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MEMORY ORGANI ZATI ON APPARATUS AND NETHOD BACKGROUND OF THE | NVENTI ON

Fi eld of the Invention: The present invention relates to the fiel d(?gs 58
co r nmenories, and nore particularly, to inproved apparatus an

me for menory organi-zation. 2. Art Background: In conputer syste

It qui,te common to represent and cerivey information to a user through

i mages that are digitall" g@ﬁmquﬂgghlzﬁlgﬁe;pp@@\g@m@mfﬁbe a variety of

forms, such as for 10 exanpre, U T, crers, graphs, or
pi ctori al " epr esentations of CAPRES oy éghf' I‘N‘V NT& jects. In many

appl i cations,l¢heEdeddtaf %éﬁ&.ﬁiﬁﬁonveyed to a user on a display

devi ce, such as a_taster ary_col or cat ub fg?l . I or the
i ke. Typically, e Pﬁ%@eé'gt £8VRRERD &E Eﬁgafle are g%f(’)re £ cgmgnée%t edin a
digital formpyopoliad, assal nc¥id pEPEbeﬁa’%ﬁPaYt%i mdiorfeatﬁrpaie%usdawl ay |
systenms, a.LRT is errp oyed which has a plurality of display elements, known
‘as pixels, Shedthods &otamgmtyabngrguras:uen.scan lines, as is common in the
art. Each pixel is 20 assigned a single bit digital val ue to repr esent

f oreground/ backgA&tnBagk@rquads ppnochrome di splay system) or a multiple
DL digital valUe fndcbRBLESS gsegxhgr {23! gue\hec%rrrulow 86! ApraksheNng
Menories used to store e reS&ntattons of 8ac conprom si ng an

i mage, ‘are Knedwyeis mwﬂedéidw tof & aiﬁérZEhbtbkfdteri'iﬁigﬁBrtm aAe dégltemiionl y
practiced in the art, the frame buffer is a dual-ported memory. ‘A first
port is dedi caerarateddi Ahesy nmeermaarneahesec‘mdepwrefreoraedr gutps dor

| mage upda The fra buf fer, nenory .is typi IIytr slrcdbetweenthe,, .
two ports, Hgnﬂxﬁfﬁ?]ee'SBqSBi’e‘merdﬁ 8‘?3 Hirfec 3‘ eﬁpl%mtordygam c random -7
arcess representations of three ‘dimensional objects. In many

applications, the digital images are qonveyed to a user on:a
display device, such as a raster scan color cathode ray tube
(CRT), printer or the like., Typically, the images to be

.15 displayed are stored or generated in a digital ferm, manipulated,
and then displayed.

In raster scan display systems, a CRT is employed which has a
plurality of display elements, known as pixels, that are arranged

" along raster scan lines, as is common in the art. Each pixel is
20 assigned a single bit digital value to represent foreground/ .‘;;
v background (as in a menochrome display system) or a multiple bit
digital value to represent color (as in a color display.system);
Memories used to store representations of each pixel,
cempromising an image, are known as "mapped" or "frame
25 buffer*'memories.

As is commonly practiced in the aft-, the frame buffer is a
‘dual-ported memor?. a first port is dedicated to display refresh
and a second éort is dedicated to image updates. The frame buffer
memory is typically tihe-sliced{between the two ports, and.more

30 recent prior architectures employ a dynamic random access




-2 nmenory (DRAM), for use in video systens terned a "video nmenory
as the franme buffer menory which includes a very large serial shift
register built into the video nenory DRAM In display refresh, an

i ncr&nenting address is suppli'ed to the DRAM 5 i'nput and the DRAM out put

" data ™ first buffered and then serialized usi ng hi gh-speed shift

registers. In such prior art architecture using a nonochrone (black and
white) display system the franme buffer2ocutput data is typically sent
directly over memo2p| (tORA® )| horChike in Vilded s@éfenty Geirineal 4w idéé Ngeniorgol or
10 system:-the frame buffer output data is typically transmtted through a
col or | ook- upDRBM! = agnghe h%fr?ﬂt,eogl-‘ﬁﬁée nrpnyawhieh sinflydes onwveryelaraen drive

tandard red- en-hl.ue_col i Th d i t t t
i deo monory. FePLEE ElstCrédl e Bl £l encE EnE SRS, nEROEY HHAELC B |
i s capabl e. of ayBpiditrair8sh,lurAfdcFORENE g hE8r&A 3sSERE edNtd Néne DRAR

buffer. Traditionally, the second update port of the frame buffer has been
configured a%iapuk-and AheodREN casputedaty isheiestnbuiferedrmmdbtihénr is

organi zed to hav -coordinant and_a Y, coordjnant (ope operation sets an
X addr ess, o SRECHE 1556 PALP Pap-2Bred Nt SEoRPeta¥itng olh AU BFactRan
reads or wit@gchf@dctutla(ging P andchtome Hidiack fadl twhite) Misplby! SYim,
wi dth data values). In such prior art systens the processing logic coupled

to the frane khéfErameboffehasutipaendata ds ltgpétalhutsene| direcelly dwet a
m crocoded | ocal _central ErocesSing_unit or other simlar bus 25 nmaster and
the | ow | evel SARier$adde ERThe JoPRloRARt epehiteRtWrSePatRE HFOLPE frane

butfer has Reehstlh OUeHb Brile! GYéterCOUTRINIRARYCLs 3yptbai Ly Unknihottaeri A

| Mk or direct nenory access channel . re recent npu gr aphi cs
ar chi t ect ur es thrsGghdi R@1bhalodk-upOvabDé taridl €hes OF Whees, diyitall tansiabyed
the graphics 30 conputational ovérhead fromthe serial |I'ink onto the host

converters to drive a standard red-green-blue color monitor. The
seéond image update port to video memory is coupled to a central
N pro:essing unit_or_similar logic that is capable of manipulating
15 apd changing the.data storgd in the frame buffer.,
o Traditionally, the sgcoqd update port of the frame buffer
has been_ponfigured_as an_x;x random access memory wherein the
. _framé buffer is ofganizgd to have an x-c_ooi'dinant and a ¥
coordinant (one operagion sets an X address, a second operation
20 selts'a Y address and a third operat_:ioh reads or writes data space
comﬁosed_of 8-bit, 16-bit, 32-bit or larger width da;a_yalues).
.In such prior arﬁ_systems the processing logic coupled to the
frame buffer meﬁory.has been a low-level, but relatively fast,
micrbcoded local central processing uni; or other similar bus
25 master and the low-level interface to the local host CPU that
operates on the f:amg buffer has been through high-level commands
over a relaﬁively slow serial link or direct memory access
channel. More recenf computer graphics architectures, including
“that of low-cost.microcomputers, have tran§ferred the graphics'

" 30 computational overhead from the serial link onto the host



-3- processor (e.g. the Intel 80286 or the Mtorola MX68020) or onto very

| arge.scal e integrated chips (e.g. NEC 7220), however, such systens have
beer-I Nrited to text operations. In either case, the. |owlevel |nterta@e
be¢t t he update port on the frame 5 buffer nmenory and the 1 ogic

proVi M ng the high |evel comands has been that of traditional Van- Nuerann
arctiitecture, to wit: linear instruction streans utilizing nenory addresses
cor r espondi REOERSSRE [(eeef rCHEdImiorﬂWsF %t@eceqqtgrotb §420) hat conto

{radi T onal Ly ol g ol el L AR Rt S 30 i 72361 Dk DT Lo

| arger 2**N'| Sna" ke hasd capac ns
predeterm naysme{av@f bbéhsmmphedoftoceéli@%petraemﬁ@r r Izngeﬂ@{ea: wakay the
maxi mum possi bl e data wi dth maxi m zes perfornmance. Hence, an 8-bit machine
i s typical | ghentas+iavelo iptastave bnauhenetmdpgote)rportm tsxerrprmey 15 in

the fol l.ow escriptions of.ten tr use th yte' wh

bossi bl o 3 REEFES mantsroana "the anate RionihE “Hia haaR hveklctpmate ey
scal e wi der pdghae Al BF tl8a{ORMNGA eaﬁ-mamsar&nmm%&e, 1ah! g14gdhod
to increase performance 1s to organize or "map" the franme buffer 20 nenory
so that a byhst(&hdmdh)sqnaamstqtﬁmﬁhinmnmbﬁq¢y8aad;euxyﬁ:cprxﬁspnndzﬁg to

mentioned, the entire CRT screen is " ﬁg I n memory in this fashion and
is connonly"?éin@ﬁﬁ?quzméméFV 95 data © gb1ng or "bit napped" displays.

Bit values of * %ou:gﬂlf{f'g h§$$e€éad‘{%%¥n§ﬁg§%dﬁg£%§fd“ tEQE?%&&% e3¢ 8-

background (or vic ver sa) sse recen

personal 1p &iegOreuiel, S32seid [JrS14R5eri23ug, imt,s.rrm m&ryadyéwnal Iy
falling under the category of "term nals" use character generators and do \/
not fall inhabetheitaapacyitpfto ginansfappedredestprmined Jember of hitseandy

napped COlor Sggﬁégg, Qggﬁggéfr acgaggnuéingtbhe maximum possxble data

width maximizes performance. Hence, an 8-bit machine is
typically inferior to a 16-bit machine and so on. For simplicty

15 in the following descriptions we often tfy to uéé.the terﬁ "byte*
whenever possible; the reader should be aware that the mechanisms
described may scale wider data paths. '

In monochrome systems, the most reasonable method to

increase performance is to organize or "map" the frame buffer

20 memory so that a byte (8-bit) quantity will modify 8 adjacent
pixels. As mentioned, the entire CRT screen is "mapped" in o
memory in this fashion and is commonly termed in'tﬁe art és bit-
mapping or ;bit mapped” displays. Bit values of "1" aﬁd nQw
‘'selectively chose between foreground and baékg:dund {or vice~

25 versa) in the accessed bif—map; Many recent persénél
microcomputers use this technique, however; machines
" traditionally falling under the category of “terminals" use
character generators and do not fall in the category of "bit-
mapped" displays. - | |

30 In a mémory mapped color system;'hbwever, each dot on the



-4- cathode ray tube (CRT) has three colors associated with it and eac
.color will have a range of possible intensities. The nunber of bits
typically used to encode the color intensities varies from4 to 8 to W d
up. “{Aframe buffer stores these 5 values which serve as indexes for a '
col or\‘fook- up RAM For exanple, an 8-bit frame buffer color value may index
into a 256x24 RAM and a 24-bit outpdtd of this RAM may be split to drive

three 8-bit AQr , u i gi.tal-10- An C e hneall. .systens
that map t heé%%f)dgc?%’gnt n '?r%lfﬁr ?EEn{"P%ﬁ% gﬁi%g% af%%\ég%% s"e"afé‘h 130? h%n t he
CRT is represfiN ed16y willllhave! £-firlgecBti pdsdiblehentenivibyf f amhe Prior art

systens have organi zed nmenory arrays such that a byte transfer wll
transfer. a peumbezupfrbits s¥pieplles asednte ensadei the molokxintensiigieso a
specific X, Y l.ocation j.n the fr uffer array. 15 _ . Such .col or

di spl ay syst¥Fdes, r%‘f‘ttnr}"’r gqﬁ?rggeat"% EPrufh ﬁﬁﬁ%ﬁsl?‘ﬁffﬁfsﬁf'%vst é&(‘?seor ot her
1-bit per piyalues"tRiBRIdVeaBE CATENDX £6F AP ok TRASIS D RAM! &@¥ re col or
val ues or other multi-bit per pixel information. However, when one bit per
pi xel i nfor nexample,s anebehitedrapei buf fart cobdiwvalyetray indgui inko because 20
of their limted addressi ng?:grchi tecture, an entire nulti-bit data value to

be transferr&tf¥H Bptednd & TREY obtput of ti“ﬁ?o?‘h'ﬁft“?%bfos%”p"r £819rivee
i mpr oved Weng{ggeorgggtﬂ{:z@ﬁp@rg@n} k@lu@,ei‘f&itddlr‘-‘é‘éﬂkh%galchm?@r?ecf%‘?' Ofn
a nd speed of a

di splay systemto have the perforrmnce advantages a
nonochr onme daER| aysteme.that?2mapi thofCRTNEGredm i ArmeiidBC andgwbixh miseel ),
whil e al sQ_being able to support traditional color applications &

|-{]9| ti-bi t0VeRRFraPpeR 19atgOBNENDICRA s MIRResepted| byt aypupriplenhs Ie'meijsi ng
tsi rem: g;gggg?mmy XnOEHQ’En&%Q Blef r.t-hgrPJP%%@ts Ve 'h?@e gra%%@te
y 1 a nonochrone node and In a traditional colo
memory arrays such that a byte transfer will transfer a
particular value representing a particular pixel color to a
specific X, Y location in the frame buffer array.
15 Such color display systems are often required to
simultaneously displéy text  or other 1l-bit per pixel information
~ and complex graphic images that require color values or other
multi-bit per pixel information. However, when one bit per pixel
information is required, prior art color systems require, because
20 of their limited addressing architecture, an entire multi-bit
W data value to be transferred in order to convey 1 bit of
information to a pixel. The improved memory organization of the
~ present invention allows a color display system to have all the
perforﬁance advantagés;and speed of a monochrome display (i.e. 1
25 bit of information affecting one pixel), while also being able to
support traditional color applications (i.e. 1l'multi-bit value
affecting one pixel). Thus, a color display system using the
improved memory organization of the present invention may operate
simultaneously in a monochrome mode and in a traditional color

