-1- | MPROVED APPARATUS FOR RAPI DLY CLEARI NG THE OQUTPUT DI SPLAY COF A
COVPUTER SYSTEM BACKGROUND OF THE | NVENTI ON 1. Fi el d-of: thg. i-pvention The
present invention relates to logic circuitry and,. nore partlcularly, ‘to 5
logic circuitry used to provide extrgnely rapid smntchlng bet ween out pui
display frapnes in a co -uter_s_sten1 2 Di scu55|on of the Prlor At As
comput er [EDAFPARAIUS ﬁ. LY | CLEARING \THE OUTRIT DESPIAY QF A LOMRITTER
sophi sti cated— COME es 2 A ek - ' + utilized
for providing the anlnatlon f eat t hat _one_associ at es mnth noti on
pictures and tel evision. A conﬁ%iMe of providing an

“ani mat ed out,put fer di, St | 9 advant age over tel evision and notion

pi ctures becduse ' hers, allows both the construction and
revision. of the Tﬁ@g&%eai inRB AN R fhtekdto (leé l&lreufﬁy aIaemal@ bédtdul@tfly qerrput ers

to provide three dinensional displays has hastened and hei ghtened the

desire fé&r dogi¢ cincuitthiused to provideastremely mapidcswitehingrietweeniouipbt display A maj or
problemin ytilizing conputers to provide ani mted output is that 20 '
ani mat i on riﬁmwgagﬁwpg'?%ﬁv%ﬁ bf franes which vary by small increments and
succeed one another in rapid sequence. In order to display a single frane

of graphical material on a cathode ray tube (CRT), it is necessary to store
an indicati@ ofy:n Arion@rbach position (pixel) whichis to

appear on the ou di d detail ed dis t he nunber

of pixels on a 2 mfﬁ%gy%’tggnststf%é ﬁﬁ@&%&"é’j B IVt W&Fee?%?m?éethousand
in a h0r1'020%?htsﬂé§t§§tli Ris Badbnte Llb&ahBURBE Mmight tednvenibhkadtindba 6t | on

giving a total of approxinately one mllion pixels about 'which information
needs to be psovidieg tlﬁa)anlﬁmmnnﬁeaims thatoaepssncatewnbmxemmur@a and capabl e @
of providin nunbe, nt _col ors, and .hues on t cat e ray tube,
Dweht y- 1 our BRVEISR; Aypgedet Wi ediablt & ARenHAG reBH s R BER &) color
output are Sd.grnefiaaﬁnx&ﬁcbvém@hs@h anll MdlioRYidlires BeoaGSE R Nirlike the
approximately twenty-four mllion bits of information need to be stored for

each frane tathérs, @llowschate theaconstructiontgndtreviginn of thejmages ohasiniatedint i al

amount Of t 'éxrgplays The ability of computers to provide three d:mensional dnsplays 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 small increments 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 of the information for each position (pixel) which is to appear on the
output display. With large and detailed displays, the number of pixels on a

25 cathode ray tube may average approximately one thousand in a horizontal
direction and a like number in the vertical direction giving a total of approximately
one million pixels about which information needs to be stored for each frame. Ina
preferred system which is capable of providing a 'number of different colors and
hues on the cathode ray tube, twenty-four bits of digital information specifying

30 the particular color output are stored for each pixel of the display. Consequently,
approximately twenty-four million bits of information need to be stored for each

frame to be presented at the output. This requires a substantial amount of time.



-2- Moreover, not only does witing the approximately twenty-four mllion
bits for each franme require a substantial anount of time, but the clearing
of those bits in order to present the neft frame requi res an additional .
amount of time. Sone Nirfar : { By pisi Nng
doubT’e buffered syste%ortgbeergﬁgtﬁdné Bééﬁ@hﬁgltﬁggégﬂgﬁ%ﬁ m%g%k%{@@lh%bw
menori es are proviodedctafiamewequitecalsubistantiaizimelunt ofdinie) butthe lotemieing ajthbsebhbits

out put. Such a system reduces ‘??gbstantial I éirthe time between {)rese tation

of two franmes of INAEHAPIGRNLIRE NgsEamp.tealiresAnAddiiopglamuy ot ¥me.| Bope ahch

.of the displ ' | e '
Pt ormation for e &y BEwepH iraies FR been Bhlidibd By 0knf dolifiethlted systems |
buf fered systess rwhitltws ilvecreenbiphipped displaymemoriasidrs providetantedviehed

purposes. An arrangenent for decreasing the del ay between individual franes
i s described in Usfieraaielyitosbe gathode rayi tibe autpuly SRichta systasm reducpsisybstantialiy ng

t he Qutput Displ f Lo £l t ,
1688 and ase: gnolhtd REVEBY piisetiefo Pl IS of hroriarion bor iy et Giidard
arrangement decr egfefeddls cléal actyt 1Re Bisplay Aemories sOTHEAItini&y beWRritdrWith the

normal |y used for clearing the display nenmories in such a system The
syst em acconpl i sheselot infarmation fasthel frages wihichffeliowe Qonasauenly pren-suahi dowbisped

menories in which,are stored indjcations that the inforpation ip the same
Dosi tion of an°20bolged sraems =ik e sl Rehrovae petsum puHiEIor levalion siFedBir.
These nenories are referred to as franme identification nenories or buffers.

Consequent |y each position representing a pixel in the twenty-four bit

di spl ay nmenory has an Asscangareent fondeccegsingdhe delpy dbetween individualdamdsi is

rame identification genqry | ch identifies . y franme nunber. 25 Wen a
franme which has bé’@ﬁcrmegﬁ’t‘eﬂ%%nf %@%ﬁs"pﬁﬁs}tﬁrﬁ‘ﬁ’ory is to be read out, an
out put frame i dentyshl ' i o i tq?_gp be
read out; and that’al"."})rhfafﬁsleg ﬁﬂ%@@fés:@égﬂr‘%tgrgeddﬁ é&tt tl%ﬁ?ﬁf:g@%gie’??ﬁt%ﬁgggﬁﬁ on
in the frame identalf filedOctobermo8s, ahdiassighediaehe designde ofathe preseaninventiand

the 30 display nmenory are scanned for cathode ray tube refresh. Only those
pi xel s whi ch are iThia #eangsment gacreasasdhe dalay by essrrdialis elsinaling the dime: he

FRPAN PRI A L e A T B S LR
nunber in the frangcomplishes this by providing full frame double-buffered bitmapped memories in
which are stored indicatipns that the information in the same position of an
20 associated display memory in pert of a particular frame. These memories are
| referred to as frame identification memories or buffers. Consequently each
position representing a pixel in lhe twenty-four bit display memory has an
associated, corresponding posiﬁon in a four bit frame identification memory
which identifies it by frame number.
25
When a frame which has been written into the display memory is to be read
out, an output frame identification register is given the number of the frame to be
read out; aﬁd that frame number is compan_ed with the value of each position in
the frame identification memory as the frame identification memory and the
30 display memory are scanned for cathode ray tube refresh. Only those pixels
which are in the selected frame are p;ovided as output from the display memory
to the cathode ray tube. At display memory positions at which the frame number

in the output frame identification register and the number in the frame



-3- idemtification nenory do not conpare, a background col or generator is
activdted to provide background color to the display. This allows . _
frame-to-frame witing to the display nemdry to continue without cleari@- _

aenti 11 cati on ool dR S0l Koo dE™h oa BRI ok deiBraid A Betiated
However, even thi fo prvidebagkgreimiéoler tbahs drRplap! ThislMbws AMRMEIRIRTe WAgUEE,

even though the twenty-four bit display menories need not be cleared
bet ween frames, tHe gisplay grenasyto eantinpe withoutiaaring theadisplay memary whilerust  be

cleared, 10 either _completel r j.n tions, betore the next .frane be

written. Moreover 9{e§F?9qBW§ﬁ ﬁ'ﬁ‘&!P‘EPﬁé"'b?ﬂf“P gﬁﬁ'ei'%ﬁ'ﬁtﬁ%zﬁ?%‘mﬁ%Praé'%at'g?%ows_ '
the systemto gpe;meg\ﬁtﬁ&@uh-f@mé@? the | arger display nenories, it does.
add a significant anount of additional nenory hardware to the conputer

system for use as frame buffer penory. 15 It is, therefore, an object of
this invention to inprqve the speed at which i be switched from

frame to frame and preSeWe: %Wenttﬁié_’\?lﬁ’tﬁﬁﬁngﬁ?‘eﬁt ‘3@?&%‘%?8495%"%"‘
[ Is another obl egbalh, biErPnblititie @Jfan@qoémﬁa@as* feorieS W68 nbi'So €RLAY
r dentifica no

associ ated with clearing ane tiron me I es between franes 1n a

conput er system bbtweendranidsetheqizirast fouwrbittiaime identificationméroriesdnost bistoteared,
amount of menory 25 hardware required to inplenent a frar[}ee-ni dentification

memory in a cdRputBRerspainlaiely &% impRftiens, afore Biediext trme Mmay Raydiian drioreevere
| nprove the speed a?ﬁo%' tﬁ% ggé’gpfli’ésrﬁé idf¥ifciiBn PRAOABE allows the SysteMI6 Aplialy 1O

the present inventio _ _ _ _ _
' without clearing the larger display memories, it does add a significant amount of u

additional memory hardware to the computer system for use as frame butfer

memory.
15 . .
~ ltis, therefore, an object of this invention to improve the speed at which
images may be switched from frame to frame and presented at the output of a
. computer system. |
20 It is another object of this invention to substamialiy reduce the delay

| associated with clearing frame identification memories between frames.in a

computer system.

_ Itis andther object of this invention to reduce the amount of memory
25 hardware required to implement a frame identification memory in a computer

system.

