2180729 METHOD AND APPARATUS FOR DMVA W NDOW DI SPLAY 1. Field of the (9.
| nventi.on: The present -invention relates to apparatus and nethogs, for

di spt ayi.ng graphic information. Mre particularly, the present ﬂdvérﬂ?ﬁ@
relates to direct nenory access (DWVA) apparatus and methods 5 for
generaﬁfng&%nd mani pul ating i mages and data on a display system 2. Art
Background:—I n. t he conuMETHRP |ANB| AP 4 ) (WE b RESPRAY 0 represent and
convey information,to a _user _through graphic representations. These 10
representations* £ 2 if forms, such as for exanple,

al phanuneri c char act ef, pkadeh€3In@éht@bn HelSfesC 09 adbiHt8s Wndktnods t¥e! | as
shapes of wel | -known physical objects. Hi storically, humans have interfaced
wi th conputer sdismlavify arappde cinformagionys chierecprrtdavtarini ¢he trgse |y
conprise a conj kon ty{ ot [ |
characters. Ex”g'br\{)l’?'tég&gfrgi%%% §y§?§%%§§u%%é8%)d;?%%¥%a%‘ﬁénetmds
progr ami ngd | afguagesrasfing-GRI RaNipyllaGllg ikides 8ASHEka anch @0HARy systerd.
transforma given set of user commands into machi ne executabl e "object”
code. However, the ease with which a user becomes proficient in 20
progranm ng or 2i.ntaek amdckaupbuntit h t he conputer based systemis generally a
function of how close the system nodels the |ogical thought of the user

hi nsel f. - One -syst em wH EP® 1F98PYFARS 180N Epeld 1O THLES FPURPY KR MeRESS%PhP™nd
acclimation peebiidyi {nedbhition WS8Iusd¥StnBagH Bl fprbaseueIdEof ithbgnt in
the interaction with a conmputer systemis 25 frequently referred to as an
"object ori b%t-éﬂ’“ﬁ%'taéﬁ?“smﬂé talie e NRFARFY (RS EPEME - nHOR 31 Eor HixARRARS "

displ ayed on a,eaNaee itahat¥0& rb CRLk 1 ddlalhiC B Do 1At hfH3Sq Ghont €46 @14
graphics are used to convey Information. For exanple, each w ndow may take
the form of .a. h#|shapes of well-known physical objects. Historically, humans have

-interfaced with computers through a system of digcrete commands which
typically comprise a combinatioA of both text and mathematical
15  symbolic characters. Examples of such systeﬁs are numerous and
: "include the programming languages of FORTRAN, ALGOL, PL1, BASIC, and
.COBAL, which transform a given set of user commands into machine
-executahle "ohbject" code.
flowever, the ease with which a user becpmes proficient in
. 20  programming .or interacting with the computer_bised system is generally
a_function of how close the system mpdels the logical thought of the
\,/ . user himself. One system which has been developed to minimize the
learning and acclimation period in which a user must go through to
become proficient in the interaction with a computer system is
25 " frequently referred to as an "object oriented” system. This system
may utilize multiple "windows" displayed on a cathode ray tube (CRT)
in which combinations of text and graphics are used to convey
1nformatioﬁ. For example, each window may take the form of a file

folder, of the type used in a standard filing cabinet, overlapping

30 other folders, with the "top" fully visible folder constituting the



folder, of the type used in a standard filing cabinet, overlapping 30

other folders, with the "top" fully visible fol der COﬂStitL\) ng the = -2-
current work file. A user nay add or delete information fr a .wi ndow,
refile the file folder in another locatigp and generally operate with tJ"le -
wi ndows{j ust as if actual files in an office 'were being used.~Thus,. EYyV :
graphi cal ly p&ﬁ%@.ﬁé' Egk 3,1 age, i ¢ *}L&Prgs Nk ge Einqgi‘eat?ﬁ QEom & the users
conmmand, and 'ow the user to operaeon and nani e rmge in
substanti al | ywitddewsaﬁréllnathasilm mm#rdlasnpthetrheoqu. @mhsctembuilaul the .
actual object, tere Wi‘? e Begon §u asief. 19 oqeé Alg [0 the user and a
stronger machife |nterface %S Peved2tie Rii&fott 8™ T AR on the

use of wi ndOV\bdlage.d;edLSmnﬁg',S bySgéthcdlmy tptesantifg We [fagaNkNRhi Bdprakétsn a
wi ndow i s desired In such event, a series of sequential frames of data

are di spl ayed™hfi PRIGFELIEAHAREER SPmrande, anthatiowy thip pess FAPLREG2 Eh e A as

if the objectndfliigRlA%Cche $nAal MRGHstan¥EAL19StHeNsamd GhE HsShOMoRia TRV £
presentation. However, speed linitations in accessing nenory have

historically 4® #mefc@tftamwatm?na@ruailrmgest-dutm imaghine becamek caasiedite ti ne
whi ch the Ce”&JeQLteDrcgcﬁﬁeshg% an}ta Q&PH% of GIM n8Snd:0 15@&‘1 data %&'IBL.%‘?' ng an
en di splay suc

i mage from nmenory an data vvas gener al y r at ow, and
the i mages did not @pth’:ilStQUC" hinieit fonoon Ghe u‘spatme wiiodanbédealr displays is
conti nuoug anpn r be{j th.e 0 resent

i nvention %r oVt c'!e% °§sﬁll §150? ar‘r"é'ﬁ%ti“a"c%gg% AR &M ts i mages

stored i n nNenavept} & berikisset ayewbmihlfaaxaes\/\bﬂm@u oarteadGBTaﬁéd amatnea whi ch
per mts an anvlnrll%tovld OersfgxxengE t:thgrgbey g'[():phela%meqd toZtShe user as if the object ) \J
displayed is animated, such as in a telev1s1on or mov;e presentation.
However, speed limitations in accéssing-memory have historically
15 rendered animation of images difficult to achieve. The time which the
central processing unit (CPU) requires to read data comprising an
image from memory and then display such data was genetally rather
slow, and the images did not appear to “"move" from one Frame to
another in a continuous and £luid fashion, As will be described, the
20 pre#enﬁ invention providgs a direct memory access (DMA) system which

permits images stored in memory to be displayed within a window on a

CRT at a rate which permits an animation effect to be achieved.