30 mode. The memory organization of the_ present invention may be



30 node. The nenDry'organization of the. present invention may be vi ewed

ing a third port to the frame buffer to conplenent the single updat e
nprmal Iy coupled to a frame buffer memory. Ignoring the video refrsh
into the frame buffer menory, the traditional Von Nuemann precept\g
-set of addresses 5 selecting one set of datum has been nodified to
cause two sets of addresses to acedéss the sane set of data. The foll ow ng
is a nore dgi@hdeds RAYOH Gl RhYrd HIrkCRS iR EPafé biffer €8088mpTement
under standi ng the concepts introduced in the foregoing description. 1

For pur poseshefsingdeSppds e Partomoxwaitly ceuphet diona fihane dubfeEpiienory.

organi zation, is not restricte a relationship of gne bit stored in
memory to ORI the ides FREEIRILBOTE, 11101 08 EraPe BLEEPe Rerory. the

represent i Ngy 2 Riskahi Pon WuldRlantl SEE&IR BVHE el BUE: of dHAReQEQ" 92N Zat i On

as used herein, 1s intended to 15 1 ncl'ude a plurality of bits, or sets of

bits st orédsenemsmng ynehset ofodyeyn hascbéypanofi f idfdtoriadure tRoasgixolf or
ot her discrete device. Thus, a nmenory stori ng two types of information for
a singl e pi 2eIrefises| 50 ALY MNGI BARSSr 9En ih%-i ons. As ma'nt i oned in a

nmonochr ome di spl a mul ti.- st ored
represents bac kg'qu'\éunéi/%"ylrld )iFac k'?o%er dF g?ejg %‘(’g“aﬂm teé‘f fagion’ o
correspondi 89d pin¢ &ebdyr ofn mnuekswmiahgdtﬁaléﬁhe’é@&eeﬂntrda&aabia e this

val ue having, for exanple, a logic of 1, would determ ne a foreground

(bl ack) at ﬁomqi@spmépnéppiqml' on a CRT, a 16 bit word would determ' ne
backgrou[}g or fore round 25

éG corr.espondi n Thus, tex
ooy S TonD Ofat HEIRRFRSasR oh 508 ATARITIBAL IO SSREALESS Satsine She £egm o)
may be suff*.ﬁé@ﬂuryoé@sﬂﬁtaeﬂ bys S«i&hrasww&%erebaslmat\ﬁhﬁghw'ﬁ dn

desired to be displayed on a CRT, nore information than a logic of 1 or O
I S needed tbitepragzshinamemdoy tcabna pixel, and is intended to include any
set of bits represeﬁting a pixel, or other diécrete device.
Thus, a map or organization as used herein, is intended to
15 include a plurality of bits, or sets of bits stored in memory
which conveys one type of information to a pixel or other
discrete device. Thus, a memory storing two_typés of information
for a single pixel display may contain two organizations. As
mentioned, in a monochrome display, typically, a multi-bit value
20 stored in memory represents background (e.g. black) or foreground-
(e.g.white) at a corresponding plurality .of pixels on a display
_screen. Each bit of this value having, for example, a logic of
1, would determine a foreground (black) at a corresponding pixel
on a CRT, a 16 bit word would determine background or foreground
25 at 16 corresponding pixels. Thus, text operations that require
only background or foreground (a logic of 1 or 0) may be
sufficiently determined by such a representation.
When color is desired to be displayed on a CRT, more information
than a logic of 1 or 0 is needed to represent a color, at a

30 corresponding pixel. 1In an 8 bit per pixel color system, colors -

W,

*»



30 corresponding pixel. In an 8 bit per pixel color system colors - 6-

_are assigned values fromthe integers O to 255 and are digitally /
represented and stored in the nenory array. \Wen representing color on .3

di splay- screen, -the nenory organi zation storing'the color val ues becone
nore Conplicated because in order to 5 digitally map, in nenory, values
representing background/foreground at @_corresponding plurality of pixels

(referred to herein,as rd val yes nd,a byte representing color, at
singl e cor espﬁﬁif’ﬁﬁ‘ﬁf‘iéﬁfﬂ(‘\’&gﬁ dg‘[eoiﬁé?é?ﬁsé’s °&55?e?“9§lrﬁeé9§_1ﬁll§y
singl e Menor y,Hled¥ntERGhdP k¥ edfint ' ; I eQifjehne skt gast
eight bits ofrﬁfeorrr%tion tg{. eedgéapgge%%%g@r?g% y g}r”regyéf 8# = 5";‘36 for
every pixel vedler. ofhthepidspldy iseyeeh; thepaveliory bFganizgaion adticxiingf théii S
color information into the sane nenory array used to store the background
or foreground®Proraleed Pesemes Jrore complicatrd desppagsin e58e¥ ity only

back by _ _ ; g
G eplaying SQEHHEs e TIK KRS vi180e MIERSHRELIS ackBrafi fctiotna
a concept ual g€epr earBesporIingl pLuRYiltyOBE Op i %d1Gh (e fhiiriddy toBRNRA NO&S

organi zed nenory array containing two separate sets of information (i.e.
pi xel col or iwe%st valres) and Bab¥if epdesenting egloumt inBénadk i on) stored

in 128 nenory_cells. .The term " penor ell” herein_ refers t i gi.tal
memory el enentca SBAENG PIESAr g‘gel%#ﬁgal:%i%egﬁeé"bf’# . %fxse&, Ve g‘é ?ﬂl ?éwgng
description, giddle’ REABLYGErra®, FedH @ikel GO |tRES at EF14LICRE Xequdresand
Z-axis to designate alignnent of data bits, however, it wll be 25

appr eci at ediObleamte ed@ght | witsi pft infoxmatibatta heswappedisindoca fremony @srant i ve

pur poses and se_n%% i nt ended to reitr'i ct the invention,to a {)arti-cul.ar
ta @rf

al i gnment  of hifeTt RES TR ARG B te-of TRE gRFePePE LAVENE e PREBAGS
Z-axes of Fi gigLprliafifati®n of this color information into the same memory

array used to store the background or foreground information so
that text or font displays requiring only background/foreground

15 may also be used, when desired, in addition to displaying color.

In Figure 1; for purposes'of'iilustration, there is sﬁown a
conceptual'teprésentétidn of a portion of such a dually mapped or
organized memory array containing two separate sets of
information (i.e. pixel color information and background/

20 foreground information) stored in 128 memory cells. The term
“ﬁemory cell" herein, refers to a digital memory element capable
6f storing only a single bit. Also, the fbllowing description,
with reference to Figufé 1, employs the terms X-axis and z-axis
to designate alignment of data bits, however, it will be.

25 appreciated by one skilled in the art that these term$ are for

"illustrative purposes and are not inténded.to restrict the
invention to a particular alignment of data withih the memory
cells of Figure 1, thus, the X and z-axes of Figures 1 are not
necessarily orthogonal. ' Word values are stored in the memory

30 cells of Figure 1, along the X-axis in a plurality of rows, so



5arily orthogonal. Wrd values are stored in the nenory 30 cells of
1, along the X-axis in a plurality of rows, so -7- that, with

re ice to Figure 1, row 1 has stored therein sixteen 0 bits while cekl
row 2¢has stored therein sixteen 1 bits. The bits stored in‘row 1 coyld
be us€ed to deterni ne baokground/foreground at 16 adjacent pixels en a CRT
screen while 5the bits stored in row 2 could be used to determ ne

backgr ound/ tpdgwdthdreferieheestater igurediacssw pihasl Stordddithek&en bits stored
inrows 1 through 8 conprise eight word values that individually determ ne
t he backgr otitesn PoPief diidearell wRY A das proxeds thareircmixseeren. Stored
al ong the Z;axi,s, { 0s; nmory cells .aof Figure 1, .are 16 col umms,
0-15 that Z:(lj?%(letfsﬁi n heatﬂgg%ogé‘%eﬁg géﬁefl % rrb gsg%?"fgitﬁgdﬁ $EPE™on the CRT
screen. | n pRiRYobua@)foregtoundVad. 16 hajhtést gdixelshaN ARt beséén WhiQe
which could be read to determ ne foreground at a single correspondi ng

pi xel , wou$ thelbdsscorered inheow % spubftbefusgd v RettexFidine pi xel byte used

t o desi gnat articul ar colqQr to be displayed at a correspondi ng pixel on
a CRT scr eeﬁaa‘ﬁ%guﬂfi? P%‘fe(ﬂ’é’angnaﬁe‘?ﬂﬁ'faﬂ'gl hglaiéj-’tﬂ"er“&\/\}’g’,‘elﬁavi'ﬁg“%( 1%8§i ¢ of
1, would copied tbbeaShfr @BUsbl teHtoudh &1 &liipliise BigRE wotld!Ga14es Xrliengl y,
the first left-hand bit of row 1 through 8pal so represent an 20ei ght bit
col or or piikedividuadly detexming bthe deakgoourdigmnfoceargunad atulér col or at
a corresponding pixel of a CRT screen. In this fashion both background or

foreground ¥3IAREEE PLXFARY MePePRT "2FEF y oPERESD @AENY ntRRy ZraKiPst OF the

or gani zat 9Pl 34k FOLOCHIbUSE £ BLIE, BSLC ol VAL 1ESERLEel ining &
second 250rgani zati on) - may be du y: mapped 1 n the same nenory cells. ‘et
Tradi ti onal yterniner aatdloxOladr tisy Hames 1l6aver rsgpondédg opinels dnathe CRTI gned

addressing technique thus, if such a prior system . .
screen.- In memory cell 1 of row 1, the first bit, having a logic

of 0, whi'ch.could be fead to determine foreground at a single
cortespoh_dihg. pixel, would also contain the first bit of an eight
lleilt pixel byte u#eq to designate a particular co.;l.or to be
~ displayed at a ¢o=rreéponding pixel on a CRT screen. The bit
stored in memory cell 17 of row 2, having a logic of 1, would
contain the second bit_ of an eight bit f)ixél value, Acéordingly,
the first _left-ha_nd- bit of rows 1 through 8 also represent an
20eight bit color or pixel value that would be used to designate a .
particular color at a cétresponding pixel of a CRT screen. el
In this fashion both background or foreground values, termed
herein "word values" (defining_ a first organization) and color
values, termed herein "pixel values" {(defining a second
25organization) may be dually mapped in the same memory cells.
Traditionally, p:ripr art color systems have _employed only a
Z-axis .aligned addressing technigue thus, if such a prior system
used the memory _organiz_ation of Figure 1, 16 separate read or 16

separate write operations would be required in order to transfer a 16

30bit X-aligned value such as the word value stored inrowl, in



.wite operations would be required in order to transfer a 16 30bit

used the nenory organization of Figure 1, 16 separate read or 16 sep@e
X—al@ed val ue such as the word value stored in row 1, in -8- or to

di spfay sinple black or white fonts of text. Wth reference to Figure 1, in
such & prior. art system as each 2- aligned value was transferred, the bits
of each word read fromor witten to {he nenory array woul d have to be

sel ected and 5 conposited in an adjacent device until, after 16 read or 16
wite operati @F€eri¥Rdisriay SHnRle Hlasksenwad tienfemt xofxtextal i Ghell row
could finally 1N nea f .a._cC | icated rge.__This, pyior art
process woul drggsggﬁséé; {Ugugg%'r?%%qgcgg.g%h (?bcégl&)ﬂra"cfegygg 16asb|e?§'51(- i gned

word val ue 1231B5héd Glalbedbhs Ehnaberdd, itNeOb RS it oK wbrlaY¥Ead Cedtsh or
transferred along a bus. since only sixteen bits of the 128 bits: of

i nf ormati on t makttenreal thenpemory tdarragewonldl hawebt¢ hwosdlected anduch a
prior art system \/\/c)(?sl d bg%mjch slower than it mght ot helrvm' se_be._ The ,
present i nvehCPRPOSIEECNREN ARIZFTIE AEVECEM VAR P RERT i1f ¥9RI BFi b} YXitepy

15 establishi igepaflitisHd Y +RRPPEHA WYrdADALES JUBERA Y Raha)-A0d QY GUH &3% N9

that array, in one nenory cycle operation, along one coordinate, Terned )
herein a ' pi xeoulddeinallg, bée Mereainiaed pneansyof ea aompaticated alexrgg. anot her
coordinate ternmed herein a "word-node”. In the exanple of Figure 1, if the
pi xel val ue | 138 RBIAFMATE, PFRGASE ¥RULAghata Geripus Jravbeckear Tpi RBYaindr e
desired, in o | s L eac rati Ll Qi shits of i - X

al i gned pi xel %Ség u%& ?063?)(!JEbgdaaf(:%%gsegeggg%dJatqrugngkg:%rle%. tbgi %Tlai:aﬁf?‘g ?‘%(‘l'etshe
word val ue i iKfaihat for GiRAar Aivd o becedikferiall ¥Dénh FRpude biAssfanyed

in a single read or wite operation. 25 I.n di splaying objects on-a screen, -

di fferent pix&igtaey bidgurf cthmlg8ubite mfddnfarnaticn toansferired| comprise

values from n‘irﬁ%rgési;rgg 16 bit word value, .such a prior art systexﬁ Qould be
much slower'thﬁn if might otherﬁise be. The preseﬁt invention
overcomes the diffiéhlties contained .in the prior art.by

15 gstablishing a dually mapped'or organized memory'arréy and by
addressing that afray, in one memory cycle operation, along
one coordinate, termed herein a "pixel-mode" and, in another
memory cycle operation, along another coordinate termed herein a
"word-mode". 1In the example of Fiéure 1, if the pixel value in

20 column 1, representing color at a particular pixel, were dééired,
in one write or read operation,!all eight bits of the Z-axis
aligned pixel wvalue could be accesséd and transferred.
Similarly, if the word value in X-axis aligned row 1 is needed,
that word may be transferred in a single read or write operation.

