22 3651 APPARATUS FOR RAPI DLY CLEARI NG THE QUTPUT DI SPLAY OF A COWPUTER
SYSTEM'BACKGRQJND OF THE | NVENTI ON 5 The pre ﬁ ep-t l.on rel ates
to*logic circuitry and, nmore particularly, to |ogi ci 43 w dsed to

provi de/€xtrenely rapi d swi t chi ng between output display franes in a

conmput etsystem DI SCUSSI ON OF THE PRI OR ART 10 As conputer systens
such as work stations have grown nore and tore sophi sticated, it has becone

clear that they m ght y 0 e_ani mati on
features that one asswﬁ%t F&J'b‘-&t g’-kg‘n;!ﬁh \ﬁ&n% T A
conput er which is capable of giEpLAY '&F W éam-pglnogt,gﬁm.)ffers a distinct
advant age over tel evision anmnm-prcrmm li ke the 15

others, allows both the construction and revision of the inages of ani mated

di splays. The ability of conputers to provide three dinensional displays
has hast ened andmm-ﬂﬁh@m systenms which are capabl e of
handl i ng ani ted su b e Zd
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provi de ani na ed out pu ani nmat1 off requl spla

frames whi ch var yogitycifouittyl usedco provide estramely eapic ewitchingabetiviaen output api d
sequence. I n order to display a single frame of graphical material on a
cat hode ray tube (sehr)framqsmgcﬁase@sawemo store an indication for each
position (pixel) which is to appear on the cathode ray tube or other

di splay of the information which is to be displ ayed at that position. Wth
25 large and depastwskiONSO = PiRer AmPper of pixels on the cathode ray
tube may average apprOX| mately 1, 000 in a horizontal direction and a |ike
nuiber in th&Overti cahs compuer snstagvaxsuegawqykataugms hamerarewnmare gnd mere

Cyst om uhi ch 1< Aot} i BeiBhn Shar ek heS bt SonwetieBuf beSHF e

on the cathode rﬁ)bvidvmhe%ﬁhatﬁn foeR tRAt orldl dcRbEiates With! rﬂéudnvﬁabisésfémr bits
of digital information specifying the particul ar - 2-
television. A computer which is capabie of providing an animated output offers

a distinct advantage over television and motion pictures because it, unlike the
1S others, allows both the construction and revision of the images of animated
displays. The ability of computers to provide three dimensional displays has
hastened and heightened the desire for systems which are capable of handling
animated subjects. _
A major problem in utilizing computers to provide animated output is that - -
20 animation requires the display of frames which vary by smali increrhents and
succeed one another in rapid sequence. In order to display a single frame of
graphical material on a cathode ray tube (CRT), it is necessary to store an
indication for each position (pixel) which is to appear on the cathode ray tube
or other display of the information which is to be displayed at that position. With
25 large and detailed displays, the number of pixels on the cathode ray tube may
average approximately 1,000 in a horizontal direction and a like number in the
vertical direction giving a total of appi'oximately one niimon pixels about which
information is to be stored. In a preferred system which is capable of providing
a number of different colors and hues on the cathode ray tube, each of these
30 pixels contains twehty-four bits of digital information specifying the particular
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tol or output. Consequently, approximately twenty-four mJili omf,bi;f,,s of

i nformation needs to be stored for each frame to be presented at the-

out put. However, not only does witing the approximtely twenty-four
mllion bits to each storage position of a frame to be provided as out put
to a cathode ray 5 tube require a gubstantial anmount of tinme, but thg
cl earing of those bits in order to provide the next frame requires an”™

addi ti onal 'W I I has been
obvi at ed by using @{)ut(?dﬁ‘égq %; é“s}ﬁaetg'é tgxm\?h&(‘:\ﬁﬁﬂ'\f\’})' @g‘iﬁ screen
bi t mapped mmmammadpnmbemmdemwmwwmem&&hmnéeucpbe cat hode ray

tube output. Such a systemreduces 10  substantially the tinme between
presentation of Howevpn fet only dogs wrilieg therappraximately twentydpunmilionditshe need
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It is. therefore, an object of this invention to In&nove t he speed at which
i mages may Be%%'Q%Wed'eﬁfmqme&mwmamowe& ec§ome of the out put of a

conput er sysj bét&vebﬁ ramiak ek b@?# Sﬁ]algé b&msﬁl g@@tl*uz@rg’f ﬁﬁ? Er%(s |ta?| ng

elimnate a su stantla portion o

di spl ay nenmh:efstw:eul&ereehrmpw nienithies afepiovided andsivkBhed t 1 s anot her
object of this |nvent|0n to seek to elimnate the necessity of clearing

di spl ay and SHeptae'riathe cathagde e iberautnvt s Sueh a sygapueducesyst em  An
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conput er systems op nt inventi

there is pr aioedaot ahmmatnuhemeadllqombudwaéamaeﬁ oS tHe duﬁ]:ﬂé;hmbﬁtoﬁ@ys@f claims 1,
10 and 18. he present invention inproves the speed at which

"i ndi vi dual ftP%frfggy gy bevriign e fRrdhe Ha@ﬂé“@l?bdﬁli"%fc@‘s@gﬁﬁmwe\f@yst em by
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menories in such a system
animation purposes.

1S | It is. therefore, an object of this invention to improve the spééd at which
images may be switched from frame to frame and presented at the output of a
computer system.

It is another object of this invention io seek to eliminate a substantial
portion of the delay associated with clearing display memories between frames in a
20  computer system. |
It is another object of this invention to seek to eliminate the necessity of
clearing display and depth memories between frames in a computer system.

An additional object of this invention is to improve the speed at which
computer systems operate.

25 According to the present invention there is provided a computer: output
system as set forth in any of claims 1, 10 and 18. '



5 bkystem acconplishes this by providing doubl e-buffered frane sis boo
identification menory to store indications of the frame being stored
corresponding to the-information in an associ ated di spl ay nenory. Each

pi xel is.the display nenory. has an associated, corresponding pixel in.the
frame i\dentification nmenory. Wen a frame which has been witten into the
display nenory is to be 1 0 read out, an output .frame ldentification
regi ster provides an indication of the frane to be read out as a frane
nunber, and that frame nunber is conpared with the value of each pixel in
the frame identificatithe presentynvestiomimprevasdhe §pord atiwhich individuabtrgmesid t he

di spl ay d. f hod h . ixel
P st oot v | ey Baavichod{n B8 VT of £ ¥orillEr SBlenfBY pasdhitiyt slfifaRg "' ©
t he cathode ray tﬂﬁﬂimﬁhoﬂdﬂ?hge?br%h_ hB igprayrémbrbstih Suchia Byétem! ame

identification register and rane identification menory do not conpare,
a background cB| osysiemeacaomplishes akis iby rexiding dpubie-butiered frameaidpatification he
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simlar logic arrangenent is provided for determning the depth to which
pi xel s of a parti dasan dsseciatedseomespensling pixeldmthe feame ideatification memery.hat

Gl et onalout put | a¢ opiray & Harss wiGE HRE bed phEHLARABtoY Mot jsiobe . o
the Z buffer 418 Cqgdd &M?a%b@guﬁarﬂémnpﬂc&ibﬁre%iawﬁraﬁdeé\/bﬁ |iication anteher

sigi)ar logic arrangenment i's provided for determning the wi ndow in which
pi xel s of a parti dwmertobexead outastairame numbercandibat frame numbieris companed

handl ed 1 e, S Gika i ofBeSRd b Ind BOMEER-OFmBRA B IR
e vy | - Admch by syl ey sty sa s 1
bl ock di agram il | debe eefiesly ©niyrthaseypinelain the selecteddeamecare provided as output
1S from the display memory to the cathode ray tube. At pixels at which the number
in the output frame identification register and the frame. identification memory do
not compare, a background color generator is activated to provide information
to the cathode ray tube. This allows frame to frame writing to the display
memory to continue without erasing the display memory and erasing only a
20 small portion of the frame identification memory.
U An additional somewhét similar logic arrangement is provided for
determining the depth to which pixels of a particular frame are to be written
along the Z-axis $0 Ihat three dimensional figures may be accurately
represented on a two dimensidnal output display. The invention allows frame-
25 to-frame use of the Z buffer to continue without erasing the Z buffer. Moreover,
another similar logic arrangement is provided for determining the window in
which pixels of a particular frame are to be written so that windows may be
handled in the same system. | _
These and other features and advantages of the present invention will
30 become apparent to those skilled in the art after having read the following
detailed describtion in conjunction with the several figures of the drawing.



with the invention for selecting individual frames to be displayed on a
conputer 5 output device. Figure 2 is a block diagramillustrating an
arrangenent in accordance with the invention for selecting individual

wi ndows to be displayed on a conputer output device. Figure 3 is a block
diggramillustrating an arrangenent in accordance 1 0 with the invenat#on
for selecting particular frames involving three-di nensional figures to be
di spl ayed on a conputer output device. Figure 4 is a truth table useful in
illustrating the operation of the ar+&anrgenment shown in Figure 3. Figure 5

I's a block diagram-of a systemincorporating arrangenents for 15 selecting
wi ndows, frdﬂe.&liﬁa.lmmm.ésdi mensi ons of signals to be provided on a )
conput er out put | i Fi ' strating -
t he ‘operation of Qﬁfﬂég i'?ciﬁ'?#ﬁdgﬂ‘(')a\?\“n r%{r&ngur enéﬁgﬁlﬁ&{ﬁlr#'eaé&raygubl

di agram il | yain b 'lﬁ%nﬁ&efdr%ﬁleéﬁﬁﬁ mdﬁmammés me&spwud:&u arcomptér essabl e .
on the host address bus fromthe central processing unit in accordance with °

t he presé@ént autplnrdamca. F| gure 8 is a diagramuseful in understanding the
operation for clearin entifi pn nmenories in.accordance with the
present inventio F % %ﬂ "bé@%‘lﬂﬂwfa-" it “BraVE :
| DENTI FI CATI N Bsf.ﬁ\fénhaﬂ fd}%ld*cﬁnézlrﬂmdbaimﬁdhﬁﬁ% bé didpRayedadndd spl ay out put

system 10 for processing information rapidly in accordance with the
i nventi on. Feomputer diutputdevigeses of this explanation, a frame may include a
is desir resent as a

Do ot 0 oD e 4 ok M st kb VBl
devi ce. e vﬁ*ﬁiheﬁh%t.en%@ée%%w PaFicGRP irafes %owgemé@bmwneﬁﬁﬁzsl ng uni t\y/
(CPU) not shown in Figure 1. Wieh'it iIs desired to wite a particular
gr aphi ¢ fr arfigutes terbecdispiayedisn/a cemputer output device.
Figure 4 is a truth table useful in illustrating the operation of the
arrangement shown in Figuré 3. | |
Figure § is a block diagram of a system incorporating arrangements for
1S selecting windows, frames, and depth dimensions of signals to be provided on
a computer output device.
Figure 6 is a truth table useful in illustrating the operation of the
circuitry shown in Figure 5. |
Figure 7 is a block diagram illustrating .the registers and memories
20  which are addressable on the host address bus from the central processing unit
| in accordance with the present invention.
Figure 8 is a diagram useful in understanding the operation for clearing

frame identification memories in accordance with the present invention.