25



-'3- SUWARY OFP' THE | NVENTI ON The present invention discl oses apparatus and
met hods “for direct nenory access (DWVA) having particular application for
userin di splaying digital images in an, animated formon a CRT display. The
presentiisnvention includes a DVA controller coupled over a bus to a 5
frame buff&r. The frame buffer includes one or nore bit maps
representative of the display. A contiguous block of menory within the
frame buffer is mapped onto sequential picture elenents (pixels) on.the

di splay. The frame buffer continuously scans the bit map representing the
CRT screen such that nodifications to data bits 10 within the frame buffer
are correspondi:ngl y- di.spl ayed on the screen. A plurality of w ndows nmay be
di spl ayed on the CRT havi ng varying predef3rned wi dt hs which are
appropriately represented within the franme buffer. Digital inages stored as

sequential "frames" of data in a rEUMWRY OB (RHR INVERTIONr d di sk or RAM nenory,

may be directly transferred 15 fromthe nenory to a franme buffer w ndow for
di splay without the need for central processing unit (CPU) intervention and
address r-ecal cul ati on.ThA preeent Hhtdntidry dilsdliones appatardsvunvi tkithodsllferw ndow
height is inplied by the nunber of data.transfers to be, conpl eted.

rectangul ar ar eguie§¥t‘ﬁé‘f"é‘b)7°ﬁ%sfsi ﬂ'@ﬁ‘ i VA ruRaE R qhar g‘upag’rﬁaé%tfa'\)dsﬁﬁ“zo be
transferred. : Theidpeyirgheiyisel Imagdsase andsh ing GedMibEK oR OF IcRTRBEBay .t OTHeE
initial nmenory address, and is assigned to the origin of the predefined -

wi ndow, nanely PYREedbgarertdre fn'ahﬂ%ﬁim"hoféwmmftwvmna& . apbYg Ko 2
controll er i%iteadmRSowkcseend rRPGrahd B0t el fAYaes bheB RéredBiindgd i NiNng the

inmege is read sequentially fromdisk or main

represantative of the display. A contjguous block of memory within
the frame buffer is mapped onto sequential picture elements (pixels)
on the display. The frame buffer continuously scans the bit map
representing the CRT screen such that modifications to data bits

10 within the frame buffer are correspondingly displayed on the screen.
A plurality of windows may be displayed on the CRT havinqg varyinq
predefined widths which are appropriately represented within the frame
buffer. nigital images stored as sequential "frames" of data in a
memory('such as a hard disk or RAM memory, may be directly transferred

15 from the memory to a Erame buffer window for display without the need
for central processing unit (CPU) intervention and address
recalculation. A user initially defines a window width. The window
heighﬁ is implied by the number of data transfers to be completed. A
rectanqgular araa is thereby defined into which the graphic data will

20 be transferred. The user then sets a base address which corresponds
.to the initial memory address and is assidned to the oriqin of the
predefined window; namely the upper left hand pixel defining the
windnw. A DMA controller initiates a read operation whereby a frame
of data defining the image is read sequentially from disk or main

25 memory and writtent to memory in a graphics controller. The graphics



25 nenory and wittent to nmenory in a graphics controller. The graphics
controller transfers the incommng data to a window in the frane buffer for
subsequent di splay. The host software then waits a predefi neé\ti.ma i nteryal
("T") to elapse prior to initiating any further data transfer operations!

If additihanal frames are to be 5 displayed,” a new base address is’ Setwfor

the next sequential frame and the process is répeated. Using the present.
invention, digital inmages stored in nmenory may be directly transferred to a
"iwindnw' within the frame buffer at high speed, thereby permtting an
ani mation effect to be achieved. 10 -45. BRI EF DESCRI PTI ON OF THE _
DRAW NGS Fi gur @oderbh 1diSt Es@Sr s tGQmULﬂinﬁy&‘th”&d QCQ{n%Rf:%' Pk St €achi ngs
of the present invention. Figure 2 1s a block diagramillustrating one
i npl enent i on obuffer farhsuhmegwwret displent iTha hostperfrwareDMieragetsssaand di spl ay
of stored i mMaggs, .4 QU nholically . llustrates_the of the present
invention's DV %dgrﬁ%'%gll F%a"% ?%ésgfa%gf (lgryd"gt?a a@S‘ﬁ'&rﬁgf nté’ f"yn’%gatsingt B¥ed 10
on magnetic di Sisthandiada syrlaayfergopurakiomBgert aodizdosyl edned smské are. Figure
4o e 1o chailoiblddiol o Bkl REUENSE: Ghe ST AODSauShed 1o LSS