25 In displaying objects on a screen,.different pixels may require

. only word-mode values or only pixel-mode values from memory. The

present invention allows greater f1e£ibility, greater speed, and
superior efficiency in transferring information stored in a
_digital memory and thus displaying that information on a display

30 screen or other output receiving device..



present invention allows greater flexibility, greater speed, and superior
effierency in transferring information stored in a digital nmenory and thus
dj s_QJ@y, g that information on a display 30-screen or other output v
r&ceiving. devi ce. . -9- For purposes of illustration, with reference\{p
Figure .1, we have termed the pixel bytes of colums 0-15 as being-stored
within a plurality of Z-axis aligned mBrory. cells, however, since each

pi xel byte represkon puzpostoroforiganseest dun, hwihtorafieresce Std IFdguke 15 we
mapped to amgarti cul ar_ pi xel on a CRT screen, the pixel values, stored in
menory, for mPavereterimedetPendiirt AYSeRWPS SoIUBRG ?‘nﬁs 25aRping gEoredcomon
e A g novAEREETH KRR LPREPELELLS di1GnUR  forfbey (BMLEN Hhueele e L
organi zed as a matri X 1 or i g a pl ura |aty a planes,” as"shown 1 n Figure 2,
each pl ane 1QatRFREANLYEE tdpresentace ddloz 6Ffari%edcwitHite memiodyvabues of
each plane as in Figure 1, are stored in rows along an X-axis, however the
pi xel byt ess shaentt depmapPed totp paptioplar Pixadson # GRF acrRem thes shown

this matrix. 220ng the ¥axidC ¥ dsNBohfioh Oér”a‘i-%?”_trﬂq”\ﬁgééﬂ‘ i%@%h@i&&

provided an inproved nmenory organi zation use in a conputer display
system i ncl ugengits ditsplwrdhavri Xaligokdr ealues,0b bé sriganipedalssafwatrix
defining i mges,  .conpri_si n?: 5 a frame_ buffer nenory having a:
plurality of ggpéeqigﬂg¥yra ity a planes, as shown in Figure 2, each plane
' 10 representing the sdrface of a CRT screen, The word values of each

plane as in ?igure 1, are stored in rows along an X-axis,

however the pixel bytes extend depthwise into the word planes,

albng é Z-axis as shown in Figure 3. Thus, the present invention

‘establishes a 3-dimensional matrix of memory and provides data

15 transfers to efficiently occur_within this matrix.

20

in Fi 3. _.Ih t he: sent .i ti t abl i sh 3-dj. ' | .
mmtrix of meRSFYE SR UFRe PRSI AP MIROTYr AOFR & aFRIK PeFending BEEENYias hi n

*



e ‘

addressabl e nenory cells organized into a three-dinensional matrix, wherein
each of said nenory calls is adapted for storing a data bit defining

sel ect g characteristics of a correspondi ng display pixel and wherein gai
menory\ceél ls are 10 relatable by a first bit organization oriented i§L~
first plane of said matrix and a second bit organization oriented in a-
second plane of said matrix; said first end second bit organi zations
defining, respectively, first and secolf clraracteristics anong said 15

sel ected characteristics; readjing neans coupled to said frane buffer nenory
for selectively reading, PRERFENGdRoERe BIRsest odoveRtion, therg 1f AFPYAHRE! bits
from fremory ]g:el ! s relaat i_aﬁdi:rBVed)ﬁ\gn@fF{ @ﬁaﬂiﬂt&grgrf@iiﬂjlsk?intd Qﬂﬁpt.tﬁbﬁd dieblay ng
one of sai irst or sa econd character - , i stics,, witj.ng nmeans
coupled 10 sai d frandVRHT SCIHEN § FIAPLEL! BEVINReR PUFFISYGT S AR
cycl e operation, a plforalsfigingf itieges, icohpriséngry cell s rel ated by one of
said bit organi zati ons. and ]! ad i AL S el
characteristi cs?‘ cont rol I%oglf%gn@éfﬁgr g%ﬁ%!lcge(q&?i&gséi%ﬁ%%% |yngp%egg%%égﬁ]dy said
witing nmeans for gerfgferssaple: Hemary| calilgrengenizad town pothrestrdimensiarelng one

of said first and seGRefiR)i lhededR ¥aéRdro8stid mbhary cells idVaABAPRY Fep@ge data
may be conveniently orBanlzed in a S|qg e nenpry array for select]ve

A | €
storage and retrievalStPRgng dofta hiitqdafitping spipcted FErarierdstissi 956 ons so
as to provide said s&oerdspandingr ditpsy Hikels afd wharshirobatd mematy celldRaid

DESCRI PTI ON OF -{E' E 'D%ﬂ%\éﬁe by a first bit organizstion oriented in a first plane
— o of said matrix and a second bit organization oriented in a

second plane of said matrix; _
- sald first and second bit organizations defining,
respectively, first and second characteristics among said

15 selected characteristics; E ' )

reading means coupled to said frame buffer memory for
selectively reading, in one memory cycle operation, a plurality
of bits from memory cells related by one of said bit organize-
tions and defining one of said first or said second character-

20 istics;

writing mesns coupled to said frame buffer memory for
selectively writing, in one memory cycle operation, a
plurality of bits into memory cells related by one of said bit
organizations and defining one of said first or second

25  characteristics;

control logic means coupled to said reading means and
said writing means for generating control signals for
controllably selecting one of said first and second bit
orgahizatinns: -

30 whereby image data may be conveniently organized in a
single memory array for selective storage and retrieval in one
of said first and second bit organizations so as to provide
said selected characteristics of said pixels.

35



Figure 1 is a conceptual illustration of 128 nmenory cells of a nenory
Ngure 2 illustrates the correspondence of word-node 5 addresses to

¢ [ocations in a frame buffer nenory. Figure 3 illustrates thg
Spopdence of pixel -node addresses to 8-bit byte locations in a frage
enmory. Figure 4 is a functional block diagramof the inpr.oved
nMenory organi zation |nplenented in a griphics display system 10

Figure 5 is a functional d nory organi zati on
architecture. Figures 6(a) %ﬁg@#@ g&eﬂr’) BN agranms of pixel -
nmode and wor d- NDOE gliteal N td RloAkepEuANd 13ubE AR i el 288 EN oLy EE BYs oI

DETAI LED DESCRI PTI ON OF THE | NVENTI ON An i nproved conputer nenory
or gani zat i onai membry lagzavl. havi ng partlcular application for use with a

digital conputer to pro hi d transfer of data necessary to

di spl ay graphics %ﬁ?@% ¥c§%1%ﬁ§gééﬁ FﬁEr?fﬂqﬂﬂﬂ"ﬁﬁ ﬂ%§%?§ﬁﬂﬁ98ﬁ for
purposes ofs gYpi&dkils RB: 8D Q'Eéa?éﬂo%saEﬁ 8% daﬁ.ﬁ ?é@hneﬂ.%rwem fic
menory sizes, data paths, etc., in order to provide a t or oug
understandlng of tiyﬂrPrBSEInusumweaklcﬂe ddrwespsnddricewbk | phelappdeent to one

skilled in the art that these specific details 10.are not required to
practice t heapdEassas itayBnbitoPYtpnlegatcionsndp o ckrame RpEERT MAMOEKect i cal

structures and ci Sad | ot to
obscure the pr ese%ﬁ%vén??o%’r}&\ggégégga%ﬁch qg@g u(r&gnﬁﬁcongggt('ﬁgl |y
il lustrates aeﬁbﬂgIo&gt;mzdtfmn&ngma&.eﬂwhnba Gtagiien hk@ﬁkapfsyzeaﬁry

cells. In a standard
10 " Figure 5 is a functional block dzagram of the improved

memory organizatzon architecture.

Figures G(a)) B(b), and 6{c) are cirdﬁit diagrams of pixel-
mode and word-mode data'multiplexors and a frame buffer memory
array. |

15



Menor y, there are many thousands of such blocks. It would be 20

advant ageous if the blocks could be organi zed as a three- dinensional LA

mat ri x.Jravi ng di mensi ons that woul d correspond physically to a color CRTL/n)S
scree{. ; The present invention has discovered “an ~addr essing techni g

t hat organi zes a two- dinensional nenDryvi?to.a t hr ee- di nensi onal matrix
which is mapped 25 in the nenory to nore'closely correspond to a CRT

screen. The word-node or ¢RBEAZHED DESCRIGTECK |OR) THBf INVENTIORSENnt invention is
illustrated in Fi %L{I{ng wherein there is shown 8 word-planes (A-H). Each

word pl ane repres REQYSS SPmRutes menary orgapizatinn 45 Aiaclesedspaving
there are 1,0 iciRlas i | i S iyne.a 1., Q24
lines in a 't.y%iéf:g%e‘ﬁég#%plﬁic?gi%iy? Sﬁ%sgo‘fgﬁaﬁ ?e%ép%r g)‘(’?ﬁg%%ﬁ 8/;% oﬁg&?n{% i on

bits (or 128Khigh eapeedr eramsferr efl dava -aacéssuryd tpl 8iepliay §hepHicanenbalf f er
menory. Accordingly, approxi rratell%/ one mllion X-aligned bytes are stored
on the ei ghtt’ &BF BGesRes 1A the | fpklov ing, descripsdpnpfer PusReSRE WEnt, t he

di i of ar ' y. 4 bits, T he first
bi 1 of word vaFREahatdp, RydEol Cackaldd Budest) ehelf o' g dibeib 0 0
or not pixel  oenbey £ized,Carty pabls/ eud.Qr i ordek! tdProvaadas kivorutgh Or

foreground display. As shown in Figure 2, there are eight stacked word 10
pl anes desi gnipgerstanding pf mhe Pprrsenthipeentiony|Havsiverp| theeill bach pl ane

bei bi t ltiple. bit, pixel valuye.is. al tored jn the bit
o1 aoea el ong*PRERse. BoBng sRiT164 (1P chE o etie Endes SroPLEL dellapfF > ¢ ©
deep. Thus, g08ge bide freQil FEE RoOpr s t4fe! kﬁa#,lyﬁs@gkgﬂ%mbﬂ. bé’f!?%tilgfm a

single 8-bit Z-aligned 15 pixel value.r It e appreci ated that other

i npl ement at i odpstédnceise wpekk dmbwnneledtirdcalbgtmuctpoes drek gércwitiss aper pi xel
representati on§l Wi t{10lét deviating fromthe concepts enbodied in the present
i nventi on. = Shown in block diagram form in order not to obscure the present
invention unnecessarily. o . e

15

Figure 1 conceptually illustrates a single two-dimensional
eight by sixfeen block of memdry cells. In a standard
memory, there are many thousands of such blocks. It would be
20 advantageous if the blocks could be organized as a three-
./ : dimensional matrix having dimensio.ns that would correspond
- physical:l_.y"t,o a color CRT screen., The present invention -has
.discovered an - addressing technique that organizes a two-
dimensional mémory into a three-dimensional matrix which is mapped
~ 25 in the memory to more closely correspond to a CRT screen,
The word-mode organization (addressing) of the present
invention is illustrated in Figure 2, wherein there is shown 8
" word-planes {A-H). Each word plane represents a map of a CRT

screen and is one bit deep. Since there are 1,024 pixels in a

. 30 typical single scan line and 1,024 scan lines in a typical



Pi xel -node o
bl ock skown
shofiny Fig

es,
repnesent ed
i s contai ned
each ei ght bi
determ nes a
Thus, pi xel
nunber Oin
Figures 2 an
dual ly store

rgani zation (addressing) is illustrated in 20 Figure 3.  The
tn Figure 3 conceptually illustrates the same 8 word pl anes
ure 2, however, since we are concerned now with only Z-ali gged
t he pi xel bytes stored' along the Z-axis are accurately

as a matrix-formng a solid , Wherein the pixel informtTon
25 depth-wi se along the Z-axlS. I'n the present enbodi nent,

i grmhié? gigakay &PlRrofRTY mvzoa;(metelas Oslhomllwalh‘gGFe(g

di .
DBk S8 Yogls fRTPLE SRAHREE dRHE s RSO EORnf Wil 10
cahﬁarﬁpmct:afaﬂnquy%o ﬁsssimamm, BH@S@inﬁ%anﬁﬂgQ@a S i n

d 3 are representations of the bit-organization or maps
datrer stieredagn thﬁnﬂ@phcewbsdvwkangsnAfuua Indthenkgreial described

sent at f.ih | | ds d t ,
uch T hat - edcRBTHiRERs PR AfReT=IoRg BF HRERIPES PLATSS “PBof 1020 BHER B (o
the screen of y{dwy BIRE! O'rhba, 2PRe Ifesf BX sopfwééaevngra&,ﬂe&au §W&%oonds

to changes i

n col or and |ntenS|ty for each pixel on the screen of col or

noni tor 15. Theapeaseht Figuare 2pdetea ites whsther onddtgsiidlgnanbered duch

t hat when an

desired it na§°%@F

read) and si
transferred

X-allggg byte stored in word planes A-H of 10 Figure 2 is
nBPBLERE % Wild Rarery beybsﬁowbpat fereqrougd vvrl te or

