Z- BUFFER ALLOCATED FOR W NDOW | DENTI FI CATI ON . 70 BACKGROUND COF THE

| NVENTI ON The present invention relates to apparatus and methods for 5

di spl ayi ng graphic information, and nore particularly, to data processing
apparatus and methods for générating,.and mani pul ati ng w ndows for the

di spl ay of data on a conputer display system 2. iQCKﬁOUND
it is quite common_in_the conputing Ir}dustr torepres
‘. ais g ! hidi

information to a d These
representations nay take a variety of forms, such as for exanple, alpha
nuneric characters, Cartesian or other coordr nat e graphs as well as shapes
of well known physr cal objeg R " ion with a
conputer 15 systemis freq - . ‘ oriented"
systemin which nmany previously coded pr ogr amh ng comrands are repl aced

wi th two di nensional graphics on a conputer display. A conmon object
oriented interff.ace RIELDi ORTHRIINVENTIONE ndows™ di spl ayed on a cathode ray
tube (CRT) in which conbinations of text and graphics are used to convey

i nf or mati on. Each 20 wiThedwesent invantionirelates to apparatusiand-methadsdorngl e or,

anot hor i £h AP0 APk JFlermeton, snibmoe, penfaulivnio fata erse %’%8&:)?&’ o
fil T
may “be. i spl oy ERaa 1 AR nEhERE Iprieerdap ahd erio @i Wb o M or <°: e

conput er syst disptays obdatacor?a coﬁiﬂﬂﬁﬁsph?rsvbfam mil tiple programm ng
applications to be executed In various w ndows, and provides a stronger

mawachr ne interface. _
2. ABRT BACKGROUND:

10 It is quite common in the computing industry to represent arid

convey information to a user through graphic representations. These
representations may take a \)ariey of forms, sueh as for example, alpha
numeric characters, Cartesian or other coordinate dréphs. as well as shapes of
| well known physical objects. A common method of interaction with a computer
15 system is frequently referred to as an "object oriented" system in which many
- previously coded programming commands are replaced with two dimensional
graphics on a computer display. A common object onented Interface utilizes
" . multiple "windows" displayed on a cathode ray tube (CRT) in which Q
| combinations of text and graphics are used to convey information. Each '
20 window may take the _forrn ofa squaré or rectangle er. for example, a familiar
object such as a file folder, which may dverlap one another with the top frJIly
visible window constituting the current work file. Tekt. two and three
dimensional graphics, flow charts and the like may be displayed within eaeh of
the windows. The use of windows renders the computer system easier to
25 operate, permits multiple programming applications to be executed in various
windows, and provides a stronger man/machine interface.



AI'though‘_ a variety of graphic representations are desired in an object
oriented environnment, traditionally |arge amunts of nenory have been
requfred in order to generate, store and nani pul ate graphics characters. In
addi tion, for three-dinensional ("3D') graphics applications, nost systens
5. utilize a Z-buffer for determ ning which points of a3D graphics inage
are to b& displayed and rendered vi Si Bl%£-to the user. (See for exanple,

U S. Patent Nos. 4,475,104, and 4,679,041, relating to Z-buffer based
'systens for displaying 3D inmages.) in systens which utilize multiple

over |l appi ng wi ndows, the boundaries of the w ndow nust act to "clip" text
and graphics in the variAlthough a variety,akgrapbic teprasentationsrareidesired inmp .

i ndow does not,.exceed, t i nd b In th of first wind
over | appi g ¢ FPIES FrERIe BRVEOTCRAls, BeAPALAll, eseiis B oeiat bavafeqhe
a4 wind . _ 1i _. t . i f
the first i ndodaredh SideP 7 gecrale Bl ekl FaniRiatf Briincd endiBuBiec> 1
An exanpl e of aiditior]dst three-ditvensisidl{T3r") g_EapHidé splicatien, imodtisystems., i n
whi-ch nmultiple windows (A through 1) are displayed, and wherein each of the
wi ndows mayp -c astilize @ Z-buffer tor determining which pointsof 88igraphiesimageratsto. bevbst
di spl t i.ncl ud di spl whi ch ' “bit_rmap"
wherei  each MUSRIRYRGAR FaRdREBR HIHEIR TR LS5Fs (S8arIBI.REATPE: b PESRLNBRent
)i xel f th ; . ! en.i of ' f
| ages’ andy or +4E8R0R and X874 £ Yol o' Zplngs nédiCaysidms Ky dBpEM0 - o,

defining the tag ilﬁ@dbs.-%ﬁlﬁI%&%nisrﬁﬁibh%iliﬁlﬁihniﬁlé'gg%Wa ing’Wintidws theli spl ayed

data ,and or graphics to thé w ndow boundari es, efficiently manipulating
t he™wi ndows whbarndadesnof theuwindowoimushactdo Solipt\texteand graphicslin thevarials y been
a2t _rr%ocon\fril:\%\?vg s%gg' tﬁéﬂﬁL%n%eﬁsk of the window:does not.:e'xoe'ad the window
' | boundary. In-the case of a first window overlapping the contents of a sécond
- window, thé fext or graphics of the second window'mu.s:t:fbe-clipped so that it
does riot enter the boundaries of the first window, in order to protect-thé :
-integrity'o'f the window'systém; "An example of & window ciisplay- system is
15 _'tllusirated in Figure 1, in which mu&iplg windows (A through I) are displayed,
- and wherein each of the windows méy contain text, or two or three d_ime'_n'siénal
'graphlc images. -~ _ . | :
_ _ Most display sys_tems include a display memory whlch.oo'mpris_eS'
— - & "bit map" wherein vach memoiy bit is mapped onto a corresponding picture
20 element (pixel) of the display. Thus. ah-éntire screen of data, in the form of
images and/or text, is represented by one or more bits in a block of memory
“ defining the bit map. - Keeping track of each window;. clipping the displayed
dat,é and or graphics io the window boundaries; and efficiently manipulating
" the windows which form a subset of the 'd'ispléy memory has historically been a

' '2'5_ time consuming and complex task. = -



As will be described, the present Invention provides a neans whereby a
Z-buffer may be used for w ndow identification, wi ndow clipping, as well as
- hidden surface elimnation in a graphics display. Mreover, the present
invention pernmts the display of cross-sections of an object at a desired 5
depth, within a window formng a part of the entire display screen. ys- 4°
- SUWMARY OF THE | NVENTI ON The pregéhf i nvention discl oses apparatus and
met-hods for displaying two and three di mensional graphics within a
pluralityof windows on 5. a display system The display system of. the .
present invention includes a display nenory coupled to a cathode ray tube
(CRT) display, A Z-bAswill bordestiibed; the preskmt invention plovidésia rheansach RGB
data point corresponding to a point-on the object to be displayed. The

Z-buf fer mhorwmzelmwdnawhqusedefo:mw iderdification, svindow alipping, Bsffer (0
t hrough 2n- tifies the M/In whi t aphi.cs and/or text is .-
di spl ayed. ‘"Pilraﬁ?\ﬁ Bﬂé“?’ﬁ%ﬁf"\ﬁf‘ Mﬁméﬂl&x RF"!B?" g}?m cs/text is.
di spl ayed, _ @@éﬁ t poi.nt
of the |rragpé§%|g§!ﬁ(@nhﬁ o@?ﬁ"\/\}% Qﬁ Y c#e%%?ﬁ%#s?@%’@%b? ar ap ics, a
range o§. Zdé?iwemnfrpav&idmmérimng arpartléfmarmréiaﬁpldyls&adﬁfl ne the w ndow
boundaries. lmages to be displayed within a 3D wi hdow nmust have ol d _
Z-val ues previously stored in-the Z-buffer which fall -within tbemparticular
wi ndows | ower and upper Z-value range. Wthin eath 3D wi ndow traditional

Z-buffering techniques are utilized to provide hidden surface ellnlnatlon
The present |nvention al so pernlts the use. of hlther and :