~_ An additional object of this invention is to improve the speed at which

computer systems operate. -



provi ded a conputer output system for rapidly displaying a
plurality of individual frames of information on display neans
.including a display, conprising: a first and second pi xmapped display .
MenoKies conprising respective first and second plurality of pixel storage
positions for storing respective first and second frames of said franes of
I nformation; a pi xmapped frame qupyjfication menory conprising a
third plurality of pixel storage positions sinultaneously corresponding to
said first and second pixel storage positions for storing a plurality of

n-bit frame indicaligggorgafi§ OfoSathle N fidsdd M nvelitad Otherdfi gat i ve of
one of a rezﬁgctl e_one of said individual franmes of I nformation;

L nput
means coupl 8Rd fifst afPTRARR LYy wrsters &AF S§PHiﬂF¥ne
rdentificatidbsprapingf ora al mmnalty i npAt tiwdbwidhdl r stffaree aod its

BI g;lt fS,[ ggzgllelqg% r?%#ggg éﬁf@&.s %é’(r:gs %‘rféaﬂgi%%l?ﬁ@d hi rgﬁghér ality of

i ndi cation |¢mmpsasﬂngorrespond|ng second and third pIurallty of pi xel

storage positions; cgrr&qcf sal d”esaél'?ond cggg&.ﬂg 8edt ca‘sfﬂs’g. g,efngg

I dentification nmenor | nput _nean onpan
i ndi cati ons %@@Pé@sihgsafﬂs?ﬁ¢FHV%Iu@%ﬁ$¥3/ﬂﬂ pisesong opdysadddiyt i Sﬁs sai d

n-bit indicapigeli Qtéaaeel ﬁeyitﬂeaBSfaadsearﬁﬂel eatspeatwél galrisecanll a
particular frane é redeterm ned manner,

and out put t i AR bFFﬁﬂe§|§ka¥§g?82r§§Fﬁ PFrngéﬁﬂa§é8 Ad plurality of
pi xel storage positians pixmapgedndi dxtdammns idewmbpiiieatiosuccessbulyl y

under  sai goREEAe] R5"hNeH1 P Y ra1 sy SP Hixe FOSESERGBIHRY 1 £1bRE" d
- simultaneously corresponding to said first and second
pixel storage positions for storing a plurality of n-bit
frame indications, each of said n-bit frame indications
indicative of one of a respective one of said individual
frames of information; |
input means coupled to said first and second
display memories and said frame identification memory
for alternately inputting said first frame and its n-bit
frame indication into said corresponding first and third
- plurality of pixel storage positions, and said second
frame and its n-bit frame indication into said
corresponding second and third plurality of pixel
U storage positionsj '

_ .comparison means coupled to said frame
identification memory and said input means for comparing
said n-bit indications stored in said third plurality of
pixel storage positions, said n-bit indication in said
input means and an indication indicative of a particular
frame to be displayed on said display in a predetermined
manner, and outputting enabling signals for said first
and second plurality of pixel storage positions if said
indications compare successfully under said
predetermined manner at said corresponding third
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- 4A - plurality of pixel storage positions; and control neans coupled to
said first and second display nmenories and said conparison nmeans for

sel ecting one of said first and second franmes stored in said first and
second plurality of pixel storage positions and displaying said frame i -
information of said selected frame stored at said pixel storage positions-
based on said enabling signals. IN THE DRAMVNGS Figure 1 is a bl ock diagram
illustrating a .prior art arrangenent foOr §erect|ng i.ndi vi dual franes to be
di spl ayed on pluxapitgrobuppxiél detorage Fpgsieidnss anlll ock di agram

el oot ng oot aunr GREEGL" POURH" Mol 08 PO 1RANR MALE End DKRRLRAY [ O
Figure 3 is displaymenories andusaidtcogpanisopemgansnfor skedegtiaggenent .
shown in Fi gWge 2of Féﬁi'éﬁff‘r?ﬁ ﬁg&rHLth&bkfaﬁék%%%h”ﬁnt kR ifl ?‘i’r@&

signals in the arrangenent i nvention shown in
DETAI LED DES@adTIse¢and TBEWWGSO! pixel orstorage arR?ﬁicrémnsr i @aadi on

System Ref er raNgpI@yi hg Eaﬂarsramethﬁfematsbﬁwafasduaphé}le@ttfeﬂunam&t em 10
for 5 process nf rnat g r.a |d|¥ this stewgls deC| sed in B
above- nent i ort%%"g%% i) t FBﬁ?FBn Qe Pﬁ& oo Spf

expl anat i on, enébhnngnnagnahspartlcular gr aphi cal or- data structure which
it is desired to present as a -

IN THE DRAWI

Figure 1'is-a_block”diagrah illustrating a prior _ Q_;
art arrangement for selecting individual frames to be
displayed on a computer output device.

FPigure 2 is a block diagram illustrating an
improved arrangement in accordaﬁce with the invention
for selecting individual windows to be displayed on a
computer output device. -

- Figure 3 is a table useful in illustrating the
operation of the arrangement shown in Figure 2.

Figure 4 is a truth table illustrating the flow _
of signals in the arrangement of the invention shown in o/
Figure 2.
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full screen presentation on a cathode ray tube or other conputer output
device. The system 10 operates under coptrol of a central processing unit
(CPU) net 10 shown in Fi gure 1. Wen it s deS|red to wite a particular-.
gra%_rlcframsto an out puiHEeMLED DEXRDS : L peg (CRT) 12
sho

"in Figure 1, the ac ar 0 Do '|'spaye 's witten to a -

di spl ay nmenory. The system 10 conprises a first 15 display nenory 13 and a

second di splay nenory_14. The use of two display nenories in parallel, the
out put of which rhay M@@%ﬂﬂﬂ%ﬂéﬁ% all ows the rapid .

i tchi bet f
ant et on. n the usoaerng Mo TR 1ReRT Pl ATRRY U RBREIA RY

frame is witsenprazedsingirdgrnmation rapidlyvthisl systelveisfdistiozed in thesabouy-ndhtionsor y

‘B is being furnished as output to the cathode ray tube 12. The information

in the frame in GPRENAIRD Pﬁéﬁﬂirﬂ)ﬂpﬁ@q‘@"{ Fenthe umpesrs gf this ’E)’ER‘?HI%W'B@ framecat hode

ray tube 12 whil v, e
he | oss of &1 me R EhAIE 4t bf e SPuth @it PR Mistelo BRsB'4SH

provide the sw t gfii sidesiPpRbeMaEHSERE Cathotie a4y tiBé o Gthet bEMPUte PHXitp @Wetvm 10
of the copending application also includes an input frane |dent|f|cat|on

(FID) register 16’heasypfam1Q)operat§mnd@reqmtroiQ!@tqe@tfa'(mpqgssmmﬂrtl(@euimhnd 18,
an out put frage gentlf cat i n (FID) register 19, a background col or

regi ster nd SZO¥BM @I“rer 'gi ster 21. The system 10 al so i ncl udes a

mul tipl exer 15 for selecting 30 one of the display nenories, a nultiplexer
22 for selecting one of the frane nenories, a conparator circuit 23, a
wite enable |ogic cihentt usdpsneactioauritegipanimlacgraphzarame tosarooutputidevicet ed
that the frane rrerm ies 17 ﬁ?ﬁie[ res tl,vely,

théy are each as§b‘€ a8 e Gt @?rereﬁd‘cgﬁl"f ﬁq‘a\?f@l"éﬁ'g&if?e?dgeﬁwaﬁf‘ glion
menories 13 (A) 3gg Jd‘Ep(a?LdI!l sTWiteMAB s O;f?é& AbmbAS rﬁ%%&gtgﬁg %:irrexﬁrﬁefs%' flrQvs .

The CPU writes a value't contr regi st'e ost data

bus to sel ect1g o di¢playnmefotynts Ertha secandi displéy?memod/&@nmd tse eitwoclisplayd
display menory 13 or 14 it is towite. The CPU then provides a frane
i denti fi cat i on nUREMBPAIRS i paraliel; tha edpyt of which; 'H%Pe F?'ﬁ%d Py @ukiplexari 18

register LRSI 2 rdp?d 5y Berdbdn FimbO8 4 BIRRIUHIANs hBch&al o L €N

accomplish animation. In the usual case in which the system is used for

animation, a frame is written to display memory A while the frame in display
20 memory B is being furnished as output to the cathode ray tube 12. The

information in the frame in display memory A is then furnished as output to the

~cathode ray tube 12 while a new frame is written to display memory B.

_ To obviate the loss of time incident to clearing the !afge display memories
25 and provide the switching speed necessary for animation, the output system 10
of the copending application also includes an input frame identification (FID)
register 16, a pair of frame identification (FID) memories 17 and 18, an output
frame identification (FID) register 19, a background color register 20, and a
control register 21. The system 10 also includes a multiplexer 15 for selecting
30 one of the display memories, a multiplexer 22 for selecting one of the frame
memories, a comparator circuit 23, a w}ite enable logic circuit 24, and a logic

circuit 25. It should be noted that the frame memories 17 and 18 are labeled A



for this frame. In a preferred system sixteen frane nunbers (0-15) are
utilized. 10 After the input frame identification register has been
initialized with the frame nunber, the a®tual information to be di spl ayed

on the output deyyge rb&&ﬁ%ly;ftﬁ%réreﬁagﬁ far%Q&:lé;EﬁJ With %irﬁﬁ%rﬁ%@ﬂeéﬂﬁé of-reen

- bi t mapped di spl ay nenory 13 or ane 1dentitication nenories 17 and
- 18 are al so ful Ithedisplap niemares8dAhambi4 (8), each receiving input fromthe

i nput FID register 16 and providing outputs to the is- nultiplexer 22 so
that signals may be rapidly switched for the presentation of animted .
graphi c i mages. EachTRj 86 ' ' | ; . | om
“the CPU carries a pi ;gf%gﬁg?%%gﬂgﬁgyééﬁgpq?ﬁ f)arn?r‘gtai Eﬁ@?an { gégfg’?%?/g euel '
for exanpl e) 5 2&onfrolasgisieng1 ukiag thékost datal bus toselectyto Avhictdofithe FIE) Memeriesy A
have been sel ect col.or .val tqQ the appropriate pixel

address in di spl1%?@@%%%@?‘8#‘58}5@%hg:‘l’?ﬁf‘i“&fq\?ﬂ‘en Be&PY then

witten to the ﬁ@dés‘éfrﬁhﬁ%erﬂiﬁ%tféﬁ%u of Whiich i€ Brdd 1AM inpGeddfip- MENDIY A