RS THE iy T BRFUY Y chBnd Y Fank ofheR BEET

establ i she0apfasésriesighated A rehirouyhOf. MBIREY GH6keDa@¥i HEEt Hlled pl RS/ er s

to efficient

ly occur within this matrix. The following is a detailed

descri pti on ofeadie plaphi Pemmmeubw deendr eat Bulinien bihrpixedi nahye oiml

menory organ

15

20

25

30

| Zi‘t I Or‘:’oreg\,\?ne{ﬁe bzts a&.igne a. oggeir:t?éj tg?ctisf hehzc?xr egmﬂ%

present example, is §1ght bits deep. . Thus, one bit from each of
8 vertically\aligned word bytes form a single 8-~bit 2-aligned
pixel vélue. It will be appreciated that other implementations
of the present invention may support larger bits per pixel
representations without deviating from the concepts embodied in
the present invention.

Pixel mode organization (addressing) is illustrated in

Figure 3. The block shown in Figure 3 conceptually illustrates

the same 8 word planes shown in Figure 2, however, since we are (-}

concerned now with only Z-aligned pixel-byteé, the pixel bytes
stored'along the Z-axis are accurately represented as a matrix
forming a solid box, wherein the pixel information is contained
depth-wise along the Z-axis. 1In the present embodiment, each
eight bit bytes organized along the 2 axis, as shown in

Figure 3, determineé a particular color at a corresponding pixel
on color monitor 15. Thus, pixel byte 0O in.Figﬁre'B, determines
the color displayed at pixel number 0 in color monitor -45.

Accordingly, these organizations shown in Figures 2 and 3 are



“descriptian is only one possible enbodi nent of the present 20 invention e
.purposes of illustration only and ot her enbodi nents may use w der data '
wi dt hg,and | arger nmenories. It wll also be appreciated that the X and :
coorqggates illustrated in Figured 2 and 3 do not necessarily inply
ort hogonal coordinates. In Figure 4, n&ere is shown an averall block
di agram of the 25 inproved nenory organi zati on system Data is transferred
over a (VME) eprasentationplefl thg Pitmnrasnizatianorsgaphidualily stapsidednt o

he fi 60_of a dual d frar fter, 10 it d
{ranst ers bet vilnebRe Ao, BEEE e ERE FHeactinnnaehad toprgoBBeR A BF L
47 of the frargheDnbh8ty k@mua&g&_s%has t_é%afchsg%ﬂ(gﬂagﬂasm& g5gsgendesi red

i mage on color nonitor |IS. The first port he frame buffer menory

I s used for eithagreash csunfdee @wf pachl ofivhe dight (woxdsprarms Poyréddendss

mast er device (i.e. a CPg) can wite to gr. read fromfrane. buffer 10 over
the VME bus 23° thRSS OSnths mard tofst 2 anfothe s agis Ph h8ccess the

frame 5 buffer i c 0 ; reapRhi cs
accel erator 25me]n‘r21’erty V\I(Q)F%%?r?f rggf ééerf&ggg 'ix)'r‘agﬁgi gﬁe%%ﬁ;trrg e;?}'?ggégg;?r%Q
storage di sks eath pixélnencehedidreesnh 6fseslorcaoniter B8N nmenory 20 is
coupled to CPU 50 bX a local bus, 57 and contains information utilized by
the CPU 50. In t.hEha(Presepti nsentipnrasidest ha"CPU 5eAqrneseing &Ched®mnds

e ol nnt e thAE viled £0%-4313n3bM A pUoLLa TS BUEA 31 HBEY Yy 18l ©

yield a desired 1T nmage on rnoni Ical™ con ration of the

present invapteiyure?2iW desiAdd, Ot GNP bel r £ s FF rRACl V DHeEm RS plicyicie a VMVE
khagk plane (hardware inplenenting VME bus 45), a 15 host system CPU 50, a

mai n nenory 2@pexationd ibes fiariteeonraeat)d, anthdindlantk, otenr ol Eeal BledAs
T e e et iy B e T8 B e Rl S A L 5T 20
mss ~ operation, : : . :
Thus, the present invention establishes a 3-dimensional
15 matrix of memory and provides data transfers to 'efficiently occur
within this matrix, The following is a detailed description of
“the archit.ecture used to create such a three-dimensional memory
~ organization, however, it will be remembered that the foregoing
description is only one possible embodiment of the present
20 invention for purposes of illustration only and other embodiments
W . | may use wider data-bus widths and larger inemories: It will also
be appreciated that the X and 2 coordinates illustrated in
Pigured 2 and 3 do not necessarily imply orthogonal coordinates.
In Figure 4, there is shown an overall block diagram of the
- 25 improved memory organization system. Data is transferred over a
(VME) bus 45 is coupled to frame buffer bus 46 which is coupled
to the first port 60 of a dual ported frame buffer memory 10, to
permit data transfers between the VME bus 45 and thé frame buffer
. 10, The second port 47 of the frame buffer 10 outputs data that

30 ultimately yields a desired image on color monitor 15. The first



storage requirenents can be provided by another nmachi ne connected 20 over
HERNET 40, by network controller 55. The frame buffer 10 is a nenory
e_conprised of dynam c random access nenory chips (DRAM. |n Fi guns.5,

there(_bs shown a nore detailed functional block diagramof the menory i

organizing architecture of the presenf 25 invention. VME bus 45 carries

physi cal addresses ranging from0 to megabytes. Also transferred on the

VME bus 45 | podtat 60 i ther £rames duffen memety isdgsedifor of tier\aictdrmdde

val ue. The VME bus 45, in the present enbodi nent; transfers 16 data bits

and 24 addr eSF BAKEITROUH AP LERPIELTSFheAMHHE Bug Bpstes feyiche! be- 39

addr ess bits%q Nl Dils AL |

hexadeci mal ), tog%ﬁgﬁvﬁ%&'ﬁ"gsa?ﬁﬁﬁggg ﬁggggfﬁxgﬁqg?tée%]yygmb?ﬁe CPU

50 al ong the 48\ Phé mdst eoMiBnCbis s te@0dév s -He@d Qs acvdssianen fAdsle eSS
bits A22 and A23 in_conjunction with the address strobe initiate a
cycl e- begi ? PUESBE 19/ timcoBden RE Sregpency/wsedonre @ 1asgilcCBS.50The

cycl e-begin s e LS. 1l ' L t y.controller. 105 whj t hen
Chitiates a AERRRSchiaidleshbt i RURBRL IcitiRpifen 7o TR EIME Logi
strobe al so id¥nkiral £6r 30 ARG Ys€sHUgeOhlifks 112 Pn R LadbaSMent r Obe (RAS),
which will |ater® be discussed.- At the end of a nenory cycle 10 operation,

menory cont r dlesqrib@si,c the s in memory @0cinl coupdsd t@ CPNES € bt 2 dlodadgbes 56.
VMVE control "l Qgic .56 th iRitiates, a tr fer ackpow edge strobe which is
transnitted oﬁé’d\lﬁﬁnﬁﬁ’ﬁ%"%Br‘['ﬁ'éi"(ﬂ?ﬁtg?f%‘{é’é’n\‘igﬁméf%’ %ﬁe CPU'SE that a

Menory cyci® duaer?8ed &HBdinledd, 2brk (IR 56 N8WiHROR dbnmanlas wRdePegin. 15 .
Menory Controller 105 also issues several control "strobes to frane buffer \/

10 and data milltimpitelpreriter ot read slat8OstowkdSin fyxrnoy daffen Wendny 10 to

under stand the oqperation of ,these strobes on_data nultiplexors 90 and 85
and frame tnﬁﬁ%ﬁldle,d?%ﬁ?ﬁdeﬁEéng°?KN9“1t°r 15. In a typical configuration

of the present invention, a work station consists of an enclosure
.containing a VME back plane (hardware'impléMehting VME bus 45), a
‘15 host system CPU 5(.)-, amain memory 20, a frame buffer memory 10,
.and network controller 55. As will be -appreciated, graphics
accelerator 25 and local disk interface 30 and 31 can be used
with the system, however, they are not required because mass
storage requirements can be provided by another machine connected
20 over the ETHERNET 40, by network controller 55. The frame buffer
10 is a memory-device:COmprised of dynamic random-access memory o
chips (DRAM). .- |
Iﬁ'Figure 5, there is shown a more detailed functional block
diagram of the memory organizing architecture of the present
25 invention. VME bus 45 carries physical addresses ranging from 0
to 16-megabytes.- Also transferred on.the VME bus 45 is data
which represents a pixel-mode value or a word-mode value. The VME
bus 45, in the present embodiment, transfers 16 data bits and 24
- address bits in one operation. The local CPU 50 issugs the 24

30 address bits and the 16 data bits. Address bits A22 and A23 (in



al’'so made to figures 6(a), 6(b) “and 6(c) in addition to Figure 5. 2 J1n

.Figures 6(a), 6(b) and 6(c), there is shown a detailed illustration 513 e

pi xe@ode data nul tipl exor 85, the word-node data nultiplexor 90 a rane .
r

buff&r ;10 circuirtry. In Figure 6(a) thgre is shown the frane buffer nenory -
10 haWng 128 64K DRAM chi ps, while figﬁre 6(b) shows ‘the pixel-node data
25mul ti plexor ' a ' f 16 cei - lygur e
5(0) shove noreiasqandi  tebFhet i shOpddriiaSIBS, resthapdiiy el
transcei vers frdfhithe BXXI50 aldhg theannEebwerds €b VN Wontdol) 164ilc B6G) Aay
conprise octal -1Cs, for exanple, the generic 74ALS245 Texas Instruments |C
These transceP%efet Viadner @p AdArgssPiks AR2tand ARArkn BAnfBRCHEPDBMAtIOLDS t he

b | - e f |
roadiuite (FYTRE,FREpo Tinte1BHS L ykRelblnde ARERRY 4 nTOBRE be TRE

pi xel - node soue dBHtidop! B¥Pic 8%, anthel Boclé-Beyinl ¥eESbO (i sRESnsSWIR B kD

mul tipl exor 90. R'Wcontrol line 125 receives a read or a wite 5 control

si gnal i ssuedmgpoiPgobbrallam 19hEwinich 4B5enhirditietnsrolmentdry dveketi on of
| tiplexor, 90 transcejvers (XVII -

data transfers of the word-nod ggta f
X 1), and { PRETASIER. ABGFARR RUAAPT | 1-cxBhe EYALeLREBLA REFEDE 415801) .  The
pi xel - mode dajgy fifeleR! Ségﬁexg%'ac&} lcdRer&l1dy S08' 8 WQﬁieWﬁe@t%egﬁjﬁA@)s,s bi t

A20 10 has a logic of hi tthe word-node data nultiplexor 9

transcei vers ahéchnabl kd avleerbeaddsenssbil , Ad2€he ead of laogemokpwydle t he

descri bed enmbodi nent, frame buffer 10 is constructed as shown in Figure
6(a) havi ng 129ReTARLONRAREERAFH CORtFabIRK 108 traRsmitehe FYREe-EB4cHtTR® Kvi ng

0, DRAM hi Syt Sond BAMLEOIL e ind> dORANDT OHLA OSGFL UK Anitall o] 16

col umms -(each col unm havi eig ums and 15 of
Figure 6(a)] etsndfermadkidwl«ige. strob@hdeRcis ke@dnefbetedalongf veusuiber

