey fproREdtYe of

the generate phase which is the third processing phase. The generate phase
checks al9P3sict heewaurd oblBcr§arc chick ni M sihether demegeidntea®Eedt &% of the

damaged regions found in the above check phase. Here, however, the objects
20 are clEdaayenasin the lieveds ¢ bided e ateek P Isihiecicrondihegztorder

are assigned to the damaged reglon. For example, when there
is a change in the third object from the most front, the level
2 on the z-order is assigned onto the damaged region that is
taken out as a result. Further, when the two damaged regions
are integrated together, the lower level between those of the
two damaged regions on the z-order is assigned to the integrated
damaged regiomn.

After the damaged regions are all checked as described
above, the previous and current boundary boxes of object are
added to the list 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 detailed processing procedure of
the generate phase which is the third processing phase.

The generate phase checks ail of the GUI objects
concerning whether they intersect all of the damaged regions

found in the above check phase. Here, however, the objects
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the z-order. Wen it is learned that the object is intersecting a given
damaged region, a flag is set to the object to indicate the necessity of
draw processing. Al of the GUI objects are checked fromthe front toward
the rear side in regard to whether they are visible on the screen (judging
bl ock a). The visible objects are checked concerning the relationship to
all damaged regions. It is further checked whether the objects are
snearing out the damaged regions (judging block b). Wen the objects are

eari ng ons (] u | ]
box o The Sher e S R Gk R e e o b B ook o)

When t he undar of obj_ect _is | at naggd
regions,lﬁﬁéi g ¢ g%%éd wﬁ%?ﬁ%rg?heigbjlc é?%@ g%%%fe#@%y %%iagg and whet her
its boundary _hox.i. |_et el includi.ng the.damaged.regi,on. Wen the

obj ect i STCSHS egtte%fc%gaac}ﬁeté‘ %%laa??é rlﬁao%lr?gldr?%l@&lgfegoﬁglt&ee?gj $hel udi ng

t he damaged .regi on (j.udgi ng bl agk ,..then, a flag is set to indicate that
t he danagéd J‘Pé%icz‘#e H:g’se ss?f&ﬂré% SHEW BHASEHS n confirmng that the
object is conpletely covering.the damaged region (i.e., the object 1is on
this side on theiz06rhe Ggﬁd‘)g%eﬁBF %??a%g‘ﬁﬁ F%j gﬁ‘@ﬁ‘rﬁ“e bresk &yvard t he
damaged region that has been sneared out, there is no need of checking
whet her iGhq 53R SdidsetR FRgaERct 2 YheEhar iRy 8bpactsslbly gn tdq $¢¥R¢R at es an

opaque ogLect.and
judging block a).

The visible objects are checked concerning the
relationship te 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 is then checked whether the boundary box
of the object is intersecting the damaged region {judgingblock
c). When the boundary box of the object is not intersecting
the damaged regions, it is checked whether the object is
completely opagque 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) upon confirming that the object
is completely covering the damaged region (i.e., the object
is on this side on the z-order and i1s not changing) (judging

“block e). In the damaged region that has been smeared out,

there is no need of checking whether it is intersecting the

21



obj ects which are not conpletely opaque. Since the objects are checked from
the front side toward the rear side, the danaged region is inevitably
covered with the object that smears out the danmaged region when it is
judged that the object is intersecting the danaged region after a flag is
set thereto to indicate the snearing out. By omtting this draw
processing, the total anmount of the draw processing can be decreased on
the screen as a whole. Wien the object has a z-order |level |ower than the
damaged d&GiioN dhdbiletis0 beiprogesse | ' 1LbE sz 9hde  and
has not been ché%ﬂed? bot h theeobject gﬁgk?ﬁgsdgﬁagggﬁggg?%%ég%aﬁﬁ%e

cancel ed.