the process is'repeatedf Using the present invention, diqital’ images

stored in memory may be directly transferred to a "windnw" within the-

Erame buffer at high speed, thereby permitting an animation eEfect to

be achieved. _ o ;;)
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menory. 15 » NOTATI ON AND *NOVENCLATURE The detail ed descri ption which 29-
follows is presented largely in terns of algorithnms and synbolic
representations of roperations on data,bits within a conputer nemory. These
al gori‘thm c .descriptions and representations are the neans used by those
skille,;iq;ihe data 5 processing arts to nost effectively convey the
subst ance their work to others skilled in the art. An algorithmis here,
conceived to be a self-consistent sequence of steps leading to a desired
result. These steps are those requiring physical manipul ations of physi cal
quantities...Usual ly, - 10. though not necessarily, these quantities take the
formof electrical or magnetic signals capable of being stored,
transferred, conbi ned, conpared, and otherwi_se manipul ated. It proves
conveni ent at tinmes, principly for reasons of conmon usage, to refer to
. these signals as bits, values, elenments, synbols, characters, terns,
nunbers, or the 15 like. It shoBRIEFHRESORIATION OF [THE DRAWENGSr. that all of
these and sim|ar terns are too be associated with the appropriate physical
guantities and are nerely convenient |abels applied to these quantities.
- Further, the manipul ations perforned are often referred to in.20 terns,
such as adding, transferring, or _conparing, which are commonly associ at ed
with mental operations P& Pol feduthFaieh nEreyper SYatem I reRrativafasi ity
of a human- oper ateachinysNEE RRE Préserdt 1ARILEGR! € i n nost cases in any of the

operations described herein which formpart of the
— SR Figure 2 is a block diagram illustrating one implemention of
5 the present invention to permit DMA access and display of stored

images.

Figure 3 symbolically illustrates the use of the present
invention's DMA controller to transfer data comprising images stored

10 ' on magnetic disks and displaying such images in an animated fashion.

Figure 4 is a flow chart illustrating the sequence of
" operations of the present invention to display images stored in

memory .
15. '



present invention; the operations are machi ne operations. Useful .25
machi nes for performng the operations of the present invention include
general purpose digital conmputers or sim.lar devices. In &3 cases it nust
be kept in mnd the distinction between the nethod operations of operat ing
a corrput\rr‘ and the nmethod of conput ation |tself The present 1nvent|on”"§
relates To nethod steps for operiauamy po and proceSS| ng”
el ectrical or other (e.g. mechanical, chem cal) phy5| cal signals to
generate other desired signals. The present i nvention also relates to
apparatus for perfOI"jl‘lihn@I:Tali]BﬁEd@ﬂ&l’iﬁﬂd’hnﬁhich—rﬂbﬂoﬁ‘pﬂ&rﬁﬁdé&ntf&ﬂYl%eSp% ally
constructed for the 5 requi red purposes (i.e. a direct nenory access
control | er an8eTeafe aﬂﬁ?'fiéf")‘s érdi "ty“‘ﬂﬁ{/)" cB?ﬂfPP%‘é"aéib‘esnéf éﬂpeb"tﬁiﬁbisé’"cﬁ?ﬁ%t er
as sel ectivel ys @clii Mahesl RhpeRRf hdidbfd Biest 6 YRYLRIIcPEQRL8RiIShOTHd I N the
conputer. The algorithms and circuits presented herein are not inherently
related to anyeqraﬁetrwnens gpmshie greans useRcy apgsagr akilded 1@ the PEWY| LED
DESCRI PT! QN Oprolddlea L AVER O foR0 2bbir B3R! JBRLIO Ui fsBbalof Uy PRI YoACCOSS
(DVA) for dlspfaylng digital 1mages 1n an animated form are |sc An
the fol | owi ngtelesberpskbednimshewstdetai | s are set forth such as nunber of
bits, architectures,ase lences of ogerc%tnl NS4 ttge P{%\é s(.jstent t hor ough
understandlng of the presen |nvent on. wever, be
sequence of steps leading to a desired-result. These steps are those

requiring physical manipulations of physical quantities. Usually,
10 though not necessarily, these quantities take the form of electrical ;;)
or magnetic signals capable of being stored, transferred, combined,
compared, and otherwise manipulated. 1t proves convenient et times,
principly for reasons of common usage, to refer to these signals as
_bits, values, elements, symbols, ¢haracters, terms, numbers, or the
15 1like. It should be born in mind, however, that all of these and
similar terms are to be associated with the appr?priate physical
quantities and are merely convenient labels applied to these
quantities.
Further, the manipulations performed are often referred to in
20 terms, such as adding, transferring or comparing, which are commonly
associated with mental operations performed by a human operator. No
such capability of a human operator is necessary, or desirable in most
cases in any of Ehe operations described herein which form part of the
present invention; the operations are machine operations. Usefui
<5 machines for performing the operations of the present invention
include general purpose digital computers or similar devices. In all
cases it must be kept in mind the distinction between the method
operations of operating a computer and the method of computation

itself. The present invention relates to method steps for operating a

50



=app'ar ent t,o.one skilled-in*the art that the present invention may be D#

practised without these specific details. In other instances, well known
circuits and structures are not described in detail in order not to obscure
t he pr_g'fs,ent_ i nvention unnecessarily. 10 Referring to Figure 1, a
conput &¢ system for generating and displaying digital inmages in accordance
with the present invention is illustrated. A host CPU 10 (which in the

presently preferred enbodi ment conprises a Mdtorola 68010 based 32 bit
m croprocessor) is coupled to bus 12. Host CPU 10 perforns a variety of
functions 15 including the execution of application software provided by a
user -whi ch-may define i mages to be displayed_w thin wi ndows on a cathode
ray tube (CRT) display 14. A nenory 15 is illustrated coupled to CPU 10
permtting data f e transferred over .the .bus: 't variqus, dat a
processing r es_.o'ugrog'ggteé't_ffgégﬁé%petsﬁg"rgef ge.cr"l:gcad'l g'f)l°t§§“|' rrzrgggesme qﬁé'i%a?lésent 20
invention utili zé@emécagn aiyistcalC oignads | er géferaec otikmgesired|dpndxsane buff er
18 coupled to bus 12 and CRT 14. The frane buffer 18 conprises one or nore
"bit maps" of the di spfBy PEEFRENIHENERP Fip0 F?Faéa%rf%?*t?% s 5°‘b|"8’6% ng
menory within fraiee Upetaliond. | enf bpsarbesh fbf bet fiflci #AGN coMPESteadElre Ehe
and data value is mapped onto a correspondi ng 25 picture el ement (pixel) on
the di splay Byste@auirephpdceopes (deohapfirenh Penohy arRaseecRIOLEr AN Feame
represented as GAJE'EQE) @rlit( ﬁa}g'co$ﬂri§9raougmr69rpﬁpgse( @orﬁbutb@%‘ggéﬂlé@givélg a
bl ock of nenory referred to as a "bit map". - I'n a nultiple-plane system
the "N-bit" val wetdtratedcér wemiigyreallty e sommitey pirogtdmysrrpepeid the cogbutar.
calor map | 0ok up R Lo RLOVIAE, 301 1s ;2eLRIE 13be HOLEL Siok HnnGRGRLD! X€! -
Frame buffer 18 confl%uous"'lsy scans P _ _

related to any particular computer or other apparatus. '

