'METHOD AND APPARATUS FOR DETECTI NG CURSORS BACKGROUND OF THEINVEN%TEN 1.

Field of the Invention The present invention relates to an apPafaEds B =and |

met hods™ for di spl ayi ng graphic information. Mre particularly, the present
i nvention relates .to a data pr oces’siln@ appar atus and net hods for .detecting
cursors in a conput-er ‘HEEERHy ANDHA Bk it RSORS . 2. Art .
Background Many conputer display systens enploy a franme buffer coupled

bet ween the central processing unit (CPU) and the display. A frame buffer

i-s a nenory into which trgckdRbinty g ‘iﬁﬂiﬁﬂ‘f- be di spl ayed. Each pi xel- op-
the display screen 15 immwm%ﬁyﬁ'r@east one menory |ocation in*y -

the frame buffer, fpnnin bitmap_of the actual screen. The contents of
each nenory | deati ' er is scanned and di spl ayed on the

screen before it is refpeshedsdht N@vehthge rdaaees 2® an apparatus Once
graphic images are generated on the screen, it is convenient for users to

i nteract wd RetRbagabicl Yisplwyingngeartis pafarmatdort ¥AETh A cursor is an

on- screen position indicator controlled b ¢l ass ofi.control devices such
as a nousssrticatkbbyd thei BREIRAT PUETHSH éé%l?tez%q"%aﬁda?ﬁe like. A standard

probl emin designing fra b eleSnbidt sl W¥Eed imghicordospliay asystens is to
di sassoci%‘f%cetsﬁgnﬁe earﬁaﬁgso%&% hee cursor with that of the rendering of

graphi c ig&&ﬁ&er-m@méw inawt fg geaditiysbtos + educe the CPU time needed to -
mani pul ate t'he cursor, while maintaining the cost of 30 additional

har dwar e and/ or software at a mninmum One prior art approach is to have two

separate frame2 buffers ne for, the rendering of graphic inages, the
" 10 .

Many computer display systems_empioy a frame
buffer coupled between the central processing unit (CPU) and
the display. A frame buffer is ; memory into whigh the CPU
writes data to be displayed;‘Eéch pixel on the di.splay screen

15 is represented by at least one memory location in the frame
buffer, forming a bitmap of the actual screen. The contents
of each memory location in the frame buffer is scanned and:
displayed on the screen before it is refreshed by new image
data. . '

20 ) .Once graphic iﬁages_are generated on the
screen, it is convenient for users to interact with, or {
modify, the images by pointing at them. A cursor is an on-
screen position indicator controlled by a class of control
devices such as a mouse, trackball, lightpen, touchscreen,

25 and the like. A standard problem in designing frame buffers
that drive graphic display systems is to disassociate the
rendering of the cursor with that of the rendering of graphic
images. The ultimate goal is to reduce the CPU time needed to
manipulate the cursor, while maintaining the cost of

30. additional hardware and/or software at a minimum .

One prior art approach is to have two separate

frame buffers, one for the rendering of graphic images, the




other for displaying the cursor. The cursor frane buffer may be the sane
Size as, or smaller than, the display screen. Wiile this solution requires
no special hardware, the disadvantage is the cost of a separate nenory

pl ane. 5 ; Anot her technique is to force the software to
check whether the cursor lies within a predeternined area before rendering
graphic images. The area is defined by a baundi ng box. The di sadvant age of
this technique is that the repeated checking, regardless of whetherthe