N



20 yon_pl anes to selectively view cross-sections of objects within a 3D
w ndow. ' The CPU provides hither and yon Z-val ues which fall within the

w ndow boundary range of Z-values and act as hither and yon clipping planes
for the > 3D image. An RGB paint is displayed if: (1). the Z-value of the

poi nt Q(Ceeds or equals the hither Z-ual ue; 25 and. (2) the
Z-val ue™f the point is less than or equal to the yon Z-val ue; and, -5
- (3) the Z-val ue of- the point is less than the ol d Z-val ue previ ously
stored in the Z-buffer; and, (4) the old Z-value exceeds or equals the

| ower w ndow boundi ng Z-val ue; and," (5) the old Z-val ue Is less-than or .
equal to the upper wi ndow. ~bo@dMMARY, A - i NEF -DESCRI PTI ON OF
THE DRAW NGS FI GURE 1 illustrates a display haV| ng a pI urallty of

over| appi ng wi ndows whi ch may contain text:-and/.or graphics. 5 FI'-GURE 2 is a

concept ual Illustration ﬂ'letpr?gsém?n\% |3n{f§&gse§ p?)Qpetus and methods for

displaylng two and three dimensional graphics within a plurality of windows on

'S5 a_dlspl_ey_eystem.; The dlsplay sys_t_em_ of the present invention includes a
central processing unit (C_I?U)Q--which'provides RGB data to a bit-mapped.
display memory coupled t_o,-e cathode ray tube (CRT) display,-A Z-buffer . - . |

o . mernow_i_s provided with a Z-value for each RGB data point eor_teseonding toa
N _point on the.ebject fo _be-displayed. The Z-buffer is organiz'ed;.such.that the
10 value of the entire n bit buffer (0 through 21-1) Id_entifiee'.the_;wlndpwjn which
the graphics and/or text is displeyed. For ivindows in which only two.
| dimensional (20_) graphics/text is displayed, the Z-value.is the. same for both
the windew and each RGB point of the image For windows which display
. 15  provided which define the window boundane_s_. Images to be dxsp_layed within a
-3D window must have eld Z-values previeusly stored in the Z-buffer which fall
within the particular window's lower and epper Z-valug range. Within each 3D
window traditional Z-buffering techniques are utilized to provide hidden
B : surface elimination. The present invention also permits the use of hither and .
20 yon nlanes to selectiveiy view cross-se_ct_ion's of ebj_ects within a 3D window.
| The CPU provides hither and yon Z-values which fall within the window
boundary range of Z-values and act as hlther and yon clipping planes for the
3D image An RGB point is dlsplayed if: _ L
(1) the Z-value of the point exceeds or equals the hither Z-value.

25 and, , .

(2) the Z-value of the point is less than or equal to the yon Z-value;

and,



hi t her ‘and yon planes to sel ectively display cross-sections of objects
wthin a window to a user. 10 FIGURE 3 illustrates’the present
I nvention's allocation of Z- buffer nenory for window identification and,” .
in the case of three dinensional graphics, Z- bufferlng FIGURE 4 is a block
di agram of the present Invention 15 .incorporated in a conmputer di spl

system for displaying w ndows contan;ag ‘graphi cs and/or text. FIGURE 5is

a bl ock diagram of a systemincorporating the teachings of the present
invention in which hither and yon planes are utilized to-20 -display cross
sections of three di mensional objects on a display. - 7 - DETAILED

DESCRI PTI ON OF B | j\E odd YR | tus and
nmet hods for di sgﬁayl ng %@aﬁ%&%ﬁ@ggeﬁ n‘hlgg)elﬁtz)y gﬁé&g&gg'gounded

wi ndows on a 5. di spg@red it Z-buffef;amdf ol | owi ng description for purposes.
of explanation, numerous. specific details are set forth, such as nenory -

al | ocati on. arc(d) ecther eld, Z-waligcaxceeds or equalscthe Ibweow'adow bopndingde a nore
t hor ough understandlﬁggpf t he present invention. However, it wll be S
apparent to one skil 4o 8Rds art that the-present- i nvention: may - be

noun oFroun 1 o' OB w083 sk 0 B bl B Bb URbel PRIV CY et o 't 0

obscure the present. baﬂﬁﬁh valugecessarily. Referrlng to Flgure 1 ‘a
display 10 Is |IIustrated gﬁ?ﬁhnﬁﬁcludes a ' .



¢at hode ray tube (CRT) screen 12 which is coupled, as will. be described 15
below,. to a corrputer di spl-ay systemfor the display of text and graphics to .
a user. The display of CRT 12, in the exanple illustrated, includes a
plurali ty of overl appi ng w ndovvs (A through 1) in which text, graphics
(both £Wo di.mensional -and three di rrens:jgnal) and conbi nations thereof may
be di. sﬁi‘l?ayed ‘As |llustrated, w ndow conpri ses a background wi ndow in
20 which all other w ndows (A t hrough C and E through 1)of Fi gure 1 are

di sposed. Historically, a vari ety of nmet hods have been utilized in the
prior -art to display w ndgefEE ¥ { AW Bnt s of the

wi ndows to the wi ndow boundaries.  Fof- exarrpie in-Figure® TN the ‘contents of
wi ndow B nust be clipped-by the boundarl es of WI ndow A, and simlarly, the

contents of 25 wi ndow C are clipped by the undar i es_of B.
In those wi ndows in whi cRIGUREE1 ﬁﬁﬁﬁﬁﬁﬂ%ﬂsﬂ ‘gnaraeplt'@'&ﬂ?m%"%?w
Z-buffering Is tilized: to,det h poi nts of anlmage are
visible to theW%W&iq%h@%mP@m%ﬁqr%gﬂs the ohject:s are-
di spl ayed op CRT- 12" As" W 11 be described, the present i nvention provides
apparatus and nethods perm.tting the use: ef -a di-spkay-systents Z-buffer for
both hidden 5 surface eFiGURE!2 istacenwptuaiaiﬁusiramnvomhemserqf acZibuilengnd The
present i.nvention further -di scl oses:-an ef £ ctent’ -§ysStemfor keepin track
of a pluralityhithemandyos pianss WGQWGWSE'EY Wﬁ%ﬁ%ﬁ'@ﬁ@ r?@iﬁ
provi di ng separ at e-wi ndow i dentifi cati6n nenpry pl anes and identi f| cati on
nunbers for eat‘!ﬂ"%"ﬁ&%ﬂ/usag' requi red by . other .systens, .Referii.ng.-nhow to
"Figure 2, the-present 10 i nvention |ncorporates cllpplng planes the '
Z- ue of Whl ch may be _ N R PRIl Y R

10 . FIGURE 3 illustrates the present inventlons allocation ot Z-

buffer memory tor wrndow |dent|fcation and in the case of three dimensionat

graphncs. Z-buttenng

o FIGURE 4 is e block dlagrem of the present invention '
15 incorporated in a computer dlsplay system for dlsplaying wrndows contaimng

" 'graphics and/or text

FIGUBE 5 is a block diagram of a system inoorporating the
teachlngs of the present invention in which hither and yon planes are utlhzed to

- 20 display cross sections of three dimensional objects ona display



selectively altered to pernmit the view ng of cross-sections of objects to
be displayed. Figure 2 conceptually Illustrates the use of a "hither" plane
(plane H) and a "yon" plane (plane Y) for selectively view ng three :
di nensi onal objects on CRT 12. In the exanple shown, yon plane Y Is set at
a Z-value 15 which constitutes the background.Z plane. Cbjects 110. ,195,
100, and 110 are to be drawn sequer}tlally into a frame buffer for display
on CRT 12. In the exanple the Z-val'ue increases in the direction fromthe
hither to the yon plane, wherein each of these planes has a predefined-
Z-val ue associ at ed W|th |t whr ch prow des ‘a range between whi ch objects may -
be displayed. It wilheha2 & bt £\Veae YRVENTN’ esent

i nvention may equal 'y T =TT 15 W ' decreases in
the direction fromthe hither to yon pl-ane. Eye 115 denotes the eye of the
user vi.ewing CRT 12. In.accordance with. the present invention;, each point
(pi xel) defining-obj é'dﬁsprgsmt inwtioms'ovldesapparatus andmetbcds)lnn ng Z-val ue .

| at t | at d 9 t. Uil :
et eachi AIePBYD % AL bePon, Min BoerHiaBle anct odutad MTHBSh B ect s of
F I f
20 5 bl ey *r%“%rﬂt'ﬁé Bl el of gl V21 v o
the Z-val umumheroDs spetific detdllslare@@t Yotth, lduanes\ineﬁmyallaeeﬁbhe Z-val ue of the
pi xel s the previous- (ol d) Z-val.ue. stored I'n a Z-buffer. In the exanpl e of
Fi gure 2, ' rarghitectures, window Bumbans) etcy; insorder toeprovtdeea more thorough

understandtng of the present invention. However it wrll be apparent to one

»

v
skilled in the art that the present mvention may be practiced without these

10 specmc detalls. In other instances. well known circurts and devices are shown
In block diagram form in order not to cbscure the present inventicn -
unnecessarily ' ' '

' Relemng to Figure 1,a display 10 ls lllustrated whlch includes a
catnode ray tube (CRT) screen 12 which is coupled as will be descnbed

15 below toa computer display system for the dlsplay of text and graphlcs toa
user. The display of CRT 12, In the example illustrated includes a plurality of
overlapplng wmdcws (A through in which text graphics (both two
_dimensional and three dimenslonal) and combinations thereot may be
displayed. As illustrated window D" compnses a background window in

20 which all other windows (A thrcugh c and E througn I)oi Flgure 1 are _
disposed. Historically, a vanety of methods have been utilized in the prior art
to display windows on a CRT and to clip 'the contents of the windows to the
window boundaries. For exampie, in Figure 1 the contents of window B must
be clipped by the boundaries of window A, and similarly, the contents of

- 25 window C are 'clipped by the boundaries of wi'ndows A and B. In those
windows in which three dirnensional images are to be dispiayed, Z-buffering is