10 has a .storage capacitg of approxi mately one negabyte, however, it
to the CPU 50 to convey to the CPU 50 that a memory cycle has
been compie;ed and that a new memory cycle may begin.
15 Memory Controller 105 dlso issues several control strobes
to frame buffef 10 and data multiplexors (or drivers) 90 and 85,
In order to fu;ly understand the operation of these strobes on
data multip;exors 90 and 85 and frame buffer 10, reference is now
also madé to figq:es 6(a), 6(b) and 6(c) in addition to Figure 5.
20 In Figures 6(a), 6(b) and 6(c), there is shown a detailed
illustrétion of the pixel-mode data multiplexor 85, the word-mode
data multiplexor 90 and frame buffer 10 circuitry. In Figure
.6(a) there is shb-w_n.the._ frame buffer memory 10 having 128 64K
DRAM chiﬁs, while figure 6(b) shows the pixel-mode data
_ 2anu1tipiexor 85 having a first set of 16 transceivers (I-XvVI) and
figure 6(c) shows wofd-mode data multiplexor 90 having a second
set_of 16 transceiveré (XVII - XXXII). The transceivers of Figure
6(b) and 6(c) may comprise octal-ICs, for example, the generic
74ALS245 Texas Instruﬁents.lc._.These.transceivers transfer data

30 from the frame buffer memory 10 to the VME bus 45 or from the VME



w [l be appreci ated t hat menories having |arger or smal | er 20 storage
caaC|t|es may al so be used and that the present invention nay be

(s and DRAM ch|p rows of-the fra buffer 10 which provide the rreqp}y
gantzations of Figures 2 and 3 and ch permit, in one 25 nenory cycle
operatlon the trgnsfe[’ an §a|l ned wor d .val.ue or a Z-alignhed

pi xel ' (col or)PY4AAAST & ﬁc{,‘d‘rﬂﬁ URERT MEBOEY L%e The EEPF&@‘PF&M‘Q& on of ;
16 Col um- Ad t ) e t Lame
buffer rnerrt)rfllcr &i%%og gg&%?tﬁﬁl\ﬁ%%e%heﬁgb ngébgﬁgﬁ%%\/&) tfe dlﬁ‘efl

pi xel - node daiaﬂeSﬂaﬂulmuxﬁi@lei:oBEBS &naetmttﬂaﬁéwéiwsambhbﬁ@—mdylalata(SDR)
to the wor d- nrode data nul tiplexor 90, all of which are transmtted by
memory cont r MY EsinkexonA8. ¢ Wpﬁyetéat Tihe 23S receivatsaineadior a write

| ¥, I
ot 1 ol evor >/asneals) GAIREE reRE, Bl 2830 B= 00 BT DB RERIED

the pixel - Mdghd BAREECIMELE haeefltﬁhspéxelof FReewdid-anoddBhtR! xYipiexor
| while, the SDR signals serve the purpose of selectively enabling the

| word-node tr@fdsanseeivers (XWNXIH XEKIRhr cendodibe npdxelyinoder 482 The pur pose
of the RAS and the CAS a%f wel | kpown in the art and thus no _further
di scussi on 10"¢ftiPlgxer ﬁﬁ?@#%“?e‘i%é%ﬁar VXVp o sThe \RiXedsmefe QRfdss bits

Al A2, A3 ang 1a,dabe ¢4 EQEﬂécéi%erQFé §t kRO ﬁ&%gartgwlpatza
Strobe) sel ectivel'y enable the transm ssion o esire signhal s at
menory contYoddsera 185iovod diphesat thel wesd-aiodeldacasmbl tiplekdy $U8 and A19 -

sel ectively enable nenory controller 105 to 15 transnit desired WE signal s.»/
Preset val uestifAnS§8AVeSS are; enabledywhen,gaddress &taschely ihps| § Logdf doMhe

transmi ssion of 0R% Phe ac*eescgl.ﬁg'c? e%%di hah l Sfo"mJ %u%?grelsos 1Q' é&;tjrlcté 8

and Al19 sel ectivel'y €enab ransm ssi on of ' ohe or of "t he
Al 128 - as shown in Figure 6(a) having 128 64K DRAM chips arranged so that

eight rows [each row having 16 DRAM chips, e.g. DRAM row 1 and

15 DRAM row 8 of Figure 6(a)] and 16 columns [each column having
eight DRAM chips,' €.g. DRAM columns 0 and 15 o'f" Figure 6(a)] are
formed therein. In the described embodiment, frame buffer 10 has

a storage capacity of épprox’imately one mégabyte, ‘however, it

will be appreciated that memories having larger or smaller
20 storage capacities may also be used and t.hét the present
invention may be accordingly scaled. o ' v
Sel'ecttve readihg ‘and writing of specific DRAM chip columns
and DRAM chip rows of the frame buffer 10 which'pro'vide the
memory organizations of Figures 2 and 3 and which pérmit, in one
25 memory cycle operation, the transfer of an X-aligned word value
or a zéaligned pixel (color) value is accomplished through
the selective transmission of; 16 Column-Address-Strobes (CAS),
8 Write-Enable Storbes (WE) to the frame buffer memory 10, 8
select DRAM column enabling signals (SDC) to the pixél—mode data

30 multiplexor 85, 8 select DRAM row enabling signals (SDR) to the



DRAM chi ps of frame buffer 10 receive a Row Address Strobe (RAS), 20
.transmtted fromthe nenory controller 105 on both a read and a wite :
oper ation. The RAS signals are issued when nenory controller 105 recgi g

t he @Ie begin-strobe transmtted thergto fromVME control |ogic 56,
previwolsly di scussed. Wrd-node transfer® are enabl ed when address bit A20

is low 25 andygidModePdsts rmmsip1exar ENakl &5k WheRhagel e¥anbh i A0 bhi gh.

The following is a description of a word-node read operation. On a
wor d- node r eadempxey xtongmelhér 1053 DRAMhehppysbdal raddeebséd,ctrdfsmiza®idve RAS
and CAS signals. In the enbodi nent described herein, the franpe buffer bus

46 is 128 dat BPHRECEINPHE, R¥hFPEI-BRISPANREP SHE: IDVRECH RO 28d;RiXGIrod8
data bits wid drU%léSmul F&é’lé%ﬁ- r’la: %l?; e ¥§“%l@c_ sbPfe 1 \BLdp o0& cdat a

transceivers -( XVl I - XXX of wo at a tiplexor 85 are enabled at a

time by one Séeldtaiveliterab@Bhgstignalixelsnoee tnanseediers QRXYDl oL piket- A
desired one of the eight SDR signals. is determ ned as nentioned, by a
preset 5 val uBo¢# datdr ayltiplexox) 85, Misileyngha1SPR\siigRals ser¥ysue? by CPU 50

onto VME bus 4 1 tt.e o] [ ontraoller 105 h

transceivers ggxﬁq%%dggsg%n@é}tgbgliieg"% 3¥f§}: e ?E?rﬂ t?tgﬂn(a%eﬁnéey%ﬁ%n%it
frame buffer gepr &3t dotaomdde Gnllitliplekse gu) f PREPUYPoES o thedRAd @nb6 its
wi de on VNE bus 45. For exanple, with 10 reference to Figure 6(c), when a
read control thegEas axetaediskpovadimthR/ayt apd UnEs avdfwether ddsgussion

d- mode t ei ver | and word- node t i | t with '
of the sl i SR L RUEPGTR S PeBRssany-anBRe Tt yatHeE (o AEEFORF Bitte 194

ata bits D15y§X rgat f ecddn | ghta RAMbd Sakd il s.00b
%ﬁM row 1 '-(g%?r)l%z?r g?n fﬁlﬁﬁ)aﬁgah%@#l é;llaéjtgdgegi tgséabO? to DaO are oner

transferred tpatdhistrebe) csejleictDRAM cngbdeothRAdnsadsdion roft BesifadsiCasn,
two 8-bit word values are transferred in _one read operation. The renaining
wor d- node tr afi$3talfeo@é memory controller 105 while preset values of address
| bits Al7, Al8 and Al9 selectively enable memory controller 105 to
15 transmit desired WE signals. Preset values of address bits Al,
A2, and A3 also selectively enable the transmission of one or all
8 the SDC signals while address bits Al7, Al8 and Al9 selectively
enable transmission of one or all of the SDR signals. All 128
DRAM chips of frame buffer 10 receive a Row Address Strobe (RAS),
20 transmitted from the memory controller 105 on both a read and a
write operation. The RAS signals are issued when memory
controller 105 receives the cycle begin strobe transmitted
thereto from VME control logic 56, as previously discussed,
Word-mode transfers are enabled when address bit A20 is low
25 and pixel-mode transfers are enabled when address bit A20 high.
The following is a description of a word-mode read operation. On
- a word-mode read_opefation, all 128 DRAM chips of frame buffer 10
receive RAS and CAS signals. In the embodiment described herein,
the frame buffer bus 46 is 128 data bits wide, while, as

30 mentioned, VME bus 45 is only 16 data bits wide. Thus, only two



3

XVITE-XxXI'l operate in the same fashi on when corresponding 20 transceiver
lines A 135-141) receive respective SDR signals (issued by nmenory controller

“p) evi
XXX |,

‘ously discussed), thereby enabling word-node transceivers @
respectively. The follow ng is a description of word-node\_/

wri~-e—25 operati ons. Onawor.d-rrpde.vxk te operation, a wite signal is
ted : linei12 I 1 00, |
00 | (SRR rbEe S IneRe N ot IO B LSS TL MDY

by asserti onjor@mbaandsei Wil dipikch34s drldl ealablleanse @l ¥€he bVbhe ot the oOf

all eight of

the SDR signals, 30 (issued fromnmenory controller 105 and

det er mi ned bBightp(EBR: signgls issyfedabyr memory teonkrpllen dl05andA Mdepiredoone

frame buffer

< thi S hi - bi of  data_ - .
bue 45 dat o 79 588 T SRR AN 0§ dekriniodt HhEnEE T RE PR o

transmtt esl
wi.te operat

vARAGE MMM IOWIkB AIAMAIBYIAR Ah0. whlisR, alS i3siBAtBPRPE, ON a
ion, all DRAM chips receive a RAS. Approximtely concurrently

with these siQreaite VPE Bds siéndodatichnsnd tised sto\ B moxyscantrAlerik®%h Theso

enabl e nenor
strobes (VE)

|l | ogi ¢, 105 't _of 8 ' I .
o) Yender Fiar s Rosptod ite” ePgnfbysimnal A vBIY Ry RISte) 10

so that onlyegdategr Bk Of rddd \WugRePSrelid babs £¥on tﬁaés&s 1de50n Hrite

transmts two data strobes [a Lower Data Strobe (LDS) and an Upper Data

St robe (UDS)

Buf fexmbusr 46 conl 60l i s witle ohivME bogetSier Paccdeanpie valitd of a

non- exi st%\t address bit (AO and select 8-bit or 16-bit nmempry cycles

t r ansf er s 10 TFRESrepce bR Tigupe Slchy ehienae FeadSPnesAl rsigned 485 a first 8 -

data bits w
chi ps of frane

second 8 bit

o MR ABSRE A a1 S doiod LESRO A cLnd BN,

fer 1 r strobe ( I S asserted,
B difa ddrd-iblé GanscRivéer e @oheaftedE wddhaa lbde bEngse

select DRaM tow'signals_(SDR). transmitted on transceiver line

. 134, data bits D15-D08 are transferred from the first eight DRAM

15

20

25

20

chips of DRAM.row 1 {going from left to right) while data bits
D07 to DO are transferred to the next eight DRAM chips of DRAM
row 1, 1In this fashion, two B-bit word values are transferred
in one read operation. The remaining word-mode”transceivers
XVIII-XXXII operate in the same fashion when corresponding
transceiver lines (135-141) receive respective SDR signals
(issued by memory controller 105 as previously discussed), . a;J
thereby enabling word-mode trahsceivéré XVIII-XXXII,
respectively. .