CurgoT lies 10 oyg%ﬂfart &1y REle POXsZONENTRSIrdo} Girafé KR ARy and
hence adversely affects the overall performance of the graphic display

system A vari abé tiheDbahdesipeexndiomgshaldiesi ghan.i $heodispday porraen .
base-bounds registers as part of the frame buffer 15 . interface. The base
register contai HRitnh&bisRAPHMTAFUSERE 895 SBFC M PREPESP 5%, and the
bounds regi ster ;containg.d e Bighest A espardicnenddy pehgeence is mde to

the |l ocation be?vveen tﬁe menory addresses o? t he base-bounds register, the
frame buffersinterface gener aneshan tiechsiqueptis2fo faycal Ure sofiewORt)ttchat it

is about to overwite the cursor data yvith_thf origi nal i[rag§ data. | nmage
mani pul ati on wi FReqiMRetReF B LIN3eT oM ikt 3 PXPRTYBPARSA R Phe

interrupt iIs diﬁ@é&dae%éﬁ%ggaéﬁnieeﬂmcge%s kRS 2 reBUi 4 id¥2 1580 ByNiapUl at e the

cursor than the preceding software technique, the cursor 25 interrupts
reduce the franpoindingr bec.case dizadwaditdge of hehisattechiquei té thes thane

buffer can be updated. As will be described nore ful I%/ bel ow, the present
i nvention provi gereakednekrCking, FEIa5AMesR @ YRALRSS: ERE iMgSATI 158 e cursors

:OP‘:‘:GH arﬁvgﬁng#r‘;&r TRY 35288 138, QdndufiEsBiNLCRPRBLLIREMNa The
hence adversely affects .the overall performance of the
graphic display system.

A variation of the preceding technique is to
incorporate base-bounds registers as part of the frame buffer

15 interface. The base register contains the lowest memory
address of the cursor data, and the bounds register contains
the highest address. When any ieference.is made to the
location between the memory addresses of the base-bounds
register, the frame buffer interface generates an interrupt

20 to alert the CPU that it is about to overwrite the cursor
data with the original image data. Image manipulation will
follow before the cursor data is restored and the interrupt

" is disabled. Although it requires less CPU time to manipulate
the cursor than the preceding software technique, the cursor

25 interrupts reduce the frame buffer access bandwidth - the
rate at which the frame buffer can be updated.

As will be described more fully below, the
present invention provides methods and an apparatus for
detecting multiple cursors in a frame buffer formed as part

30 of the main computer memory. The present invention
incorporates a modest amount of hardware in order to

substantially reduce the CPU time needed to manipulate



i ncorporates a nodest anount of hardware in order to substantially reduce
the .CPU time needed to mani pul ate mul tiple cursors. The overal
performance of graphic display systens using the present invention is

i mproved because the manipul ation of cursors can be carried out while -

mai ntai ning a high frane buffer access bandw dth. -4- SUMMARY OF THE

| NVENTTON Appar atus and net hods are discl osed which are nost advant ageously
used with a digital conputer for detecting the location of multiple cursors

in a conputer AEIP{PLN@UEBErS. FAEI byedd1US petfbiace OO YraBAL c i Sg1aypr eseéﬂf*
invention, the normal parity checking scheme of the conputer menory is  ~

nmodi fi ed, suchsystems hlelpartltey Pesedts ipyentien det emprqmdabieeemq dﬁ@ _
cont ai ni ng cur sor ‘%&a \NI% neM/datg to the fra hgtfe |
i nplemented as™EIRHATABAI Tt SERPFT CH Fecaﬁ?egnSPﬁe'? K ﬁbﬂai‘ m&g t he

present inventionsgH BeaRarhiseerhgekd 0 vahabiconputer nenory is no Ionger_'

used as such. Instead, the menory controller has a node that forces the:

t

parity bit 30 one of two states, .i ndependent of the 15 contents of the data -

| ocation.. Rather than wrltlng to the frame buffer as a read-nodified-wite
cycle, the memory controller detects the |ocation of the cursor by reading
the state of the parity bit while witing the contents of the data | ocation
associ at ed vvlth the parlty b|t
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20 "As a result of inplenenting the present invention, the CPU spends
lTess tinme mani pul ating the cursors while nmaintaining a high frane buffer
access bandwi dth. ~ BRIEF DESCRI PTION OF THE DRAWING FIGURE 1 is a bl ock
di agrsamillustrating the structure of a general graphic display system