10 such as the cathode ray tube (CRT) 12 shown in Figure 1, the actual
infor_rm'ati‘on'to be displayed is witten to a display nenory. The system 10
coenprises a first display menory A (13) and a second display nenory B (14).
The use~of two display nmenories in parallel, the output of which may be
selectegdeby a nmultiplexor 15, allows the rapid sw tching. between the frames
of 1 5 a display which is necessary tQ qagconplish animtion. In the usual
case, a frame i ' S ' e frane in display
menory B is bei € ray tube. The
information in the fpRAEE jpENtiFERlTN:MemOry A is then furnished as output to

the cathode ray tube while a new frame is witten to di sgla menor y B. 20
In prior art systensRetowing naw toEigure; b there s $hewa & dispiay "ﬂpﬁ'lﬁ!ls'% @l eared
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significant anmount” of tinme an y slow the operation of the systemto the

poi nt where its siBcturawbich it indesitedito present amHa ik screan PreseriMIPNANA t hi s | oss

foti d [ th i t chij f ' | t put
aystem 10 of "t heaiode dn fbhsE RiHRE FSRPERr PRBFARICS, THe BR(eT1O Bperaldd® out v
i dentification (fslybp %&?’% )af%eﬂtﬁal pod@dking hit (CRUEnotcENoWnfih Fegurent. ( F1 D)

menories A (17) and each associated with the simlarly named one of
30 the display nmenoWhes itis desireg] toawrite atparticular graphicfeame 1q am oulpHt deviae)

CyStom 10 allgo sueh 85 tharcattioReray e ICBTLLOPOR inFIgHtH by tap GEUET | cLi ¢ 23
_ G0 Suchss tiaf o8 (ML lophay ! cui t 23, a
write enabl e | ogintliohth bo boicBBd il 16 adibday iery. i gRARIo O Of the

system 10 is as wites a e’to the control register 21
usi-ng the host dompribessa first di3plagmerhorgiA (18) ambaSeédnd dispimpmesoryB(14)) or B

(18) and its associ ated display nenory A (1 r B (14)is to be witten to.
The CPU then pr d\iegise of two ﬂﬁﬂ'aVMQWd‘&Pé’@ﬁz'n%ﬁt?@Fp%? 'Hﬁ'cf’ O ed in
selected by a multiplexor 15, allows the rapid switching between the frames of

1S a display which is necessary to accomplish animation. In the usual case, a
frame is written to display memory A while the frame in display memory Bis
being furnished as output to the cathode ray tube. The information in the frame
in display memory A is then furnished as output to the cathode ray tube while a
new frame is written to display memory B.

20 In prior art systems, each of the display memories A and B must be

— cleared before new information can bé stored in it. This clearing step, with a
| display having a significant number of pixels and storing twenty-four bits of
information at each pixel as in the preferred embodiment, requires a significant
amount of time and may slow the operation of the system to the point where its

25 use in animation is impractical.

To obviafe this loss of time and provide the switching speed necessary
for animation, the output system 10 of the prese_nt invention also includes an
input frame identification (FID) register 16, a pair of frame identification (FID)
memories A (17) and B (18) each associated with the similarly named one of

30 the display memories A and B, an output frame identification (FID) register 19, a
background color register 20, and a control register 21. The system 10 also



the input frame identification register 16 used for all of the information
ta be witten for that frame. In a preferred system sixteen frame nunbers
(0-15) are 10 wutilized. After the input frame identification register has :
been initialized with the frane nunber, the actual information to be -

di spl ayed on the output device is sent fromthe .CPU to the sel ected gispl ay
menory A or B. The display nenories A an@l-B are each full screen bitnmapped
nenories. The frame identification nenorie

s, A.and B are also full screen
b1 tnepped mUNGKAERa rAIvs 25, & COMPATRIDN Gt 22, b Mrie, BRI BRI el St er 16
and providi il 2+ Bl tiplexor 22 which allows themto be rapidly -
swi t ched fo%’%ghgj‘gégnﬁrgta?gﬁ' of ani mated graphic i mages. Each piece of

i nput i nf or mat i oThepblatioh obthedystembilsisfasdoliowse TERICRAwritessa valys toe|
address, and col or information anprs((fB col or val ue, for xampl e) .

Presum ng t He coptolIpgister ¢! Neing Fatabys tpisplectwhich °N2"gaﬂ§ been

selected,ot I ' | : i ' ..address
G opl 5 nERBPGeSR R o B i B bisoBlbecutslfy ARRRAPAIFSIor® 1) T %7 e
sane pi xel aQddekmtentol he frame identification nmenory A In a preferred
system the frane identification nunber requires four bits of storage while

the RGB col or 25 TheGRI thasprpyides & frameidentificationnumiyer whighdg stosed Bach pi xel .
Co tl . ticular.. ' di spl
rorory At e R 0N salnedianboletlt 16 Lba oy S A8 Holthaioh i8bp0 L SLEY
for the partwsatdnfor habfidme! lfa pRIfdrARISYERIN, iktden fRinghunbers ¢0H15yarRGB col or

val ues. Presum ng that a triangle (such as that shown in the upper |eft

correr oL 1 %ZRTUﬁ!i@e . g@qn meﬁn:m&awwwficmionmi?es ba?peemhﬁiﬂgizedfuﬂuthﬁn tten &9/
1 N Fi e LOr .-
L1 a9 e il g HALE) a6 b g o YRLEBORRL! o' o

L AvhiTe a trigfdhe OF) @Ahb Qolettia HspiafIndihork eorBMmaidiglay i n Lhe frame

identification nmenory A but as t rane 1 denfification nunber. For

exanpl e, if mbmoties ArandiBiarei each fulk sceeentbithapped memuories. Abe frasee zero, 5 the
col o i ndi caly ok 2 e Bl 3 IR ol hid AOFHNAorde iniaibpbd Sneoiob adhe ™0 ¥
15 receiving input from the input FID register 16 and providing outputs to a
multiplexor 22 which allows them to be rapidiy switched for the presentation of
animated graphic images. |
Each piece of input information on the host data bus from the CPU
carries a pixel address, and color information (an RGB color value, for
20 example). Presuming that the display memory A and the FID memory A have -
been selected, the RGB color Value is written to the appropriate pixel address
in display memory A while the frame identification ﬁumber Is written to the same
pixet address in the frame identification memory A. In a preferred system, the
frame identiﬁca’tion number requires four bits of storage while the RGB color
25 value requires twenty-four bits of storage at each pixel.
Consequently, when any particular full frame has been written to display
memory A, the display memory A contains, at the addressed positions chosen
for the particular frame, the repreSentation to be displayed in RGB color values.
Presuming that a triangle (such as that shown in the upper left corner of CRT
30 12)is to be stored in the display memory A and written to the cathode ray tube
12 shown in Figure 1, the color values for that triangle are placed at the



t he nunbers zero are stored at the sanme triangular positions in the
associatéd ‘FI D nmenory. When it is tine to display frane zero at the CRT,
the CPU, using the host data bus stores the frame identification nunber, a
zero in~his case, in the output franme identificati‘on register 19 (again a
four bidsregister in the 10 preferred enbodinment). "The CPU also wites to
the control register 21 so that the m'JI7t|'pI exors 22 and 15 controlling the

t put f the f Jddentificati ' h I spk i es,
Ceshectivel y. - apRapRGatp gals ofie BN TIRNRY i Bl 2 Hiarou? jlcalBRR LS,
pixel in the di %@atqﬁ&gﬁﬁéaxkg iff S YRRk Idendificatich inBimbryt A boLE the frame

associ ated nul t1plexor, entification values are 15 also scanned
fromthe franme idéntificationmumber.nenory A for that particul ar pixel. The
values fromthe frane identification msrmr%/igwi | | bqe zero gnli at th

posi ti ons where the Foriexagpie, iidha irigngyjar ind Qen Storggd 48 °o?er§'i rcuit
23 conpari ng<t hg. 0 : t: el | o ' hife 2Nd
fromthe output ﬁﬁ%’r@“ﬁ%‘%%ﬁ? @Wéﬁ?ﬁﬂé?ﬁﬁ?@?@&ﬁ%@ﬂ?gfi‘bgna ®

i ndi cati ng t hosghe?Rumbets 2elosare stdréaf the samiedrarigufar pasitians intiheassodiatdder e
frane zero has been witten (i.e., the triangle having a_fra

i dentification Fimemasy. Wheaitis timeidisplay fr etzﬁ@s%'%?ﬁ?i'&ﬁgpé!-‘{ﬂ?ﬂch t he