310 constraint of inequality (1) and therefore is not displayed. Sinilarly,
regi on 125 of obJect 105 fails to neet the third Inequality (3) in that the
Z-val ue of the pixels defining region 125 are not |ess than or equal to the
6l d z- values stored in the Z-buffer defining the pixels of object 110.
Accor difgly, object 110 effectlvely obgcures the region 125 of object 105,
and as "Wl | be appreciated, a 15 corresponding smaller region 130 of
' object 100. Sinilarly, region 135 of object 105 is obscured by object 108
in accordance with the inequalities disclosed above. Morreover, it will be

further noted h?ﬁieﬂo%&ﬁﬁiﬁ&Qilii&l’f‘p@ihtsagamimeswlslbbpoéb%elsﬂ’oﬁ'!qle user
due to the-positioning of the hither 8Iane H rélative EQUF Z-val ues ‘of

ﬁb{ ﬁCt 113 Acmslrdfmlwhatmnmpmimee Bpﬁsﬂet‘ﬁ I es, Eor 20 the
i ther and yon pl anes, cross-se S 0 mages
gay bte Zel[ ﬁctlyﬁl y 662\"1“ e deser pa‘%@@ @ﬁﬁ%%ﬁ?@%mhhg::‘rﬁst Ftl ;o
e note a e, cqondi ti a f t i ona

buf fering. FbméW@P #ﬂﬁaﬁbeégfre0|a§%39%g g Sﬁggent i nvention is
not |inited tofﬁl‘lﬁeg h{.@éll éwa:bneemlﬂaelvboﬁnaamppm ﬂiepresoqtlalltles

of condltloﬁs ~above <oul d ‘be"ess t'har” or ‘equal,
"greater than Qﬁvéiﬂiéﬁ'fuither dlsolosvslahelﬁqwﬂ@siem forikeepingd lalP

| t at f th t t
5 ne pr ];sleﬁ? ﬁn?ewila‘iépiife% ?il“cvaﬁﬂa'a?%mm mcgﬁT@ oo e 0
t I
%%BZE. ity agnwlbn&géeﬁ“i‘@abﬁr st R K afef 2 lﬁﬁ‘l‘l‘gﬁ‘ﬁ?‘fﬁ'ﬁdlﬁé i
| C rapni e 'mn n.
O horyBi of AN by ofieh sfsiprld SRe iy ooy

convp-rl ses a ne resses from for exanple, O through
Lerr]. It th' riieeﬂi&i méb?padtesmrppirq pllaneanhesbnabeaof which may be

curnd

| dlsplayed Flgure 2 conceptually lllustrates the use of a "hrther" plane (plane
H) and a yon plane (plane Y) for selectrvely viewrng three dimenslonal
15 whlch constltutes the background Z plane Objects 110 105 100 and 110
- are to be drawn sequentially into a frame buffer for display on CFiT 12 In the
. example the Z-value lncreases in the dlrection from the hrther to the yon plane,
wherein each oi these planes has a predefined Z-value associated with it
- - which provrdes a range between whloh objeots may be dlsplayed It will be |
| é_o | appreciated however. that the present invention may equally be used in
| systerns Wherein the Z-value decreases in the dnrection from the hither to yon
| plane Eye 115 denotes the eye of the user viewing CRT 12 In accordance
| .\mth the present inventlon. each point (pixel) def‘ning ob]ects 100 105 108
and 110 has a corresponding Z-value relating the relative depth of that point of

TR I



nunerical value (in the'presently preferred enbodi ment [err] with a twenty- )

four bit Z-buffer). The use of the total Z-buffer value, as opposed to an

i ndi vidual bit allocation within the Z-buffer, permts [err] w.ndow’
identification 10 nunbers, each w ndow identification nunmber corresponding
to a unique w ndow on CRT display 12. An exanple illustrating the usg.pf
the present invention's Z-buffer values to acconplish w ndow identification
and clipping, as well as hidden su#face elinination is illustrated in the .

| ower graph of Fi gUre 3. The letters A through | correspond In this exarrpl_e
to wi ndows A through of 15 Figure 1. I'n the exanple of Figure 3,

di mensi onthevaiQm ttlt;mhasteadﬂnosg oﬁtheepmsentdmnuonseach plxegdeﬂntngr e

Pent 11 cAecapintiRt Fioda, the;ln bl Bl R DY ana o
Sinmilarly, three di n5| lwach?ixgiezgescnénggnﬂe provided wt h. a

range of Z-buffer . va ues as W ed nore fully- bel ow,

provi de both w ndow i dentmhapp[ahgmfﬁd wi ndow cl’i ppi ng boundaries, as well
as Z-buffering (hidden surface eli mnatlon) for. the display of three _

di mensiSonal i mages & CRtha Z-valye pfthenpiselthe yon plane Yhat t he range of ,

for .exanple, window Cin Figure 3, represents a value for the entire
Z-buffer, 25 since in t®%resent Invention, the entire Z-buffer (having 0

W DB Laor bor at o $ra: WP S Brfreigets WEBhSTRD; e el 1!
exanpl e, window E, *the r Zngslue stévediAs ZtBulfes- val ues nust be transl at ed by
the display systemsuch that the Z- -value falls within the Z-val ue range
~allocated for vlnrtlje\example eteFI@uremg regior 1aga:t robject Flrlgttailsstolmeetjthb assune -
for Sake C)t];onestra t o? lnequalrty (t) and therefore is not dtsplayed Simrlarly. region 125
of object 105 fails to meet the third lnequal‘ty (3) in that the Z-value of the pixels
| defntng region 125 are not less than or equal to the old Z-values stored inthe
Z-buffer defnlng the plxels of object 110. Accordrngly. object 110 eltectlvely
o obscures the region 125 ol object 105 and as wull be appreclated a
15. | correspondtng smaller reglon 130 of object 100 Stmrlarly. regron 135 of object
105 is obscured by object 108 in accordance with the lnequalutles d‘sclosed
- above. Moreover. tt will be further noted that a cross-sectlon ot reglon 110 is
"dlsplayed to the user due to the posltromng ot the hlther plane H relattve to the
- Z-values of object 110. Accord'ngly, by approprlately setttng the Z-values for
| 20 the hither and yon planes. cross-sections of three dlmenslonal graphic lmages
' may be selectrvely defined and dlsplayed to the user‘s eye 15. it must also be
' noted that the condltions 1 through 3 above are true tor tradltlonal Z but‘fenng
_. l-lowever. it will be appreclated that the present lnventron is not llmlted to such
a traditional approach For example. the tnequamies of conditions 1 through 3
25 above could be *less than or equal to” or "greater than or equal to", as may be

. appropriate for the specific implementation of the present invention.

s



that a t hree di mensj onal object 150 I's to be drawn within wi ndow E. The 5
wi ndow E includes a plurality of points previously drawn, each of which
-has* . a corresponding Z-value. in order for object 150 to be drawn within
w ndow [err] the display systemof the present invention nust insure that

t he ol di_Z-val ues, associated with each point which object 150 will. nodify,

fall wi'thin the range of Z-buffer valuae -allocated for use by window E. It
wi-l | be ‘appreciated that if the 10 old Z-values of the display which
object 150 will nodify.do not fall within the range of acceptabl e val ues
for window [err] that the present invention will-not display the EOi nts

conpri si ng obj.ect : 15pfempginovsto Flgure 3 dhe presant inventionwill beSascy

i s defined, su Y : ' ] nd. t r i

e ned suSihi ohiod A Ebal st 61 ARfing File WRBBRR TR 12
corresponds t o wihddw bduhdaH _é!fpp‘lhd%éﬁﬂhbilﬁy.“ﬁf willl ag’@IZ3bitfarhiligén suftace

di nensi onal .wi ndow have thé sane Z-val ue’ The present |nvention's unique

Z- buf f er nenor plimirationdfonwindowsinuwhich {30hgraiphics are displayed. yTive Ztoutfes ofor . -
di spl ayi ng cross-sections of three dinensional objects w thin w ndows.