I ncorporating a frame 5 buffer forsmd-as part of the main conputer nenory.
FIGURE 2 is a block diagramillustrating the structure of a general graphic
di §,p+j,y systemincorporating at |east one separate frame buffer. 10 FI GURE

3 IMustrates the data structur GW#%’ I\ accordance with the
present invention. FIGURE 4 is a W [ ing the operation of
15 a frame buffer widppadadtsRiHaCmtisdsa¥res Vfils@Ibidd amGCHh RRC ot h the
present invention. Figure 5 illustrates the data structure of a nore
sophi sti cat ed fadupntibgkbesly msadcortdanceigited compyvegséont de@erhimnitihen.

FIGURE 6 is a flowchart illustrating the, operating of a nore sophisticated
frame buf:‘er i nl%lgvad‘r‘gﬁh?gl“mls%ﬁpé? é‘&fgféfnﬁ%gaﬁﬁrﬁl?‘ﬁ%ﬁcﬂe’vﬁﬁyhh?ﬁé“‘gresent

invention. 25 pa L AND .NONMENCLATURE The detail ed description that
follows is presented largely in ternms of algorithnms and synbolic

representations In one embodiment of the present invention, the normal
' parity checking scheme of the computer memory is modified,
such that the parit; bit is used to deteét data locations
i containing cursor data. Writing new data.to the frame buffer
10 is implemented as a read-modified-write cycle.
In another embodiment of the present invention, the
parity checking of the computer memory is no longer used as
" such. Instead, the memory contfoller has a mode that forces
the parity bit to one of two states, independent of the
15 contents of the data location. Rather than writing to the
frame buffér as a read-modified-write cycle, the memory
controller detects the location of the cursor by reading the
state of the parity bit while writing the contents of the
data location associated with the parity bit.
As a result of implementing the present invention, the
CPU spends less time manipulating the cursors while

maintaining a high frame buffer access bandwidth.



of operations on data bits and data structures within a 5-conputer nenory.
These al gorithm c descriptions and representations are the neans used by
those skilled in the data processing arts to nost effectively conyey the
substance of their work to others skilled in the art. An algorithmis_here,
and generally, conceived to be a 10 self-sconsistent sequence. of steps ’
|l eading to a desired result. These steps are those requiring physical
mani pul ation of physical quantities. LBuaIIy, though not necessarily, thesgy
gquantities take the form ogrekpChidca ONNBE el gl S capabl e of be|
stored, transferred, conbined, 15 conpared, and othermnse mani pul at ed.
proves convenient at times, principally for reasons of common usage, to
refer to these signals as blts val ues, elenents, synbols, characters,
terms, numbers, OFIGUBE|1kis 3 tbpkulodasEapoi AAUFHERS IR TRAVBFEUCERRSt al |
of these and sinilar terms are to, be 20 associated wth the a&gr riate

physi cal quaﬁflPlSgn%ﬁRFzﬂﬁ?PHéFeﬁysQiﬁ¥N§¥séﬁP Fﬁﬁ%f%??ﬂﬁﬂqqéﬁ

ese _
quantitiegs. her . Lhe, mani a r.{,0 referred to in
terms, s g gaﬁl FEFBFe &5 %%#ngkq?iagga%eegg @éfy agﬁgzlated with

ment al operatlons perforned by a hunan 25 operator. No such capability of . a
human operator is necessary, desirable in nost cases in any. of the

operations descri pggduherei nstdnaMddH mlp@mamoilnhetpamtthmmm;et he
operations are machi ne operations. Useful machines for perform.ng the
oper ati ons obft hegpnesehts FPhiigyahsPIAY SVStEle 1§EAEPRT2 D e 18P FF ! al _
conputers or other- simlar deV|cg In all: cases there should be borne in .~
m nd the dlsPPﬁcFFBﬁrfEﬁvﬁﬁﬁTetHB ﬁ%fhod of operatlons in operating >

10 |
FIGURE 3;iilﬁ3trates the data structure of a frame

puffer in accordance with the present invention.