In a preferred em the franme 1dentiftication nunber requires four bits
of storage whil ddédificRian regikter 1@3his\nainber isaged farsaltiofthd informatioriotbe warftten
storage at each pixel. Consequently, when any %grticul ar_ full frame has

been written to far Wi fEaMmercing prefarred systams pikigon framemumbess(Or 1) qee utifizedhe
dd d i ti v . . - : [0 . M ti
ro be i sph o AHEH i MRBT RS IentiRBuBR footelef tls b el B whRICRERB L O

mermory cont ai ns dditbdr] theRcialatirmatdrolodst displayedt cromtie qutput devidslisessmefrom - -
-7- When it is tinme to display a particular frame, the CPU, using the host

data bus, st or esthe&Plita the selgcted dyfesarepnrhitmappad idisklay meraeryi 13 arid. dibeput W,

frame identificatjon,. j : T i - e contyol . :
register 21 so e eEMeRGh melioars 723 1R H€alth 0 drodhiareH hdtoress
the frane i dentiddcharbbéing inplBfiBrhitRS indDEFID RgRteTAlsRMI BN Dutputs to the ™
respectively, are set to select the output fromnenories A "Then, as each _
pi xel positi t& |multiplexer 2 $mthahsignaly mayibe rapidiyravdtched fantheoprepentatidw efugh its
associ ated nul t igl.eXf:‘r, tﬂg frame identification value is also scanned from
the frame identi?MPaEILAPRIGHPL0ER: f or that pixel position. The conparat or
circuit 23 conpares the output of the selected franme

Each piece of input information on the host déta bus ffom the CPU carries
a pixel address and color information (an RGB color value, for example). -
20 Presuming t_h_ai the diéplay memory A and the FID memery A have bé'en
selected, the _RGB color value is written to the appropriate pixel a'adréss in
display memory A while the frame identification number is written to the same
pixel addr_éss in the frame identification memory A. In a preferred system, the U
. frame identification number requires four bits of storage while the RGB.-colo.r

25 value requires Menty-four bits of storage at each pixel.

Cbnsequently, when any particular full frame has been written o display
_ ' memory A, the display memory A contains, at the addressed positions__choseri;for--
the particular frame, t_he representation to be displayed in RGB color values whilé
30 the frame identification memory contains the frame numbers stored at the-same

pixel addresses.



10 identification nenory and of the output frame identification register
19 and provides a signal indicating those qrxel positions of the frane

identification nenory A where the sel ected frane has been witten;, this- .
causes the RGB col or ¥Yhandt isdimerte dlisplayiaparicylas diameés the GPU ysingthe hoshdat@nor y

Xt post 11 one - s R 18 RSB @ RN Wik BP B o ¥, e
i dentification nEg@HtificAtiontregis@PNDATAE _@Pwél&@whies&?@trwmirdmgammtsauﬁat_
causi ng a background color to be furnished by the background col or register

20 and transf er r diie multipiexess2h g 19 gontraling the outpuissof the iame igantifigation

PheCeyat o e BeRBied e B Hispidy BeABhld Fabechly. BRAE IFR0 BRI
only at positi onsfrd heridriedA. OfhdnQ B BheH PideIfREBlon FARK AlsplaYIndrdpASisneed not

be stored in the display nenories. Consequently, storage of information may
proceed at a nor escaapédito the outpuhthroighhits aesocigied migtipiexan tha dlamet identifigationu r

i spl 2y morory nedkeEsstaneb o e PR et ey BIOLTA B s Fead
out in order to Wddifnl h?lersvsig%aﬂt@{@rchﬁ 28 @ahp%mé’eutﬁﬁrof%@?mé&ed ﬁ%ﬂhgr a

first frame has been proce as expl ai ned above, the next frame to be
processed by tthe idantificatidramefbly anshefrtbe hatputiraing identification reaistgUl9 andhber so -

i nf ti itt I th i at di | A i i OV itt

Lop of "t he i ni or rRioMSRE 2SR PACREE those BReLLoSREe gh e FmE R0 ch
will ultimately bgefid A%h%?eﬂ@éeih%té&'ﬁ?ﬁ@ﬁaé Bdenfwifdnt iHisdatised fHRGB Tolobe
i nformati on associated with the selected frane nunber. -8- It should be

not ed that the ousipndl stored emhdse positions ofitliendispisyomemoryoA ko bel fuenishethip the
corveni ently be utilized in a conputer system use of

[ A whi ch nakes full
mul tiple windows SRROSRIAYANRY DY Heegis cifpeit 2dpAt ali PiselRasitions, pther Hiandbeseut 5

i ndi cative of ,th . Qf.. ] . L i :
the cat hode r 35+ BSEERAERARRCS), B tElmdidBiBfod MerBrPA!hs SoBartbrdtod 0T
the systemto fung$ ipﬂdVid@sté?Dbﬁgglﬁﬂdé@EihE@ bdtRgiBuad colyr EPE furmisShdthyden

particul ar franmes, the 10 er of bits utilized in the frane
i denti fication nub@ekgreunsiasinr register 80 aad transfawed to the cathode ray tube 12.

—

This arrangement for processing signals has a number of significant
| 20 advantages. For exam;:le, the system requires that color values be stored in the
" display memdries only at positions indicative of foreground data. Background
colors need not be stdred in the display memories. Consequently, storage of
| information may proceed at @ more rapid rate than with the usual system where
% twenty-four bits of information must be stored at each pixel. More importantly, a
25 dispiay memory need not be eraséd after the information for a frame is read out in

order to write the next frame in that memory.

For example, after a first frame has been processed as explained above,
the next frame to be processed by the particular FID memory has a different frame
30 number so information written to the associated display memory is simply written
on top of the information already stored because the only information which will
ultimately be furnished to the display for a particular frame is the information

associated with the selected frame. number.



preferred case, determ nes how many total franmes nay be witten before the
FI D menories thensel ves nust be cleared. Wth four bits of digital storage

to record the frame nunber, sixteen total frames may be utilized. If the . )
FI D nmenori es have not been cl eared after_gsixt een frames, then it is A4
~ possible that information relatin toaprewousfrarre will remain in

an FID nenory as t he fitrhouldibe Wa e Qutppt sﬁt%ée§¢f|b§d|“h‘hdﬁﬂﬁcn9rf‘ﬁi"§ht
be erroneous, ;%ﬁx%mé’r@&ﬁ iy'b% He%dwg"%orﬁ eﬂyae El'\ ﬁ?‘ak@@ \% 'gd at

| east once-in ea teen us eous acconp the

cl earing wthout rahmwer\mnadsws&mmpels@tlh@drp@rtatetégﬁ:aﬁateé fumpmncmﬁyoapment s
to:clear at least one-fifteenth or greater of an FI.D nenory after each

frame is wittsen indicetive ofbpdepthofeaeh Pisakprovided far empartisutpssisplayean the the
copendi ng pat ent In the preferred enbodi ment of the
< Ry o

arrangenent descr ears 25 only one-fifteenth of the FID
menories, the tine utilized for clearing is substantially |ess than that
required by prior art systems having equival ent. di spl ay nenori es.
Consequently, it is apthoegittheiae ohFiyswaories and ragisters aliows thaksysem tbs

al | ful d Vii t.chin ti
575 * The" Syt cunicR ik GBatme Rliviay Priyolieh P e BamEds Pt The' O™
shown an i Wrwe%fﬁxséred% t9[.mrzaa>mh¥ tlehfAtbMcktion r@mbapsys@érﬁ Abavbifafin the
conputer system e system 30 shown in Figure - 2 incl udes a pair of

di spl ay nenories prafered chée, determingsuiowhmany mtamamesa)ayabe wmtnmtba‘tmrarme FID
identification register

f fi ;
bﬁckgrmﬁnd col or MERedes} eﬂ?en’ﬁﬁ tpué%ﬁlrpg{é\a Wﬁ'{%iﬁr @3%3% dggal IFSéﬁ{ﬁe%g'id ? o
o Caoe s st eI bl o (o e iy MY fidec, Hifio 149 il bif,

buffered frane ldmtbebneramrsmeenoﬁaméetMt:erpoéﬁblelumfonmdﬁbguelenﬁg As

with the systemof Figure 1, the display. nenories 13 and 14 ar€, .in the
preferred enbbdi nérd Prexigus ffﬁﬂl?\)’i"l!l&!“ﬁmlma’! w&mpmpmﬁs the frameris 3gaip &%ﬁChQE’

Contrast Lot he syteamiaiEarBagHort ob gtEneqlh, e thtibes eiftdberde il . g

the output FIDTr eﬂieﬁ{dﬁés be cleared at least once in each sixteen uses.