Referring aai ﬁhQ erﬁeghme.miommaés%gmm 'Byif%ﬂaﬁbuﬁﬁnﬁ’m%ﬁﬁém-onal |
4 ndow Esce U blaribnldaFbbREn, RaiF 8 Bofecbind e BrgR cLr e
Zoval o fal 1] navmertel vELETh pripéntl fiSRitee ofbUiRient 283, W Aweng- =
whi ch corr esporolr bibZbutfer)) cTheuseof thartdtah Zsbuyfter valuey as opposed to &%
corresponds to_a yon plane. 1t will be appreciated by one skilled in .the
art™>fhat the dirgividyabbit aﬂowioedvitr!e@hwzswffampmw -1 avindewddentificatian h
poi nt der i 9b"9 rufberd éser b @BRlindalbR Hunlber ofretpdRting 133 Ghlaus™ "9 "
window on CRT display 12. An example illustrating the use of the present
- invention's Z-buffer values to accomplish window identification and clipping,
. as well as_'hidden.sqrfaoe elimination is illustrated in‘_the Ibwer g_rapli of Figure
o 3. The letters A'_thr.ough-l correspond in this example fo .wlndows__-A. through  of -
15 Figure 1. = | | -
' : In the example of Figure 3, two dimensional windows, such as for
-example windows A, B, D, F and G are provide'd' with a uniqué_ Z-buffer value
. _which. cbrrespohds toa winduw'identiﬁcation number identifying the respective
N ~ windows A, B, D, F.and G. Similarly, three dimensional windows C, E, H and |
o 20 are provided with a range of Z-_buffer values which, as will be described more
| ' 'ful_ly .b_elow. prbvid_e both windovf ide'_ntiﬁcation for window clipping boundaries,
. as \_ivell._as Z-b'uffa_ﬁng (hidden Suifaqe_ eiir'nination) for the display of three |
dimens_io_n'al images on CRT 12.. n is important to note that the range of, for
... example, window C in Flguro 3, r'epresents a'vélua for the enti're_-z-buﬂer.
25  since in the present invention, the entire Z-buffer (having 0 through 224-1 bits)
corresponds 1o a quantifiable number. Accordingly, it will be appreciated that

" for any particular three dimensional window, for example, window E, the range

ad Wi ndow



12 - Invention's convention, is greater than or equal to the hither plane,
léss than or equal to the yon plane, and |less than or equal to-the old
Z-val ue for any objects which may have previously been displayed within the .
wi ndow E. By sel ectively choosing Z-values for the hither and yon planes
the present 5 Invention pernlts taking cross-sections of displayed ..
objects. In addition, the use of the present invention's unique Z-buffer
i nsures that mrndOM/boundary integr< 1y 4 s nai ntai ned and appropriate
clipping of overlapping wi ndows is * . - achieved.. Referring nowto
Figure 4, a block diagramillustrating one enbodi ment 10 of t he present .

i nventi on iof pbissibleZakiugismust be traasiatad by Wd@ﬁﬁylsysmmewthal the Zeok- up
tabl e (LUT) nennré 210 through a digital to analoa D/ A) convertor 212. A
dat a bus 21‘@“!'%'3! withig th%zaVQ!%ﬁ'éﬂe BI’QS@@%M’Q"’M oW E.cPU) 220, a lower

L%H‘pfheée?gsé?;pﬁ%ewﬁwﬁ Rest 83556 th Fiblres™P B ¥, abdine TP editcet é@rﬁr;' 'ty
CRT ‘
o e O that 8 ctoRRBnarutions 180/1s 10 8o Gin i fihoiPE TRgoIOENCe

el ement $ ("windowsE Includes & pluralitylut goiins Previbusly drswn,[dauh stwhiehiasas 232

and 230. "are coupl ed through a multipl exor 236 to the LUT menory 210, such
t hat the mgortesponrdings&value; uelqruwtoenbiactasaéo\bedrawnemtﬁymeﬁ 232 and

B e R
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By o LA ot B il gty
RGB (" Rod- @ldaZivalues of thmdisplayf\dnlcb abjectl |1 50 Iveilf madifyedo: ngtfal svithirotheCRT 200
. Ts witten rlarr}tg(e) otf ggcgctsagle values for window E that the presem invention will not
display the points comp_rls_mg object 150. In those instances in which_ atwo
dimensional window is defined, such as for 'exarhplé windows F and G, text or
graphics to be displayed in the 2D window is simply asslgned a Z-value which
15 corresponds to that particular window, since all points in the two dlmenslonal
: window have the same Z-value. '

The present invention's unique Z-buffer memory also permits the use of
hither as well as yon planes for dlsplaying cross-sechcns of three dimensional
objects within windows Referring egain to Figure 3 and as described

20 above, three dimensional window E*_(s'e‘e_Flgu'r'e 1)is allocated a range of Z-
buffer values wherein the lower value defines a lower limit plane for window E
and the higher value defines an upper limit plane for the window E. ‘A user may

" also define a Z-value falling within the range of Z-values asscciated with
window E, which corresponds toa hither piane, and a separate’ value which

25 corresponds o a yon plane it will be appreciated by one skilled in the:art that
the display of an object 150 within window E requires that each point defining

the three dimensional object have a Z-value which, using the present



nenories only If the particular menmory has received a coincident wite
enable °~ - 13: signal fromthe wite enable logic 246.. In the event a
wite enable signal Is not provided by the wite enable |ogic 246, then the
dat a on_bus 215 is not MW|tten into the display nmermory (232 or 230) whi ch
does nQL{recelve the signal.® ‘Accordingly, it will ‘be"appreciated that using
the presént iunvention's double 5. bufferlng architecture, data on bus 215
may be selectively witten into one or'200t h of the di splay nmenories sinply
by either providing or not providing a wite enable signal to the
partlcular menory fromwite enable |l ogic 246. As illustrated, lower limt
regi ster 222 i sinveolignisiconventionyisrgreater tharvahequalde tlIQ')hltth‘lﬁam;ﬂpa than or

whi ch is coupl ed wite enab c 246 by 1 52. A Z-buffer
conpar at or 254. ?@t@@&aﬂ’ﬂ@%@:?&#ﬁ@%&@ﬂtm‘@é@ Pl‘ﬂ%%eYé't' SIAM) and .
provi des the n

Z-buffer nenor%é%‘ga‘#m an% ?"ZPFH?‘%&MQ Q';rgiaf}&i’ %?mAgﬁFeoB%ver-
line 260 to theséléctlv%lféﬁéﬁﬁnd Zoidiuekifor. tl‘l‘é' hltﬁ@leénd yﬂhtplmﬁé‘b%seﬁﬁz i's
coupled to upper limt register 226 as well ‘as the Z- buf f er menory 256, 15
the output & vinvestionspenmits taltingccross-seclmmstdtellsplgred abjscisy dn dddition2tha  As
illustrated, Z-buffer menory 256 is coupled to the lower ['imt conparator

250, the 2. buf f4§e ebihg-praseRt invention's unipue 2- wlterdwe'psrthaﬁwins!e\z boundant er

o Bur s,  Dheey e hlrieinda ks ncBhdath Y Bbhe T RHRBAG YL L o

write enable Z%cﬂieaé& 246 over line 270. Referring once again to Figure 4,
in,operation the CPU 220 provi des 'RGB data 'for “each~di spl ay el enment (pixel)

cortpr ising a pOl nt cmefSthg2m~ to Flgure 4, a block diagram illustrating one embodiment
10 of the present invention is dlsclosed As illustrated a CRT 200 is coupled to a’
| look-up table (LUT) memory 210 through a digital to analog (D/A) convertor
212, A data bus 215 is coupled to a central processing unit (cPU) 220, a lower
_ fimit reglster 222 and an upper limit reglster 226. Bus 215 is further coupled to -
_ dlsplay memorles 230 and 232 each of which compnse a bit map of the CRT
15 display 200, such that there isa 1 to 1 correspondence between data stored in
| 'the dlsplay rnemorles 232 and 230 wlth drsplay elements (“pixels”) comprising
| the CRT dlsplay 200. Dlsplay memorles 232 and 230 are coupled-through a
, multiplexor 236 to the LUT memory 210, such that the multiplexor selectwely o
\/ | | E altemates between display memory 232 and dlsplay memory 230, as controlled
| 20 | "by a dlsplay reglster 240 also coupled to bus 215. The use of two display
memorles permnts 'double butfertng such that while one memory is being
: updated the second memory is dlsplayed thereby permlttlng computer _
anlmatlon and other. well-known graphics techniques. _
“ _ Dlsplay memorles 232 and 230 are setectlvely enabled by wnte enable
25 loglc 246, such that data in the torm of bits definlng RGB ('Red-Green-Blue')
i values for each dlsplay element (pixel) on CRT 200 is written into the display
memorles only if the partlcular memory has recelved a colncldent write enable



di spl ay- nenories 232 and 230. In addition, the CPU 220 provides a control
bit to display register 240 to control the selection of multplexor 236 to

define 25 which display nenory is to be coupled to the |ook-up table (LUT) ;

- menory 210 for subsequent display on CRT 200. For each RGB displ ay el enent,
CPU 220 provi des a correspondi ng Z-val ue which s coupled to the Z-buffer
menory - - 14 - 256 and to the z-buffer conpar at or 254. The Z-buffer
conpar ator 254 conpares the "col d- existing Z-val ue for the pixel |ocation
as stored in the Z- buffer nenory 256 with the new Z-val ue provided by the
CPU 220. If the new Z-value is - less than or equal to the old Z-value for

| 6gi ¢ 246, s'gliilleiﬁtié %ebéiﬁt?@éﬁltglﬁ o Glort ot BaBLAsRor 1 £
to the '0 tgyto it na%iﬁwazc.eu?ttﬁe@ggaat&%ﬁsuymis bf'ivhttéﬁ"g' ster