FIGURE 4 1s a flow chart 1llustrat1ng the operat;on of.
15 a frame buffer with a graphic dlsplay system in accordance

with-the presentrlnvention-

Figure 5 illustrates the data sttucture'cf.a more
sophisticated frame buffer in accordance with the present o ;;J

20 invention.

FIGURE 6 is a flow chart illustrating the operating of
a more sophisticated frame buffer in a graphic display system -
in accordance with the present invention.

25



~7- a conputer and the nethod of conmputation itself. The present invention
relates to et hod steps for operating a conputer in processing electrical
or ot her - (e.g. mechanical, chem cal) physical signals to generate other
desired physical signals. 5 The present i nvention also relates to an
apparatus for perform ng these operations. This apparatus nmay be specially
construct ed for the required pur poses, or it may conprise a general purpose
' COo er as selectively activatesa , allyRE comput er program
stof'ed in the conputer. 10 The al gorlthms present ed herein are not
inherently rel ated tTheafigtasded @%ﬁcé'PPEb?ﬂ)théF felinvscis pueseated. In
particul ar, var ous eneralzfl‘%ur{) gatgm nes ,NA oq_lgsgﬁl)@srentggo&rans

e

witten in accotddftE wWhitf |ngs ere| rove nore
conveni ent to C&f‘%pre!esh@nmbedwm%lamﬁd&éa W&a&e@ inQhﬁﬁri ormthe
required nethod steps. The required structure for a variety of these

machi nes wi |3 appaartetr nemddye Tesser Rpgomithgiicoedednliptdons apRETAl LED

DESCRI PTI ON OF THE | NVENT| ON An appar at us and et hods foy. .detecting cursors
in a frame buffEPPTSSLREALIRNSHAFE WOF BeWhS g Py P9ES FERANTS PRITRS bits
for use in a gré’m %@e&péf% §¥§4 R Jnésg'esfcftai%%ly'scbﬂvéf'@hfeogbpéﬁéé?ﬂ:e
description, for oses of expl anation, specific devices, signals, and
data struct ureSoﬁrte:edh:sebﬂse;d othansdekillhmﬂnetnél(arr@ughl y under st and t he
present invention. However, it wll be alggarent to one skjlled in the art

that the present m@n?ﬂ%‘h"ﬁé‘?‘ b2 K5rSet PREFERPTRBIH, CRBSRAGRLPIPE 210
devails. | M Pt NgLy J ASh@NEesy. %@Fden%aow@ SebSU1 L iYL CE edARdadat 3

structures are to avol
result. These steps are those requiring physical manipulation

of physical quantities. Usually, though not necessarily,
these quantitiesltake the form of electrical or magnetic
signals capable of being stored, transfeired, combined,

15 compared, and otherwise manipulated{ It proves convenient at
times, principally for reasons of common usage, to refer to
these signals as bits, values, elements, symbols, characters, .
terms, numbers, or the like. It should be borne in mind,
however, that all of';hese and similar terms are to be

20 associated with the appropriate physical quantities and are
merely convenient labels applied to these guantities.

Further, the manipulations performea are often referred
to in terms, such as adding or comparing, that are commonly
associated with mental operations performed by a human

25 operator. No such capability of a human operator is
necessary, or desirable in most cases, in any of the
operations described herein that form part of the present
invention; the operations are machine operations. Useful
machines for performing the operations ¢of the present