The following is.a description of wofdeode_write
operations. On a word-mode write operation, a write signal is
asserted on read/write line 125 and all word-mode data
transceivers, XVII-XXXII (of word-mode data multiplexor 90), of
Figure 6(c) are enabled by assertion, on transceiver lines 134-

141 at transceivers XVII-XXXII; of all eight of the SDR signals,

{issued from memory controller 105 and determined by a preset



DO7-DOO ta the DRAM chips of frame buffer 10. In the present 20 enbodi
“data bit D15.is the nost S|gn|f|cant bit and data bit DOOis the | eas

signifiscant bit. Wien UDS is asserted, at nenory controller 105, a fi 3
of t@lG CAS si.gnals will be transrrit@l to DRAM colums 0 to 7 (counting
fromPMeft to right) and if LDS is asserted, at nenory controll.er 105 a

second 8 of 2%ailbe 96 (Q&BeSSghaﬁs A7, | AbRy tamsinshﬂ.tem EraiRAMfelcudBs B t 0
15 (counting fromleft, to ;lg {u%) however s that receive
t

I
both a CAS st itPd8 EREPLPVERE! 1 thats pF %eeta?ns%mew A Sfie S mGpHg 15 -
description o dg@apifﬁés 'Bi@e rﬁ@@ Q’%RXI\* 19.@ g?%etzra%%@eggg at i on,
r Chl | g re

simlar to wo node 30r eads, -al | ) receive S and

CAS si gnal s. amm.rihemnaauytcceatndﬂm r&Q&mESQmaS&HﬁG&' 00e aflsbheaei ght
sel ect DRAM col vsm (SDC) signals which enable two of the 16 pixel -npde data
nul ti pl exor Bomentigeed; Ry & (’FiWI‘)Pe(?PtF:P’@uraé%PB&Mt?feirﬂ?oy'eﬁﬁi‘ﬁ @ &8ng and

frame butfor AprRBxEpdedfy IcBndle il b bR Aydle 81 dpiid Beli A deifis 20701
D15- DOO. For emamahe bidenl8, rxied and oxEd wlh‘ichECﬂs\bednSBlé heenfcrgd/ Wi te

control line 125 concurrent with one of the eight select DRAM col um
signal s (SDC) qantraldern hegie 03, M@sl@tpu\#aﬂﬂlﬁeofﬁftﬁ 8 ks enpbile gHrolys A3

at nenory cont 05 t tr nscei ve - node t cei of
Figure 6(b). tr‘%’%&fé g sieiry t%"ﬁ)fé EB [i)rké?“?f ?ﬁ“{’)h e’ﬂ?ﬂf&’/f”éh?%@% SREM’of
DRAM col umm,§ wthstma@ thRerdw FESBRAM A nids WidAShE Rt idaled Bb! epEUS0t O
DOO from the DRAM chi ps ‘'of DRAM chip colum 1. Data bits D15 to DOS
represent 15 aiss ghanbmitpitesd deyhestnbes DO LoweD0R: a stridber (JDSkepndsent

anot her eight bit pixel byte. In this fashion, two eight bit lPi xel bytes
may be transf dppey Pﬂt%rﬁ}rSBErH{qsdﬁ to memory controller 105 which

-_together encgde the value of a non-existent address bit (AQ0) and

_ selec_:t_ 8-bit or 16-bit memory cycles transfers, - Thus, if UDS is

15 as_serted at memory controller 105, a first 8 data bits will be
transferred from VME data bit lines D15-D08 to the DRAM chips of
frame buffer 10 and if the lower data strobe (LDS) is asserted, a
second 8 bits of data will be transferred from VME data bit lines
D07-D00 to the DRAM chips of frame buffer 10. In the present

20 e_mbodi_me.nt, data bit D15 is the most significant bit and data
bit D00 is the least significant bit. When UDS is asserted, at
memory controller 105 a first 8 of the 16 CAS signals will be
transm%tted to DRAM columns 0 to 7 (counting from left to right)
and if LDS is asserted, at memory controller 105 a second 8 of

25 the 16 CAS signals will be transmitted to DRAM columns 8 to 15
(counting from left to right) however only the DRAM chips that
receive both a CAS strobe and a WE strobe will be written to.

The foliowing is a description of a pixel-mode read

operation. On a pixel-mode read operation, similar to word-mode

30reads, all DRAM chips of figure 6(b) receive RAS and CAS signals.



@i ni ng pi xel -node transceivers (I11-XVl) are enabled in the sane

pniwhen correspondi ng transceiver |lines (127- 20 133) receive

respge®s ijve SDC signals (issued by nenory controller 105), thereby enabgikng
s pode transceivers Il --XVlI, respectively. ,The following is a o/

ption of a pixel-node wite oper‘£-\i on. On a pixel-node wite N

oper ati on, althedimeslorgocientinilae25105 ans6cassdrts ox¥l of AhePieight NEsiect

mul ti pl exor 85 are enabled by the transm ssion of all eight of the (SDC)

si gnal s i ssucRRAM GRLHBROISPAoREgM I whigh emphle twosopitheDd§, piredcampden VIVE

the oven et BRABBRQY a3, SFrhar btsl LA e bLERS By by, 10°

of the frame Mufdilekdng aite t¥ahardddinhgDa¢-an 8:P0FPac Pb aRBHiRE ¥PMadHes atd by
CPU 50, are sim-larly transmtted to the odd DRAM chi p col utmms (counti ng

left to rightd time Eromochel 128-bit Framecbdf fam membryr bug .46 oAso viiheh VMEBe
word- node wite cycl esv alll) D?AM \(,:\ﬂrs)s ‘rgﬁgei ve a RAS. However, unlike 5
wor d- mode wr | B48 &C| 88, VMF | bug gata2iqes DAapP0strobes (WE) are transmitted

from nenory contr gokesxd1é 0 wilen DRANaCHL fSa Pl of £608; Pali Iy 9. While only

one or two of the sixteen colum address sirobes (CAS) are transmtted from
sanme. The SDResdywaxliteascodiredt Limé Y135 soacuinenteminth onetafolthe ogight105 are
determined by 10 the values of address bits A, A2 apnd A3. Address bits

A03, AD2, AC SeleFtdRRAM sEQIUY sipRalsfSOBL (Ase' praseinesh byha RRESYuyadgepy

CPU 80 S gk BEIPAY CR91 09 oL fhAoBP RS 168 TRTLERNGLLs 0001 ©

the transm ssion o one OI’_ sire Si'gna .
‘during a witrimyake, piwel-afodeherddscdiviercn P Figugeabb)akeahspereridatad b/

menory controller 105 to fraime buffer 10 when both UDS and LDS are _
asserted togeRite DAP RISy fromithe DRAM 1GIEinenGf OPRAM wfc DRAB colymn O while
transnitted_v%¥¥31_mode transceiver II transfers data bits D07 to D00 from the
DRAM chips of DRAM chip column 1. Data bits D15 to D08 represent
15 an eight bit pixel byte while D07 to D00, similarly represent
another eight bit pixel byte. 1In this fashion, two eight bit
pixel bytes may be transferred in one_operationa
The remaining pixel-mode transceivefs (I1T-XVI) are enabled
in the same fashion when corresponding transceiver lines (127-
.20 133) receive respective SDC signals (issued by memory controller
105), ﬁhereby enabling pixel-mode transceivers III - XVI,
respectively. | | |
.The following is a description of a pixel-mode write
"operation. On a pixel-mode write operation, all pixel-mode data
'25. transceivers I-va, of pixel-mode mﬁltipiexor 85 are enabled by
the transmission of all eight of the (SDC) signals issued from
memory controller 105, Déta bits D15-D08, plaged on VME bus 45 by
CPU 50, are transmitted through pixel-mode trﬁnsceivers I-XVI to
the even DRAM chip columns {counting left to right)

3 0,2,4,6,8,10,12,14 of_the frame buffer 10. The data bits D07~



.only the DRAM chip colums that receive a CAS and a WE 20 are witten to.
Furt her, either UDS or LDS nmust be present at nenory controller 105 befor

a nmefjory cycle operation will "begin. In conjunction with pixel-node read or
wri t e~oper at.i ons, address bits Al19 -2Z4, placed on VME bus 45 by CPU 50, :
are received t ' - dgkt @SS letai D r. (sQr..driver) 7 25 \Wen
address bit :Av%)'hgga'gé?(%gi\(F:W%%u%i'ﬁu?ﬁt%@?}uiég% é“ig‘(? ggsgr?mf'?l?f)fee??otro 75
transmts thehadddéssrRAM @hdpntsRoansy (Ebendi0g Qe¥tl @ Srighepddress bits
Al9-A4) to the_frame buffer 10 and in conjunction with one or two of the 16
CAS i ssued  bytsAetdry - HodBrb? |of thesframe ceuifexr 20a| i ghme v iihx 6he byord-

| ocation withjm. 30 f ffer..1 ich, _in tyrn, corresponds to a pixel
on col or %%et gfgﬁgﬁ&ﬁ?ésdaﬁlal 2’38&28&1‘?? tW&F‘%@rV%‘oé&‘ﬁ’ﬁ%o‘h‘f%ﬁ % a
col or val ues fiairaan6as  HEAAdyaged L O1GHOWA LBOBALEYe LorobddMiiR) | dre I
conjunction with a word-node read or wite operation, address bits Al6 - Al
are received txangnititedbdrod mewors comikdblpec05 86 atl oRaMVIEpsadfirfxamebi t

A20 has a Iog)iﬂ% of Jow, transmits an address to the frame buffer 10, that,
in conjuncti SHERPE "a d'rlu‘_é;ﬁf°’ill¥e°89\ﬂi‘*§t"r°o_ﬁést'?$sﬁ}_é‘(}eB? RNy 288FR$%! | er
105, sel ects 42,8 (cA8§d é@r&a}(éxkk'ftéqg“t%lnoﬁa)%f h'ﬁtef éﬁ‘ﬂesibli!\faflgrag'o t hat
wWill, in turn, determ ne ?oreground 10 "backgrouhd “a ever a correspondi ng

pi xel s on colselecetwdXy idbued g MEhpry dntkbe [sque 1b8fLiag dbRebmifddiyed tO
a color rnag?% whi ch determ nes a color that corresponds to a pixel byte

out putted thea Nalueg fofr addressd bitsvak, diZjiand| Ao addiress rkits 4P3emlhd

| u I dr,i 2 defj ticul 15 I
Qbarod o xoMOrhad UM LEESoag 1% HE I s el dd e 0Bl 58 ViR Rlsped 8 B3y
be integrat edruNs0 anfder6y¢1i w8 at HEWIPy idonltirdd! fogPe 105N ¢n Pk geal frame

buffer menory 99 is organized
. mentioned, enable the transmission of one or two desired CAS

either- UDS or LDS is asserted at same. As in word-nodé wite operations

signals to the frame buffer 10 during a write cycle. ‘Two of the .
. 15 sixteen CAS signals are transmitted by memory controller 105 to
frame buffer 10 when both UDS and LDS are asserted together at
~ memory controller 105 and only one CAS signal is transmitted when
either UDS or LDS is asserted at same. As in word-mode write
operations only the DRAM chip columns that receive a CAS and a WE

20 are written to. Further, either UDS or LDS must be present at
‘memory controller 105 before a memory cycle operation will begin.

In conjunction with pixel-mode read or write operations,
- -addresg bits Al9 - A4, placed on VME bus 45 by CpPu 50, are
. received at the pixel-mode address multiplexor (or driver) 75.

25 when address bit A20 has 'a.-logic of high, the pixel-mode address
multiplexor 75 transmits..the address (determined by the logic
values of address bits Al9-A4) to the frame buffer 10 and in
conjunction with one or two of the 16 CAS issued by memory

~ controller 105, selects a Z-aligned pixel byte location within

30 frame buffer 10, which, in turn, corresponds to a pixel on color



(addressed) in the sanme manner as frame buffer 99. A toggle nmay be enpl oyed
sQ a the optional frame buffer 99 nay be witten 20 to while the franme
O is being read or the reverse thereof. A "Raster-OP" or "Bit+&t"
p sor 140 may al so be coupl ed between the outputs of the word-mode\dita
mul ti pl exor 90, the pixel-node data m@® pl exor 85 and the frame buffer
rrermrleassho n, £ gure.5. A "Ragt " or "Bit:BLT" skown 25 1in
the art of corﬂ)lﬁ\ankg}g;p%#gsd% adsltgrgérfr{entﬂb Wa?'ﬁgel(]octf}leﬂs?o ﬁ‘ﬁo?ogy,
1109 McKay DrigflorSemiu®Sdr aabbfrdsichalnd3gixeds o VE&ﬁé@QnonztB_@Sigr'
processors are also fully-discussed in "Principles of Interactive Conputer
G aphi cs" by Newnn8igiBpriyl fin t&mymnlcghon 1@?91 al938d-mddd irehdror write
MGawHi|Il, Inc. %)?The st er - or s Boo{)ean operations such as

24 "OR'[" XOR' WBEREPRM eBfie ’f"rsar%é bf b BrEOTBFe HYRY BhaVoFd-BRuf fer 99
contents betyea kls mﬂiﬁﬂxaﬁ%@%ﬂcﬂ“dwhbﬁra@%ﬂ-e%ybi{"Atzba%gs SPMRLAL of

wite or read operations to the frane blffer 10 or optional frame buffer 99
in response t dosnetrcamsmwits apcadédiessitol ahedfimd batErt) O thae, Raster- O
Processor 140 oper at es on data 128 bits wi de and may be used to broadcast

pi xel data to Srdctdon vhHERA opgef thef F”@n%"—’&ﬁ'b?? AR8uep Y BEOEYor nay
b dtob Q{E‘:Q d
pfaﬁzg shgvmrlq%q‘ ?é%}éepzféand S oresgx}‘ﬁi?%gr@elg \T&?Eg g%meéoggdﬁe\rllm\r/wi ting

pi xel s bytes iwithibherdime@mutifetl B0 that ReLlplaneuvnj tdeveralnd OfsEsgrbanaged
to mask up to eight bits of a pixel byte that are not desired to be
witten. Folo Feund fatoeyeralrcQoesPopding Rixedespn Rplor Benkkox tidn

8 ek Toar of niRB BT IE G Phnd pukPEr " 18 SRl SRR R R e

from bei ng widg ghithed®idrmines a color that corresponds to a pixel byte

outputted by frame buffer 10 and drives digital to analog red,
green and blue color driver/converters 120 to define a particular

15 color at a desired pixel in monitor 15. Also, an 6ptional frame
buffer memory 99 may be integrated into the system as shown in
Figure"s. The optional frame buffer memory 99 is organized
(addressed) in the same manner as frame buffer 99. A toggle may
be employed so that the optionai frame buffer 99 may be written

20 to while the frame buffer'lo is being read or the reverse
thereof. A "Raster-OP" or *Bit~Blt" processor 140 may also be \;J
coupled between the-outputs of the word-mode data multiplexor 90,
the pixel-mode data multiplexor 85 and the frame buffer memory
10 as shown in Figure 5. A "Raster-OP" or "Bit=-BLT" is known

25 in the art of computer graphics and is currently marketed by VLSI
Technology, 11091McKay Drive, San:Jose, California 95131, as
*VL16160", Raster-OP processors are also fully discussed in
*Principles of Interactive Computer Graphics" by Newman &
Sproull.  Copyright 1979, 1973. Publisher: McGraw-Hill, 1Inc.