frame identificati . LG | by i i er,

t he conparat or @Tﬁ@‘{}ﬁ‘?‘g@gﬁ‘@’éggﬁe@ﬁ%@é@{%ﬁ %’*c'!@?i’%@nggug%f&m ch is
a part of the cyd aiputltfameidentiidatiditregisteragl (again agour bitxegistestrothed at t hat
pi xel in the display nenory Ais furnished to the cathode ray tube via

| ogic circulo 2prefaned embediment).nZhel CPhk alsg writgs t@1the contralregister 21 B84t havi ng

f i dentificatip f - | I fi 4 A,
The compar at or 218 I3 2 AR Sdrtrolifo YK aitb e By e ke IdBftdcaBoR Tl
pi xel S not 2 ol dndthe HishY imdnidHes; re2BsCiReRpaiecsep 1sbie NG oitp

provi ded fromthe 30 ackground color register 20 and transferred to the
cat hode ray tubdroffPmemorieSA. Thlnsaseachpixedrinthe displaymeereenyiAi§ ssaaprd® has a

e o 90 g o B S o ARG e BRI RRL L o
of foreground dgigh schffcHiror b fra identiiciion Aenkty Al18F i pariliar sikeip! ay -
menori es. Consequently,
" The values from the frame identification memory will be zero only at the
positions where the triangle is stored. Consequently, a comparator circuit 23
comparing the output from the selected frame identification memory and from
_ the output frame identification register 19 provides a signal indicating those
20 pixels of the frame identification memory A where frame zero has been written
(i.e., the triangle having a frame identification number of zero). Therefore, at
those positions at which the frame identification memory A stores a zero frame
identification number, the comparator circuit provides an equal output
._indicating a pixel which is a part of the current frame; and the RGB color signal
25 stored at that pixel in the display memory A is furnished to the cathode ray tube
~ via logic circuit 25. On the other hand, at all pixels other than those having a
frame identification number of zero in the frame identification memory A, the
. comparator circuit 23 provides a not equal output indicating that the pixel is not
a part of the current frame; and a background color is provided from the
30 . background color register 20 and transferred to the cathode ray tube 12.



5 storage of information may proceed at a nore rapid rate than with the
usual system where twenty-four bits of information nust be stored at -each
pi xel. More inportantly, a display nmenory need not be erased after the
information for a frane is read out in order to wite the next frame iLn
that nenory. For exanple, after frame zero has been processed as expl akhed
above, 10 the next franme to be pra&essed by the particular FID nenor{ has
t he next frame nunber which is one. The information witten to the FID

menory and to t hEhiasasrapgement fat processingssignajs has/a numbeeofisignifioant si npl y be
' or mat | on SRHREAORE | For BRI 414 S¥5terh ARATER B o5l eeh BB BRGIN | be
i nformation tﬁéafssila?tnmefnasw @ poshions MHdidative BNRregidurkfas! ed by the FID

out put register. be appreciated that this arrangenent which
el i m nat es tBackground calors need ndt deditorpd in/thewdisplay memoriés.c Gonsequeptheds t he

operation of the sysfemand allows the rapid switching, necessary for :'
ani mat i oR. ﬁf"(’?ﬂﬁj@%"@ﬁ@awgf Pioces %WE%@%%@PQM@%F?% the system
to 20 functy | AN-Y-] A ' ' m' i cul ar
frames, thetskﬁﬁg'\éwr'ﬁ%? 18 ?ﬁ{ribﬂigg*e i‘)erﬂ'h‘t?‘ﬂlle _?a_rre ?ﬁgﬁﬁtpﬁc@tg&)ﬁﬁ‘%mer
system f ouimportantiya displap meinory aded asthe erasad akterdise intormatioy fdra al f r anes
may be witten before the FID nmepories must be cleared. Wth four bits of

digital stoff@e i geadau inprdpctomrigineneriame in hat/BAMPRt al franes may be
utilized. IT thegfld {dé@ff}r%@%?ﬁ has Pétn ms%%rﬁglaﬂetdeibo%“ een

frames, then it IS possi ormatiron relatlng a previous zero

frame, fior etangittramsitolberprotssed by the garficular FID Ynewsory has terraxt frafi® | S agailyy
reached. Since this information m ght be erroneous, the system does require
that the FI PUmPRbwhich inene:| The ipfermatiorowrttendadhe FIP mamensandtedhe uses. 30

" operat on oFSHkictE oRpudSAaRRY Al Wniiefly By ol BR A IR {0 o
greater itfornsdtionrin HHode Themdrestdcaisemeonly infomationwhich i t 0 t he out put

device. For exanple, Figure 8 illustrates the division of an FID nmenory
into fifteenMitinatelybafumished itgthe display will be information associated with frame

1S number one, as selected by the FID output register.

-It will be appreciated that this arrangement which eliminates the need to
clear the display memory significantly speeds the operation of the system and
allows the rapid switching necessary for animation. |

Although the use of FID memories and feﬁistersélloWs the system to

20 function without clearing the display memories betweer_l particular frames, the
‘number of bits utilized in the frame ideniification number system, four bits in the
preferred case, determiheé how many total frames may be written before the
FID memories must be cleared. With four bits of digital storage to record the
frame number, sixteen total' fratﬁes may be utilized. If the FID memories have

25 not been cleared after sixteen frames, then it is possible that information relating
to a previous zero frame, for éxample.- will remain in an FID memory as the zero
frame is again reached. Since this information might be erroneous, the system
does require that the FID memories be cleared at least once in each sixteen
uses. o ' '

30 ~ An advantageous way of 'acconiplishing the clearing without slowing the

operation of the system to any extent is to clear at least one-fifteenth or greater



After the zero frame has been displayed on the CRT, a clear value of "zero"
framg hunber is'witten to the uppernost horizontal strip of the FID
menory; and 5 after the one frane has been displayed, a clear val ue of
"one" frane nunber is witten to the next horizontal strip of the nenory.
Si m | ar»4al ues are .applied to each succee®¥i-ng hori zontal strip after each
succeedi ng di splay of a franme. Consequently, the next tine a zero frane is

to be witten to,th | D menor th V.. W e enti,rel | ear of zero
val Les " because. dPaNTIP TR et oo B prrsh 1) 1ol ulih spied; Fpamble.”been
purged of zero Vﬁhufﬁaﬁl&ﬂtr&tb@tﬁ@&lvﬁi‘oh'o?aﬁfFlﬁ'antd fitt¥éH Rérizohiad sinips. v
held zero values, "Wll have been filed with values of fifteen, the [ast FID

frame nunber t o After¢hérzen fragechastrenalisplayedyon the CRTJ axieas valuarof "zerghal s .

T 2Pt e e e 1 P o .
gem”y W T AV eaede iy H&ﬁérﬁ? had b%r{ dih@gg&?h'éﬂé? vﬁfue‘o?%nef' WA AUmByris | ust
efore the new frame 1s witten. eari ng the values fromnenory 1s, of

course, acconpl iwitten to theanext horzontat siriploh thememotyh Similar ealues aretgppliedites
specific to the particular storage elenents. It wll be clear to those
skilled in the ach supeaedingharizaptabsiap aftes eash sucgpeding.display of-pframa o v

after each outp ' e QO | he
arrangement s uodP eadert G nef iiFe S dainae B7bb WG alnd B Rarichded 17
entire display rmemoty willbe entiraly cleamoftzetovalbes Sd¢ausd-all hbrizantat sthpsbetow

menory includes twenty-four bits at each pixel, and each nust be cl eared.

On\the ot her! arike tap@ripwill havedheen purged et gﬂwaiqﬁra"ﬂim%t%ﬂ@mwg xel . This

al one 25 would the. sy bXiqtl) en. | L ries
were to be cl earrg%Jﬁngt P’ﬁgﬁy&??@ éf hé'gcir?pﬁ?lpgéb’gﬁ P %\)ée gﬁ'{)ﬂ{’ag’ég.‘@'e‘@ IrEE t he
preferred enmbodifiesh, thei=sh FID frame ndmbér R kave beeR W8eH Cdnsbsentiy ThasidDr | es,
the tine required is but one-fifteenth of that to clear the full FID

menory. Consequéi®rq ffame signalstwil be prasenttp idistastithe dnformationite) be steredia the esent
Svatems havi g ddBTOnEy The 3amaySbuitih Bl B ol hen FAtia Bt iR, o 1
i ncreased i figusithe nfemenfWilPHdve Deeh iclbafedf 6f dliiidications of that frame number just
| 'before the new frame is written. Clearing the values from memory is, of course,
accomplished in a manner well known to the prior art by means specific to the
particular storége elements. |
- It will be clear to those skilled in the art, that clearing one-fifteenth of the
20 FID memory after each output of a frame fo the CRT is significantly faster than-
the arrangements used by prior art systems which required the clearing of the
entire display memory with each outp'ut to the CRT. First, the display memory
includes twenty-four bits at each pixel, and each must be cleared. On the
other hand, the FID memories hold only four bits at each pixel. This alone
25 would make the system six times faster even if the FID memories were to be
cleared entirely after eéch write to the output device. In the preferred
embodiment which clears only one-fifteenth 61 the FID memories, the time
required is but one-fifteenth of that to clear the full FID memory. Consequently,
the total time utilized for clearing in the present system is approximately one
30 ninetieth of that required in prior art systems having equivalent display



W NDOW | DENTI FI CATI ON: 5 The out put system described with respect to
Figure 1 may conveniently be utilized in a conputer system which makes full
use of nultiple windows. For exanple, Figure 2 illustrates a w ndow

i dentification output system 30 which may be utilized with or apart from
the frame identification arrangenent described above. The system 30 igs
utilized to provide output 10 signal s ¥-a cathode ray tube 12 which

signal s appear in different w ndo on .t he cat hqde .ray 1 ube. .System 30

i ncl udes a pEPF“’HPs-d%G'SIaQy%'E}W%F%f\Qg%IPgﬂ{yé?ﬁr?fﬁ?gr' ¥anNg, 'Pl@fmgﬂﬁgﬁ'tﬁlnf), each
of which is pstdibits. SCreen bitmapped nenory. In a preferred enbodi ment each
di splay nenory may include twenty-four bits of storage for 1 5 each pixel

for storing color information. The system 30 al so i ncludes a w ndow

identification (WD) register 34 which in a preferred enbodi nent stores
four bits of inf dow identification (WD) nenory 35 which