30 invention include general purpose digital computers or other
similar devices. In all cases there should be .borne in mind

the distinction between the method of operations in operating



obscuring the present invention unnecessarily. Referring to Figure 1, a
central processing unit (CPU) 10 is coupled to a frame buffer 20 over a
system bus 14. A 15 cursor control device 11 is coupled to the CPU 10 for
providing signals in generating cursor pasytion. |Image data and cursor data
are witten by a nenory controller 12. which is also coupled to the CPU 10,
‘into the frane buffer 20. The frame buffer 20 is incorporated as part of a
mai n conputer 20 nenory 16. Display port 32 reads i mage data and cursor L=
data fromthe {raspupiekt aﬁdZQh@rmbtca&aoloeyeo&.?@tai@i&, QR se1¢.degedbselane
screen 34. As shown in the figure, in general, ‘dirsplay port 32 reads data # .
from franme buffmrerdionat ralénss eto rmadthddhaneps foenperardnigr al bempdfemrir es
!data into frame buffer 20. Figure 2 illustrates a dual system bus graphic ..
di splay syst equmﬁmga?ilﬁgt#@abr%aﬂhermtenm greqhangicajl, béhappcéél at ed

i t hat although t.he pr descrj bed erence to a - .

[ S Qventlon has bee r-ef
“frane buffer %0 1gR8 §0t°rﬁﬁ9?5ﬁiﬁp8FgFr ?ﬁﬁﬁ?qlﬁgy F&ﬁ 8ifRE yure
) 1. nothi ng g ' I preﬁle reldfit S Eh&é&@ié 418 @[z&aéé?s F}{cﬂ%{ %%p‘agﬁt?s@”For

:invention |n a configuration shown |n gure

~configuration hawédiGhidgPehkby éwéréﬂﬁﬁﬂﬁ n@hishsﬁﬁerdﬂhﬁFh&; eZspéchﬁiy‘jDU
40 is coupled to a main nenory 44 over a host system bus 42. A cursor
~control devi cecestirnatedper £ oe t hsuiossd - 6Etpdﬁes£unsam.dayacomptiaasn1tted
i fromthe host 5 CPU 40 and witten into a_frame buffer nmenory 52 by a

' hi gh- speed |merqrééepmgpoaeg¢@mfeem §Glg§héY%hésaqtrié’@éeéaPﬁ and wites.

. the data |nto t he f guLfer nmenory -52 ove .
_ recon gure compu er program stored in the computer. 'kJ'

10 The algorlthms presented herein are not -inherently related to
any partzcular computer or other apparatus. In partlcular,
varlous general purpose mach;nes may be used w1th programs -
written in.aocordance.wlth_the ‘teachings herein, or it may
prove more convenieptfto oonétruotfeuhore épeoialized

15  -apparatus to.perfor@ the regﬁﬁred met£od steps. The required - =
structure ﬁor;e,veriety of_these meohines will appear from

~ the description givenpbé;ow.' -



graphi c system bus 48. A video generator 54 reads inage data and cursor
data fromthe frane buffer nenory 52, and displays 10 it on video display
56. As shown ih Figure 3, two cursors 36 and 38 are displ ayed

si mul t aneously on the video display screen 34. The displ ayed screen

i ncluding the two cursors has. a correspogding "bitmap" in frame buffer 20.
Referring again to 15 Figure 3, a selected region of the screen
enceyasses the two cursors 36 and 38. The corresponding bitmap in frane
buf fer 20 of the sane regi @enagLeb SEscRipsioNabedry anrren3. Li ke the main
conputer menory 16, each nenory |ocation of franme buffer 20 has a data

| ocation 22 and a paPpt§PRARatRs and) methods fof dgipctépgipnrePrsyin éns, data

| ocations of the nmain c uter nory_nay. sed for_stori dat a except
for the portion thb?%%sgar?% sﬂso?gae’r h°etl)|%a$?“fp3}’t5ft"§m°fﬁegi%élﬁgty bit has
historically begads¢dnfty RN Qe Aot BCHIPRiANGi ARG SPIteRCEEONschospEOVi de
a built-in accuracy check on each new 25 data witten into the nenory, the
CPU counts tise riarsbe 661lowing destrighien ] doatpunpolses orfe explamatdonit en. The
menory controller wites either a 1 or 0 in the arit%/ bit | ocation, such
that the total rmRFFEEIBIATECEP RIIRIBaIDHEPTE ﬁﬁ?‘ft S, PRAy S 6589
nunber * (odd-bi t pahy) QY ndPe CMESLRAUHEE undlrst 4ridV €Re %lrtesgﬂf:' iWent1BR.
parity bit is read and checked every'tinme data is read fromthe data