An advan‘tagedu's way of accomplishing the clearing without slowing the
20  operation of the system to any extent is to clear at _'_Ie"ast_ One-ﬁfte_enth or greater of
an FID _memo'ry after eash frame is writte_'n to the eutpUt device. Such a systemis
described in the copendin'g patent application. | |
In the preferred embodiment of the arrangement descnbed which clears
25 only one-ﬂﬁeenth of the FID memories, the time utilized for clearing i is
substantially less than th_at required by pnor. art systems having equivalent
display memories. Consequently, it is apparent that a system utilizing frame
buffers is especially- useful in providin the rapid sw&chihg necessary to
animation. ”
30 R
Referring now to Figure 2 there.'i_'s- shown an improved system for rapidly

clearing the output display of a computer system. The system 30 shown in Figure



* 19 each include only three bits of storage at each position. Mreover, the.
frame identification (FID) nmenory 17 is g-ovided with a simlar three bits
of storage at each position representing a pixel on the output display;” - .
ot herwi se, the fraineludgs aipgisef displepmemorieet8rapd 1%, as owtpsmultiplekgr 15lent i cal

to efth f the . two f, Ldentificati i 7.and 18 utilized
wth the syotem JEPadER RREEalTeaerIE an R Be Bynficaion sgistar ey 8
enbodi ment of t he,RkGREAE cSI¥ERM? 20, &id 44 d@pulmlitipleRérss, Bil simiRk tdBRE Y foOr

the because the clearing operation 20 proceeds at such a rapid rate that
it is not necessahpwnadn the $yistem $0 ilusteated indRigurd dal Thiersystes 8Mhalsb incltides menor y

17. "Three bits of . ry allow a total of_eight franes to he utilized, a
nunber found t% %"E%WF%@F@?W'\{‘V%'B"@W é?ﬂs%@@cmmﬁ bﬁe buffesed 888 i ng t o
reduce t he anount; e '?lfeds(\E{ 2. .25 buffered

full -screen bitrre{%%‘{etg‘ %rarr%eﬂidé?ndtfi | aeﬁﬁ\é E@n@?#&ﬁdféél osed in Figure 1

to the single frane identification nenory used in the system'30 of this

i nvention, a major problemis encountered. In order to be able to switch
rapi dly between di spl & Withibe skstemof Figuschithe digplay.memories 4820ddd arpdn &R put

di sol : N y . . : e ¢
Grile Lo one of dhiated dmeh, SRLIR B BEGR0u big o AFEGE 3P bde ©
i dentificati ofip NEFERtoNWHIEIE repPesehi8fz0pixel 'oh Ae bitplih sy 2. I comtrastits ey
menory is being witten to the output display. This requires that a

conpar ihso P bﬁ mao%/sﬁm ﬂhelonemiﬂeﬁigmgr ﬁ? input 2 f@htfpme mdxheaytpr EID seaistenat
; . \ = ik dentiticati 10
sed with the df st SgEERPS SBuiths® His of SHans o et bisHic) MORETT e fiaeq e

that the new franiﬁehtﬁléﬂiiérf{ ih@l‘ﬁo?ﬂ"fngrdvﬁ:lemmﬁ@h Hiiithr ARbe BlisQt Sitade @M
i dentification menory for the new frame being stored in the other display

menory. Since t hi eagheppsiticogepresénting iatpixel ondhenotputedisplay otheswise, therdrame

identification nmenories.at the 5 _ sane ti the system 10 Figure 1
cannot i mply V5 | BPOUERNE] moeny 178 #ss ekl ebdiet B oerpig o b ivd e e
system 10 of Fi guggntkicaféi Rlemdnu$ 17 hAd 18 Btifel WiRithé sFtéhmqD SIBWRN Figafeiyar e
reduced in size or be made nore rapid by the sinple expedient of using only
a single frane identification nenory. 10 Thi s problem of both

reading and witing tQQ]tghiﬁ sane mam)r%@has been overcone in the present
i nvention by |ogic cird@RIPymementi7 ehingpsefefred gmppdiment,9f the present system 30,

utilizes only three bits qf memory for the because the clearing operation
20 proceeds at such a rapid rate that it is not necessary to utilize sixteen individual
frames in the FID memory 17. Three bits of memory allow a total of eight frames to

be utilized, a number found to be sufficient and especially economical.

In attefnpting to reduce the amount of memory utilized from the double-

25 bufféred full-screen bitmapped frame identification memories disclosed in Figure
1 to the single frame identification memory used in the system 30 of this invention,
a major problem is encountered. In order to be able to switch rapidly between
display memories to present individual frames on the output display at a rate
sufficient for animation purposes, it is necessary to write to one of the display

30 memories and its associated frame identification mémory while the information in
the other frame display memory is being written to the output display. This |

_ requires that a comparison be made of the number stored in the output FID

register and that at each of the pixel positions in the frame identification memory



the need to both wite to and read the sane nenory at the sanme tine. The
logic'circuitry includes a full screen bitnmapped display select plane (DSP)
menmory 32. The DSP nenory 32 includes onlgy a single bit of storage at each-

position 15 representing a pixel on the output display 12. Signals ar &t
furni shed to theV$edrvitihBdispiny Mo Peingiyitieate thecdispiay at tha sampdmeithatui t 34
conpar es -each pogLt]._ | 2 Vﬁ”ﬂf' .M LN = .0 I n
the input FID re@Fs’@&’i’Ee f‘%ggﬂgﬁ%; R o] regsibsem\ﬁr%tniée?ﬁn ootP%Wéﬁ}S% ﬁ{j?'ﬁ)ﬁ{g%tﬁ t he
DSP menory 32 i f mehRryiertRr newlirde bEih§ stopét inltR other Hisplay enediiciiAl 8inck g t he
nunber at the position.in.the FID nenory 17 20 .indicating that a next '
greater frame i srequirggybathiwritieg ta and reeding fpmdvameidentificatiom memosies attheero i s

| h {100 0. the [ Al sq d i ' 130 "
v Lo X1 PEiRd 5.8 e AR i Sl AR bRobBR LT

posi tions of thegbhificERSPMEMbRy. { Thek S tHEUERM 2P of IShSYeSIcdrinot Rdveltsitpite F! D

regi ster 19 plus one. This conparator 36 °produces a one if ‘the nunber in
t he out put FI D ridghtification iemonphardivaresreducead in isize au b anadenmptecrapiiyythed

position in the EID, nmenor 7. Finally a conparatorl. 23 conpares the nunber
in the output FIEMPRPXRES "%gf\‘/ﬁ"f%"ﬂlﬁé Sfﬂ?ﬁ?o@m%f‘}epfﬁfécag%N?W'scanned in
the FID nenory 17 and produces a one if the nunbers are equal. 30 The
signals fromthe two output conparators 23 and 36 are each furnished to A
and B input tier m nal sThis pepleat ofibeitly reading and suttipgito thegameanemaiytha8®eeAl so

furnished to a Cinput term nal of the output logic circuit 38 are. the
signals stored i HVQJE‘&'HG ﬂbmet?'Sﬁe’BF“VFHE°’b@P%ﬁi?rﬂf°g‘t@2‘!’h‘%§°|-8?ﬁ ﬁ\ﬁtprP'?}QF‘(Pf

clreult 38 My 1 iy Hie8 198biiinG td & feda Be éameéneg'taw&émépmgngp@é ofts ¢ peQ

prior art to provi an enabl 1 ng output. at™ an output term na e

the input signal cipcuityy thellides aiftilbséragubithappudrdidpldy seled plame (DSR)meerhory 82t he
i nput signals provided at the input termnals B and C are ones. The effect

of addi ng to theThgRSMmemonnd2 includae rply @ single ki of steragadt tech pesiily at ors 34

and 36, al ong.w I gt ' - . 1@ p‘ 4 dadi ' ' '
cause signal gst o‘%ég%ﬁ\% geoﬁfeéﬁﬁfrﬁeg&tbé]gdrﬁ% a 'E#'Bgérlggpée{ug@%é\eéﬁ? ﬂ'léesn_tsg
nul tiplexer 25 tenghiory 82ifdnPa EBinbaratsricEGO3A Tive SiRtuitidalWonipapesédonQdsitiont he
sel ected one of the display nmenories 13 or 14 to be transmitted to .the
out put display 1in thediDmemaryd7 with the FID number stored in the input FID register 16 less -
one. Aoneiswrittentoa position in the DSP memory 32 if the number in the FID
register 16 is one greater than the number at the position in the FID memory 17
- 20 indicating that a next greater frame is being written to the display memory,;

otherwise, a zero is written to the position in the DSP memory 32.

Also added in the system 30 is a second coinparator 36 which compares
the frame ideritiﬁcation nurrjber in positidns of thé FI1D memory 17 to the number
25 stored in'the output FiD_régister 19 plus one. This comparator 36 produces a one
if the number in the output FlD register 19 is one less than the number in the _
compared position in the F_I_D memory 1_7; Fm_a_lly a comparator 23 compares the
number in the output FID registér 18 with the number at the position scanned in
the FID memory 17 and produces a one if the numbers are equal.
30 | a | |
Thé sig;ials froni the two output_comparatots_ 23 and 36 are each furnished

to A and B Input terminals, respectively, of an output logic circuit 38. Also

K]



nunber at the sanme position in the frame identification menory 17 and the
nunber 15 stored in the output FID register 19 are equal and (2) during
t he next. succeedi ng step of operation +#1-which the new frarre i dentification

number is being yrhishédol£Cl {1}%1 'l:érﬁ B otitout ’og ﬁnt ?f)stiggl IsoéférQ_EeOf

a sivgle di splay nmenory is to t he “out |sp

cl ock period whein édchipositionohthe DSP meefones2ii ng t he di spl ay 12 and a
conparison is made between-the number stored 20 . in the FID nenory 17 and
the nunber in the output register 19 and (2) during the follow ng cl ock

Cember Tor et o rorf i, PAIEG By 4 HER e 5okl ey i e

identificatiop MRAGWY10WRE pAOr ait td pratitle kA ehBling batpRiatEh bipiEBmihaDIEi Ng the
anount of nenory utilized by the system 30 while increasing the speed with

25 whi ch frameseiher twnpuh@gnalor damt@mput tBrroinpbA is @ ahapsthefbotiibe naputer
in which this is_acc e inafter. Figure 3 is a
table which ill u§igf'5|(§£°‘f"?réf§ ‘&QF&@@E@H& ?'}‘I{ééf%g?% portions of the

circuit of Figure 2 during the operation of the system 30. The signals
listed 30 are those provided at the input FID register 16, the FID nenory
17, the DSP nenory 32The¢ftecbufcqﬂdtngﬁb[hersmtmwthbgf}srfhmmh'r}sﬂ?.aydmmoom one
of the display nenories 1 e display 12 fromthe background
ol o regt ot b >EomPREIar B A6 35, RPGA MR FOMRRIRISH2S ANHhePURA G St 35
occurring at tha bl rhﬂfﬂ

of Figure 3, theﬁss%‘gﬁ“gfgQ’S?%'Spﬁggb'°“'ded§?’]‘%%‘?d’ rese'iejlfgrﬁr%%% fhe "ElmsiJ

30 are shown as 25n0&au§ﬁinmrmmn€slmﬂatafpanmhhaposi@rﬁhaheseléctwbﬂélof the
ogﬁﬁatlon has not yet begun. At line 2, a newframe 5 identification

er 001 is f uﬂlﬁp?ﬂéﬂe'ﬂ@"qsh@ arriue be trapemitiad e thej autaut dhsplaydizsvhan (15ther om
h CPU h b
(e S (1ot <MONIoba BB SEng onh B bR S B AR,

col or (or other) stordinthé io0tpubPIDE@gistdritBeaite bQudl BAdSE@YRuRRS tHe MeREsiddeédify
associ at ed di spl aé\?r frmry During the clear condition, without information
q

in the display mé @peratign mqurcbmwome ddsingification Wumbeeis being: wriiteodo put

whi ch 1 oo ng 1 MCE R RERM 17 b NG el e duBiin oSGl peR A BRmEY o 1<

being written tofirished to the output display (1) during the clock period when it is scanned for
refreshing the display 12.and a comparison is made between the number stored

20 in the FID memory 17 and the number in the output register 19 and (2) during the

fouowing clock period in which the FID memory 17 receives the new frame
identification number for the following frame. In this manner a single frame
identification memory may be' utilized in the system 30 thereby reducing the
amdunt of memory utilized by th_e_ system 30 while increasing the speed with

25 which frames are switched to the output. The particulars of the manner in which

this is accomplished are explained hereinafter.