226 (see ues I.neating a wi ndow on

di spl-ay 20into the displag\memotyi(232-dr.230) whichdoesihot receivecths signalies that t he
new Z-value isless than or equal .to the old:. 10 - Z-val ue as provi ded by

t he zI buf feecqrdlnr?lw iveill bevapp@ct,aiadmatmﬁlym:tlmerqeaot/lmeeﬁ? i?nubtee si gngl
and regf acpnRLSrEHRScrifd, Bald Bn bl A1y Belpeimrtiolvinuten g Bheish 220 “n
order to ipsH'ét dﬁgasguyengmsfghbz 'fHudg ggﬁ% 61%‘5 rﬁf 8\Am;e‘$k§lﬁ¢/a(ﬁﬁtedefl ned -

by the | over and upper Jlimt regis

conpar atoreﬁétﬂeeignaﬁtoeﬂietpmlwldr i:emtlrydroimwntetenabletonges.errent In the
event the old Z-value is %eater than or equal to the lower limt regl ster

Z- value, a si ghaillustrateds lawesdimitragister 222isiapupled tara lawesilimit ¢ | ogi ¢ 246. W,
S50 bBBafardd 28, 8 TR oP wnkHis SRUBRTES hi el Sl ot 248 6'° VPP
10 line252. A Z-butier comparator 254 recelves a new Z-value from CPU 220
' (llnes not shown) and provides the new Z-value to the Z-buiier comparator 254
as well es a Z-butfer memory 256 The output of Z-bufier comparator 254 is
" 'couplecl over line 260 to the write enable logic 246. An upper l'mit comparator
_ - 262is coupled to upper |imit register 226 as well as the Z-bufter memory 256,
15" 'the output of which is coupled to wrlte enable logic 246 over line 264 As
o illustrated, Z-buffer | memory 256 is coupled to the lower limit comparator 250,
‘the Z-buiter comparator 254 as well as the upper limit 262. Z-but_ier memory
" takes the form of the Z-buffer preVlously" described with refarencé to Flgi.ires
1,2, and 3. The Z-bufler memory 256 is enabled by a slgnal trom wnte enable
20 logic 246 over fine 270. |
Reterring once again to Flgure 4,in operation the CPU 220 provides
RGB data for each display element (plxel) comprlslng a point on CRT 200 to
d'splay memories 232 and 230 In addltlon, the CPU 220 provndes a control bit
‘to display register 240 to control the selection oi multipiexor 236 to define
25 - which display memory is to be coupled to the lock-up table (LUT) memcry 210
for subsequent display on CFiT 200. For each RGB display element CPU 220
provides a corresponding Z-value which is coupled to the Z-buffer mem_ory



stored in upper linjt register 226, the value of which is provided by CPU
220. |If 20 the upper limt conparator deternines that the old Z-value i's

| ess: than or equal to the upper limt register Z-value, a signal’

prOV|ded on line 264 to the wite enable logic 246. It will be appreC|ated _
that inithe present inventiqn, all of the conparisons are done
S|nulta\5busly such that ifall of the conparisons “‘énable the WRI TE then
the new Z-buffer value is witten to<hée <Z-buffer. 25 | n.accordance
with the teachings of the.present invention; it will be further appreciated
that only If the wite enable logic 246 Is provided with signals over |ines

264, 260 and Z%SW\oﬂndl\Zthﬁe%&hbﬁrafom The ZBUtRF comparstor 254 15 - or
both of the di'spl:ay.nmenories 232 and 230 and to the Z-buffer mnenory 256.

The i ssuance ofedmlaamsﬂhe “eld¥ kisting Zrvalua forshelipixel locationas\storediinthe iZa t he

RGB val.ue for the dis el enpnt “being written.in rrermr for
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defi ned by the ‘val ue of the |ower "and upper limt. registers, that the point

i s displayed. |provides@Zwahfe constitutidgraclowieo fimit toithel dowerf limit eagistpr 222 wveriows
A and B of Figure 3{ the ol'd 10, 'Z-value for .all. text and/ar_ graphics to be

di spl ayed wi t hibvs:218wand ae wpperimit rpgistar 226 (see Figure 3) tordsfing the £-valussne,
o e St MpHBERY s P OB 8208 10BNt Sl o
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10 Z-value as provided by the Z-buffer memory 256, wrlte enable logic 246
' provrdes a Z-write slgnal over llne 270, thereby updatlng the Z-value ‘within
the Z-buffer memory 256, and replacing the old value with the new value
provided by the CPU 220 ln order to insure that the plxel talls wlthln the
o desrred wlndow (as delined by the lower and upper limit register values) the
| 15 ) 'lower limit comparator 250 compares the old Z-value for the display element
"l the event the old Z-value i is greater than or equal to the lower llmrt register Z-
value, a signal is provrded onli l’ne 252 to the write enable fogic 246. Similarly,
upper Ilmlt comparator 262 compares the old Z-value to the upper limit Z-value
stored in up_pe_r Jimit regi_ster 2_25. the value of which is provided by CPU 220. If
20 _. the opper llntlt oomparator deterrnines that the old Z-value is less than or equal
| to the upper limit register Z-velue, a slgnal ls provided on line 264 to the write
 enable logic 246. It will be apprecrated that in the’ present lnventlon. all of the
oomparisons are dene slmultaneously. such that lf all of the oomparlsons
~enable the WRITE then the new Z-bufler value'is wrltten to the Z-buffer..
25 In acoordance with the teachmgs of the present lnventlon. it will be
lurther appreorated that only if the write enable loglc 246 is provlded wlth
signals over llnes 264 260 and 252 that a write eneble signal is issued to one



15 200. Any attenpt to wite into a pixel with the old Z-val ue not equal
to the lower and upper linmit register values for the two di nensional data,
will not result In the generation of a wite enable signal, and the data
will not be witten into the display nmenories nor the new Z-val ue into the
Z-buffer. Accordingly, the present Invention insures that both two ¢

di mensi onal and three dimensional 20 |nmages are witten only Into the
appropriate w ndow on CRT 200 (CRT142 In Figure 1), while performng

traditional Z-buffering in the case of three dinensional images. Referring .

now to Figure 5. an alternate enbodi nent of the present invention is

illustrated in which the. hither and El anes .are further .added to 25
permt the %&%Pb@“‘&iﬂh@‘ﬂ”ﬁﬁ&)&%&
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convertor 314, such that data stored in the di-splay nenories is di-splayed
~on CRT szoisenlyiizthe old zrvaluerolmixeuejinim eoomtm/tgethmd‘meegiooabr 330, a

hi t h 334 ter 336 and i ter 340,
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menory  355.th§ fodicarid @ppat it %rﬂfattheapaht e(aismavbdz ith @aseosal osed J

Fi gur e 3, is coupled to a Z-buffer conpara
two dlmensronal window (for example. windows A and B oi Flgure 3) the old

10 Z-value for all text and/or graphics to be d‘splayed wnthin a two dimensronal
window is set by the CPU to be the same. and the lower and upper limit
registers are also provtded with the same z-value. such thet so long as the old '
Z-value is equal to the lower and upper limit register Z-values. the system
insures that the two dlmensional data Is written lnto the proper window on CRT

15  200. Any attempt to write into a pixel with the old Z-value not equal to the lower

| and upper fimit register values for the two dimensional date. will not result in the
.generation ofa write enable signal and the data will not be written into the

display memories nor the new Z-vaiue into the Z-buiffer. Aooordingly, the U

- presemt invention insures that both two dimensional and three dimensional
20 Images are written oniy into the appropriete window on CRT 200 (CFIT 12 in
Flgure 1), while performing tradltional Z-bul‘ienng in the case of three
dimensional images ' .
| Fieierring now to Flgure 5 an altemate embodiment of the present
invention is illustrated in which the hither and yon planes are further edded to
25 permit the selected viewing of oross-sectlons of three dimensional ob]ects
displayed within a wlndow Asin the embodlment of Figure 4 CPU 290
| provides RGB plxel data to d‘splay memories 300 and 304 over bus 281. A



wel | as the lower limt conparator 345 and upper limt conparator 350.
Z-buffer nmenory<355 Is also coupled to a line 362 on which is provided a
new Z-val ue. for the current pixel described by the RGB data on bus 291. New
Z-val ues. are provided by the CPU 290 (not shown) and are coupled to the
Z-buffer_15 conparator 360 ‘and the Z-buffer menory 355, as well as a hither
conparator 366 and yon conparator. 378, 1&s shown in Figure 5. The out puts of
the lower limt conparator 345, hither conparator 366, Z-buffer conparator
360, yon conparator 370 and Upper limt conparator 350 are coupled to wite
enable logic 372. As illustrated, wite enable |ogic 372 selectivel

provides wite dtsplaymuiséerssiiﬁiisl Qomlsdheble fo-receivera gonteal bit/for seienﬁngam,