| ocation. If theaipavety chedklile iapperemcite ofe skidded inh&hetdwr dhbn

| ocati on has been - 10 - |g}3{o erly witten and the systemwl | generate

an_error interrdfe Bﬁﬂs?’lfw‘ii”f’ Fa¥ Pg Braftird BEFYE FRedshcPesdtin to
Figure 3. daﬁﬁ-'&SE%RhQD fﬁzother instances, well known circuits, devices,

D 34

"and data structures are not disclosed herein to avoid
obscuring the present invention unnecessarily.

Referring to Figure 1, a central processing unit (CPU)
10 is coupled to a frame buffer 20 over a system bus 14. A

15 cursor control device 11 is coupled to the CPU 10 for
providing signals in generating cursor position. Image data
and cursor data are written:by a memory controller 12, which
is also coupled to the CPU 10, into the frame buffer 20. The
frame buffer 20 is incorporated as part of a main computer

U/ 20 memory 16.

Display port 32 reads image data and cursor data from
the frame buffer 20 and displays the data on a video display )
screen 34. As shown in the figure, in general, display port
32 reads data from frame buffer 20 at a faster rate than

25 memory controller 12 writes data into frame buffer 20.

Figure 2 illustrates a dual system bus graphic display
system incorporating the present invention.It will be
appreciated that although the present invention has been
described with reference to a frame buffer as part of the

30  main computer memory illustrated in Figure 1, nothing will
preclude one skilled in the art to practice the same

invention in a configuration shown in Figure 2, or other



» contains either inmage data or cursor data for each pixel on 5 the video

di spl'ay screen 34. However, in the present invention the parity bit 24 will
not be used for error detection. Instead, the parity bit will be -used to

i ndi cate whet her or not each data |ocation 22 contains cursor data. A data

| ocation 22 containing image data wll-ge-witten wth a 10 "correct"

parity bit (parity bit set to "C"'), while a data |l ocation containing cursor
data will be witten with an "incorrect” parity (parity bit set "I"). - x%0
Accordingly, tlafoparédnfibutatsoniaedid at pacitt bet paricking dheae Tair sor orks™
“the video display screen. The present invention'is based on the 15 prenise
that error de®AGUFen2sct hoge FYGMAL Bsf sepled bR umIMArNBEmYRY $#i4r 8¥eT si nce

i ngl i xel do_.not. nre; ' bl I 3RI d, i
any event . subnPaPFFe R hik TBE T, Bl Bl BN 8 38 Bl Y

error occurs, tiot thé hddeelcput £0 b&uesss arle@di § Re-aRexitdddrerbher ePHode

updates the display. Thus, the dedication of the parity bit to cursor :
tracking, &ndCBEt 40camd madtter datticon, fxsmesbuiferjmghoxie 52y byem pab-or mance.
Figure 4 is . a flow ghart -that_ illustrate he, sequence qf operations of the.
present i nventsPSﬁdtbntseLfE?F‘ﬁnéf'alﬁ ﬁri%"ai"r gﬁﬁcio -tgﬁ_ge.&;[fs[ ?Lﬁ’@gge%]%ar'ed to -
mani pul at e t hgaguLsHie MehBOoNicATihest il rsyRd SReReF fn®RYCE2 ddng the -
parity bit as indicia for curser position not only inproves the overall
system per f or geapkic apstem bes M8.sAt izleol gehe¢atocusd dregisaymagrl data '
mani pul ation of nultiple cursors on the sane video display 30,6 screen. In a
system that | $PPnCUERGT §ahR SRR FRE HF3PEeREAeTi HVRIRY 54r &7f &HisBraYaiterr uth
woul d not 1ge genggaffibsilessay kg di splay port 32 is reading froma data '

| ocation _

As shown in”tigu:e-B, two cursors 36 and 38 are
displayed simultanequsly on the video display screen 34. The
‘displayed screen ihcluding'the two:cu:sors has a .
correspdnding "bitﬁap" in frame ‘buffer 20. heferring again to