i s J d [ [ tituted b
Che. obj oSP KA Ree ehangede G C e B onceal 6d by the obj ect ¢ hat
has not ‘been chaggedepl st a,e208 A ehaNGec0 EhS OBBEt dp Lge

damaged regi on 1S conce aw Processing ca

it is judged_at _the gud i n Htlock d_ t hat Lhe.boun%ag box is not

conpl et elqg‘ei AEPGAT RSt NE YATEEIES &R P 45 fRgVitsa gé’t CP¥eFRg Ghikct in

t he damaged regio o.ndicate th necessi of, t he, draw processing. Fig.
0 111 st PieeQDA=SE AR GUP8F Sj GG TFRCAES G9%-ONMRE oL HEgi oBE put Lo
the draw processing or discarded. Wen the object on this side of the
damaged rEGitoRRf SRACT L3R EISF R FRRFATIRIFAFEGAANI2EF¥h 2 £HRY damaged

region nust 22 he put to the draw processing. Further, the damaged region
is set thereto to indicate the smearing out. By omitting this

draw processing, the total amount of the draw processing can
be decreased on the screen as a whole.

When the cbject 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, even when the damaged region
is constituted by the object that has changed, it is completely
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 };'Je 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 object 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
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covered wth an opaque obj ect nust be put to the draw processing. The
damaged region conpletely covered with the object on this side needs not
be put to the draw processing, and is discarded fromthe necessity of
processi ng- The invention was described above in detail with reference to
particul ar enbodi nents. It will, however, be obvious that the enbodi nents
can be nodified or substituted for wthout departing fromthe gist of the
invention. Nanmely, the invention is disclosed in the form of exanples, and

the contentsdirgche %e@irb% bh8c8asghly. caphPhnahal Jchéw&?:pf%ew@ ted in a

limted sense. To judge the gist of i nvention nce shoul d be
present FGSEAIEE® %ﬁeaﬂié?&éﬁﬁdﬁﬁ PEJQ:FQ%%‘LQ‘%%% et eny
& “soredt® bnGRATEH c"’c‘?%ue?cta 7287250 Gerh i RuBEs SRt P uptat ed”
= domput & “aé?ém”%i%@éﬁ“aﬁﬁ ﬁeng?ﬁ%%iﬁé‘e?wiﬁaya@ﬁf cif%é‘%%é%??ﬂe?”d
G 11 ci eniEphrdee SRy g s ; BAF Sseiadnt soreen’ by Sﬁppfiii?'né he

drawi ng of unnecessary objects, a screen_ display processing nethod and a
conputer progr &Re 23NFERBEMNGED ?ﬁéc§éP§€n @?%%?aflbr6@§§§ﬂnd“h@baratus

or
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 examples, and the
contents disclosed in the specification shall not be
interpreted in a limited sense. To judge the gist of the
invention, reference should be made to the column of claims
described at the beginning.

According to the present invention as described above,
there are provided an excellent screen display processing
apparatus capable of processing the display of a GUI screen
constituted by a plurality of objects and successively updated
together with the user interaction, a screen displayprocessing
method and a computer program.

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

display processing method and a computer program.
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the screen display processing nethod of the present invention, it is

all owed to reduce the nunber of draw processings at the tine of redraw ng
the GU screen. According to the screen display processing apparatus or

the screen-display processing nethod of the present invention, further, it
is allowed to reduce the total anobunt of data transferred fromthe back
buffer to the front buffer at the tine of redrawing the GU screen.
According to the screen display processing apparatus or the screen display
processing met m%oqfdﬂﬂgeter@@%_tcfe@ﬁeaiggmay giiddelind b gar%lth%“@fi to
reduce the nmenory capacity required 1n the conputer prog ssing for
providin Vi . X A_.S i SRl si ng
Bppar at U or e B RE protgsfigiiyg G EE BT Sel: BfERESSE
plurality: . of ' , | S1 Q. front buffer for wi.ting_pigcture inmage
for prodic %gs gghgfi’% uF(golgelle%ﬁ%a;/E?leagBIé% rb%fféerra‘“tﬁ?ér&c’re(?rﬂ&%sl gi nch%n i mage
to be displaye on, t he scr.een;_ checking neans for determ ning a danaged
regi on tﬁcndfn%l?gft reéjera},v\@ﬂueg rtgbe (ﬁ:ﬂ£ g a change in the screen; formng
means for determnin thg oﬁgeect t hat nusi be redrawn based on the damaged
regi on found b@%rﬂﬂe’% Ri SE&ERS display processing apparatus or