580, 1 o opor a: | BhS oLiHY Sepley ronatas hranahh PSR 08 RRHIASAI8 8, | ho
bl ane Lsee. Fi gupeoblga ihg lﬁﬁﬁ"aﬁﬁg%ifi*%?hiéﬁﬁ' ety /M Banifinafsben
the lower 25 Effigk dafifstdredl iniR6 ﬁr'piihx @sm&aﬂﬁ dispi splayed 86 '@ﬁraﬁsfiﬁu&ﬁ is

values In the lower |imt regist upper t regi ster define which

wi ndow on CRS 3Rfithes coapledite & lowee limitqegistét 330 a hither tegimerm)azm registedes
a Z-val ue deflnlqg the hither - - 17 @gglane to hither register 334, and

the Z-val ue for33Gangsan uppardimitregister sﬁsemuwedi%f'[glt!'ﬂ%uéﬂﬂ thescri bed
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provided over | comparator 35ineA®buﬂewmbmry 355 Q\aﬂiﬁgitﬁeq\étbre and- bmncture of
10 _ the Z-biiffér disclosed in Figure 3, is coupled t6'a’ 2Z-buffer comparator 360 as
‘ well as the lower limit oomparator 345 and upper limit comparator 350. Z-buffer
 memory 355 is also coupled to a line 362 on which is provided a new Z-value
~ forthe current pixel described by the RGB data on bus 201. New Z-values are -
' provided by the CPU 290 (not shown) and are coupled to'the Z-biiffer ~ =
15 ' comparator 360 and the Z-bufter me"mary 355; ds well as a Hlther'oomparator'
+ 366 and yon comparator 370, as shown in Figure 5. The outputs of the lower
~ limit comparator 345, hither comparator 366. Z-buffer comparator 360, yon .
" - comparator 370 and upper li'mit comparator 350 are cotipled to write enable - -
* “logic 372. As lllustrated, write enable logic 372 sélectively’ provides write
20 " enable signals to the Z-buffer memory 355 over line 374, the disp!ay memory
| 300 over line 376, and the display memory 304 over line 380.
In operation. CPU 290 provides a pixei RGB value ovér bus 291 to the
- dispiay memories 300 and 304. z-buiier valués defining the l_ower limit piane _
(see Figure 3) and the upper limit plane are provided by the CPU to the lower
25 limit register 330 and the upper limit register 340. The values In the lower limit
" register and upper limit register défine which window on CRT 320 is selected
'(see Figure 1). In 'addition;' CPU 290 provides a Z-value defining the hither



conparator 366. yon conparator 370, Z-buffer conparator 360 and the Z-
pbuffer nmenory 355. As described with reference to Figure 4, the Z-buffier
conparator 360 10 conpares.the new Z-value.for that pixel location with~
the old Z-value previously stored In the Z-buffer mermory 355. [f the new
Z-value is. less than or equal to thd’61d z-val ue stored in z- buf f er \ongnory
355, conparator 360 provides a. signal over line 380 to the wite enable
logic 372. Simlarly, the lower limt conparator 345 conpares t he val ue

- stored in the lower Iimt register 15 330 with the old Z-buffer nenory

| ue f | | | d ql han
or equal B Ba it tiasBt 834, ok e 2aws rof 5 o pfnerlodorelien s
limit ble .
ool Soa"388! fs Bréviclsl SeemBaNE Rariio Figife ) ing hibbE att 4R °n701e
Z-val ue stpraadslmay beiutilized mnmwbsmmnuom@wwe?mma efogs-for 20

the particular pixel and "if the value stored I'n Z-buf is less than
or equal t gections\ofithreesdimensional objectswithin auwindow:ag-‘mrteaohma pixeli gnal is

D el <5 oAl r5aded b tha s 250118 e lscin DAGHRp 26 Z VAN BEINR o
ui mdbw 2sPROS BRIV NE 285, 1o W X0 1t Bpugdettsd e it 7 o e

pi xel i denéoriupaﬁhtba/%@@dﬂ@orﬁﬁaﬁwﬂ 370, Z2Butfer @nSaraio? 380 andl fHeczhi t her

register 334. If the new Z- value is- greater than or equal to the value
stored In hulforenamg:smr 334.- then a:- . 18 si gnal i's.-provi'ded over line
410 to the wite enable Io% c 372. Yon corrpar at or_-370 conpares the new W/

Z-val ue provi deﬁs Sleseribed, withgefarence 1o, Eigure 4 theo4-butfer,comparator 360
10 compares the new _Z-,\___(alue.,fgr.th_at.prx_el Ioca_tnon..with_._the old Z-value _
previously. sto_red. in the Zebojfer. memory. 355. __lf__ the: ri_ow-,;-value is.less than
- or oqual to the old Z-.value stored in Z-butfer memory. 355 "--oorhoarator 360
provides a signal over line 380 to the write enable logic 372. Similarly, the
lower limit comparator 345. compares the valuo storoo in the lower fimit register
"15 330 with the old Z-buffer memory value for the particular pixe! location. If the
old Z-value is greater than or aqoai. to the ngaiua _siorad in the l_oWer limit
| register 330, then lower limit comparator 345 provides a signal over line 390 to
the 'writ__o enable logic 372. Similarly, oopar limit comparator 350 compares the
upper limit Z-value stored in register 340 with the old Z-buffer rhemory value for \/
20 the particular pixel and, if the value stored in Z-butfer 355 is less than or equal
to the value stored in the upper limit register 340, a slgnal is provided over line
.400 to the writo .enable logic 372. Tha generation of signais on lines 390 and
400 by the respectivo comparators indicate that the pixel location identified by
- the RGB value falls within the selected window. . .
25 - Hither comparator 366 compares the new Z-value for the pixal identlf'ed
by the RGB data with the Z-value stored in .the__ hither register 334. If the new Z-
value is greater than or .oq_o_al to the value o_toroc_l- in hither register 334, then a



yon register 336, and, If the new Z-value is I ess than or equal to the
val.ue stored in the yon register 336, the conparator 370 provi des a signal
over line 5 420 to the wite enable logic 372. In the presently preferred
émbodi nent, the hither and yon registers and conparators may be selectively
di sabl éd by a user, or, alternatively set to the sane respective val ues as -

t he IOVEW limt reglster and upper |imti8register of Figure 5 to ' '
effectively disable them If. desired. 10 ~In.the event that signals
are provided on |ines. 380, 390, 400, 410 and 420 by ‘the respective

t to th t bl h ble | 372
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three 25 -dinensional w ndows on a CRT to be sinultaneously displayed.

WhiN£ t he pr esdesiradhvent i on' has been particul arl y descr Lbed with reference
Lo, 10U esy &5 i th nt LT ieliafe ovkdd o s 5ac 80! b0 Ho'ahd = o
420 by the respective comparators, to the write enable logic 372, then the write
- enable logic 372 updates the Z-buffer memory with the new Z_-value and
~ selectively enables 6’né of the display memoriés. such that the RGB data for the |
pixel is written into the memofy for'subsequent display. However, if any one of - R
15  the lines 380, 390, 400, 410, or 420 is not enabled, then write enable logic 372
does not update the Z-buffef memory with the new Z-value nor does it enable
| . the display memories and the RGB pixel data is not written into the display
_memories and will not be displayed.
U, | * Accordingly, it will be appreciated by one skilled in the art that the
' 20 present invention allocates, clips, and selecilve_ly displays data in a plurality of
| wihdows defined as discrete values of the entire Z-buffer memory. Unlike other
‘systems which utilize the Z-buffer memory as a bit map, or sequential list of Z-
values. the present invention's Z-buﬂer memory describes windows with one |
- ormore Z-buffer values, and thereby permits mulllple two and three |
25 dimensional windows on a CRT to be simultaneously displayed. While the
present invention has been péﬂ!cularly'described with reference to Figures
4.5, it will be understood that the figures are for liiustration only, and should



- 19 - not be taken as l'inmitations on the invention. It Is, contenplated

. that many changes and nodifications may benade by one of ordlnary sill in
the art, wi thout departing fron1the scope of the invention as o
di scl osed above. CLAI M5 1. A conputer display systemincluding a

central processing unit (CPU) for.providing data representing |nagg3
conprised of a plurality of points, and display neans for displaying
said images, said display'neans i ncl W®i.ng a plurality of selectively

di splay el ements, conprising:. di'splay nenory means coupled to said CPU and
to said dlsplayneans for storing said-data representing said plurality of
poi nts, qidt BeQhkérhs HMRbNors WMeﬁﬁv&ihaﬁdelg%%nfdrﬁbla tﬁamsﬁyy means and
correspondlng to a display elenent on said ; buf fer means for
storing Z-vahaages andanodifications may be mats byone etsomlinhmgldlltio thi art| ay pl ane
on said display nmeans, .said Z-buffer neans conprising N bits, the

numeri cal  thaut dgpartingifom the,uf rer - SePRRSHBAINYRNtiONAS @%PEQ@PBW# ned
area on said display. and  at 1least one predeterm ned address in said
di spl ay -nenory neans, sald Z- values bei ng prOV|ded by sald CPU for said
plurality of



points defining an inmage: .- Z-value conparator neans coupled to said
Z- buffer neans for conparing a new Z-value provided by said CPU for a
poi nt” to be displayed with a corresponding old Z-val ue '
Z- buffer= nmeans, said Z-value conparator neans prOV|d|n
i f said ~n,ew Z- vai ue satisfies a predet erm ned inequali tyﬂm ‘@lﬂﬂ‘] !l‘
respect ‘“o said old Z-val ue, and in such even£0 repl aci ng

with said new Z-value in said Z-buffer neans; |linmt conparator neans
coupl ed to said CPU and.said Z-buffer neansgggé_éece|V|ng an upper and a
lower limt Z-value fromsaid CPU defining M2r edet er ni ned area on said
di spl ay and conpairng said ol @& Eomyuﬂenmdﬂspmayjsxqrymzﬂnhluﬂtnglancentral