15 PFigure 3, a selected region of-the screen encompasses the .
‘two cursors 36 -and 38. The corresponding bitmap in frame
‘buffer 20 of the same region is also illustrated in Figure 3.
‘Like the main COmputer memory 16, each memory location of
frame buffer 20.hés a data location 22 and a parity bit 24.

20 In most cgmputgr systems, data 1oéations of the main W
computer'memory:hayfbe used for stdring_data except for the
portion which is used to store the parity bits. The parity
~bit has historically been used for errdr.detec;ion and data
"cbrreCtioh. To provide a built-in accuracy check on each new

25 data written into the memory, the CPU counts the number of 1s
' in each data iocation before it is wriﬁten. The memory
controller writes eithér a 1 or 0 in the parity bit location,
 such that the total number of 1s or 0s in each parity bit is
a1Wa§s'an-6dd number (o6dd-bit parity) or: an evén number |

30 (even-bit parity). The parity bit is read and:checked.every
time data'is'feédffrOm the data location. If the parity check

is incorrect, this means that the data location has been



cont ai ning cursor data. According to step 60 in the flow chart of Figure 4,
normal CPU operation in step 62 - including parity check continues until
there is a reference to the main conputer nenory containing the frane
buffer. To 5 distinguish references to the frane buffer fromthose to the
rest of the main conputer nenory, designed8 -wuld use base- bounds

regi sters or high-order address bit decodi ng, anmong a host of other neans.
In s&ep 64 of Figure 4, witing new data into the frame 10 buffer is
execut ed as a r éBETPRRAMYYYRIGEeE 8t |tde AYHEAIFihbHPPraFe 3@ EYEPR al | ows

the menory cont ol Lef, 0 HRAAE: LOG I 30T, HuLeLo Py reading a group of
pi xel s, conpute " néw values, and wite the pixels back into the frane

buffer. It will be apgfeaciageshddabain teadqgapei fy-dddat eoeyeicn @2n update
15 the nenory faster than separate read and wite cycles. As such, the
parity bit 24 capnbeinmshedkker HORSE SakRi oF prRew hfCaICBMRPPHAS*FL dNs

possi ble to determ ne, whet her. or._not no | ocatio 2 t ai ni ng cursor
data i s bei ng oﬁéfﬁ’r‘ﬁ"eﬁﬁls aé(psgée?nsgg'p%% vﬁr{:hle%%ht%opg%%en?m ne if data

20 location 22;6008@idsS theboaai@atvid RAr &id bbbt Betusear Eetdpthbr and i s
foll owed by step 68, where the inmage data is read and di spl ayed on the
vi deo di spl ay 34et&rtidme dusrwadharhe pefithdipawilly behesdd dot éoddcatieat

di splay port 32 is reading cursor data ‘(: arity _bit set incorre thvﬁ) from
data | ocation 2¥heHhers orgiieh 560 fRSoly gfo’rﬂ“r é?l%‘?m’f‘?“@eﬁé‘?s&’eéa% " drror

interrupt as Shgﬁz | 15k 80n 4% cbREa£Iihg" ihdYeChhtPlwill B aR-1EQeheGitiy &S the

syws¥emto check ther the parity error was due to a real parity error, or
a cursor refier encerrddtnt hariry biti Garéty bitheat tte "¢8) a Whidat & odetias
rewitten with the correct data; 30 otherwi se, the original_ cursor data