In the pr ferred.ﬁ{gb 'lﬂe%} ' éﬁﬁ‘ rrigdg ' ry which stores
f our bitsgof inforna‘?‘ﬁ%n %trehggc B%’é"ﬁﬁ w‘:ﬁ*ggﬁppﬁﬁtl i cation (WD)

conparat or 3gor/@niehfli by Gtilizedtin atcompyterisystbmoshitin makédullagef enultiple and t he
WD menory 35. The %stem 30 also includes a rrulti‘pl exor 37, wite enable

| ogi ¢ 38 andwindows: Ror example; Eigute 2 ilystates-a window identification outpih, of t he

Tat tes pr ovi Bl A0 leEmal e RRE Wil bor e IRMFUR/ Fam IShuREHGF °C PV
a w ndow i degirahgensérit @esctibed abowhcThé systern @0 i utlied o providevoutslaw. The

wi ndow i dentification nunber is witten to each corresponding pixel of the .
particul b9 wsignalate @ aathodg;ray tibe; tPewhich sigaals appaanip diffesent BORirst  \J

Wi ndow i s writt | ndow identification nenory, each pixel within
that w ndow k@rﬁ@éﬁ%&q#ﬁdow identification nunber for that w ndow. Wen
. @ next wi ndow whi Systdri 38 ihdluddsadpaiPbf ddubldButferéd tisplap ammaries\k (13)en to the
wi ndow identification mam)ré,ht he portions of the second w ndow whi ch

-

overl ay the fhd8(14), each bt whigh isra fuscreentbitmapped memeinngin a preferred.  pi xel s of
the Tirst and ot Gitient Sach dishihy Manicr may ifdVde walf-Blr Bis' A%idragetor After @l
1S each pixel for storing color information. The system 30 also includes a window
identification (WID) register 34 which in a preferred embodiment stores four bits
of information and a window identification (WID) memory 35 which in the
preferred embodiment is a full screen bitmapped memory which stores four bits
of information for each pixel. A window identification (WID) comparator 36
20 receives output signals from the WID register 34 and the WID memory 35. The
system 30 also includes a multiplexor 37, write enable logic 38 and a control
register 39 for selectively enabling each of the display memories A and B.
In operation, windows are first selected by values provided from the
CPU. These vaiues include both a pixet address and a window identification
25 number for each pixel of the window. The window identification number is
written to each corresponding pixel of the paniwlar window in the window
identification memory 35. Whan a first window is written to the window
identification memory, each pixel within that window carries the window
identification number for that window. When a next window which lies in front of
30 the first window is written to the window identification memory, the ponibns of
the second window which overlay the first are written on top of the overlapping



of the.w ndows desired have been witten, the wi ndow identification nenory
35 has st'ored indications as shown in the display of the CRT 12 in Figure
2. Wen it is desired to wite information to a display nmenory for
particutar 5 wi ndows (the system for w ndow ng may be used with single

di spl ay=fienori es as well as’ doubl e-buffer systens), the information is
witten into the display menory fromthe” €PU t hrough the data bus. This

| nf or rat i on i nc! ygeis oo ived ardfHaRSidre, AikoRiaFAy | cBuer et Gipde fist ARG

above, and a w ntow i dent cation nu i cation nunber
is stored in theofthedvivdoWws désited hate beén writters, thes window4dentificationmmemoryt3s t he
w ndow identification nunber stored at that pixel in _the wi ndow

i dentification nh#fpstpreggndications as,ghawnip the-disniay etthe GRT,IZINFIGWe2ed in the

wi ndow identificatio \ ' : i ep ] : .

I dentification regi SM%KJQ%EG%?)OW%E@&?@%IB?&% ??;' s\yéé}cﬁ'ag'gg 'Pﬂggﬁvl\ﬁl?re
enabl e | ogi c $8 windowk (the ishstedBr wintowingtmaybé asda withisingiendisplayl memaribs
addressed pi xel of the selected display nenory. If the conparator circuitry
det erni nes t hat 8hwel\asdevbledufieredisystemsh th infrmatian isgyrittendnto the display he

I o, ey o AR T R o

R& information I play nenory. nsequen only at

those addresses address; ancR@Bcolbr Valp! &3)disEsDed abdve; And aawindow identificziiion
particular 20 wndowwll a siygnal for that wi ndow be witten. The signal

witten to the dnepbery Therwingow identification aumber ig stared indhe windew he particul ar

Fiaore 2 A Koo eidsicse d stodalie "l pBob P ebifioBd aoBBEF (", .o

wi ndow i denti fi cgloreatINRiphidl IMThE WindéasiashtinestionRemeyB® | iIftheWihdswt nore,
the 25 w ndow identification systemprovides that the information in a

particul ar wi ndoigentification nembercsterad intherwindow idsatiticetiom memosy, Ba is thagameat
Bopr opr i at ely of R n ey Wetifiion iigtr i e tita el BB F e ror y 1 o
a full screen bi RBEA WRSRNAbI IBGc 9B 16! AW IHRRAR iftbrmitlion 1B WA §) 11 1S
possible to describe 30 rather than sinply rectangular wi ndows as in the
usual case. 1S -theXaddressed pixel of the selected display memory. If the comparator circuitry
dete;mines that the window idehtiﬁcation number is not the same as the number
stored at that pixel in the window identification memory, then the RGB
information is not stored in the display memory. Conseqﬁently._ only at those
addresse_s of the selected display memory which are within each parlicﬁlar
20 window will a signal for that window be written. The signal written to the display
N7 o memory is ultima_tely transferred from the particular display memory via a
multiplexor 37 to the cathode ray tube 31 shown in Figure 2.
A number of additional advahtages are realized by the use of the
wir_\dow identification system herein described. For example. without more, the
25 window identification system provides that the information in a particular
window is written to the correct area of the display and that portios of any
~ particular window which lie behind other winddws are appropriately clipped.
Moreover, since the window identification memory is a full screen bitmapped
memory, the windows may be of any shape which it is possible to describe
30 rather than simply rectangular windows as in the usual case.



DFPTH | NFORVATI ON: The system shown in Figure 1 for providing rapid

swit ching between franes of display nenory w thout clearing those display
menories may al so incorporate apparatus for providing output indicative of
the depth of each pixel S provided for a particular display on the cathode
ray. tube. Various systens are known in the prior art for providing de_\gph

i nformation, but the usual manner is to pyovide an indication with each
pixel to be witten on the display of th& position of that pixel along a
Z-axis (third di nRERTHINEORMATION. Figure 3 illustrates a system 40 for

caae el e — a ystem 20,
T ustrated i n F 5 e shoriin Ejdtre 15167 bidticip B phfetinEogpest
| nformati on  Yreasof d&p?ezt?hﬁfﬁ&& VABTPCIGArNG thbdeCdibplay'helMoried mag iy es st or ed

Z buffer values to new Z values for each particular pixel, a mltiplexor 43
at t he out putincofparate d@ppBratus:for peaviding)dutputdodipativet af thel deptiiiof each pixeenabl e
logic circuit 24 .is, also ultiljzed for controlling t witing of 1 5

o or mt | Sh PedRS 1or & pRaivuler Blspiay a0 The GaMORS rav.fvle, Varfte tyelets are o
menories. ASy] - ' i BRAEol ' ispeed
system operatkrgvr{{‘ [ hsszlﬁaég?é}g{;\gmﬁ%agétﬁﬁ'ze a E’e%ﬂtn?é;trﬁ%grﬁr{oapb&ﬁw\;\hl ch
does not r eqprovidecar indicationl with egciv pixektbi benwritiéncomtherdisplay afithé positiemory i s a
full screen 20 bi t mapped nory. which, like the FID nmenory, the display
menori es, an&f!mpwwg& ﬁé?%f‘?,“x‘é‘! gimensionalaxis). i xel -address an indication
of the particular | fal: ty & h Sardi Zraxis. In the
preferred enbodi rrgﬁta%o? @%}%@&ﬂﬁﬁbﬁ?rﬁgd%ﬁp?%%g? .sr'f%re's -

twenty-f oor Bystemad0 addstothe eircuitopiliasteatedin Figuté ¢ aZ buteramerhoryl4dar i ng t hi &/
menory can substantially slow the 25 ° system |n prior art systems, the Z
buf f er nenor Which §teresZ ¢ dapthinfarmation values; & & butiercompamtorgitcuit 42ach frane.

s occur Rl GoiLe ShesTHRIGh i Ront 25t BeBh Bl
~indi cation Wixel) afRutiglexdti43idt thecsltpltiv? the FIDf hérmords, andaEBmpatatoryy, mal | y
cleared to background before any franme is witten. Unless it is cleared,
after the syJhewrite.enable logigeircuit@4 is slsoatiiized fas coptielling thetwriting of
1S information fo the FID memories, the Z buffer memory, and the display
memories.
As is the case with the display memories, in order to speed System
operation, it is desirable to utilize a Z buffer membry 41 which does not require
clearing during operation. The normal Z butfer memory is a full screen |
20 bitmapped memory which, like the FID memory, the display memories, and the
window memory, stores at each pixel address an indication of the particular
bosition that pixél is o take along the Z-axis. In the 'preferfed embodiment of
this invention, the Z buffer memory stores twenty-four bits at each pixel; |
- gconsequently, the process of clearing this memory can substantially siow the
ES system. ' .
In prior art systerms, the Z buifer memory is first cleared to the
background Z value after each frame. This occurs because the Z butfer
memory for each frame stores only the frontmost value for each pixel. Since the
background is the deepest indication which may be displayed, the Z buffer
30 memory is normally cleared to background before any frame is written. Unless
it is cleared, after the system has been operated for any time, the Z buffer