30 The Raster-OP 140 performs Boolean operatibhs such as



For purposes of illustration the specification herein has described the

. architecture as several separate devices coupled to a host CPU 50. er,
|t WI| be appreci ated that 20 the m;LQsent invention may al so be e d
ngle rmi |th|c5%%n’téﬁgrated E coul be couQIed dire to a
host U. A'S8 {HORhe° B& P I8 R Pﬁe Bres aptirndb A5 WE

bus 45 is 162ba 9 lcontefEs LURMRVA thé toxw hha b@e.ﬂmesqﬁ eHeldBdf nlayl S IS

only one possible inplenentation and that other 25 inplenentations my use
wi der dat a birdtiatie evedalseriteRakl céndopehagiars tor tosn firamel bef fexs 1and

other simlar sca¥| nqq of the descri bﬁlg enbodi nent of the present
i nvention. ©F GPHK frapg buffer, dd HhFSsPossgy LR 238 icArmadd ¢¥te n a

conput er i SH{aeud ifmehBobi!sng. onhl Salste LY Ihachs MeAb] Lo e 8R! 2V

pi xel s for defining images, conprising: a menor aV|ng
plurality ofdatal 228ibitls/ wdder £ alalycbanrwdy to droadeaganp Lesl data wo 16
three-di nensional matrix, wherein each of said nenory cells is adapted for

storing a dAdiasentieixel M%&%W%&Fm EP?ES'&P or ad¥rRe §8§8di ng
di splay pixglg 399;?@85@'1@ §a$iii§r§5§’%tgglécsaf%%${d pii‘RL Ve e Vo t b' t

organi zation orien rn af e of sai X an a.secon

or gani zati orpxanesnikshn rxnafsgafmdz Ahanstd¥eds dh I Feaid ibugfer 103i d fi rst and
second bit organizations defining, respectively, first and second
characteril8tics Hhﬁhg"%’a#’d'gsEﬁ%%l%d’%ﬁ&r’d!ﬁ"e#h%tﬁwe PutfamdOneres coupl ed

to said fra uff or s ecti din rmycycle
operati on, ?’b ura(l%‘{tt '5?3 | tsmﬂ' rﬁ ne g 'S/&IE'@I BR "?QI a?g%ig%?/’inﬁe %f‘ said bit
organi zat i ongsixa1dbged Imartgaea%ﬁ desifed itoSbe Obr Stich. SEFddxample, if
characteristics; witing neans coupled to said franme .buffer nenory for

sel ectively aniy Enyr pixednbiteareydesired sochamnditten pate al pixel
| location in frame buffer 10; the per 'i:lane ﬁrité mask 70 would
15 mask four of the pixel bits at frame buffer 10, thereby
| preventing them from being written therein.
For purposes of illustration the specification
_heteih has described the architecture as several separate devices
. ‘coupled to a host CPU 50;"Héﬁevér, it w111.be appreciated that
20 the present li_nvention_may also be embodi_.ed as a sir_tgle inonolithie
integrated chip whiéh could be coupled directly to a host CPU.
Also in the described embodiment of the pfesent invention, VME
bus 45 .i.s 16 data bits wide, however, it will be appreciated that
- this {s only one possible implementation and that other
25”1mp1eméntat§ong'may use widgf datg bus widthé. densér DRAM chips,
‘ higher scré;ﬁ resolutions and othérisimilar_scaiings qf'the

described embodiment of the present invention.



of bits into nenory cells related by one of said bit organizations and

def1 g one of said first or second characteristics; control |ogic neans

c ed to said reading neans and said witing means for generating contggl
signals for controllably selecting one of said first and second bit

organi zations; whereby image data meygbe conveniently organi zed in-a single
nmenory array for selective storage and retrieval in one of said first and
second bit organizations so as to pigmigde said sel ected characteristics of
said pixels. 2. The inproved nenory-organization as claimed in claiml
wherein said matrix conprises: a plurality of X-Y planes, each of said

p: aneshcont ai ni ng, atAhl ihstoved nténofP rBi:l’gani:zsaltltxﬁn f%@hlshde@mxﬁ rJe;@ @i‘sp@&ﬁh

pl ane having a one-to-one ¢orres Wi S i spLa xe rein
B TSt I urari (o508 hetudiie: & Hapiey igvite & Dlrait BE diapLay pels Fof
characteristics definbig g.m@bs-,l ocagprdsing:axi s and of said X-Y pl anes and
wherein said X-Y pl C ond
plurality of data u%@@eﬁ nlénrg secl? gg‘gmgp%afﬁ)&g]k%& g%%rgg% er| ics are
al i gned al ong saddér@ssable megory celtaeorrgapzzndedntmmew@mnamna n of
claim2 wherein gl prwﬁeﬂlﬂ & of daill BARHALAISONS a&%&e&e!ﬁ& aleppfigd such

that a first data bit Qn one ane corre data bit on an

0
adj acent pl ane s%uéh HH-tt Q%ﬁ’&l%rﬁeégﬁﬁ‘i’df’ﬁ@'aﬁfi?%ls&ll?% daﬁ%ﬁﬁs@&ﬂb“& axi s

conpri se one of g¥play PikeT aahwriérbiu s&ﬁddﬁm%ry'rdetl&s gte relatdbke byps oved
menory organi zat

d. t f,da
and said second %‘t Fol?]rtt yr@“lﬁ§§%L§F£ gae“%?o&é&gv?ﬁ[aﬁfel %ﬁg’% a L3 f/

cell's of said framecond bét. organization oriented in a second plane of said matrix;.
said first and second bit orgahizations defining, respectively,
first and second characteristics among said selected characteristics;
reading mea_hs coupled to said frame buffer memory for
selectively reading, in one memory cycle operation, a plurality of
bits from memory cells related by one of said bit organizations
and defining one of said first or said second characteristics;
writing means coupled to said frame buffer memory for .
selectively writing, in one memory cycle operation, a plurality
of bits into memory cells related by one of said bit orgamzatxons
and defining one of said first or second characterlstlcs,
control logic means coupled to said reading means and said
writing means for genmerating control signals for controllably
selecting one of said first and second bit organizations;
whereby image data may be conveniently organized in a single
memory array for selective storage and retrieval in one of said
first and second bit organizations so as to provide sa1d selected
characteristics of said pixels.

2. The improved memory organization as claimed in claim 1 wherein
said matrix comprises:

a plurality of X-Y planes, each of said planes containing a
plurality of meuiory cells, said memory cells of each plane having
a one~to—-one cofrespondent:e with said display pixels, wherein a
first plurality of data units defining first display pixel

* c L M H *
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5. The i nproved nmenory organi zation of claim2 wherein said control
-l ogic nmeans conprises: a first address driver, coupled to said frane -
buffer. for issuing a first plurality of address signals to said fra
buf f'er ssuch that said first address driver issues a separate address
" each df said first plurality of data xisr%ts t hereby determ ning a nesery

| ocation within a first predeterm ned“séegnent of said frane buffer for each
of said first plurality of data units; a control |ogic device for issuing,
i n conjunction lr n d by said
first, address ‘é‘%kﬁ}*g?@éﬂsﬁés?ar@ ali g+é& Xléﬁ" ?ﬁick-%§ ?J%‘ngraée%g%??ﬁg Si énal S -
to said frame buP¥asesi gindenabl i ng said f| rst predeternm ned segnent of said

frame buffer whereby, ghéfbihi §5id X-Plplafdd bite Aflighedl hdbng/al Zraxidlfuch
organi zed, such that a fir

i mproved nenory Bifadi 885OR arf’lb‘FgHtéﬁ g‘g@la%ecé{\“\g}:%ryeg"sal ﬁ???"geﬂ’ﬁp&f'yl ogThe

neans further copixelsétsracterigedes age dil alongy said@ph®ik.t 0 said frane
buffer, for issuing a second plurality of address signals to said frane

buffer such that said second address driver issues a separate address for
each of said secdnd pl Ghelimpyowedd dmnwrumnganmdtemlof dbaigr &iwhengim nenory

| ocation within r
each of said sec%ﬁpgwlpé}?% ?gr%usf”ﬁ%r% ere| n g : contro}I fhoz{gt?c
devi ce issues toa Tatfdﬂ&ﬁEbﬁuPﬂé?ﬂe planeoeqrrRERINds Wtahs

p: ur a: ity O]f ?ddéﬁ%ﬂ %@ﬂabﬁadgls%@ﬂtﬁé/t %lai&fcﬁﬁféﬁ%@ﬂ'@’ BEts dligtﬁﬁ alaoncgecond
piura 'ty o s db E axeirs gonn%nlsg gonSIC()Jé1 %a:s.d s(tgtr:m{ac{1 P arH@aA dgt?ac?nqgts

S

4, The improved memory organization of claim 3 wherein
said first plurality of data units and said second plurality
of data units are stored within the same memory cells of said
frame buffer

5. The improved memory organization of claim 2 wherein
‘'said control logic means comprises:

' a first address driver, coupled to said frame buffer,
for issuing a first plurality of address signals to said frame
buffer such that said first address driver issues a separate
address for each of said first plurality of data units, thereby
determining a memory location within a first predetermined
segment of said frame buffer for each of said first plurality
of data units; '

a control loglc device for 1ssumg, in conJunctmn with
said first plurality of address signals issued by said first,
address driver, a f1rst plurality of frame buffer enablmg
signals to said frame buffer for enabling)

said first predetermined segment of said frame buffer

" whereby, said firstly plurality of digital values are
organized, such that a first map is defined within said frame.

6. The improved memory organization of claim 5 wherein

R R




predet erm ned segnent of said frame buffer. 7. The i nproved nenory
organi zation as claimed in claim1 wherein said reading means conprises: a
qddress driver, coupled to said frame buffer, for issuing a firstéag,
ty of address signals to said frame buffer such that safd first \_J
eSs driver issues a separate addr ess2Por each of said first plurality
of data units, thereby determning a nenory location within a first
predeterm ned segment of said frame buffer for each of said first plurality
of data units; saaiil contrall ﬂ.quccmmnfumbsmmpﬂwsdonj unction with said
first plurality of addreg g@aggaar%sgsmwrbm ¢ tol Sdigagki@Sputteryer . a
er

first plurality of frarre enabl 1 ng s1gnasto gald frane, Haéfer for

enabl ing said fifex wsem ar feaned play address sagRals e said foames,
nenory | ogi ¢ neagyffRuph&s thee %%hd d‘eﬁ:ﬁﬁ aduidsy dibrer’ gssiesi ﬂgse@arate‘ irst

address signals and sal-d first ra buffer. en als
and retrieving safdress,sQr ﬁPE‘PéﬁJ Fe%ﬁ'gapidif(a tYr?frgi of‘@ St’h%r‘eto and

a LI rst gat a dr:cuefelgﬁ_g i@noTgi rbd‘atmwlntﬁi&ea $enondepredetermided ut puttl ng
a desired one of sai | st rallt t n

said first pluraSFeReRsso é g gr £ %gtﬂ’gl é;’achngfgsgz.g él rsw%htlf?g[ Pty of
frame buffer enabfld;;asugrnsl,s 8. . The inproved nenory organi zation as

clainmed in claim?7 vvhe F?%ﬂs EsyedTBb i guid: framsecond
address driver, cou o salsg ?r aneg bu d%“@?silln%éa .second

plurality of addbuf rs. ¥ Ao jurrtign ¢ith sadd b%ﬁ‘T‘BFlE]t}E’ﬁ €82 cond
address driver | $3pRfls?issued by said second address driver, a second plurality

of frame buffer enabling signals for enabling said second
predetermined segment of said frame buffer.