10



- corresponds to a pixel on the

the bit map representing the CRT screen, as .is well known in the art, such
that nodifications to data bits within the frane buffer 18 ag-e _
correspondi ngly displayed on CRT 14. A DVA cont roller 20 is)2oupled 5 to
bus 12 and to a hard disk drive 22. In addition, DVA contraoller 20 may be ~
coupl ed\te a network interface 24, such as ETHERNET., DECNET or-the.li ke¥ or
addtional hard disk drives E N _ Ly I.“v ing nowto* - "
Figures 1 and 3, in accordance wi'th the present invention, a plurality of

wi ndows may be displayed on CRT 14 10 by appropriately witing data into -
areas within frame HPPREAtuEEnd perhgds for (W rert AREOBLPFRASS1EPMAINERY ses a

dual ported dupga‘m,' ,BAM b R [AYAN! LbE SR NB{EA ¥sdayt er
§ e I%C%él'ge?ﬁ ag'i ggﬁ% Psr? adq(}iet i onl,i ?rama nbltj?ef er 18

may i ncl ude afpllerind ggsarfipbion, numerouspietsds arieveetoffo QT sueh aguwitbenat one
menory set ma lJ.e another is read. for_ display,. w he first
set being di séf %ﬁlégp\%ﬁ%ﬁget@ﬂgegéég Lc!lenntzﬁf) °%s°§%‘§'§§§'ai' 3?1% g%/) nfzrg‘r'%%. E'Thi S
techni que Ps tidrengledintersasnding bl the fpiresdntgimrdt fdd oVBow@mer N3t awitlaneous
switch fromone i to the next, wthout th I sual effect aqf displaying a
partially updg?peaég'?ﬁ&c’e"“%gk’l.llqleﬁs‘t"r EReart o E-Menﬁﬁeﬁeﬁ{:sﬁl"avéanomr? Y 20 14
may cont ai n apvadtigéd/ wothcak pin@Bse nepet Of ichadwvad Ll €r S 1ansther igisapitees . welbe

wi ndows nmay be over| apped upon one anot her thereb Vi e appear ance of
fol dors ouor | SPEMoRLERREE B8 o e RD Ao, Tk Artssbed AP -Aata L banabElr afh | <
processed by €PWbsbudehtndpheddit Bv@RtEonOENMRLesdarappl i cati on sof tware

program The data to be displayed is then 25 transferred over -bus 12 into
one or noré&®bit napsteEBRNPsinEiqgurant Busementan sYEERAcfRF generatheg @ade wher e

digital imgeg;gngyidy B6idheRnay&s 1hhRBrdcdBl R s Piiiint | fnvBRASoRCAD
found that the processing requirenents of CPU 10 in accessing the i1nmage

located, for ékkuspratedin Arbosy gPU30 Grhdckdo Showreserddhirreberxrefel i evabl e
ani mat ed 30 effeGknent' Bordlhdd 8 MorbP61 56813962 HR25E i W Bk dcBs Q" £ @ CPU

coupled to bus 12. Host CPU 10 performs a variety of functions
15 including the execution of application software provided by a user
which may define images to be displayed within windows on a cathode
ray tube (CRT) display 14. A memory 15 is illustrated coupled to CPU
10 permitting data to be transferred over the bu; to.the various data
processing resources attached thereto. To display images, the present
20 jnvention utilizes a graphics controller 26 including a color frame
buffer 18 coupled to bus 12 and CRT 14. The frame buffer\la comprises
one or more "bit maps" of the display screen of CRT 14. I; each bit
map, a block of memory within frame buffer 18 is allocated such that
each memory address and data value is mapped onto a cofresponding
25 picture element (pixel) on the display system. ‘Thus, for each bit map
the entire CRT screen is represented as either a 1 (e.g. foreground)
or a 0 (e.g. background) in a block of memory referred to as a "bit
map”. In a multiple-plane system, the "N-bit" value at each memory

address is typically mapped through a color map look-up RAM to provide
30 '



hundreds or thousands of pre-conputed images in a CPU main nenory is

-10- prohibitively. expensive as conpared to the cost of a nmass storage %
dewd ce such as :di ski 22. The present invention overcones the [imtations in
prior-art d| splay systens by providing @-rcuitry within DVA controller 20

whi ch 1] rmts the controller to read disk 22, or 5 'data received over

network 27, COMPrhisgeNgs aolibARodleath @itkal. | B e S£QB xeeboitiiRgoudy | SGREE,
and di splaying the immge on CRT 14 wi thout the need for CPU 10 processing
and the use of therbiF am&ﬁ%esavtfemﬁwaw FERRATY . asTHE Yaldskapwni iy &Rt iagh.

perm ts-a "w niph tiaelRadeidaReshsObs @RTa I cDaMIADh 2ndeiiahe bupkddt Rs ARld
sequentlally witing 10 data into a portion of the frame buffer 18 where

the wi ndow i s |SEEeendiete dipptpyad\ont BRTil14er dsDMA cOntnedler 28skumeurled sake
of exanpl e, 5t hal, Bué‘%@ran%en?éreﬁa:tdod?s%cﬁ’? azfeq&'#%‘éhe pd'tSMAt m;k:%ﬁﬁ?szo