-13- nenory contains information froma nunber of previous franmes, and it
is necessary to know which pixels are to be utilized and which are to be
disregarded. In order to know if a new pixel should be witten to a display
menory,~tt is 5 first necessary to know whether that pixel of the frane
i denti Ptation nenory contains information in the frane being witten. This
deternmination is made in the system 40 udBrmy the input frame identification

regi ster 16 and the partig:u"lg'a'r FI D mam)rﬁplé or, 18:sel ected by. the control
register 21 as dRameYseptainsitiermation ffofa ArmBeraf BreMipusdrames. Bed with

t he FI D nunber Rdi | [ F@gmry; and if.
t-hat corrparison%ﬁé%a%&éﬁﬁﬁhggisgﬁggbg%geﬁ#ﬁtgﬂﬁ?ﬁéﬂag conpar at or
44 provides an gjigrggardgdput to the wite enable |ogic 24 which indicates
that the FID nunber stored at that pixel is in the frame being witten and,

therefore, that the [ odpredaowdtsmnew pixebshould be-wakeraadispiay Memeny. ftdfe. | f
Lhe LD nuTbel s diheBoleafitdHnon ifindrthat lblef B tnl W3 GhiertcatliAetbhy| L "

before in thi's he~Conpar at or "CI r Cui provi des ot “equal
signal to the wWdohtairyiafohhationdh the/damé being wWeitteh." This Rieterminatiomisanadd inon t o
be witten to the various nenories. In this case, the selected display

nmenory recei ves thesyssemd0 usingthajnpist frame idantifieatiopiregisten 16 and the particular

selected FID ne y [ r i i A d the Z
Vel e 15 writ1omIPAnOESATS (il by BEThonitplilel 21 el ueRbHAE anclEr, 1
conparator 44 ar'nxeqﬁéb?ﬁin'%m fdinbérds chmpareBavithithié FiD AgmbercstorddartRus! y
witten in this frame, then a Z buffer conparison is necessary to determ ne
whiether to Wa t doditated pixelinfthe Fithmeanont; and if2hateorparison shows thatithe: at t hat
pi xel position in the Z buffer nmeoory and co es i.t to the 25 ew Z
Value. 1T the z THFGeEs areepual tharithe iR compataidra4 troviden,en el oiput (il o,
equal to thal VD endbid I6yics WhicREBEates iaPthe! I ifbep stohbd betnitpide! s
position at the sane plane or in front of the pixel previously witten; and
the wite enabl dnkhegirame beiag Mritted and, theiefare (that the pixel has been verilen@b léaat e

abl e 15 Shown {40CA MRS Taman Lo SR AumbA 218 ABLAGLBbI e Axel Bat 0t scd | 1
the FI'D comy alyyenititidh beld?§ infthit-frdrfis, £rdTRE bamhBarafbs cirbuiCdd! Brovidds a not
equal signal to the write enable logic which causes the incoming information to
be written to the various memories. In this case, the selected display merﬁory
receives the color display signal at the pixel position, the selected FID memory
receives the new frame identification number, and the Z value is written to the
20 Zbuffer memory. R
- If the signals from the Flb comparator 44 are equal indicating that the
pixel has been previously written in this frame, then a Z buffer comparison is
necessary to determine whether to write. The-Z buffer comparator 42 looks at
. the Z value at that pixel position in the Z buffer memory and compares it to the
25 new Z value. If the Z buffer comparison shows that the Z number is less than or
equal to that which ié stored in memory, then the new pixel is in a position at the
same plane or in front of the pixel previously written; and the write enable logic
is enabled to write the pixe! to the appropriate display memory, the FID
memory, and the Z buffer memory. '
30 A truth table is shown in Figure 4 which shows the comparison values
to be used in the FID comparator 44 and thé 2 butfer comparator 42 in order to



- 14 - operate the wite enable logic so that a pixel may be witten to the
di splay ‘-nenory and the other nenories. In the table, forthe conparator
outputs, a one indicates .that the = or < = condition is true, a zero neans
that the condition is not true, while an X indicates that the conparison
condition is not used. For 5 the wite output, a zero neans a wite \et|
not occur and a one neans a Wwite w kli4oecur. As the table shows, if The
result of the FID nenory conparison is that the FID nunbers differ, then a
new frane i perste thewiitetenablariogic ke that iatpixet mayl be wiittentottheé displayr at ed

what the Z buff | ' : t h th hand, if the FID
coﬁp:\r/?;on Mﬁ? Qﬁ%ﬂﬁﬁ%ﬁ&@{%@gt‘?@%ﬁ@?%Pﬁ‘sirﬂfal‘faftrﬁl’“*m ar%f?ul ts of

the Z buffeg &ﬁig@giafﬁa £ 8Nk Ednditlen Ra6A %&anféc%nEhﬁat%é ESndRibARS ©

circuitry. |¥I‘g ustrates a system i ncorporates the el enents
of the presaot true,wehilei amX jindicates thiat/thd compatisah candiioo\is det usedr Foel y r api d
swi t chi n%ebetwee,n franes to be dis I,aye,g ‘t))¢/ a Fg!ﬁg of doubl e buffered

di spl ay mendhe wateoulpyl, a zaro Neans: a wrte Wi ot ogeu a ongiMeans &WHe| ncl udes a

control regigy Eﬁﬁ%%ﬁ&%b&&{lﬁg&é&ﬁﬁ%ﬁ&kéitﬂEﬂﬁandﬁHEwﬁgﬁ?éanE a data bus

and sends signals to ena ow 1dentification circurtry, the Z

buf f er ci r cthatrthe FiDIntiberk differ, therea nistvifrante is beingrwritienrand thdwriteont r ol
regi ster also selects which of the double buffered display nenories 13 and

14 and fram@nabiermircpit ?ﬁa?ﬂ%eﬁé‘fmﬁ"ésthfﬂ B\‘F@’fﬁmpaﬂ@'h't“gy Pé/? RN the| ected for
any particul ge HRanaE {@(%Pé&awﬁﬁﬁrgﬁ%s%e ?HZS Hﬁ'ltnb?%l?@ ba Y %H\g’.Qh SO

i ncludes wite enable operates as e centr control to _
cause i noor ithé rasults of ihe 2\bitldr eomparisdnccontrolihe ioperatioh ot thisiwrite eramlei es, t he\Z/
buffer menory, and the display nenories. In operation, the system 50 works

in the fol | &WCHYYranner. The control 25 register 21 receives a val ue which

I ndi cat es whi ch : ' YRR | | enabl ed.
" For exanpl e, the?&a‘;rrpi%c'ul?%;rall%;%gisé%nnay It(')'?'h ﬁr;&o/%r?gé E%B&\r/%'?'@gwfsﬁﬁ%e wi ndow
conpari son Qrésent invention pfeviduelyfdesbribddionprolitie aktremelyatipiatswitthingr Wi th the
Z buffer menory circuitry. This is true because the particul ar program may

not have end9tween irrmes foadisplayed by a pairpf dewhle puffered display memories
1S at an output cathode ray tube. This system includes a control register 21 which

receives input signals from the CPU on a data bus and sends signals to enable
the window identification circuitry, the Z buffer circuitry and the frame
identification circuitry. The control registér also selects which of the double
butfered display memories 13 and 14 and frame identification memories 17 and
20 18 are to be selected for any particular operation such as input or output.
The system 50 aléo includes write enable logic 24 which operates as the
central control o cause information to be written to the frame identification
. memories, the Z buffer memory, and the display memories.
In operation, the system 50 works in the following manner. The control
25 register 21 receives a value which indicates which of the particular elements of
circuitry are to be enabled. For example, the particular program may or may
not operate with the window g:omparison dkcuitr’y, with the frame identification
registers, or with the Z buffer memory circuitry.” This is true because the
particular program may not have enabied the window operation, tﬁay not be
30 operating in the three-dimensional domain, or may not be used to provide
animation at the particulér moment. The folldwing discussion presumes that all



30 operating in the three-di nensional domain, or may not be used to
provide ani-nation at the particular nonent. The follow ng di scussion
presumes that all - 15 - three of the subsystens have been enabl ed by
signal s=to the control register. The basic operation of this system50 is
to firsw.determ ne whether data signals are within a particular w ndow,

t hen to determ ne whether the data sigﬁa’r%'fall into the particular frame

being witten, and finally tio:deterni ne wh r the:data 5 .signals to be
stored for that iFeeakhesubsystams have 9986&"58}593‘915'@35({%%?@{%?&F‘?’n t hat
frame. The firs hRar ' kofS: 1 \ t

utilized in theh\}mén o‘\ivbp?éﬂqu' ﬂq@fgt gﬁ&ggﬁeﬁ&%ﬁftgnfugeggggﬁgﬁg r?ggddagy

witing to the atewithin agarticutar arddow, thenrto detedmineavhatberithe datarsigrafe fallhi ch

are indicative of each of 10 the w ndows to . he utiljzed, Thereafter, when
it is desired tiftotheRaniculasframe heing wrten apg?xgal&tgde h'?%’ﬁq_'é}‘%pmﬂ, a
value is stogeddd LS tieh I%{a,stggaa Bfordd inat e A or
B di spl ay neoﬁorg‘/'hﬁém'g‘é%@%%ﬁﬁ%@ggg&@gggdﬁa IdentiTication menory
17 or 18. The Ciidt#timbes the values of the current 1 5 wndowinto the WD
regi ster 34 and the value of the current frane into, the input Fl | ster

e T h e i mdow & e §78t S6R incanycaReEANop s 1o o7 the MSANR B8 Likzed it Hoyy b

register 34 is ' M i i £ i in the
o otow | dont 1 £ NGRS/ Beickdbr Amihy” Eh |s ScBbinplidhots WS e WIS
i nformation at identificatis® mdmarg 35 valube fronmiie\QPU which axe ingicative obeaphad! i s