the screen display processing method of the present invention,

further, it is allowed to reduce the total amount of data
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 capacity required

in the computer processing for providing a GUI environment.
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drawi ng neans for drawi ng the object determned to be redrawn by said
formng neans fromthe rear side toward the front on said back buffer; and
screen-updati ng neans for restoring the damage by reproducing all danaged
regions fromthe back buffer to the front buffer, except the regions

di scarded by said form ng neans. 2. A screen display processing apparatus
according to claiml, wherein said checking neans checks the objects from
the front toward the rear side according to a z-order, and picks up a

m ni mal redizmg:e conpletely including the object that has changed as a
damaged region. 25 3. A screen display processing apparatus according to

claim1l or 2, wherean s@irkedsheckipglaBaniddegsahgs bhpardapgedrpegi ons
together. 4. A screen display processing apparatus according to claim 3,

wherei n saileskhnanaeansyl £ ey af exdde dapBged &£ PNs J19gelihel, when a
region where the two intersecting danmaged regions are overlapped ohe upon

the other hecpmes..grealfl-ilhay.a region which is added up by integration.
5. A screen displa;gprocegging%épparatus according to any one of the

preceding claing,¢ %Jkgegﬁlﬁ%qgo%%%g}gﬁﬁqfchﬁ%t gngggj%rv\/_rﬂr%@uicggigcat es

the necessity of draw ng e dama régi-on

i ntersect iap%it&%r%r %ﬁ%%ilgg,;obj ect; and

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 the 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 the regions discarded by said forming
means.

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

has changed as a damaged region.
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sai d drawi ng neans draws, on the back buffer, all GUJ objects.to which is
set a flag indicating the necessity of drawing by said form ng neans. 6. A
screen di splay processi ng apparatus according to any one of clains 1 to 4,
wherein: said formng neans sets a flag which indicates the necessity of
drawing for the object in the danaged region that has not been conpletely
covered by the preceding object; and said drawi ng neans draws, on the back
buffer, all GJ objects to which is set a flag indicating the necessity of

drawi ng by sai &.f orNMsegeBRaRS splayAproiceenidyspbprrpt 0sesscbgdapparat us
according to 26 any one of the preceding clains, wherein, when an object is

conpl et el ye1gpague ard 4t syheradar ¥ahex dneckamel efeins | DRtEgEages t Rgedamaged
region, said form ng nmeans sets a flag which ‘indicates that the damaged

region hag;-heepsreaniedsovbgatter. having confirned that the object is
covering the danmage region. 8. A screen display processing apparatus

according to a n he: di LB, LN.Sali F 0l NG .means
g [11% R %gg%egngilgﬁgﬁgaggggééh a Es’cﬁ‘%e%cggf:ai%.%

di scards both e ob regron en t jectis

di d 0 [ f. the. - [ t hat _.i b d
nas ot beoR harioeh e 81T i CER RO b Tl ol B B PERRBEA ST

the display 9fo:f SESEMEPTALELCERY A RINEA! e Of yOPh §EL S sect ing

damaged regions are overlapped one upon the other becomes
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 object 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 salid forming means.

6. A screen display processing apparatus according to
any one of claims 1 to 4, wherein:

sald 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

sald 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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by utilizing a front buffer for witing the screen inmage for producing the
screen di splay and a back buffer for building the inage displayed on the
screen, conprising: a checking step for determ ning a danaged regi on that
must be repaired acconpanying a change in the screen; a formng step for
determ ning the object that nust be redrawn based on the danaged region
found by said checking step; a drawing step for draw ng the object

determ ned to be redrawn by said formng step fromthe rear side toward the
front on @@y dohacktbtuhéepreaadiagscietnsypdatiath,stwperf oin resicd ng t he
damage by reproducing all damaged regions fromthe back buffer to the

front buffesmplexeept opdifier @@onssdbseadAded ik sl Ghplatay 2insSti@lingl0. A
screen di splay processing nmethod according to claim$9, wherein sai