Figure 3 is a table which illustrates the signals present in selecied portions
of the circuit of Figure 2 during the operation of the system 30. The signals listed
30 are those provided at the input FID register 16, the FID memory 17, the DSP
memory 32, the output Flb register 19, thé display 12 from one of the display
memories 13 or 14, and the display 12 from the backgrouhd color register 20.

The arrows in Figure 3 indicate that a change is occurring at that particular point.



postion, the DSP nenory 32 is not affected at the particular position
(which 15 retains a zero). Line 4 represents a position in the FID nenory
17 to which the new information is witten. A conparison is first made in
conpar ator 34 between the inconmi ng 001 -d2gnal in the input FID registerwl6
and the 000 in the cleared position; and, the register 16 holding a frane
number one | ess than inbe fsting ofithe table atFigured; thecsignals previdesit aachoty

position and the Y | Qs | increment.ed by one,.to 001.
The conpar at or 25% %ﬁggé@%%giéggyﬁémﬁn%érsggﬁ"'?ﬁéerﬁ?'D?hé?_rfﬁrés?}s Wet'h t hat
stored in the oukcRating kfate mawisitle bpdratiorShal fotlyBELEYUNP Wit i€ Q! EinBlw fidhhgont ains
-000in the exanple while the -FID nenory 17 contains 001 at each new - :

posi-tion, 25 5t hidenytieationinuaberBeLisfutnishedite thetinput dlameLidentiigatiorciegister t16y

38. ‘At thi dock 44 h th t ' it 36 d

orovi de. an_enabl 190 00 gl Tion SRl ¥ P Byl B AR PhimS sorbar whsh WBtee i ne
out put register RieAMs Betfane ieRRRAIGPAEMORH tbqée?\tiwtﬁﬁ grag% FSQ% é&:&r(gg in

the FID nenory 17. 30 Moreover, the sane position o menory

al so cont ai ns a other) inforamatiembéihg wittgméd thessamepoisifieds imthe lassaniated displagi ¢
circuit 38 at the output . termnal D to opergte fhe nmyltjp|lexer 25. -
Consequent |y, si dHeNY fmngﬁlée g‘@?%‘?ﬁ"&ﬂ'ogi ‘g‘&%m‘mﬁ&%’l lnr}bﬁgfsylagrrgemones,
furni shed durjong dnfy SackhRIenk @ojoP & WHitéM o 1He SBtpdY didglay T8E di spl ay memory
provi des the backgpjo_undbcol or because of ﬁts'mlpn?/tllg%?ystate. In I'ines 5 and
6, the change in the output in response to the change of the 5 frane

I dentification nunber fromQ00 to 001 is .illustrated

| ~FLD ey A7
when the frame nunberAlF Pf’etggs"g‘ﬂﬁ"&rgﬂ%g;é'&%ﬂé'ﬂ%F'Dl'@eF“Q'YCWaWd@Hc'E wegming As -

may be seen in lin i NE nQ b SPI Lf Qi cl st or es N/
all zeros renui ns:ﬁ*ﬁ}r@atg??ﬁa%% ‘gﬁ%%]oas;m@éjrﬂé @?o@%ﬁ%:gﬂcﬁgfnr*gﬁpnndg& t%?/h '.§

det erm ni ng that postior)®i%e BSPrmemory 32ie nbt &tfgttotiatithd particulad positidfwhicar ed in -
the output register 19 10 cause conparator circuit 23 to send a zero on
the A input t®rniRRInsi32e5ak hibe #sepresents appsition indhe, G memont 121 whirk thes

whi ch adds one t g puaier . d ai i res
this result to t%gﬁﬁ%@%xsﬁr@@ﬁ] Bérberﬁr%rﬁfl&g%mg%rﬁd%g éﬁ%@@g&%&o@{éﬂeﬁou put
circuit 38 on thahdinceming @1 sighal in the inputiFiD régisiér 16rand thel 0D0dH the ¢ledred 3

iIIustrates_the result of the co ri son of

t a an
position; and, the register 16 holding a fr_amz number one less than the memory
17,a0ne i_s stored in' the DSP memory position and the position in memory 17 is
20 incremented by one to 001. '

The compérator 23 also compares the number in the FID membry 17 with
that stored in thé_ output FID register 19. Since the output register 19 contains - w)
000 in the example while _the FID memor_y_17'contains 001 at each new position,

25 this comparison does not enable the output logic circuitry 38. -

At this same clock_ti_me. however, the comparator circuit 36 dbes provide
an enabling signal to input terminal B of the circuit 38 since the output register 19 '
contains a n'Um'be'r (00'0). one less than the 001 stored in tﬁe FID .memory_ 17.

30 Moreover, the sa@mé position of the DSP memory 32 also contains a one, so an
enable signal is provided by the output fogic circuit 38 at the output t'e.rminal Dto

operate the iﬁultiplex_er 25. Consequently, signals from the selected display



“"position of the FID nenory 17 which stores a 001 when the output FID
register 19 also contains a 001. ‘As is apparent, the conparator circuit 23
. brovides: an equal signal (a one) at thg termnal Ato the output logic -
circui't 38 which causes the nmultiplexér 25 to furnish the output of the.
sel e&fed out put dnemontarerfuroisediduriog tie stepdo the autputisplaytt 2di Ehel display?.
Consequently, it is apparent that when a particular frane is witten to a
di splay nenory 15"YPOYALQ _%e_s[‘;l?g 8@’?‘1“\9@?%#9?%%&3 ‘?f:ﬂtér'r@‘r‘%rs@t%l so witten to
the franme identification nmenory 17, the system provides (1) the appropriate
output to 25 the display 12 for background nmenory when the output FID
register 19 is not st briineg & énd 8 dhecliangein thgautput ircespanseno thecchange bhthe
position in the frame jdentification nenory 17, ?ﬂgﬁé&ipthe col or

i nf ormati on f Bomftame igpaisicalioneumhey inghe kil imemary Ofo 0QHis ii"l'ﬁé"aéﬁﬂ put
. o . . o b
of “the tabl e of M8 amaMIEREE if3he 8ibuPAR idep 1o R cHany it o8}, e by

identification nussyendaBingSemercutput MisbRysd ifbd ay positioh evhidh storeslaft zeRe of
the display nenories 13 or 14. As expl ained above, it is necessary that the

| ogi ¢ circuitry demainsthe bagkgseunehdiiplaye nkhisymay be coofirmed by deterainingihat thet he
di spl 12 whi ch bei.ng..f WA shed ing t i.0d: i ich.the FID
O SPl Y, 12wt Bl Bl sthe 371a0f o A5 B A ek B ORI L,
the output frare dfledtbmbsritdritctitss ff ¥nd B2 bh Mk Albut teiMidal® SRNIGEieT

information is being witten to the second display 5 'nenory. This is true
even t hough t he . RB&Dwhilentiweycomrparatoriricuit) 36 whictvadds ene td_theawnder stotadyin thd |

i bl h ' I | ded b h 3 hi
ng‘iiéfﬁf Firot, ‘GEPRTpoINsEid PO CUTPARRINA BSWEIRIPG PULSKID 1P HOBRPOYO Fand,
second, at an |l | +00: Lanal in the input FID
regi ster 16 i g Eﬁ%ﬁggg%eﬁ@%eQg{tqu?‘%gagmﬁg?é EE%@}:‘)‘%', aI posi ti ijnp:Jn t he

FID 10 nenory holding 000 is conpared with the 010 in the FID input

register less 1 causing the conparator 34 to furnish a zero for each such |
position to tHe DSP mbifisrG otthe taile ot Figyre 3dliayatassbe result of thereempadiaa ¢fany

placed in the ne [EJ%{?S'-E:J WF@1§38§5 TRIREN sidfes' oG @ﬁer?th%eoruppu??logmﬁmeralts

line 10. Since t _
also contains a 001. As is apparent, the comparator circuit 23 provides an equal

signal (a one) at the terminal A to the output logic circuit 38 which causes the
multiplexer 25 to furnish the output of the selected output display memory 13 or
20 14 to the output display 12.