transferred to the wite 20 enable logic 24. At the input FID conparator
44\_t he frah® ntheowindpws toke 1iiz8d- FI D regi ster is conpared with the frane

nunber stored in thegfr i tifi LOO. WS | ect ed by
the control regi Steﬁhqr?&fqgﬁli%&ﬁe}%@&aﬁ eqﬁ%%@lﬁgga?%gt gla}gl has not
yet been writt epmdnitry 4BioF 14 #VBILE R strediitto dhe tontidbregitterdidodelbct et |y to
the wite enable logic 24 whi ch causes the wite enable logic (if it has

recei ved an enalepproptigtes of B sispldyememeryandi the appropaate iassodidag frmeon
circuit) to wri tnd%niif?ca%grc\ rr]macl)'t];o& I?? or 18, tri,.g %PUTvQﬁ!tes ¥e vatlt?aes_ Hihd Surrdtg®! ©
1S window into the WID register 34 and the value'of the current frame into the input
FID register 16. In the window identification circuitry, the window number in the
WID register 34 is compared with the window identification number stored in the
window identification memory 35 and if they are equal (that is, the informétion at
that pixel lies in the window), then an enable signal is transferred to the write
20 enable logic 24. |
At the input FID comparator 44, the frame nu.mber in the input FID
register is compared with the frame number storéd in the frame identification
memory which has been selected by the control register. If the comparison is
unequal, then that pixel has not yet been written for this frame and a signal is
25 provided directly to fhe write enable logic 24 which causes the write enable
~ logic (if it has received an enable sigrial from the window identification
comparison circuit) to write to each of the mémories. That is, the write enable
logic writes to the particular FID memory which has been selected, to the Z
buffer memory, and 1o the display memory which has been selected by the
30 control register. '



logic wites to the particular FID nenory which has been selected, to the Z
buf-fer nenory, and to the display nenory which has been selected by the 30
control register. - 16 - If no enable signal has been received fromthe
wi ndow i dentification conparison, then the enabling signal fromthe FFD
comparator does not cause the wite enable logic to wite to any of ttu;
menories. Presumng that the w ndoygconparison has provided an enabl e
signal 5 and that the conparison of the signals in the FID register and

the selected Fi Dmam&&em HaS¥eeh écdiodattom 4R WinBbwaddrtificdtidnt e same,
this indicates that this prxel has already been witten to at this address

for this fraompasison,ithen ﬁ\eranabmsugnaldfonalhe FiDZomparater doesnat cause i n or der
to determ ne whe; hera% g_resent is in front of the pixel already
stored. The the ﬁﬂ RAMETOAB% 7 val ue furnished by the

CPUw th the Z V?‘réﬁmﬁﬁ%:u tﬁMBSw%poﬁﬁﬁn & Brovided fanndbleRligid - | f the Z

val ue furnished by t I's equal to or less than that stored in the Z
buf f er mSrorand thatthe chmparsoncef the sigeals inthediiDiregister andbthe sefectédFIDi xel

st d; d | d t h 24 t
write to tndnameueaine phsCeRuRalis np saibe in Pl haG: opi oy 1 5
memory. Fi glﬁfelﬁ r@a#%v&ﬁﬁh%h“h@dﬁ§s'}&th@’f&§§ahﬂ?ﬂ gts of the the
conpari sons ow conparator circuitry, the frame identification

conpar at or, mﬁstdtyt&nhﬂhabmmampauonanmdemltodétempemtmmttca‘ the wite
enabl e circuitg@%; Figure 5 rtions of the circuitry

shown in Fi RI® X8} 'séglf!f’@'rﬁ‘é@ Rixg! aligady ﬁ'l%f?dalﬁlﬂ 2 Ce)eﬁer@grpanaoq hose
pr evi ous| d&?ﬁférﬁ?ﬁg@%]& Ihlm ﬂédb fHe ‘%ﬂ@%@?ﬁﬁlqéﬁgcﬁdﬂn% 21 again. \J

For exanpl e ground co or grs | zed to provide

background OmmarmdmdmbrlﬂwlptxebrmheFZMucfumimeQbCPU isequabplonyed on the .
CRT is not a foreground pixel in the selected frame. The 25 output FID

" register 19 Ipss thapdhatstored inthe gchutighBemony. shenthe newRf AsgsepbRivelis Bon of the
out put frameyd Jepief ﬁlfﬁtsioqu._%w&gﬂlwmrbbﬁe& t6'B&use the write enable logic

24 to write to the FID memory, the Z buffer memory, and the selected display
1S memory. | ' |
Figure 6 is a truth table illustrating how the results of the the
compaﬁsons at the window odmparator circuitry, the frame identification
comparator, and the Z butfer comparator control the operation of the write
enable circuitry of Figure 5. '

20 The other portions of the circuitry shown in Figure § for system 50 are \J
substantially identical to those previously described and will not therefore be
described in detail again. For example, the background color register 20 is
utilized to provide background color in the bositions in which the pixel to be
displayed on the CRT is not a foreground pixel in the selected frame. The

25 ohtput FID register 19 is used, as described above, 1o determine by
comparison 6f the ouiput frame identification number with the frame
identification number stored in the selected FID memory and to énable output
from the approﬁriate display memory or the background color register.

Although the present invention has been described in terms of a

30 preferred embodiment, it will be appraciated that various modifications and

alterations might be made by those skilled in the art without departing from the




ideAtification nunber stored in the selected FID menory and ‘o ehdble

out put fromthe appropriate display menory or the background col or

register. Although the present invention has been described in terns of a
30 prefesred enbodinent, it will be appreﬁ5ated t hat various nodifications
and al t\ekations night be made by those skil'led in the art wi thout departing
fromthe -17- spirit of the invention. The invention should therefore be
nmeasured in ternms of the cl-ains which follow -'18- CLAIMS 1. A
conputer output system for displaying a plurality of individual frames
of frame infor ngliiiosr M ifkenBbRY THE aMVentis shtdlid therfste bB! Mdasufed! TR tbisNEK the
first nmenory ne ns |nclug#qﬁ a first nmenory having a plurality of pixel
storage positio §mFd?‘91 Ip gy said frame informati on at predesi gnated pixe
storage positions;, second nenory neans including a second nenory having

a plurality of pi xel st orage positions corresponding to said

pi xel storage positions in said first nenory for storing one of a plurality
of n-bit frane indications at said pixel storage position in said second
menory, each said n-bit indication being indicative of one of said
plurality of individual frames of information stored in said first nenory,;

i nput nmeans coupled to said first nenory means and to said second memory
means for inputting into said

Y
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First menory said frame information and for inputting into;sahd;hecqnd; ,
menory said n-bit franme indications such that said frane inforpnation and
said n-bit franme indications occupy the sane pixel storage positions in
said first and second nenories respectively; and first conpari son neans
coupled to said second nenory neans=f a8 eonparing an indication belngvﬁ

I ndicative of a particular frane to be displayed on said display with sald
i ndications stored at said pixel storage positions in said second nenory
nmeans such that if said indications aseapggial said frame information stored
at said correspondi ng pi xel storage positions in said first nenory is

di spl ayed on said display. 2. The conput er out put systenlof claim1l
further inchuding: al eaxzonpmutemnsoutpad! edy"seemsalﬂtzsecd) a - 19-

f of d, ft h
sai d parti chraraiiesc BF bt i8Rk, Whas Bk 0 e23Ra CERRr Eonep; oy,
sai d porti ofdsplayr me¢ansmincdnddngt a displaffe pprpristivgage positions of

sai d second menory 24PN Onbliry Dieahb?Mankdaanbl 08 Ok128k0 Aohbbeul a1
frame of |nﬁornat|onp& e Cco er ,output systemOf claim

2 further if#2VaBENG: lﬁghﬁfyPREEASSGBHHESdPP§1§&PGs|ﬁﬁﬁts#95ﬁ§g

i ncl udi ng asalar dfﬁmrylﬁmmg:mrpl atal ptedesighated Sipihade Bedrhgans

correspondlgg Eglgﬁl pi xel storage positions in said first nenory for

storing one or ufallty of indications at each said plxel st orage
second memory means including a second memory

having a plurality of pixel storage positions
corresponding to said pixel storage positions in said
first memory for storing one of a plurality of n-bit
frame indications at said pixel storage position in said
second menory, each said n-bit indication being
indicative of one of said plurality of individual frames
of information stored in said first memory; '
input means coupled to said first memory means
and to said second memory means for inputting into said
first memory said frame information and for inputting
into said second memory said n-bit frame indications such
that said frame information and said n-bit frame
indications occupy the same pixel storage positions in
said first and second memories respectively; and N
first comparison means coupled to said second
memory means for comparing an indication being indicative
of a particular frame to be diSplaYed on said display
with said indications stored at said pixel storage
positions in said second memory means such that if said
indications arz equa’ said frame information stored at
said corresponding pixel storage positions in said first
memory is displayed on said display.