Z-val ues, said li &QQP@&aI&EiQE ﬁwrngqy ﬁgd 35ggalr5§r§gégt?hg

Z-val ue falls betWween sai d”upper a ower
enabl e neans. coliprges CemPRised dnglﬁayPhﬁﬁlytﬁe&ﬁs paints) i mnd display

conpar at-or. means ﬁ@dn§a'€'ol.z V&Y 4151 £PIRG! LA a "BaRGed O s%@.@e' 8'196159" dmeans

first and second Si , said wite enable neans provid gg g
to said display gnd uE&HrtaIEtrYecefpts‘?}fe ‘EFIFW r s&’i’r&"seﬁ%ﬁ’a nts'
signal s, sai d thiwlmprgsﬁhgeesul ting in =~ -

dlsplay memory means coupled to said CPU and to
- said display means for storing said data ‘representing said

plurality of points, each of said points. having an
g ' address in said memory means and correspondlng to a
' "display element on said dlsplay,
Z-buffer means for storlng Z-values, each of
said Z-values corresponding to dlsplay plane on said
"display means, said Z-buffer means comprising N_bits, the
numerical wvalue of said Z-buffer corresponding to a
--'predetermined area on said display and at 1least one
predetermined address in said display memory means, said
- Z=values belng provided by said CPU for said plurality of
‘points defining an image: _

Z-value comparator means coupled to said 2zZ-
buffer means for comparing a new z-valueiprovided by said
_ _ CPU for a point to be displayed with a corresponding old
] o Z-value stqored in said _Z-buffe: means, said 2Z-value
COmpa:ator.means prbviding a first signal if said new 2Z-
value satisfies a ptedetermined inequality equation with
respect to said old'z-value, and in such event replacing
said old Z-value with said new Z-value in said Z-buffer:
‘means; - | _
: ' limit-comparator means codpled to said CPU and
said Z-buffer means for receiving an upper and a lower
limit Z-value from said CPU defining said predetermined
area on said'display and comparing said old Z-value with
said upper and lower limit Z-values, said limit comparator
means providing a second signal if said old Zevalue falls

- between said-ﬁpper.and'lower limit Z-values; |



sai d data correspondi ng' to said new Z-val ue being stored i-n said display

menory neans; video neans coupled to said dis m for
. displaying data stored in said display mem)ryﬂ mnmlmrl* spl ay neans;
wher eby points conprising an i mage are display&d fn 'a pgredefined ar eg.of -

said display as defined by their Z-valugs. 2. The conputer di spfay
system as defined by claiml1, wherein 21 sai d i mage displayed
Wi t hin said predetermned area is two dinmensional, said upper and | ower

limt Z-values and said Z-val ues _provided by said CPU are the same. 3. -
The conputer display sy&ddM aen@dblenciegpsc| gowpledindiei #adgd gdisplay
predeterm nﬁﬁleﬁbegr m?i,sel&ia -\MﬂﬂﬂQWcidﬁlpaii'lad' %Q’Jﬂarz?&ie@ddm sHid Cﬁ-sﬂmeeda
4. The conputer, display system as. | ne % cLaim3, erein [
T buffer moaReuBRRREOE.chaRySY HEE AR Fing'*8ath CEpRkS aad PRt O
system as debigudlisy cadidnwiritdherdbleaneanssprayidingr g nhdard isignades a
first display,neg J st egemBryai | spl. h e @mtgét
di spl ay systg% aé;;{i%_f :aniesé Eg cﬂgfnm:g, %ﬁ%i’ llslle,égl gt |S[§Ie§yei%n0§y urj’t er
includes a sédsps @ns| agcoedopional smmBdd hind gségnplayesuisiggwine
_ said data corresponding to said new 2Z-value being stored
©'in said display memory means; L
' video means coupled to said display memory means
for dis‘playing_'data stored in said display memory means on
said display means; ' '
whereby points comprising an image are displayed
in a predefined area of said display as defined by their
z-values. X o - .._,_... e e et et e ’

2. The 'computez.'-"dip'lay system as defined by claim’
1, wherein 4if said  image displayed within said
predetermined area is two dimensional, said upper and -
" lower limit Z-Values' and said .'Z-_-va-lues bi‘ovid'ed by said
CPU are the same., -

3. ‘The. computer display system as defined by claim
1, wherein said predetermined area comprises a window in _
which said images are displayed. = - ' NV

4. ' The computer dispiay_ syste’ml as defined by claim
3, "wherein said Z-buffer means comprises a Z-buffer
memory.: ' ' '

5. The computer dis-play-'s'ystem as defined by claim
- 4, wherein said display memory means includes a first
display memory bit mapped to said display.

6. - The computer display system as defined by claim
5, wherein said display memory further' includes a second
display mem'ory bit mapped to said display, ‘said write



~

22 enabl e neans selectively alternéting bet ween said first and secohd
menories for the display of said i rages on said displa

The conputer - di spl ay systen1as defi.ned by claim®6, wher
conmpar gtor means includes hither and yon Corrpar ators foi’ﬂ@ﬁ Jm’"ﬂl,
hi t her” §%d yon Z-values to said new Z-val ues. 8:

di spl ay”8ystem as defined by claim7, furth@®2 rncludlng a reglster coupled
to said upper and lower |linit conparators and .said hither and yon
conparators for g § d ali U

The conputer di s%ngigysﬁ%rﬁ%sgga??ﬁggggé ?ié@aéﬂ%%rggﬁgégﬁd ?a{? £i¥st
conparator nmeansandr egEendeBeMpries Korhshezdisplayi péneaadd imrgessondsaid
hi t her Z-val ue fahgbngylmehh% range between said | ower and upper limt

Z-val ues. 10. The conputer display systemas defined by claim9,
wherein said |imt conparator neans further. receives a-yon Z-val.ue from
said CPU, said y@n Z- vaIueThdIcampuueﬁfﬂispﬁayeéysu!mwasaﬁdfhnebebchlaﬁme

and.said ubper | b1 Lnge o8l Waualhams . contiEatBIPWaRh 3Bl U BAEHES® ang

defined by clai m10; erein . sai mt C arator Provi
signal to sai d wyPRecompeiretessns ot cgaup@nm Baidl thrrl sndevnse f-yailtes

hi ther and yon Zv$2lsd@s new Z-Vallues.

8. ' The computer display'system as defined by claim

: _ 7, further including a register coupled to said upper and
o’ : lower limit comparators and said hither and yon

- comparators for storing said respective Z-vaiqes provided
by said CPU.

9. The cbmputer display system as defined by claim
3, wherein sald limit comparator means further receives a
hither z-value from said CPU, said hither Z-value falling
in the range between said lower and upper'limit Z-values.

10. '~ The computer display system as defined by claim
9, wherein said limit eomparator means further receives a
yon Z-value from saidICPU, said yon Z-value falling in -the
- range between said hither 2Z-value and said upper limit 2-
value. ' ' ' ' '

11. The computer display system as defined by claim
10, wherein said limit comparator means provides a fourth
signal to said write enable means if said new Z-value
falls between said hither and yon 2Z-values, said write
_enable means only then 'providing' said third signal,
"~ .thereby resulting in said new Z-value being stored in said
dlsplay memory means.,

12, - The computer dispiay-system as defined by claim
11, wherein said limit comparator means includes a lower



-

enable neans only then providing said - tﬁTTd‘"§Tgﬁar——rhereby _
resulting in said new Z-val ue being stored in s means. :
12. The conputer display system as defl neﬂlmlﬂ'mmmm erei n sal d .
limt conparator means includes a | ower _

- limt conparator for conparing said lower [imt Z-value to sald ol

Z-val ue. 13. _ The conputer display system as defined by claim 12,
wherein said linit conparator neans furt includes an upper |imit
conparator for conparing said upper limt. Z-value to said old Z-val ue.