Consequently, it is apparent that when a particular frame is written to a
\/ display memory 13 or 14 and the pbsitions of that frame are also written to the
| frame identification memory 17, the system provides (1) the appropriate output to
25 the display 12 for background memory when the output FID register 19 is not
storing the same frame identification number as the position in the frame
identification memory 17, and (2) the color information from the display memory
‘when the FID rhemory 17 and the output register 19 store the same number at any
particular position. '
© 30 | |
At line 7 of the table of Figure 3, input FID register 16 is furnished frame
identiﬁcation number 010 preparatory to writing to the alternate one of the display

memories 13 or 14. As éxplained above, it is necessary that the logic circuitry of



regi ster 19 retains a 001 during this period (line 8), the conparator 23
provides a 15 zero at termnal A and the conparator 36 provides a zero at
term nal B. Consequently, as line 8 shoxvs background color is provided_to
the display 12. Line 9 illustrates t hat 4 or any position of the FID menudy
17 holding a 001, spstebngo eérhmbel?@ﬂﬁ'msﬁtlﬁcﬁmﬁﬁ ‘befhp0 1N
the input FI D reglss9ter 16 20 causes the conp go?fgitﬂ(ﬁf!pg% e l&’#%h aone to
the Iike position furnishpe dodm ﬂvrnﬂﬂyd:B‘EwhlAhmaFth'eemonypmm:ted a&amenber
010 resides in the nd a sides in the menory as shown
at line 11. Moreovd" ?D?t%gé’u{'ﬁ’gf eﬂ% }hﬁﬁSthedt‘ﬁ@’q:‘?"lﬂ’%éf?ﬂ?%/'dﬁ“f'é’éﬁﬁ‘a@@@e’
with-the signal strdsingihé iRews RéWcElbﬂnf&ﬁh

furni shes a one at termbnal A of output |ogi cﬁi:fﬁrggél ?»g@ﬁnqg?%éé}{?géggs lay
col-or i nf or mat iSon memoy. fThisis e even thouginthed D menyorga Mis peihg ovérerritiens pLinys
12. At line 10, e FID s recejved the new FI D nunber 010 and
the new col or inf &rWﬁqqgggqrglhg\@]iﬁéh%cf’f’?gﬁ'gcnélst%%PE%’!?&H(PYdP%ﬁV%?mrﬁQrfﬁry At
this 30 point, thg,g X [t "5@1' o
is provided at ter munafﬂ?é‘fof %ﬁoéﬁyﬁgpéiﬂtéaﬁﬂﬁ'ﬁ qﬁ produ c%sagdn

enabl.e only when tand, sendndrat myepcrsumalwhnéﬁhdldmaowhﬁén thengignadl iretheUhgut FID
regi ster 19 contains a number one |ess than that stored.at the particular

position of the FI’@'ﬁ@ﬁﬁﬁF ghanggd {,@10. Atdigg,8a fos exampley @ prsitiominghe Files a

one at the terJgn SR 0, t hat
position, the {eHnaq‘i‘l ng co ?%dng?ﬁo%%e cl rcﬁé?t%%%&' 'I%Ei:lr‘gtm%fegéﬁﬁra'essp
background col or Icauéngmieamﬂpathtotmtammém 2873-foPeach such géémbﬂ {7thd bsp
position of the FID menmory 17 which previously contai ned now

contains 010 is cdReBPRYPBZatAftanthecamparisen, rth,mnwmlgeromes plaoqrhlnahe)memar;cuﬂt 28/

rovides a zero at & CA0D arat S a _one at
ltoer\r%! nal B f)ecause '{dﬁég% %WB&%E?%% g€eg aﬁ& ‘@? abﬁl—? e§f‘%§ theroutm ¢
posi tion than doesehibRr 99 rdins 60 Séicting tRis pbhiod h§8 alﬁ@.coajﬂ %Yd?’r ;:Hﬁléesa
address of 10 the DSP nenory 32 contalns-a one eca ise at |ne Q%t

| conparison by the Z@Mfaiﬁﬂmoal/tBnﬂtmetcmamthdedemeemtatuémﬁnaDBs| tion.
i . Consequently, the nal s at t rmnals tto the |logic of circuit
38 are both enabl i‘zﬂ’%sﬂ%e'ﬁ@s?ﬁﬁ'é? E%C’W&ﬂcg@ﬁunﬂ colr iginfayided fosthe display: 1R

mul tiplexer 25 to furnish color information fromthe first display . nenory
to the display 12. R _ :
Line 9 illustrates that for any position of the FID memory 17 holding a 001,

on the other hand, a comparison with the number 010 in the input FID registei' 16
20 causes the comparator 34 to furnish a one to the like position in the DSP memory

32. Afterthe comparison, the number 010 resides in the memory 17 and aone

res_ldes in the DSP memory as shown at line 11. Moreover, since that position of
the FID memory 17 compares with the signal stored in the output FID register 19, ~/
the comparator 23 furnishes a one at terminal A of output logic circuit 38 and

25 causes color information to be furnished from the &isplay_memory to the dis‘blay
12, o - |

At line 10, the FID memory 17 has received the new FID number 010 and
the new color information is being written to the second display memory. At this
30 point, the_ output FID register 19 still contains a 001 so a zero is provided at
terminal A by the comparator circuit 23 which produces an enable only when the
numbers aré equal On the other hand, the output register 19 contams a number

one less than that stored at the partlcular posmon of the FID memory 17 so the

3



" 15 Consequently, it may be seen that while information is witten to the
second display nenory, information fromthe first display nenory is still
bei ng preesented to the output display 12~%ven though the FID nenmory 17 ts.

bei ng;overwitten .Line 54 11 ust he .
Qper’a/tion of therks?;ﬁgta é%@ﬁkkﬁ? Rﬁo%#eg%&qeé%l&{ﬁﬁe?@%?} %‘naﬁﬁ rthgﬁ%ﬁed in the
out put FI D regi strAémdf 325conlamos deroCatithd pouilioe, thé dRlatling kefditistof the citeuit
frame stored in the second-of the display nenories 13 or 14. At this point,
line 12 shows t hai8 ighohmeband bagkgeungigolon is dieplayed atthe dispiey 1217 cont ai ns
000, the DSP nenory 32 also contain a zero. Since, the nunber in the FID
‘menory 17 is not the sane as the nunber in the register 19, a zero is

provi ded to cigcuit 3@t aRe I NRpoSHRINGMAL FID m3nidHE17 KBichipteviddsly Sot@hegqual

to one less than menory 17, the input at terminal Bis zero so that
background col or 903 m%wcmtmys Phe iseanpgseckatdhe patpubtircaitrya Thestanpanatas

h [ i 13 wh he. Fl D 17 ' 001 h SP | 'y 3
contai ns & one. arfiCHl APAIGes 87450 AL IR eh o e LR 8 mpRrelel 3 PR vIORR Bte o
the nunbers in thgrfihhl BB&GALYe he ADMMeMBYHI7IRoIRA Ririter bhe YPedibr at that- 16-

conpare and the frame nunber in the menory 17 is not one nore than in the
regi ster 19 so t hgositiondbadn doed3he nutpgbreagister 19¢ dn this:caser howaner thisraddsess ok and

Btothe circuit 38; i s causes hackground col or .to_bhe furnisheq to the
i spi ay 15 | 590 he DS meoy $5comlins & SRe iecierdt 14 2R CORaTRORE AP ng t he
frame number 010 k ) [l 2Y tha? Bosilior? & dBARLY 32
contains a zero pro u%%tgy\@o@graﬁg@%?i@%a\f{rﬁatﬂ{éé dinggtlﬁsae?nrr%t%ﬁ/ a‘?ﬁ%%e
dirspl ay 12 becausatthée® drgC terminaisstoithe tdgic éflcBDeuir3tare bbth emabling andla3ignal is
regi ster 19 do conpare. In the same mannper, line 15 illustrates that at any

'p}7§i tion of FID nBiewided etterpinall to g@usgdhe nuliptexangp ‘&_tf"Wﬁhcq?'q_"m’%‘_éﬁHQ" from
§4f Lrni shed oA e e BT Y SRR oLt di cpi y 12 as in Iine.
: 15 ‘
 Consequently, it may be seen that while information is written to the
- second display memory, information from the first display memory is still being
presented to the output display 12 even though the FID memory 17 is being
overwritten at that time.
20
Lines 12 through 15 illustrate the operation of the system 30 as the frame
identification number siored in the output FID register 19 is changed to the
W, _ number 010 reflecting the new frame stored in the second of the display
memories 13 or 14. At this point, line 12 shows that at a position at which the FID
25 memory 17 contains 000, the DSP memory 32 also contain a zero. Since, the
number in the FID memory 17 is not the same as the number in the register 19, a
zero is provided fo circuit 38 on input terminal A. Since register 19 is not equal to
one less than hemow 17, the input at terminal B is zero so that background color
is produced by the multiplexef 25,
30 ' _
At a position as shown at line 13 where the ;FID memory 17 contains 001,
the DSP memory 32 contains a one and terminal C provides a one to the circuit

- 38. However, the numbers in the FID memory 17 and the FID register 19 do not



At line 16 of the table of Figure 3, the FID nunber-in register 16 is
changed 15 to0-011. As is illustrated at Iline 17, at any position to be
changed and storing other than 010 in theidd D menory 17, the conparator-+34
causes the DSP rrermr[r}a/ 32 tqg store a er.o:l At -thi §1gpoi nt ba(_:k'grt undt ol O
WiT be furni shedeartparhend fhefarye samBEyR empmpyiIZ s pevandTae® R 88 cor
ones to the cirCuidgist19%) the circuits' 23S IR Brolilie! dekdsSt@iniiRals PdndBYo
position storing a“010 in the FID nenory 17 and either a zero or a one in

t he DSP nenory 32therairduit 88; thiscaiuses barkgrduntircolor tdbe {lirsiphed,/ totheslispldyet2iuse
the output register 19 carries the sane nunber as the FID nmenory 17. 25