2. The computer output system of claim 1 further

including:
clearing means coupled to said second memory

"+ € L M 0§ %




posilt ion in said third nenory, each sai d indication bei ng i ndi cative’ of*:a *
wi ndow to be di spl ayed on said display; and second conparison neans
coupled to said third nmenory neans for conparing an indication being
i ndi cat+ve of a particular w ndow to be djsplayed on said display with said
i ndi catdwons stored at said pixel storage sitions in said third menory
means; wherein said input neans only inputs said franme information to be
di spl aygdbon Saictiéhﬁ% swcl?&y ¢Téax 1y dcbhsatuttver portionsi fofsasdidndemndns
conpare y said secon Qnpari son_negns _ane equal .. 4. Th ter -
out put - syst em JFeRPEY maf%FgIr) 957 | ﬁ_ﬁ?‘gdipr?ﬁ'tﬁé:éﬂq?%erf%%s°Eo&6}ef§§‘}'{goui§§ d
first conpari sdmascheenadilspbayed don ngaitd ndkibspldy, saisd iportbarigraleareash| or
i nformation, saigmsel r a8e3Rs U St YVp e £ai K9p8KRE ; onsNo@ BN
on said display P ?%%‘gala?i n% qaﬁﬂonsﬁcorr%ﬁgapﬁg Sglaaggil?gt corrprggérjj son
means are not e¥e@Pndsmemory sherdpgptiher nobisuLrape: dnddragismmef iatdi n
-20- said f IrS%aﬁemayaeffﬁamé_6fr§ﬁfmyommpia}eéw.des af irst pair
of full screen bit-nmpped nenories, and said second nenory of said second
menory neans includes a second pair of full screen bit-mapped nmenories. 6.
The conput er ousput sysThen cfomputien Soubputi rsysteimd 6fi raltaimendr yEurther
fgrther i ncl Udefnélh&ﬂ sel ection neans for selecting one of said
bi t - mapped nmenori es In géi_d first pair of bit-nmpped nmenories; and said
second nenory neans furthérdi memeys mearmjcoupled to said input means
including a third memory _having a plurality. of pixel
U storage positions corresponding to said pixel storage
' positions in said first memory for storing one of a
plurality of indications at each said pixel storage
position in said third memory, each said indication being
-indicative of a window to be displayed on said display;

and

second comparison means coupled to said third
memory means for comparing an indication being indicative
of a particular window to be displayed on said display
with said indications stored at said pixel storage
positions in said third memory means; _
wherein said input means only inputs said frame
information to be displayed on said display into said
N first memory means if said indications compared by said
' second comparison means are equal.

4. The computer output system of claim 2 further
including register means coupled to said first comparison
means and to said input means for storing background
color information, said register means displaying said
. background information on said display if said
indications compared by said first comparison means are
not equal. ' ' ' '

5. The computer output system of claim 4 wherein

* T C L ] s *



gel ection neans for selecting one of said bit-nmapped menoties i n'sai d

second pair of bit-nmapped nenories. 7. The conput er *'out pat '$yst em of
claim6 wherein said first and second sel ecti on neans each incl ude ’
nmul ti pl exor. 8. The conputer output systemof claim?7 wherein said
frame information includes an RG3 cologqgval ue. 9. The conputer ouksput
systemof claim2 wherein said franme information i ncludes an RG@G col or

val ue. 10. A conmputer output system for displaying a plurality of

i ndi vi dual feak@sT&rstr MemordT @fesaih Hirat spempryenesnsndnaliudgsa ali spl ay
such that safgré€apRiknio rmnpnsep@@arSﬁhﬁlsﬁpdanﬁaﬁbe%g,oranaa'éérfaSp' ay,

conprising: first _nenory. neans including a first nenory havi ng 3 plurali ty
udes

of pixel stoPSTRMPoNMGYs Por S| F§CORAY meReRE meERisninshudes a

pr edesi gnat esecond epa it 06 AgEuDDSEET€EN ; bFEandsh e Menortess i ncl uding a
second nmenory havi ng a plurality of pi xel st orage positions
corresponding to said pixel storage positions in said f irst nmenory for
storing one ® a pl uUFhei comphterbputput -systém o ¢lalin el iwhesredneach said
pi xel storage positigQidN SFE SHERGFY Maidahs: ﬁ?f{h i Qs NEl i on
bei ng indicative of onJé of said pl u?gYit}f g‘}é in |V|?}Sa‘ﬁfl rlgg%ss onfjhcsaé
i nfor mati on SELPEHIPR Jgans i Lor ERDEGLing; Qneps: yS#ddnsbitmmarpedy a
third nenorymémotrigs in sapdufitrstypaipfof Hitehappéd AEriedPdnd ONS
corresponding to Sa"gaféxglecgﬁar% %og'gs Imtela%gs fur{'t?%rd includes second
selection means for selecting one of said bit-mapped

memories in said second pair of bit-mapped memories. o/

7. The computer output system of _claim 6 wherein
said first and second selection means each include
multiplexor.

8. The computer output system of claim 7 wherein
said frame information include's: an RGB color value.

9. The computer output system of claim 2 wherein
said frame information includes an RGB color value.

10. A computer output system for displaying a
plurality of individual frames of frame information on
display means including a display such that said frame
‘information appears three dimensional on said display,
comprising: |

o

_ - first memory means including a first membry
having a plurality of pixel storage positions for storing
said frame information at predesignated pixel storage
positions; | '

second memory means including a second memory
having a plurélity of pixel storage | positions
corresponding to said pixel storage positions in said
first memory for storing one of a plurality of n-bit

* c 'L M S *




fi r_st‘- menory for storing depth information at each said pixel storage
position"in said third nmenory; input means coupled to said first nenory
means, said second nmenory neans, and said third nenory neans for
conditi-enally inputting said frame i nfor_rmz;i Qn into said first nmenory,
conditibghal |y inputting said n-bit frame ifidications into said second
menory, and conditionally inputting said depth information into said third
ma_méré suEh_ tpatfmﬁd inabeaténs mati eachssaddnphkelf s&oragedpostitden, iand
sai epth infor { O oy ane,_ pixel r : POS 1 4 i O S
first, second, a%?h%r?%%?%@??%es%%%%i vsasi?/iog?rﬁéte cibﬁagér?tsioé\h rr?ae;isng
coupl ed to sai d indigativeoey epanoff spidopdurpadtin ofndnddrisnage frgmes
indicative of a pariheshe6A@esfedeidi sildyeLkan aidky spl ay with said
i ndi cations stored at saj xel storage positjons j.,n sai congd nenor
nmeans such that if said ‘Flhiﬂ'rp at PR %y g“?%‘?s eq{d%ﬁnl My i r?pufé?‘l’géﬂs "ﬁ”kﬂ%s s
;i! d frame informedvimgat sai dobaraksppndiof pipdetelt orsigeragsi t ipositionsi d
irst menory, sajd.indi } OpS .at ' |4 SL. PQS|d:ieQ  nysaid, s
second nenory, 2‘%1%%%%&2%%@2 it%f oggr%‘?i ginﬁ{‘adtl s%?ég%s?(e%%é%ﬁ' araﬁ.l eé pééi tél%olrgs
in said third mefibrgt menorycdexr cﬁmxaim;so@emnéném‘éaonoagam%i%id

nMenory nmeans an L ni t o] r¢ ' h i.nformati
stored in said ?ﬁ‘?ﬁfﬁgﬁﬁ.?&e\n ?ﬁﬁﬁefoxf\ in Sd3d tﬁlﬁ-&%éin&qp;t »on

means when said indicati bﬂguﬁoﬁ‘ﬁéi‘glddqﬂ(;’e%p':%%dlég ?ég?égggglﬁggg{?“}%é’ﬁg‘%g'pm
equal such that &iigasdceharnemdeptheansprandi saidatshird me@éry means for
conditionally inputting said frame information into said
first membry, conditionally inputting said n-bit frame
indications into said second memory, and conditionally
inputting said depth information into said third memory
such that said frame information, said n-bit frame
indications, and said depth information occupy the same
pixel 'storage positions in said first, second, and third
memories, respectively;

\_/

first comparison means coupled to said second
memory means for comparing an indication being indicative
of a particular frame to be displayed on said display
with said indications stored at said pixel storage
positions in said second memory means such that if said
W ' indications are not equal said input means stores s aid
frame information at said corresponding pixel storage
positions in said first memory, said indications at said
pixel storage positions in said second memory, and said
depth information at said pixel storage positions in said
third memory; and
| second comparison means coupled to said third
memory means and to said input means for comparing said
depth information stored in said third memory with said
depth information input by said input means when said
indications compared by said first comparison means are
equal such that if said stored depth information has a

-
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{alue that

stores sai
positions i

st orage pos
system of ¢
sai d second

vew

Is greater than or equal to said depth'infornallon rmput
by said frame information i nput by said input nmeans then said input means

d frane information at. said correspondi ng pi xel storage

nsaid f irst menory, said indications at said pixel storage
positions in said second nenory and-s&2d-depth information at said pL&ﬁ

itions in said third nenory. 11. The conput er out put dlsplay

nenory neans and

k,%l 10e 10t§l%rtt hqr [ a?_lgggiggg {:ﬁéfxd gﬁea;é#%fn mean. s. cogﬁl ‘i!, to

d rnput

i ndi cation amf@rmtmqmlmp\xt yhesatiel tfaamesplxﬁmmmmaummtsmyapa\md h said

i ndi cati ons
such that if
depth infor

di splay. 12
including r

means di spl
i ndi cati ons

i%Wtedméhn§a' éhehxeéafaori%uoogb%hgnsst S8l LPRE0R g?a%mfy

sai d
o Pixelc storaas) Posdsiiongns in
said first dmd s&ﬁdndfmrynemys sasaecatnda&ianoarsef dtsr%@y&cli;?&eaﬁl d

utput stem o alnl ur er
shoreg® RERLELERS 3 MRid B8oYe ChBRARY s deRiNGl g
i nput neans infiorstadyiiony ajadajz%mehdmragmmsimim inseaaid rehgirsk er

Sai d |nd|cat|ons are equa sal rame 1 ntornation an

ARfomatian At sald ¢

%ﬁ&ﬁﬁagn said display said background information if said

conpared by said third conpari son neans are not equal. 13.

The conputer output systemof claim 12 wherein said first nmenory of said f

i rst nennry
menori es,
second palr

system of clssiconiB menory meagw drid it tsaighdmpute anearfsu fidre rcanpardces f

i rst

11rreans i Udeﬁpatérl ot pRAY rdpépi I si‘rﬁtéﬂn J¥ tcrapRedo

|
o oD TElR oAohEnE R maane LolRla SR AiE oui put

an indication of a particular frame to be displayed on
said display with said indications stored at said pixel
storage positions in said second memory such that if said
indications are equal said frame information and said
depth information stored at said corresponding pixel
storage positions in said first and second memory means,
respectively, are displayed on said display.