(defined as frarres) stored on nagnetic resent
preferred enmbodiagebe co@REd1vb anmktivbmek éotnésporﬁdl. negpebi s MI\IERM-‘-I'hIDﬁCliB'lanE

buffer 18 are qr zed su t.th | l..in the er Ief corner of the
screen 14 is dgtshlggg%e 8 lgn%rl g’i’dﬁdEJ %ﬁfveso?‘ﬁt“ F Re° rl 595 I n

addition, in-the presaélﬁerenhpdbmateigm di amd 3y i aBebHARKS eauh uwbsequent
pi xel along a scan line in_a linear sequential 20 fashion. Presentl é
there are 1, 15PHFSH dPAnsiRy red AIUERHHEY | 9E, Hinfoverppyqbe sitaptayad gufbeltad: o
to 1151. The,pisekpgiegiivteny wiiiihot ditantito S6c48 hidheni fraRsiiRerad1d152nand
so forth. Wndows within the display screen are defined by areas contained
within the | ar g&Pebioe  ntme 20Efeq 48 t5oaPElreBet (uph Rorhtlt dEnapigRpMabiy gap

atgordance W thyehbey RRE&ARBA each memory byte correspornds to a pixel on the CRT 14
" display. 1Tn addition, frame buffer 18 may include a plurality of bit
‘maps representative of CRT'14, such that one memory set may be updated
15 - while another is read for display, with the first set being displayed
while the second map is updated, and so forth. This technique is
referred to ‘as double buffering and allows an instantaneous switch
from one image to the next without the visual éffect of displaying a
partially updated image. As.illustrated,7each window displayed on CRT
' 20 14 may contain a variety of alphanumeric characters and/or graphics.
The windows may be overlépped upon one another thereby giving the
aépeéranée of folders overlaid on a desk top. In most instances, data
W to be displayed is processed by CPU 10 through the execution of an
| application software program. The data to be displayed is then
25 transferred over bus.12 into one or more bit maps comprising frame
buffer 18. However, in the case where digital images are to be
displayed in an animated fashion, it has been found that the
' processing requirements of CPU ‘10 in accessing the'imade located, for
example, in memory 15; are too slow to achieve a believable ;nimated
30 effect. 1In addition, the storage space required to store A'CPU

"hundreds or thousands of pre-computed images in a CPU main memory is



25 invention, a user desiring to sequentially and directly transf.er graphic
I mages stored in digital formin a nenory, such as nenory é?(or di sk 22,
initially defines a window width within each of the frane fer 18's bit = _
maps and correspondi ng area of CRT 14. As ?est shown in Figure 3, the =~

wi ndow wi dt h defines a rectangul ar area i 8 0 which 30 the graphic __d-at_a,_‘f_/’vi |
be transterr ecerohibitihelypexeonivey apradneayeddte e diansnet atwsssstaragé  f he -

~image stored icﬁv&%ees Eiydg%\[?fe The ;pr: seéll:- i&v%kﬁfo%ﬂgpeqscoteoskgee size of the

~image which w

e subsequent Ty di'splfayed on as stored in the frame
buffer 18. Fariméxatiphe ingprdiogidrl dispage syseenesd bwipirol 1 ingr i rdu Bdey 221 thawi ng

t he di nensi ons_ of 5%2 itsz‘gy" EJ‘E w .|l he displayed on CRT 14 gs an i nmage.
512 pi xel s wi d&Ascontppliey 24, bhigh, pRIMiEs . th conkrphigr ko &t iSk t%41t°F or t he
user to speci faath hecuivedovweri Hétwoeki o) EsnpresPQNESErame tdteagidah of the
i mges to be displayed within the window _The user then sets the_ base
address ‘for tH*IREIRGAON SeERY hilprecorPhPIIAEIND thhdmast P FRTtfor y

address whi ch WichbuendsebdNRd ¢ 1068EéHiRg Anat i RESURT 1166 AMoORANVOE
namely 10 the upper left hand point defining the window |In the exanple

of Figure 3, t3fUsrjaseensddlr edbe myerenY dnvanthen Prewltasa puitpdow" Be be DVA
control l er 20 {¢Red Bh dr@t £6 ndvHfRIH s la L84¢ch, ORGS 3b4 AL ge@’n@né rame of

data defining the image Is read fromnenory (e.g. hard disk 22 or nenory
15) and is Yr alataeimteds @eeriopuet the| frage fudfier B8f hare 1the Abndontisa
pr edet er m ned %q_ggeeass range. Logic disposed on graphics controller 26 and
frame buffer 1 ecl des the supplied address and re-directs the incommng
data to the appropri a¢gerirbiennoortd Riduresfy,afeandul | eissaensor Siakeg dfthe desired/
wi ndow on the CRT 14. Upon trapsfer of ..
example, that a user desires to access a sequence of digital images
{defined as frames) stored on_maénetic disk 22. 1In the presently
15 preferred embodiment, CRT 14 and the corresponding bit map within
frame buffer 18 are organized such that the pixel in the upper left
corner of the screen 14 is designated as the origih.(Q,O) point of the
display. In addition, in the present embodiment, CRT display 14
numbers each subsequen; pixel along a scan line in a linear sequential
20 fashion. Presently, there are 1,152 pixels along each scan line of
"CRT display 14, numbered 0 to 1151. The pixel_bgginning with the next
scan line is numbered 1152 and so forth. Windows within the display
screen are defined by areas contained within the larger bit map, as
illustrated best in Pigures 1 and 3. 1In accordance with the present
25 invention, a user desiring to sequentially and directly transfer
graphic images stored in digital form in a memory, such as memory 15
or disk 22, initially defines a window width within each of the frame
buffer 18's bit maps and corresponding area of CRT 14. As best shown _
in Figure 3, the window width defines a rectangular area into which