At liine 20, the FID nmenory 17 receives the frane identification nunber 011 -
and ‘the associated di sqliay 14EaBbitidPorHID ey 12 dohiafing fhe 1Ainé AGMBerI0! | N€
20, -any positi%n whi ch p'revi bﬁgf}y”storeg ,ot’ﬂ%’? t han al 0 rece?ves_ a zero
at that position amd ahwhiClsthencompayatd2 position pf thierRBP aemory B2 gantdinsg 2éroe 17.
In such a situation, the oqutput display 12 is furnished, background col or )
fromthe register PEGUERS cqggdg{qg'@aq%efrqfﬁ/ the dispiay, meawory aighe ﬁé?p?WewE?ﬁﬁ?é? es

with the nunber sgar ' _ L RS 17 FITPreBist?a of 4y nidiél itnd he
Ctermnal of t he{h%t}ﬁgGPBF%}ggﬁ%mce%@ﬁ?%ﬁg@.1713%(1?%7-‘ Lﬁ?ﬁg‘wz}l i:H ustrates tt at
for each positi onsahe infemnet, Inet 6dilugtratés et at amsposition| of iFiDy meenddrg 17 containiiy | s
witten the FID nunber 011 and for which the ‘gg | at ed[}{)&sitiqn of DSP

menory 32 recdPved 010ad&t whignthe same pasition of BETp CHUNRIPHE Wespl ay
menory. Thi s OCCULS. )A%%Db é’rﬁ,gﬂ A - m nal
C, and the conpar g@ﬁﬁﬁ@gﬁﬁﬂ@ provi egsﬁ/ezg'?1 c?)or@thgl[[ﬁ léﬁéér%ﬁﬁg@ngﬂﬁﬁéﬁag ponse

to the nunber in uizplayl12 ainding 14/ bei ng-one greater than the nunber in the |
out put register 19. Lines 22 through 26 illustrate the output caused by '
changing the nunber 10 in the output register 19 to 011. In lines 22

through 24, it is sho . ' e,. d.hat iLtion.
mam)rg 17 hol di ng Olovgtrhqeggeséfqgé @&%ﬁ%ﬁ%ﬁ%ﬁ%ﬁ%ﬁ@%&# H| %Iabs?%d‘tﬁgg(?ﬁ%@“
matter what valsue td 8111€A8 ighiudtiadd MMt 1708t ary pddRioRT beRRRAged3Ehd dibsing Of

the reasons for this are obvious since the FID nenory 17 and the out put
regi ster 19 hol d @therthanieiathe BRIMemMmenLth the camparator 34 caysesithexDSP memory

32 to store a zero. At this point background 'oo|0r-will be furnished to the display

12 because 'neither terminals A or B carry ones to the circuit 38.

20 Lines 18 and 19 illustrates that any position storing a 010 in the FID
memory 17 and either a zero or a one in the DSP.memory 32 produces a color
output from the display memory becauSe the output register 19 carries the same -
number as the FID memory 17. ' o/

25  Atline 20, the FID memory 17 receives the frame identification number
011 and the associated display memory 13 or 14 are written to. As shown on line
20, any position which previously stored other than a 010 receives a zero at that
position in the DSP memory 32 -és explained'above regardihg' Iir.lel.17. in'such a
situation, the output display 12 is furnished background 'colo:r from the register 20
- 30 because the FID memory position neithpr compares with the number stdred in the
FID register 19 nor is a one furnished at the C terminal 'of the output -'Iogic circuit
38.



~ 15 of the circuit 38. Even in the case where the DSP menory 32 holds a one
I n a position. The conparator 36:provides a zero at term nal B of the

. circui't 38 because the output register nunber is greater by one rather than
!ess\J han the number in the FID nenory 4f7- 20 Lines 25 and 26
illuStrate that at anyinB@qiiliistratedithdtlisr ddck pasitios ¥t thé PO intdindip l1¥prédoukly
color information is transferred to the output display fromthe display
menory because t helding'd 10 tewhich inwtithan the &P aumber @11 andd foawbich Thse skil | ed
in the art will discern.fromth regoi ng. di scussion that at 25 each step
of the oper at | on B5PORHEd SpEREMob RSP, HERGN FAecR R g Py Byadces Sgoior
“frurii shes the inf | (FONVA a i r h during-
the period in Midg‘wrﬁ'gﬂﬂﬁﬁb%ﬁa?ﬁﬁ?rﬁ%”bu %3%@%5%%3?1%?? ?cne‘l#%ﬁc%zegister ’
19 and that s t Iprovidds aeneaytetminal €, atbihkicompanital citotit 8§ pidvidiep & drRdat
foll owing when the next franme is being witten to the other display nmenory
so that the FI D reming Biip responge tiapnymbeeinthe FiLzmempny k7 being:ore giealerry of

the system 30 of | 8.0 N Lon i f replacing that disclosed in
Figure 1 yet uti |‘ﬁ§i@emﬁ%ﬁifﬁﬁ8§%€%3%é%9y in.the -18- frame
I dentification buffer portion as does the circuit of Figure 1 to acconplish

t he sane purpose. Mreover, since the FID nenory 17 contains three bits at
each position represehnes@2ahiougk P8 diustrate theioytput cliused by changingthe aluedoer ng
of that nenory mgy be done npre rapjdly than the_clearjin f the nenory
Por the oysteth 10% 4o outbaidepsies ab RROH.oiariBed 22 Troyaliad: 135 shawh. ks ihstendRenor v
contains but thr | fﬂpﬁ# ol ' ' t ' ut of
Figure 1 contai nqgat'?gi %I 0 ét[eu?\ %t"){%ﬂoe'b%g‘us itﬁgﬁg@gglﬁafggﬁéﬁ%&gﬁfoﬁ%
a\gg,orrpl i shed i n amioroutpuhisgpreduced riohatter-what walde isfheldat tharpositien in thedDSP

cle

ar the circuitry of Fiqure 1. This substantially enhances the rapidity
with which franed"eRgVR2. fYiesofthereasonsier thistap obvio

i ! : USinge “.’EQF‘QU‘GF}O@UD% 4
erm nar b for opedn? Bufbut Aot el B thire RSB o HhdrilbeL,

si gnal s provifed ¢ithd brouiteaBi Evahin the dasaMhefe 186 DSPememopLs2 helgs & ofb i ali t

38. As may be seen when_the signals at termnals A and are both zeros,

then no matter whReasition. The comparator 36 provides a zero at terminal B of the circuit 38
because the output register number is greater by one rather than less than the

number in the FID memory 17.

20 - Lines 25 and 26 illustrate that at any position of the FID memory 17 which
holds 011, color information is transferred to the output display from the display
.. memory because the number in the output register is the same.
./ o
. Those skilled in the art will discérn from the foregoing discussion that at
25 each step of the operation of the system 30, the output logic of the system 30
furnishes the information provided by a display memory 13 or 14 both during the
period in which the number in the butput frame identification register 19 and that
~ in the FID memory 17 are identical and during the period following when the next
frame is being written to the other display memory so that the FID memory 17 is

30 being overwritten.

Thus, the circuitry of the system 30 of this invention is capable of

replacing that disclosed in Figure 1 yet utilizes but half as much memory in the



15. signal is presented at termnal C the output will display background
color. Wen a 1 signal is produced at term nal A then whatever si gnals are
produced at terminals B and C, the output will display the color signal -~
contained in the display nenory. Wien termnals A and C are furnished -
zeros, while termnal Bis furnished a 1, thesoutput di splay will produce
background color. Wien termnal 20 Ais furr‘?] Shed a zero, and ternminals B
and C are both f uirame igeshtification buﬁmpdrﬁm asudqustthel cisqiitaof Fmdré 180 adcomeplish¢he
color signals fromthe ap riate djs nenory on di-s 12, AIthoH gh

t he present mven%qrﬁﬁlpH@g @i‘?reﬁysbﬁmg gﬁ'Q@PWE%ﬁ&”}S&@? pe Rt at eac

embodi nent, it w t V lbifﬂﬂggm Qfﬂ.@

al terations m ght Jf) %Ef&gsﬁtlrﬁa? "%‘E’ﬂ“?e @jt*) the ar{ l“‘;éa%hou (gepar
fromthe spirit anﬂysbecmaemiore kapndlwmantmmheimnnmuﬂhélnwmatnwlmie symmﬁore
be neasured in terns of the clainms which follow

S
-19- CLAIMS 1.5 lllustmte@mglge Toun faat, sinosrthanFiR memasy mryalas §pﬂta;ﬁentgt a

il ng a i spl BpAtanie b mefores LG SRRUCH i Tl A pom

menori es conprisi gg bﬁﬁwue\éﬂné ey bedactonpusd |ﬁ|d#bbﬂixirﬁé‘le?fodélthﬁi -gecBAdge

positions for storlng respective first and second franmes of said franmes of
information; a  pf thedioperquirdd taralear thelcirauittyl fffigura 1. Thimsubstantially enliangesa
third plurallty of pixel stor tlon si mul t usl ofres ding to
said first and seHi@p 'ﬂft&é’fthé‘&'&?'af%é"%ﬂ H?sﬁﬂtﬁgéﬁ&qqﬁépé‘éﬁp&ygﬁ?ty of
n-bit frame i ggi cations, each of said n-bit frame indications indicative of

one of a respective one of said individual frames of information; input R
means coupl ed to said Figurst4 iirsiratescatrath table showing the output signals produced at the o/

terminal D for operating t'he multi_plexér 25in 're_sponse to the different signals

provided at the terminals A, B and Cof the output logic circuit 38. As may be
seen when the signals at terminéls A and B are both zeros, then no matter what
- 15 signal is presented at terminal C, the output will display background c_olof. When

a 1 signal is produced_ at te_rmihal A, then whatever signals are produced at |

terminals B and C, the output will display the color signal contained in the display
memory. Wh_en termina'Is A and C are fumished zeros, while terminal B is

furnished a 1, the output display will p_rddUce béc_kground color. When terminal

20 Ais furnished a zero, and terminals B 'and C are both furnished ohes. then the
output display ‘will produce the color sngnals from the appropriate dnsplay memory wl
on dnsplay 12.