12, The computer output display system of claim 11
further including register means coupled to said third
comparison means and said input means for storing
background color information, said register means
displaying on said display said background information if
said indications compared by said third comparison means
are not equal.

13. ~The computer output system of claim 12 wherein
said first memory of said first memory means includes a
first pair of full screen bit-mapped memories, and said
second memory of said second memory means includes a
second pair of full screen bit-mapped memories.

14. The computer output system of claim 13 wherein:
said first memory means further includes first

* t L [} s *
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- 25 sel ection neans for selecting one of said bit-mpped’ nendf?eé'ln" e
said first paid of bit-mapped nenories; and said second nmenory means
farther includes second sel ection nmeans for selecting one of said

bit- napﬁed nmenories in said second pair_ofshit-mapped nmenories. 15. The
conput em out put system of claim 14 mhereln said first and second sel ection
nmeans each include a nultiplexor. 16. . The conputer output system of

cl ai m 15 wher eisebactién ameans ofoxt | selectingeone RES saldr +Rapped

The conput er O%Q'H:Prf¥§t Qéx&'fwéégpmf&t b S ikh S S ine it 01 8 | dHid
I ncl udes an col or val ue onput.er _ out put ésten1 for

di splaying a pIuraI|ty5%¥d|ﬁﬂF?Fﬁu&FmPFXnEeGPSf@%ﬁ?ﬁ%ﬁ ydes frRIPAGat

said franme inf (Eéféd:@ﬂoﬁarinéaﬁs Ofd! Ys&Tebt SNy a\sik | w deamnd@w-maqsphd
t hree di nensi onal |

| udi dis t
syst em conpri si'ﬁﬁ’?g?*?§tiﬂeﬁ5¥§n%%‘g‘ﬁ§ Pﬁ%#‘lﬂla‘P gba’at'lf‘?$ %éﬁ%??rﬁgaévlogg a
plurality of pixel storage positions for storing said frame information at

predesignated pjel st ogAge dupited ARy BBER" s ™B0E Lk 3l i éin

second nenory haV|ng st orage p03|t|ons
correspondi ng t®asdi cﬁsﬁsa'el a§§or%®‘é°'§ﬁ)5|sﬁ1@?§w SEeANS | r%atchweﬂfBP}“fISr
storing one of guptupdbkby.of n-bit frane indications at each said pixel
st orage position in said second nenory, each said n-bit indication

i ndicative of one of said plurality of individual franmes of information
stored in said 16tst nefThey conputemeowtputiesystemclafli adaimt 1S cwhereiy

U said frame information includes an RGB color value.

17. The computer output system of claim 10 wherein
said frame information includes an RGB color value.

18. A. computer output system for displaying a
plurality of individual frame of frame information such
that said frame information can optionally be displayed
inside windows, and three dimensionally on display means
including a display, said output system comprising:

first memory means including a first memory
having a plurality of pixel storage positions for storing
said frame information at predesignated pixel storage

¢

positions;

second memory means including a second memory
having a plurality of pixel storage positions
corresponding to said pixel stotage positions in said
first memory for storing one of a plurality of n-bit
frame indications at each said pixel storage position in
said second memofy, each said n-bit indication indicative
of one of said plurality of individual frames of
informétidn stored in said first memory;

third memory means including a third memory
having a ~ plurality of pixel storage positions
‘corresponding to said pixel storage positions in said

* c L ] H *
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avi ng a plurality - of pi xel st orage positioqé.CO(fp§ppndyng.to
sai d pi xel storage positions in said -24- first menory for storing one
of a'plurality of said n-bit indications at each said pixel storage .
positions in said third nmenory each said indication indicative of a wihdow
to be displayed on said display; fowtdy nenory nmeans including a f our 44¢
menory havi ng a plurality of pi xel st or age posi tions
corresponding to said pixel storage positions in said first menory for
storing depfush RERATVE RTLRG N0k |a RlNra)d v Ak isAid m-ditd

fourth mmriﬁdﬂd&%&qré@?é‘ﬁ §9m| 84i80psed f%hbihgagﬁtegitqgfaas;ixﬁ%’tétiéecondd
menory nean angd sai ourth menpry, neans, for conditiona i nputiing sai
frane infor ag’tjﬁfﬂ RERY % PF? 7L iFatigh dndigatiive i‘?%lﬁ t“ﬁrﬂj’%i d
n-bit frame tondbeadispbayed corsasaidatisplayory, inputting said wi ndow

i nformation into | i Y3 ) ngi t} y i.nputiing
sai d depth infornat ifoértl‘ﬁ]i.% 0 salocquf oﬂggﬁénelnl:}ﬁ@&sil?g ghatg\gg#llle%ﬁ%“%%
particul ar bavng saial f rekeraligyr nef on Pixel d stisinagd r amesiitidinst i on,

sai d wi ndowdd¥rddBdnding Ak Ssafd dpabizl NEesFRGé ORI NenS U &I X!
storage posig,jons in said_ first, second, thifd and fourth nmenories,,

respect i vel F1H8% Spemepy, fors SHARANG etptormation: afr #2anRidideans
for conpari il isktbrsie qrodit hon i il sadd VEowfta neawdrycul ar Wi ndow to be

O SPhare o a3 SRy Wbl Bt oAl 06y LSS Roadtyt R
coupl ed to $#igl seeeand memory means, and said fourth memory means
" for conditionally inputting said frame information into o/
said first memory, conditionally inputting said n-bit -
frame indications into said second memory, inputting said
window information into said third memory, and
conditionally inputting said depth information into said
fourth memory such that for each particular frame said
frame information, said n-bit frame indicati.on, said
window information, and said depth information occupy the
same pixel storage positions in said first, second, third
and fourth memories, respectively.
first 'comparison' means coupled to said thirad
memory means for comparing an indication being indicative
of a particular window to be displayed on said display W
with said indications stored at said pixel storage
positions in said third memory means; '
second COmp_arison means éouple_d to said second
memory means for comparing said indication indicative of
'said particular frame to be displayed on said display
with said indications stored at said pixel storage
positions in said second membry means such that if said
indications are not equal and said indications compared
by said first comparison means are equal then said frame
information is input into'said first m'emory, said n-bit
indications are input into said second memory, and said
depth information is input into said fourth memory; and

/ ’ .
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nenﬁry means for conparing said indication indicative of satd pdarti'¢ul at® ***
frame to-'be displayed on said display with said indications stored at said
pi xel' storage positions in said second nenory neans such that if said
i ndi cattons are not equal and said indications conpared by said first
conpar 0N neans are equal then said fran@2ifif ormation is I nput into said
first nmenory, said n-bit indications are input into said second nenory, and

sai d depth information itaih:ap%om?épléaﬁd redifis thﬁﬁDé& @d‘dsald' £5urth| rd
conpari son nmeans coupl ed to Sal‘f ourth nmenor

means for conpaPPRGrY¥ameansHahd ¥R igdfo PP %r &?ﬂrﬁ %rd ?W?ﬁi‘ﬁ%nﬁ?w
with said depthdepthrmmﬂcmmdﬂﬁmm dnpnaﬂ(inrsnidrinunth%mamcnydWLhulsaidons

compared by <ol Hepkhe i FASAFEO, IAPRY o0 TSNS AR DRRRE 1 Mler iERLAN

if said stored |n orrra ron has an or equa to said
dept h i nf or mat i dndiigpirions mmpan%tbmﬁit & aand | apcendesABPar 568

sl d 1ot hgﬁg&hggp&&ﬁ%fgﬁg&gfoggem ey mﬂé‘?na‘*ﬁh
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\_ P storage positions in said second memory, and said depth
information at said corresponding pixel storage positions

in said fourth memory.

19. The computer output system of claim 18 further
including fourth comparison means coupled to said second
memory means for comparing said indication being
indicative of a particular frame to be displayed on said
display with said indications stored at said pixel
- positions including fourth comparison means coupled to
said second memory means for comparing said indication
being indicative of a particular frame to be displayed on
said display with said indications stored at said pixel

— storage positions in said second memory means such that
if said indications are equal then said frame information
stored at said corresponding pixel positions in said
first memory is displayed on said ‘display.

20. The computer output system of claim 19 further
including register means coupled to said fourth
comparison means and said 'input means for storing
backgfound color information, said register means
displaying said background information on said display
if said indications compared by said fourth comparison
means are not equal. ' |
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a particular frame to be displayed on said display with sai d indicati‘ons
stored at said pixel storage positions in said second nenory neans such =~
fhat if said indications are equal then said frane information stored.at
sai d correspondi ng pixel positions in ggid first nenory is displayed

sai d display. 20. The conputer output systemof claim19 further
including registerr means coupled to said fourth conparison neans and
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system of claim 22 wherein said frane information includes an RG@ col or

val ue. 22, The computer output system of claim 21 further

including control means for separately enabling'one or
more of said second memory means, said third memory
means, and said fourth memory means.

23. The computer output system of claim. 22 wherein
said frame infqrmation includes an RGB color value.

24. The computer output system of claim 23 wherein
said first memory of said first memory means includes a
first pair of full screen bit-mapped memories and said
second memory of said second  memory means includes a
second pair of full screen bit-mapped memories.

25.  The computer output system of claim 24 wherein:
said first memory means further includes first
selection means for selecting one of said bit-mapped
memories in said first paid of bit-mapped memories; and
said second memory means further includes second
selection means for selecting one of said bit-mapped
memories in said second pair of bit-mapped memories.

26. The computer output system of claim 25 wherein
said first and second selection means each include a
multiplexor.
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24. ( The conputer output system of claim23 wherein sald flrst menory of
said first menory neans includes a first pair of full screen bit-mpped
mendries and said second nenory of said second nenory neans includes a
second-pair of full screen bit-mpped nendfies. 25. The conput er out put
systemiaf claim24 wherein: said first nenory neans further includes first
sel ecti on neans for selectlng one of said bit-nmapped nenories in said first
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said second pair o t- mapped nenori es The conputer output system
of claim 25 wherein said first and second sel ecti on neans each include a
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