30 the graphic déta will be transferred. 1In the.presently:preferred

embodiment, the size of the image stored in the memory device



.the data to frane buffer 18, it is subsequently scanned, as is well 20 29

)

known in the art, and di splayed on CRT 14. The host software then waits a
predeflned time (e 9. 1/24th or 1/ 16th second) prior to proceeding wth
furth ,data operations to display subsequent frames of digital graphic
data. Mt:will be -appreciated by oné skilled.in the art, that in the event
frame buffer 18 is-double buffered (such that 25 for exanple frame buffer
18 contains two full size bit maps which nmay be "toggl ed" alternatively)
during the vertical retrace of the CRT 14, DVA controller 20 woul d

al ternate_between frame buffer bit maps for each wite cycle. I'n'the event
additional franes are to be displayed to prOV|de 30 an ani mat'ed effect,
DVA controller 20 sets a new base address'for the next nenDry access and
initiates additional read operations fro etch t he next

frame of the .di GPTERSPPIfiEgES thTh?"?ec%ltBe|1§‘a%?)r‘l’f‘ilﬂhgglhﬁflT“%éf?“eBF % he

frames are mappagdsgliayed tohyciy @M dsh@edFREDIrY thd)ERbgH bR LC O I Bdd GkamdRe pnd
into the frame buffer 18 wi ndow.. Ref err;ﬁwgsnowto Figure 2, a block diagram

i's provided whi Gh9EFal] inzge rafosed wipkin hend Btsk B2 havke yha dpessicayiof W4 hin

the frame buffep;dfpy A V\Hl'l BE ad8SbHGH bRt QW ad BR ks & Wik pixkid WSh4 at ed
out puts row address Si gna s (RAS) and col umm address signals (CAS) which

are coupl ed T.o bheSidppiusdeitigh. nefrpisy thexsfere dmaprtagt tios %hegFﬁfl to rRgekty A
user sets an ini Ialingafﬁu qdr, Es.sc% ?@ﬂe SNis gﬁi tB?%;ﬁg}qrﬁ‘\f/Z ndd@s PES Be

counter 30. Similarl e user t he ow to be
di spl ayed on CR‘ﬂiélﬂlabyd odthin mbe wunddm na'ﬂge ugdre thenrisets @f:e pnaxelasldtm f\mndow

I v o be wide an ge Vr\gelngfyngcgehslss, vr;lxl’inp orrespongs r.l:o the initial memory address

. which will be assigned to the origin of the predefined w1ndow: namely
10 the upper left.hamd point defining the window. 1In the example of
~ Figure 3, this base address point:is identified as point "B"; uMA
controller_ZO then initiates a sequential read operation whereby a
frame of data defining the image is read from memory (e.g. nard disk
22 or memory 15) and is transferred over bus'12 1nto frame buffer 18,
15 at a predetermined address range. Logic disposed on graphics
controller 26 and frame buffer 18 decides the supplied address and
re-directs the 1ncomm1ng data to the appropriate location in the frame
buffer comprising the desired window on the CRT 14, Upon transfer of
w ) __.__the data to frame buffer 18, it is subsequently scanned, as is well
- 20  known in the art, and displayed on CRT 14._ The host software then
waits a predefined time (e.g. l/24th or 1/16th second) prior to
_.proceeding with further data operations to display subsequent frames
of digital graphlc data. It will be appreciated by one skilled in the
art, that in the event frame buffer 18 is double buffered.(such that
25 for example Eframe buffer 18 contains tmo Eull size bit maps which may
| be "toggled"™ alternatively) during the vertical retrace of the CRT 14,
.DMA controller 20 would alternate between frame buffer b1t maps for-
each write cycle.
In the event additional frames are to be displayed to provide
30 an animated effect, DMA controller 20 sets a new base address for the

next memory access and initiates additional read operations from



register 32.

counter 34 such that the value of the width is provided th%ﬁhfad data 15
inputs of counter 34. The termnal count (TC) output O Ii
I's couplged to the count enabl e input Of‘tounter 30 mhlch Wi

predefined nuhery @b M@Le&ebﬁéﬁr E-dn! Gt e ﬁaﬁnﬁxt M t{}%gx@s”p' e

illustrated

The output of width register 32 is coupled to a 12 bit

counter

in Figure 3, the CRT screen size refore t rame:

buffer bit rmﬁ?“!a’r'wed yngil pga of tbe SEramee ard rapp&D) dyedatdy rixpn ed@nhendriye
limt of the.é& rbtJ 'D?' coﬁ&g}ltl'eé 9@6 nhleigt tthg%lra e %L?? C¥8 sh){séem the

maxi nrum count val ue

count er the nu

cl"e8%CGunter 30

36

wi | | advance bef oreRhtﬁlrdwq; now Ao20idyire Z,0enileck 3B agsan oack&dviddmrmﬁm base

count er 30 o

descri bed, de i ne

clock 39 inc

maxi mum count®tREF Fat [agdrasgesigpalehrasberd wlsmmpémémnyl# HE€A8hent s

base counter
counter reac
precl udes th
final basey
limt counte

and thqﬁout uts of the counter 38, as be

RUtﬂ[ﬁ

renents the limt counter 36 fromthe initial, value to its

SR APRYYcRSeEES (jqadf r’ﬁjW’n‘é tﬁ& cfé’§§%d frame
buffer nmenorybugker tibe aMewi11t Bside Bor IDMA\ Hell 3S £RE digcditry dequblAtea a system

whQck 120 g1 ASE %%' aﬁpaoemt@'.l.%ow %M@eds otk gﬂ&% Egﬁta&m t

hes its maxi mum It does not I ncremnent any
d"B9%T chseErse’s I dnitikd Pageisvgrees and progideActioy dildmpisy,