checking stiep ehesden t heghi,ectsid reBrmihe fits t uesL d L heipgar,sige
according to a z-order, and picks up a ninimal rectangle conpletely

i ncl udi ng iﬂ&id@ﬂe%ckhhﬁa%heh@%mﬁgéag%gg§§nahg§nEQ§g ££§H Green
di spl ay processing nethod according to” claim9 or 10, rel sal

checking stgp dgt ggﬁ@iﬁrﬁegt hen,dammged s e 1pngsto ﬁ#&e{n 121A SGI gg%ging step

di spl ay processing method according to a|n19 erelh sad Che
i ntegrates,.the,damaged regions together mhen a region where the two
intersectin

8. A screen display processing apparatus according to any
one of the preceding claims, wherein said forming means
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.

9. 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:

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

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

a drawing step for drawing the object determined to be
redrawn by sald forming step from the rear side 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 the regions discarded by said forming
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damaged regi ons are overl apped one upon the other becones greater than a
regi on which is added up by integration. 13. A screen display processing
nmet hod according to any one of clainms 9 to 12, wherein: said formng step
sets a flag which indicates the necessity of drawing for the object in the
damaged region intersecting the preceding object; and said drawi ng step
draws, on the back buffer, all GJ objects to which is set a flag

i ndicating the necessity of drawing by said formng step. 14. A screen

di spl ay preiegssi ng net hod according to any one of clains 9 to 12, wherein:
said formng step sets a flag which indicates the 28 necessity of draw ng

for the object lon the stamgeddiggl O bhatesbaggneletherRN £o0Pte1ehyteovered
by the precedi ng object; and said drawi ng step draws, on the back buffer,

all QU chi:et 9,t HMdHGh issiigelcnadidiag ishdbcahiebdst Reenesgesity roby
drawing by said formng step. 15. A screen display processing nethod

accor di ng g i tQal i objegt. ..
@ fafyt A0l Ehél M9 fife 14ocBNE Eoe%i?ﬂbfﬁgf, Yool %ﬁﬁ?sdanaged

conpl etely opaque and its boundary box 1s conpl et I ncl udi ng

0o S IR SRS R Gges Ak L0 dameoc:
covering %@% c%%g%%%da%egiggmaged region.

11. A screen display processing 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 where 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:

sald 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:

said forming step sets a flag which indicates the
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16. A screen display processing nethod according to any one of clains 9 to
15, wherein said formng step discards both the object and the danaged
regi on when the object is disposed on this side of the damaged regi on that
is to be processed and has not been changed. 17. A computer program
described in a formthat can be read by a conputer to execute, on a
conputer system a processing for displaying a screen constituted by a
plurality of objects by utilizing a front buffer for witing the screen

i mage for rpcedyctpgot herSeimeFodi spbaybPedPuin atéd Aahagkd brddain dhet
bui l di ng the i mage di splayed on the screen, conprising: a checking step for

det er i ni nghA rdATRged EeEb8LENRLcovaIsy R, reRAl &%@e_@Qﬁ?@@fi‘é@ﬂg #hfhange
in the screen; a formng step for determ ning the object that nust be 29

redrawn based a{dey dsfggigga&gyngnbxjﬁggggagqﬁgfpgrstgpi cgrdraw ng

step fox drawi ng the object determned to be re y said formng step

fromthe reffedide.d uard (e deont congsrhd; backafuLlernoBBdry o

screen-updating step for restoring t anage eproducrng-a

(rjiegicg:lzegrcﬁgﬁv}sigfgdt@gﬁ% ;%ff%grt&igl.gt %%epf-ront buffer, except the regions

15. A screen display processing method according to
any one of c¢laims 9 to 14, wherein, when an object is
completely opagque and its Dboundary 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.

le. A screén display processing method according to
any one of claims 9 to 15, wherein said forming step
discards both the object and the damaged region when the
cbject 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 objects by utilizing a front buffer for writing the screen
image for producing the screen display output 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 the object that must be
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redrawn based on the damaged region found by said checking step;
a drawing step for drawing the object determined to be
redrawn by said forming step from the rear side 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 the regions discarded by said forming

step.
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