Although the present inventién has been described in terms of a preferred
25 embodiment, it will be appreciaied that various modifications and altekati_ohs
might be made by those skilled in the art without departing from the spirit and
scope of_the invention. The.invention s_hduld_t_h'ere_fore be measured in terms of
the claims which follow: |



di splay nenories and said franme identification nenory for alternately
inputting said first frane and its n-bit frane indication into said

» correspondi ng fi ﬁ ““i m Iural ity of pixel storage positions, and .
sai dysecond frarm'ulmll I r“ll "Il lfrarre i ndication into said correspondi ng.
second and third*pl Gratit¥y of fixel storage positions; conparison means

coupl ed to sai d frame identificati-gmJrenory and said i nput nmeans for
conparing said n-bit indications st oreMi d third plurality of pixel
storage positions, said n-bit indicati aid i nput neans and an

I ndi cati on Rrdi cati e cximputeEar towtput Syatemt dolre raipsijdlayy el spl aypdwlg di spl ay
in a predetgrm er .ean h Ng i Si aid first
and second %I L%gﬁfd'ﬁg@g’ p?%el glslgg{rlggééhp'ogfig@%é [ sa%%ﬁ%gg l|§on(gn :
conpar e diispdayf mepps inglmdling asAisplagtetaampmigingmnner at said

corresponding  thigd pj#Hggl ldng Okeond! tﬁ&a@%(?ooais?ﬁzay meltbries C

L M S -20- control neans cqupled to_said first and second di spl ay

menori es an§ORREA SddFpaFPERRCHYRs £orssel and| ngeerRd of PLUF3L FtY stofing
second franpixelostdriages dobiftiichs Tot VAT Itespddbived Pizet sidrage

iti i splayi id f i nf ti f id selected f
Crored at oAPEOBRArentd: B s Beame s Aol PR S Miab i ng i gnals. 2.
The  conputer oulaput pixmapped fOramerapideptdfigadiiony amendxyality
£ individ : . : . ; ; di spi
as set fort fomREAEARe p (HARLBIREAETCPNOR, §R,BY WARRGd o] O I <Pl 2

simultaneously corresponding to said first and second

pixel storage positions for storing a plurality of n-bit
frame indications, each of said n-bit frame indications
indicative of one of a respective one of said individual
frames of information;
™~ input means coupled to said first and second
display memories .and said frame identification memory
for alternately inputting said first frame and its n-bit
frame indication into said corresponding first and third
plurality of pixel storage positions, and séid second
frame and its n-bit frame indication into said
corresponding second and third plurality of pixel
storage positions;
comparison means coupled to said frame
W identification memory and said input means for comparing
said n-bit indications stored in said third plurality of
pixel storage positions, said n-bit indication in said
input means and an indication indicative of a particular
frame to be displayed on said display in a predetermined
manner, and outputting enabling signals for said first
and second plurality of pixel storage positions if said
indications compare successfully ‘under said-
predetermined manner at said corresponding third
plurality of pixel storage positions; and



P . .
plurality of pixel storage positions conprises twenty four bits. 3.

The = conputer  out put syﬁlmrluumm, dly displaying a plurality
of individual frames of i'fyeeRyeAli pl ay means including a di'splay

‘as set forth in claimi, wherein each"of®sal d third plurality of pixel .\
storage positions conprises three bits. 4 ' The conput er out put ]
system for rapidly displaying- a plurality of individual frames of
information on display neans::including a disgal ay as set forth in claiml,
wherein said i nput means conprises an input frane _id_enii fication register
for storing said n- biGONYFRl MeIRS oFOURILEA! LSBT nEirfbuand t2LePRA of

sai d display aa@plags mémories alte saikDGUKpAriscl!indtins £ tigelect ing

rapi dly displayin a_ . ality f indjvidual frames ,of info tjon on .
di spl ay neans°¥‘ﬁc%§dﬁ?d‘%£ﬁ?§ﬁ %Pi??&n(a (ﬁ’ﬁ?‘eﬁ r?tcfﬁ%if-n‘r“ sal &5t
said conpari amd seeondcopburakity laf)i pixelcustorageouppsitionssaant :
enabl i ng si gnalss., - 21- S %HE[pl.i | Q¥ i : - of

two conditi On?;}g&axﬁhﬁ ss-ag?idckena ' ilr#%ﬁﬁmﬁiéﬁ'%%ﬁ%?%'%ﬁop

cycl es when sstonednappapid apbxedemtonags i BASkEAONG aseddonprsaid

refreshing saigtha®iSRlcp)sidihIHLr i ng cl ock cycles when said pixnmapped frame
identification menory recei'ves its input fromsaid input neans, whereby

al | owi ng sai d pi xmapped frame identification nemory to be shared by
said first an@.second ThHexnammaputieapl ayoutpal i esystem for ‘rapidly

displaying a plurality of individual frames of
information on display means inc_l;udi’ng a display as set _
forth in claim 1, wherein each of said first and second ' N
plurality of pixel storage poSitibns c_omprisé_s 't_wenty'
four bits.

’

3. The computer output system for rapidly
diépiaying a plurality of individual frames  of
informat_ion .oxi display means including a display _a'_s" set
forth in claim 1, wherein each of said third plurality
of piice_i s_tofage positions comprises three bits.

4  The computer output system . for | fa__pidly;-
displaying a plurality of individual frames of .
information on display means including a diSplay as set '
forth in cl_aim 1, wherein said inpjut_' means.comprisés an
input frame identification 'regis_ter for _storing .s_'éi'd n-
bit indication of said frame bei_ng_ input into "q'ne of
said display memories. '

5. The computer output system for rapidly
displaying a plurality of individual frames of
“information on display means including a display éé_ set
forth in 'cZ_Laim 1, whg,‘x_;ein, said comparison means
‘comprises a logic circuit’ for outputting said enabling

signals,



A4 , .
6. The conput er out put system —for——+apidly displaying a
plurality of individual frames of I spl ay neans
i ncluding®a display as set forth in JI’ Wﬁ ,mgai d two conditions
conpr @e a first condition that said logicc Gi eives a first
plurality of true inputs for said first and second plurality of pixel

storage positions, during said cl ock cycl es when sai d pi xmapped
frame identiciation nmenory is read for ref+2%4ing said display; and a

second condition that r (oY) IW ﬁdﬁ#t
plurality of true mpu?gli‘?oréﬂgg?éﬁ?l r%g?h S Q’le"a'\cig'ﬁd g ra ?‘% |xe?
storage positi®¥g, cendiians g suchk thali c s nesapdi E}B'xrrﬁbﬁﬁﬁlﬁr afpEe :
i dentificati onowepaty dlﬂG.Qiq/eélbbﬁ | cyeled rﬁﬁeﬁalﬁhid‘lpwhmd /frame -The -

dly d I
Cnabvi dual rrieatiE{ShETEn . Bomosk " ig,) KPabaren AT EER MR <FRLS as
set forth in cdispléy vdmad eiduriagd cﬁ:opknsymleueanﬂae‘mr'shed cpixmappeda
first compari SPP?ﬁyEHéﬁtg gg%?foﬁoméﬁb pfé ?989 %E .abggn&ahcasaan

menory, an out rane Fcatron r I'c circurt
for * C impput\meams, * -22- provi di ng sald logic circuit with sald

first plurality of trugnheréByts &itfdwihg sal %afi'CPCk (ikﬁlb%e\ihen rPaind

pi xmapped fra i de fication m)ry |s read, for reshL g said display,
G st pEaeaEREycation, mAMom, pS B oPhar PR o cea rféxférq" nl
n-bit indi catisesonfiopirmappedi display memories.

W, 6. The computer output system for rapidly
displaying a plurality of individual frames of
information on display means including a display as set
forth in claim 5, wherein said two conditions comprise

a first condition <that said 1logic circuit
receives a first plurality of true inputs for said first
and second_plurality of pixel storage positions, during
saiad clock cycles vwhen said pixmapped frame
identiciation memory is read for refreshing said
display; and

a second condition that said 1logic circuit
receives a second and third plurality of true inputs for
said first and second plurality of pixel storage

N positions, during said clock cycles when said pixmapped
frame identlflcatlon memory receives its input from said
input means.

7. The computer output systen for rapidly
displaying a plurality of individual frames of
informaton on display means including a display as set
forth in claim 6, wherein said comparhison means further
comprises a first comparison circuit |coupled to said
pixmapped frame J.dentlf{J.catlon memory, an output frame
identification reg:.ster; and said logic c:.rcu:.t, for

s'



40

corresponding third pIurallty of plxel storage positions equal said n-bit

I ndi cation i ndi catvre—of—=a pdlLILUIar frame to be displayed, thereby
resulting in said fi true inputs being provided during ;aid
cl ock cycl es when ﬂlﬂ!}m‘!m me identification nmenory is read fou
refreshing said d| Nsbit+ indication indicative of a _
" particular franme to be dlsplayed bei ng stored I n said  output

~franme identification register. 8. The conput er out put system
for rapidly displaying a plurality o#22+ndividual -franes of
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i nput nmeans. plurality of true 1nputs being provided during said
. clock cycles when said pixmapped frame identification .'\J
memory is read for refreshing said display, said n-bit
indication indicative of a particular frame to be
displayed being stored in said output frame
‘ ' identification register. '

8. The computer output 'system for rapidly
displaying a -piurality of individual frames of
information on display means including a display as set
forth in claim 7, wherein said comparison means further
comprises a second comparison circuit} .coupled to said
pixmapped frame idéntification_memory, said output frame
identification register, and said logic circuit, for
providing said 1ogic circuit with said second plurality \o/
of true inputs during said clock cycles. when' said
pixmapped frame 1dent1f1cat10n memory receives 1ts input
from said input means, '

said second plurality of true inputs being
provided whenever said n-bit indications stored at said
corresponding third plurality of pixel storage positions
equal said n-bit indication indicative of a particular
frame to be displayed stored in said output frame
identification register plus one, thereby ;esulting”in
said second plurality of true inputs being pruvided
during said clock cycles when said pixmapped frame
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circuit. 10. A conmputer, output system substantially as
hereinbefore described wth reference to the acconpanying
dr awi ngs. 9, The computer output system for rapidly

displaying a plurality of individual frames of
information on display means including a display as set
forth in claim 8, wherein said comparison means further
comprises a pixmapped display select plane memory means D2
coupled to said logic circuit for storing and providing
said third plurality of true inputs, during clock cycles
. when said pixmapped frame identification memory receives
~—  its input from said input means, said pixmapped display
select plane memory means comprising a fourth plurality
of pixel storage positions corresponding to said thirad
- plurality of pixel storage positions for storing said
third plurality of true inputs to be provided to said
logic circuit.

10. A computer K output bkystem substantially as
hereinbefore described with reference to the
accompanying drawings.