E\Jouﬁaée c&gH@L 3tOO tél%i?.ﬂﬂ(' allheb@ée% ¥<§\J. @hepl ggtl‘u&? t[h%ngr%\ of th.e

counter 38

r (i.e.. " The val ue”Eontai ned Wt hi

t he

IS

the origi nal vingew &b tbagesmldmdass wn Ué byi defdnibag , DA ttmar‘us,f ele tnomkerpbace,
g:qlﬂgés the V\Q%w rIgttOSbe wi graen vrv]ztiet(zhg' tﬁlig‘nlum[:el.y totvpzedt\t{a-l ue in

thus 20 bit
wi dt h regi st

15

20

and
register 32. The output of width register 32 is coupled to a 12 bit

counter 34 such that the value of the width'is'prcvided the load data
inputs of counter 34. The terminal count (TC) output of limlt counter
36 is coupled to the count enable input oE counter 30 which wxll count
up to a predefined number of cycles before holding. Por example, in
the example illustrated in Pigure 3, the CRT $creeu'site, and
therefore the frame buffer bit mep size, is 1152 pixele wide: This
value represents the limit of the,scau line length for the particular

display system, the maximum count value for counter 36, and the number

- of cycles counter 30 will.advance before holding. A 20 bit counter 38

25

30

is loadkd from the base counter 30 outputs, and the cutpute of the
counter 38, as will be described, define the RAS and CAS addresses
driving the acceesed frame buffer memory.

_ In the event that no DMA transfer is to take place, a system
clock 39 increments the limit counter 36 from the inltiel value to its
maximum count. Similarly, the system clock 39 simulteheously
increments base counter 30 from the base value initially'prcvided.
Once the limit counter reaches its max1mum, it does not increment any

further and precludes the base counter 30 from also doing so.

7
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counter 34, al so remai ns~the same since no DVA transfer took place. In the
event a DVA transfer fromnenory to frame buffer 18 is to occur, the 26
i nitigl base and wi dth val ues are provi ded, as heretofore discussed.
Accord&?ngly, prlor to the initiatian of the DVA 10 transfer the initial

base ‘vat ue i’s 'stored in base counter 30-a%d 20 bit counter 38 and the

it al i dt Reyaliie b1 oo ALY £8G1 SH80 A2ekSaPLOhdel Lo, T3, bl L count er

34. As |IIustrate coun 's 1 NCremente conplae‘flon of
each nmenory e @héayaatlslogn'aie pimdw @b@dta& @mge J L0%2)40. Ttﬁveaxynerrmmaynauycl e

increnments the 12 wi dt h_ cqunt er 0 bit counter .
Accor di ngly Qgt'g)l" 2 E’lﬁFllt"é’?’" %’ﬁtlﬁufhse ﬁﬁi‘:ﬁiﬂﬁlr fﬂLﬁiﬁ nté"sl’arﬁ eBTJf"f’g?e addr ess
for each newsgiideUnd IoRR el vaREiEeRY BsokS YFdcRN dhus F2bit Hlisterl?s kiak waaunter 34
reaches the maxi-nmum predefi ned wi ndow wi dth, a termnal count (TC) signal

_i's providdd dfFuemepteds \Hipllarlyt shesvadudny WAAtE Kegigkes A2 Am¥akd Pdbunter 20

30. As previ Qb&ﬁJt}érdﬁsﬁiéob‘%@naiwech'aeﬂmgaéﬁcéqw Bur tQBPé’deQGELoW %iacge the
previ ous base address plus the Iimt counter value (1. 52). The effect

of | oading this nodinf kel egeily eskMA hrapsbess droomaneny 80, frlaae tb@féaivami@ t he ,
count et 0 { b SLBLL k0D ATELSSRadl afd G RGKLaRER ' BEL et Do def i ned

wi ndow. I n addition e assertion oaasthellmt
counter 36 shefetbhexte ﬂtswne@-agmmrwriglyb@glw coluke beitiption 6f hbimmat .

Mor eover, {JC al . ags_the, val ue of [Qvided Jjno.w dth
regi ster 35 |tn?"%r% he iLr‘Digkolcgun SPLugs s BY cdtag's’ebsasf’tcsmovm gass E'?I on. The

~ sequence of. bpercatmmsmeacruhlaedummt leildltﬂﬁvhlmel Erdiheidnt réciskense pf data
has' been read aqgegtt%r ?2(1 blur:]tc%ugl(:)erf Eg.nEAEuifIE\?str]éged 12 b]iét‘r: counter 34 is
fincremented on the completion of each memory cycle by a signal
provided along line 40. Every memory cycle increments the 12 bit
15 width counter 34 as well as the 20 bit counter 38. Accordingly 20 bit
counter 38 outputs an incrementing frame buffer address for each new
datum received over systemibus 12. when 12 bit counter 34 reaches
the maximum predefined window width, a terminal count (TC) signal is
provided on line 42 which reloads a new base value into base counter
20 30. As previously described, the new base address provided will be
the previous base address plus the limit counter value (i.e. 1152).
The effect of loading this modified address into base counter 39, is
(. to advance the counter to the starting address of the next scan line
within the defined window. 1In addition, the assertion of TC signal 42
25 relnads the limit counter 36 such that it once again will begin
coﬁhtinﬁ up to its limit, Moreover, TC signal 42 reloads the value of
the width provided in width register 32 ihto twelve bit counter 34,
and causes‘its own deassertion. The sequence of operations aescribed
continues until the entire frame of data has been read and stored into

30 frame buEfer 18.
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Accordi ngly, apparatus and et hods have been described for direct nmenory
access for displaying digital inages in an aninated formon a CRT. It will
be noted that the present invention has been descri bed mntgkpartlcular* f’
reference to Figures 1 through 4, however, 5 it is contenplated that many °
changeS(and nodi fication may be nade by one of ordinary skilTl~i.n tHe aT{
to the materials and arrangenent of elenents of the invention mnthout o