14. ' Thaimdtp compaaiatgira f ogy compaxd nge fsiaried llwveud diiwik, Zrverleien ta] d
Z-val ue conpagak@r ofB2BsviaiQw. des said first -signal If said new Z-value is
I'ess than said old Z-value. 5 15. The conputer display system as
defined by claim1, mhereln sai d Z-val ue conparator neans provides-said
 first signal @B.said newhé CUnputer SRy tpdeémi dsoldfinkal Be ch@im

12, wherein said limit comparator m'éa'ns further includes
an upper limit comparator for compar:mg said upper limit
Z-value to said old Z-value. ' L
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18, The conputer display systemas defined by claiml1, wherein said
Z-val ue conparator means provides said first signal if said nem/Z val ue is

equal to said old Z-value. 15 17. The conput er W ;
defined.by claim1, wherein said Z-value conparator me rovi des sai
first St@ﬂa| if said new Z-value is greater than or eqm ﬂ”mm

Z-val ue’ 720 18. In a conputer displ % system I nc I .
processing unit (CPU) for providing data” répresentative of |magés €orripr| sed
of a plurality of p0| nts, and display nmeans for di.splaying said.inages,
sai d di splay neans” |nclud|ng a plurality of selectively enabled display

el ements, a methéd for 25Theicomputerisplay svstemwsdafmgrhysclalgtthwhempgaidf
- 25 - storing data representin al i imtsgin dis
memory neans, e?g‘f?q“ E‘RFﬁaﬁBN??g g‘?ﬁ"?ﬁf iﬁdgﬁﬁr’éﬂ’{a'wﬁ@ ng n%l’fﬁl‘ﬂ? 'ﬁgﬁg
and. . correspondm sé@ SdP-9Rdy el enent on said - display; providing a
Z-buffer for storing val ues, each of said Z-values corresponding to a
di spl ay' pI ane on said di spl ay ' nmeans provi ded by said, CPU for said points
defining. "an.i nage,, saidZ-buffex. corrprl sing. I\I-bITS t-he- muner i cal
value of s®id; Z-buffer. corerespondi ng. to a p‘r'edeterm’ ned area on
id displ t |

sal '-SP' & ar&dS a eas'l‘he computer display system as deﬁned by clalm1 wherem said
Z-value comparator means provides sald first slgnal if said new Z-value is

- greater than said old Z-value

10
16. . The computer display system as deﬁ_neq_oy claim 1, wherein said
' Z-value comparator means provides sald first signal if said new Z-value Is
“equal to said old Z-value. |

15 | o
| 17. ';1_'he computer dlsplay_ syst_em as d_eﬁhe_d by cl_éirn 1, wherein said
Z-value comparator means provides s_a_ld first signal if said new Z-value is
greater than or equal to said old Z-value. -

.20 _ _ o : . _
1.8_ . | in a computer display system lncludlng..a central processing unit
- (CPU) for providing data representative of images comprised of a plurality of |
points. and d's_,olay moans for displaylng said images. said d’splay means
_ -Includlng a plqglity of selectively enabled d'splay elements. a method for
--25 displaying said images comprising the steps of:

-



address in said display nenory neans;! 'a's; conparing a- new Z-va '
i e providerd by :said CPU for a point to be._displ ayed vm'th .i-,a
- correspondi ng ol d Z-value stored in said z buf f er;

generating a first signal if said new Z-val ueJl u term ned
"inquaility equation with respect. to said ol m,“m "."ﬂlm ﬂﬂgpl aci kg’
said' obld' 'Z-;Value with said new Z- v'a.né e in Sai 8 buf fr smeans, recei.vi ng
an upper and a lower |imt.Z-value fro ard CPU defining said

predeterm ned area on said di spI ay_and conparing said.old Z-value with said
upper and |ower linit Z%RFiRS i;é‘ﬁe‘?%&? RERressniing sadd plyurality ofq
Z-val ue fal | pdigiveein swd@biwaﬁemwylmsl i dddh ZoFosata; poONpsi maviegd

renory means SRaPaIaPRP 1 ;BReor ARRE ARARR S fPrespandrfy B
receipt of saisplaptelement emosaidi dbeplayand.., coupling said third .
Si gnal to said display p‘?&‘@id&ﬁ@aﬂszLﬁﬁffErnerngﬁﬁdﬁﬂftﬁ-\?ﬁﬁé‘époﬁ%ﬂg to

sai d new Z-val ue bei ng st.ored -Lh.sald |-
di spl ay neno UY@E)PS?l ﬁ@rr§§PG“§&PS @o%@iﬁﬂ%lﬂl%ﬂ%p?%ysﬂ%%ry
means on sai mﬂmﬁyﬁm ‘provided “by‘ said’ CPU "'for ‘'said points

defining. an_ image. - said. '-z.-bu.ff'e'r'-'-comprising N-bits, the
numerical' value of_ said Z-buffer corresponding to a
predetermined area on said display and at least one
address in said’ display memory means, . R '

- - 'comparing a new: ‘Z-value provided by ’said CPU for
a pointlto ‘be. displayed. wia_t.h..-_ag;__corr.espond_j.ng. old _Z-Fv_alue'
stored .in said z-buffer; = . _
| generating ‘a first signal if said new z-value
satisfies a predetermined inequality equation with respect -
to said 6l1a@ 2Z-value and teplacing said: 91d Z-value with
said new Z-value in said buffer. means; . - -

, receiving an upper and a lower limit Z-value'
from said CPU defining said predetermined area on said
'display and comparing said old Z-value with said upper and
lower limit Z-values; _

generating a second signal .if .said- old Z-value
falls between said upper and lower 1limit Z-values; (O

coupling said first and second signals to write
enable means coupled to said display memory means, said
write enable means generating a‘third signal upon receipt
of said first and. ‘second . signals;and. coupling. said third
signal to saig display memory means resulting in said data
corresponding to said _new Z-value being stored in said

SEGUEr TE. i remsaus

. ...,,--.-_- PRy e m
LN LI

_ display memory means; -
 displaying-- said data stored in said display
memory ‘means on said display means.



claim1 8, wherein said first si gnal is generated if s -
| gss'than said old Z-value. 5 20. The met hod as defined by claim18,
wherein.said first signal is generated if said new Zvaqmullﬂﬁﬁm“uumnal d
ol d Z-val pe. - 21. . The ‘nethod as defined by clai m 1g8ERiHEH iR LG O
first sifgnal is 10 generated if said newéZ-valur is greater than said old
Z-val ue. 22. The met hod as defined by claim18, wherein if said

i mage di spl.ayed within said.predeterm ned area is two dinmensional, said.
upper and 15 | r limt_Z-values and_said Z-values prqvided by said CPU
are the sane. Zg\ge - The mathed as defined PMGW@QS-@Wﬁ‘Q@%@FéF‘G"%‘J?d'

predet erm ned ar ke b1 i 0. whi b dyd are displayed.
D0 24, o o TRERRGHARlr 0 s 7R feTodl Y 4R B ZRARE, T 0ol ot Y St ep
of receiving a hither Z-value fromsaid CPU, sai-d hither value-falling In
t he range between said | ower and upper lint Z-value. 25 * C L M'S

* -27- 25 The met hod ‘as. defined by claim?24, further including the
step of receivi na a yon Z-value fromsaid CPU; said )"IOh Z-value falling in

the range beBweéR-sai d- hi Themethod essefined bﬁdﬂ“ﬂéﬁel’ﬂ erginsajd Grst signalis.
e o 5 Rl EAd i e 5 8 2 o0 1 PO

126 - * C L MS *19 The method as defined by

. The method as defined by claim18 , wherein Said first signal is

10 generated if said new Z-value is greater than said old Z-value.

22. ~ Themethod as deﬁnéd by claim18 , wherein if said imagé
displayed within said prédeterminéd area is two dimensional, said upper and
15 lower limit Z-values and said Z-values provided by said CPU are the same.

23. ~ The method as defined by claim 18 , wherein said predetermined

- ' area comprises a window in which said images are displayed.
20 |
24. " The method as defined by claim 18 further including the step of

receiving a hither Z-value from said CPU, said hither value falling in the range
‘between said lower and upper limit Z-value. ST

) [P
iy

25



write enable neans if said new Z-val ue fall's-between said .hither and yon
Z-val ues, said wite enabl ew neans only then providing said third signal
t' her eby resultlng I'n salrd new Z-val ue being stored in said display nenory

g:sgglsay system 4mmﬂm1"|||ﬂﬂ#$ pl ayi ngsaid images - in a conptter

erelnbefore descrlbed W th referencé,to
t he acconpanyi ng dr @wm mgs™ - 27 -

25. The method as defined 'by claim 24, further
including the step of receiving a yon z-value from said
CPU, said. yon . -Z=value falling in the range between said
hither Z-value and said upper limit z-value..

26.. | : The metnod.-as .defined"‘by 'claimﬁ:és,"further
in¢TIuding the step‘ ‘of 'providing a  fourth signal to said
write enable means if said new Z-value.falls-between said
hither and yon z-values, said write enable means only then
providing said third signal, thereby resulting in said new
z—value being stored in ‘said display memory means.' /
27. - - A . method :for .. displaying-: saidnwimages in a
computer . display system substantially as hereinbefore
described with reference to the accompanying draw1ngs.