7. The improved memory orgahization as claimed in claim 1
wherein said reading means comprises: |

a first address driver, coupled to said frame buffer,
for issuing a first plurality of address signals to said frame
buffer such that said first address driver issues a separate
address for each of said first plurality.of data units, thereby
determining a memory location within a first predetermined segment
of said frame buffer for each of said first plurality of data
units; ' _ . _
~ said control logic means issuing, in conJunctlon with
said first plurality of address signals issued by said first
address driver, a first plurality of frame buffer_enabllng signals
to said frame buffer for enabling said first predetermined
segment of said frame buffer;

a first memory logic means coupled to sald frame buffer
for receiving said first address signals and said first plurality
of frame buffer enabling signals and :etrieviqg said first
‘plurality of data bytes in response thereto; and

a first data driver coupled to said frame buffer for
sensing and outputting a desired one of said first plurality of
data units in conjunction with said first plurality of address

* C L M s *




separate address for each of said second plurality of data units,..there
determning a nenory |location within a second predeterm ned segnent of
frame:-puffer for each of said second pluralityof data units; said con
Ioglcgggans I ssuirng, in conjunction with said second plurallty of add
signal s ‘i ssued by said second address déﬁger a second plurality of fra
buffer enabling signals to said frame b et for enabling said second
pr edet er mi ned segnent of said frane buffer; a second nenory Iogic nmeans

coupled to said frane uf f e|V|n sai d secon ddres nal s and
sai d second pl ural€}? & btd‘frf rplé‘ﬁﬁ tYng* sitgARs g’“g l1 8 i ng said

- second plurality Gngmﬂxilnnts I n response thereto; and a second dat a
driver coupled to said frame buffer for sensing and outputting a desired
one of said second plurality of data units 'in conjunction with said second
plurality of addrebs sigFhe 3mpueyed semory yganizagicn asyclgimed smeckainf &r

Claim 1ounevern salarein st sedBg! > Faltel ?Eﬁ?’%ﬁﬁrai “oriver,
coupled to said frane bu?fs@g"“%’;éadﬂ'ﬁgp\?#é’e&’f‘i%l- Qrsa1d: ¥ h Ess .
signal's to said frivreidulingla secdnd! pRiraddtyl ofi écﬁireﬁéicbigﬁﬂsdto\@!idl ssues a
Chor by det er m ni T ”a'rm-ﬁﬁr SPER 4PRE Paif proonn SRR dhlvd: PRS2
ereby determni e
- segnment of sai ds‘elparatebalddmssfﬁnr eaahh obfsaddi szbdondqﬂupalmtgl of \davd data
units; said contr gi n al ] rst
lek.% 5&3{%@ Jete %@i&yﬁ% u%n?&? JI‘AEQEioR“wi’EhEH & Yellodd

pIurallty of address | Ssue
\ predetermined segment o sa1d frame buffer for each of said

second pluralityof data units;

said control logic means issuing, in conjunction with
said second plurality of address signals issued by said second
address ‘driver a second plurality of frame buffer enabling
signals to said frame buffer for enabling said second
predetermined segment of said frame buffer;
' a second memory logic means coupled to said frame
buffer for receiving said second address signals and said
second plurality of frame buffer enabling signals and retrieving
said second plﬁ#ality of data units in response thereto; and

a second data driver coupled to said frame buffer for
sensing and outputting a desired one of said second plurality
of data units in conjunction with said second plurality of
address signals and said second plurallty of frame buffer
enabllng s1gnals o

9.  The 1mproved memory organ1zat1on as claimed in claim 1
wherein sa1d wrltlng means comprises: '

" a first address driver, coupled to said frame buffer,
for issuing a first plurality of address signals to said frame
buffer such that said first address driver issues a separate
address signal for each of said first plurality of data umits,
thereby determining a memory location within a first predetermined

I
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Ss driver, wite enable signals and a first plurality of frame buffer
Ning signals for enabling said first predeterm ned segnent of said
buffer and for permtting witing therein;, a first data driver se;
upled to said frane buffer for sensing and outputting a desired one Qf
sai d first plurality of data units in cqﬂunction with said first.plurality
of address signals; wherein said'first data driver wites a desired one of
said first plurality of data units into said frame buffer at a nenory

| ocati on t her ei rsegment wf nsaidofrawe ufferstopleachlofi gatd fadsk @deraligpal s,
said first plurald me buffer enabling signals and said wite enable
signals. 10. a&ﬂ]gX$%pLPg€%d menory organi zation of claim9 wherein said
witing means further 8dWbepRiezpl logiccoernsadesuias, il eenjunstipaeditly said
frame buffer, f %iﬂsﬁt'sﬂgpﬁmﬁﬁéy‘@fpidﬁﬁhétéigﬂél@@ﬁé&?ﬁb*]"sﬂﬁ.ﬁ' Firse said
frame buffer such, that said secpnd address driver, i ssues separ at e address
signal for each ¥idresg rivRionHr e, paable, signads apd a; Er,s_ttﬁé’tté&‘yd@ erm ni ng

g ][r?rmr]y | ocat Loﬁfawbtﬁiiglﬂeﬁ e@ﬂBDﬁfé pigtilkefor easbliagnadid ﬁixj%abﬁbdete?ﬁlned_
uffer for each of said.sec utality o ta unifs: said control |ogic
means i ssui ng, -i%%%ﬁﬁcﬁ’%ﬂgv#n #@%‘i;??g Eﬁrﬂ'?lé#’ir{gyw%*t%dﬁf 10y, gnal s
i ssued by said second adifretsdatai deivernwciupded tmbbaid ifyame dufifer fosecond
plurality of fraggg f lng Si f ' ' Al d
predeterm ned se rte?#g gﬁg Wg%%{r;% %tiﬂr%gkév\‘} |°P|E§§tgﬁié¢ erl:?'ﬁ§€ ] gg%foi(r% dat a
driver for -sensigfgdakal upltsdnt conjunceion vith satd Sfirstipdusebididobl ural ity of

data units in cofideesd is iskh said second plurality of address signals and.
i d cond pl lity of “frame ht bl,i ] ls; ; -
sal @ second Prurality herein said- {I?Srt 82& dlnr.] erslwg{]tae_ss_a desired one of ~

said first plurality of data units into said frame buffer at a
memory location therein determined by said first plurality of

address signals, said first plurality of _fréme buffer enabling
signals and said write enable signals.

- 10. The improved memory Qrgénizatidn of claim 9 wherein
said writing means further comprises; -
a second address driver coupled to said frame buffer,
for issuing a second plurality of addfgss signals to said frame
‘buffer such that said second address er_'.ver issues a separate
address signal for each of said second plurality of data umits,
thereby determ_ining a memory location within a second \_J
~ predetermined segment of said frame buffer for each of said second
plurality of data units; | _ _
"7 7 7% 'said control logic means issuing, in conjunci:ion with
said second plurality of address signals issued by said second
address driver, write enable s'ignals and a second plurality of
frame buffer enabli,nghsignals for enabiing said second
predetermined seguié_nt and for permitting writing therein;
a second data driver for sensing and outputting a desired
~ one of said second plurality of data units in conjunction with said
second plqrality of address signals and said second 'plurality

of frame buffer enabling signals;
_
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wherei n said second data driver wites a desired one of said second
plurality of data units into said frame buffer at a nmenory | ocation therein

determ ped by said second plurality of address signals, said second ; '
pl urwy of frame buffer enabling signals and said wite enable &gn@
11. The i nproved nenory organi zati of claim1l wherein each data Qi r)
determ nes background/foreground of a rrespondi ng one of said pixels

The inproved nmenory organi zation of claim2 wherein said second plurality
of data units determnes a.color, at a c rreg \Fondln:% one, of sai d pixels.
Fa

13. The i nproved nefBeSEig: At s8899n en Writes: 4 desitfdoPi’i9%y: a
raster |ogic prosskseécondophiradibe b‘ﬂ/eﬁtasmﬂtsrm sgidrfeane doffferand wWiting

f di I' A I
oo ol ) e AU Lok 8 S SRR
further conpri si of) addpess plgméswrsald mdcpiupahntytor Sxave ufifer buffer, for
maski ng a desi regnéwgggrmg{ulfy Eﬁd 1§ g cgnagflé %1 d plurality of data
n ity o at a. %

byt es when sai d seco ytes are-being witten into said
frame buffer. 15. The i nproved nenory organi zation of claim7 wherein

said first data driver THe! | inippbeade ofdanskatilon’ &f clyidl WadrdikydRn 16.
The i nproved rre Bg I zat.i on of clai wher ei n al d second,.data driver
He & /@W

mul tipl exes sai d Fermines backe 5§°‘mf7° a F%sm%ed menor y
organi zation of oneiofh saiidupixeds.conpri sing: an optional frame buffer,
coupled to said witing nmeans, sai d readi ng nmeans and said control |ogic
means, wherein

L 12.  The improved memory orgamzat:.on of claim 2 wherein said

second plurahty of data umits determmes a color at a corres-
pondmg one of saxd p1xels

13. The mproved memory organization of claim 1 further
compnsmg' ' '

_ a raster logic processor coupled between said reading
means and said writing means for _readmg and writing a plurality
of data bytes in alternate memory cycle operations. |

14, The improved memory organization of claim 1 further
comprising a per plane virité_ mask coupled to said frame buffer,
for masking a desired number of bits of a one of said second
plurality of data bytes when said second plurallty of data bytes
are being wr1tten into said frame bufter

15.  The improved memory oi‘ganiiation of claim 7 wherein
said first data dnver mult:.plexes sa1d f1rst plurahty of
data bytes.

16. The improved memory organization of_'élaim 8 wherein said °
second data driver multiplexes said second plurality of data bytes.

| 17. The mproved memory oroamzatlon of cla1m 1 further
comprising:

T



said optional frame buffer may be witten to while said frame.buffer is
bei read fromand the reverse thereof. 18. An i nproved net hod of
o] z)Jng a nenory for use in a conputer display systemincluding a
d having a plurality of .display pixels for defining inages, said

t hod' conprising the steps of: organizinﬁka-frane-buffer menory haV|ng\a¥
plurality of selectively addressable nmenmory cells, -wherein each of said
menory cells is adapted for storing data defining selected characteristics,
into a three-di nensi onafn mptionals frame: hutifersi tp said writriegr el at abl e
by a first bit Orlﬁéﬁéz%tah.érbea%%rhehﬁs %h&eﬂﬁﬁdcd(ﬁrél f1' %& ﬂaJaﬁEe %réﬁ{d

matri x and a second blt orga I zation_oriented 1n. sec ane of sald

matrix; said firsi24mp Frape byt F‘é&theoﬂgl%f‘l‘i‘ﬂ WB’- Qééb@ Ape| v,

first and second wiffendischbe e&@ﬁm&alﬁes@é@&be&t@baéact eristics;
correspondi ng the contents of said menmory cells to said pixels; coupling a

reading neans to said frame buffer for selectively reading, in one nenory
cycl e operation, 18.pl ur & i impravedbine thofir afmorgaizing @ hemoryl Sdorhise fry one of

'd bit :
AN ks | b oe*q?f%%%}’?’aﬁ | 14E10i00 £ bbbt bdvin s kBl {0 0"
coupling a writi rﬂf diepiayt pixel $ qfrd?ﬁé-“b&flélﬂgﬁsrrﬁalﬁ mebho@emmnsmgy

Witing,. in one yeNB¥epsCYE] € operation, a plurality of bits into mem)ry

cells relatable by-.one of said bit_organizations; witing selectively said
plurality of bits from SFEERLFINGAHE ‘@F‘g SF,iWeBOTY having) 8 Phraditw|afct ed

one of said char aseieémvesylaaaremmmedn{—ymumbﬁefem édcokdsatd ting

reans;  coupl i N0, u5aptls 0 SadBEal o eitif ' GRS AR Sl &Ly 11111111

11111 11111 1111
charactenstlcs, into a three-dmenslonal matrix such that said

memory cells are relatable by a first bit organization, which is
oriented in a first plane of said matrix and a second bit
organization oriented in a second plane of said matrix;
_ said first and second bit organizations defining, -
réspectively, first and second charactér_istids among said
~ selected charactensucs, o
corresponding the contents of sa1d memory cells to
said p:.xels H
coupling a readmg means to said frame buffer for
selectively reading, in one memory ‘cycle operat:.on, a

plurality of bits from memory cells relatable by one of said W,

bit organizations; _

reading selectively said pluraiity of bits from one of
said bit organizations from said frame buffer with said
reading means; cdupling a writing means to said frame buffer
memory, for selectively writing, in one memory cycle operation,
a plurality of bits into memory cells relatable by one of said
bit orgamzat:.ons, .

writing selectlvely said plurahty of bits from one of
said bit organization to define a selected one of said charac—-
teristics into said frame buffer with said writing means;

coupling.a control logic means to said reading- means

A

Ay



***C L M S ~* and said witing neans and -said frame buffer;
*generating control signals for selecting one of said bit organizations to
define said inmages to be displayed on said display. 109. The i nproved
menoky sor gani zation of claim4, wherein said reading neans, said wi v Qp
means tand said control |ogic means arg-conprised in a nonolithic intagrigt
circuit. 20. An i nproved nenory or%%ﬁi zation for use in a conputer

di spl ay system substantially as herei nbefore described with reference to

t he acconpanyi ngndisand ngitindlmeans dnd isapd dragdle rififer; of organi zing a nmenory
for use in a computer digpliXe WRLST SR8 A bblectind St P SLEA

descri bed.

bit organizations to define said images to be displayed on
said display.

19. The improved memory organization of claim 4, wherein said
reading means, said writing means and said control logic means
are comprised in a monolithic integrated circuit.

20. An improved memory organization for use in a camputer
w display system substantially as hereinbefore described with

reference to the accompanying drawings.

21. An improved method of organizing a memory for use in a .

computer display system substantially as hereinbefore described.
v
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