"departing fromthe scope of the invention. 10 - - CLAI MS 1

In a conputer display systemincluding: a display capable of -displaying a
plurality of picture. elenments (pixels) organized in a plurality of scan
lines; a frame buffer having a plurality of storage locations, 5 sai d
storage | ocations having a one to one,gorrespondence wth sai d di spl ay

pi xel s; and a storage device for storlng a plurality of images, each. of

sai d i nages conpri sPreprdinglys cdopayatys @hﬂ medjodaehmve; bele® described for gn
apparat us f 0rq,co0) LEhLiNGLdE ¢4 AARL5Le Al 381 ial UG £2h A hEMRALE dichect |y
from said storage devi e 16 a reg|oﬁ sa| fame but correspon@'ng to
a predeterm nedadérspl ant windbeynosed ¢happalemmec0rtpworming ha@al}eea base
counter for r ce|V| pre rm ned base val.ue roviding a
base address Cof bbeg n%frqbc' aﬁ?egtfrfﬂc)?ep Fr’i‘-"é"h"é5 6fth§8|‘gﬂ‘ gccaﬁf' Fi’erfés
within saigl pi’lﬁdetcﬁhﬁitﬂ%ﬂdted that: many changes and modification may be made, by

' ‘one of ordinar:y'sk'ill in the art, to the materials and arrangement of
elements of the invention without departing from the ' scope

of the inventibn.

10
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Codi spl.ay w ndow;, (b) a Fim't counter coupled to said base counter for

-

countikng up to a holding limt value and then precluding said 20 base 32
counggr fromfurther counting; (c) systemclock neans coupled to said base
countier, and said limt counter fagr increnenting sm sai d

I mi t>€ounter; (d) an address output counter coup\”"l"mmu,ﬂﬂ ounter
25. for receiving said base address and for pro # l ﬂ!
address signals defining a unique addrass | acation 'in®sakd ¥rae *buffer;
(&) a width regi ster for receiving a predeternined wi dth value which
defines a display w ndow wi dth; 30 (f) a wdth counter coupled to said
w dth register for. counting up-to-s edeterm ned wi dth val ue and then
providing a |l oad control signal; ﬂi&ﬂﬁéG (9) nenDry cycl e signal
generating neans cour')l ed. to sai'd wi &ount er _a aid address out put

p delitine

counter ‘and responsivé ta"a tcPﬂﬂ"étfeé'rd PYeyE 8 %t s from said
st orage device for mcrerreatdusglawcdpahldzt hfcdiaplmngmi pﬂaraiha:glchrﬂass 5

PuLEUL Ot SUBELARRL ST (k) B0 1mp A5 9 6 OB e
coupl ed to control inputs @8ffremepuffer thaué'wtaeplu@diw ﬁdﬁmgamﬂpatmns,
counter and saigl w d%Q_i@%‘Eﬂfﬁe_ PEeAiond HabidY & Ghd 28 &# Cotridihbndence
with said display pixels; and o
~ a storage device for storing'a plurality of images,
\;; L each of said images comprising a p}urality of data
elements;
10 an apparatus for contrnlling the fransfer of said
image data elements directly from said storage device to a
_region of said frame buffer corréshonding to a predetermined
display winduw, said apparatps'cnmprising:
(a) a base counter for receiving a predetérmined base value
15. and for providing a8 base address cdrrespnnding to a first
pixel in one of said scan lines within said predetermined
display window; -
(b) a limit counter cuupled to sald base counter for
counting up to a holding limit value and then precludlng said
. 20 base counter from further counting;

~ (c) system clock means coupled to said base counter and

said limit counter for incrementing said base counter and
said limit counter, _ ,
) (d) an address Dutput counter cnupled to said base counter
25 for receiving said base address and for providing row
and column address signals defining a unique address location
in said frame buffer;
(e) a width register for receiving a predetermined width
value which defines a display window width;
30 (f) a width counter coupled to said width register for
counting up to said predetermined width value and then
providing a load control signal;
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10 - counter and said w dth counter and | oad sai d ‘adéh ess out put counter

with said base address

conmput er di spl ay systen1| a di spl ayocapable of _ ~-
di splaying a plurality o B g mm& !ls (pi xel s) organizéd in a . w7 n
plr'urality of scan |ines; «r *having a-plurality of storage E A0

| oad control signal. 2. In a

| ocati ons, said storage Iocatlons havi ng a one fo one corresponderice MATh

sald dlsplay pi xel s;
plurallty of 1 mages,

and 20 - - %ﬁstorage device for storing a-
each of said images conprising a plurality of data

el ements; an appar at usgf ormemeRY ryELe R} onak aeperatisg THENg FQYPLehde eRiith

el enents directly fromgigah donhfEra@Rd MaiHCAdress a%'i ut couh € 8Rd GesScied ve
frame buffer corresponding to EEQP determ ned dis mnnqﬂg substantlally

as herei nbef ore descrilifef WA

10

15

20

25
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device for.incrementlng said width counter and said address
output counter in synchronlsm with said transfer of image data
elements frum said storage devzce' and

(h) wherein said load control signal is coupled to control
1nputs of ssid limit counter, said ‘address output counter

and said width counter so as to reinitialize seid limit
courter and said width counter and load said address output
counter with said base address upon receipt of said load

control signal.

2. In a computer display system including: _
. a display capable ‘of displaylng a plurallty of picture
elements (pixels) urganlzed in & plurality of scan lines;

a frame buffer having a plurallty of storage locations,
said Storege locations having a one to one correspondence with
said display pixels; and '

a storage device for storing a plurality of images,
each nf said images comprising a plurality of data
elements,

an apparatus for contrelling the transfer of said image'f
data elements directly'from said storage device to a |
region of saiﬁ frame buffer correspnnding to a
predetermined display window substantially as hereinbefore
described with reference to the accompanying drawings.

-