will be restoredc¥er®r FPRY G eSO %?Frae_"i,li Reprivtel MdEhr3t es the
manner in whi chaf &, RAlkEYpdislh vl SpaMikIBIE sef SIBP £4c@inbSy, the

parity bit is used to track the position of the cursor on the
video display screen. The present invention is based on the
15 premise that error detection for the frame buffer is usually
not required, since single pixel errors do not present a
visual problem on display, and, in any event, such errors
occur very infrequently. Even if an actual parity error
occurs, it is iikely to be corrected the hext time the CPU
Y, 20 updates the display. Thus, the dedication of the parity bit
to cursor tracking, and not to error detection, does not
. degrade systeﬁ performance. |
Figure 4 is a flow chart that illustrates the sequence
of operations of the present invention to substantially
25 .reduce the CPU time required to manipulate the cursor without
affecting syétem performaﬁce. Using the parity bit as indicia
for cursor position not only improvés the overail system
performance, but it permits the simultaheous display and
manipulation of multiple cursors on the same Qideo display
30 screen. In a system that is in accordance with the present
invention, an error interrupt would not be generated unless

the display port 32 is reading from a data location



- 12 - it is deternmined that the data is cursor data, and data |ocations
containing cursor data will have their parity bits set incorrectly. If the
data is image data, data l.ocations containing inage data will have their
parity bits set 5 correctly i.n step 78. The advantages of the invention
will be apparent to those skilled in the art. By coupling the parity

checking scheme of the present inventt "With a read- m)dlfy wite cycl e,
users not only detect nultiple wites to cursors 10

gn jhyfe adeitional -
hardware or software, buéuglosodgﬁc.emeonmdF%t% $ecdback on- at't enpt s to ,.‘. :
overwite exi sEPHFEIPEor dat a. Because |

Ofinmetepubzati ng nultiple
cursors on the yigfdeqigsgheey 45 nl°ﬁ¥‘%’gr9ft vmt the error detectio
operation of t e  mai n conput er

Y lénti,m%ésCBhkiB these 19 215°¢ FB%esrLs ot her’
high priority tiaskesdiols Pﬁél"lj’r §Bﬁ| c éﬁ splay system ffsgﬁ ng,s2gRodegent of .
the invention is illust, raEg,gpdt@rtﬁandi@t aosttaﬂ@éf‘ﬁr‘éh% lgure 5 and the flow
chart of Figur &o6the RS

rity bit of each dat a g@llﬁ@moéhdsseex:brahe buf f er
20 is no |onger, used.fom eererendesce it8f, LI tbLJ@

he nenory- control |l er does -
not wite tHe parlty bit as part. of th %]“B g(maaeg‘;@am buglut dr v |bta€e | nst ead,
the parity bit fesstusedtlaasmmt%‘i)“"ub?f n ot her words, t '
controll er has a node th% grgfsnﬂgbeoﬁde&t eddteitsnélba‘?‘?"'t‘%lﬂﬁt To elther
TRUE or 25 FAL%Ouﬂqﬁ‘déﬁ‘é the contents of the data | ocation. As

such, the nenor Coq,tfrgH;@E m@@ner ates an i nterrupt whenever a reference is
made to a data atlonthat has a

ari yv}y k3 §§tneaq dersalsradpe frane
i ndependent of the cnnts&npsﬁbf“c ﬁé‘gg ‘ we

update the
£ rite cycle allows the. memory controller to P
modi y-v

mpute new
' frame buffer by reading a group. of pixels, co P I
ffer. t.
d write the pixels back into ‘the frame bu
values,

Y

new
th parity bit 24 can be checked before writing
such, e

r or not
and thus 1t is possible to determine whethe_
data,

being
ory location 22 containing cursor data is
mem

Ctly, ?
arity bit set corre
ntains 1mage data (P

20 location 22 co

.
. .

: hand, if the
34. On the other
he video display
displayed on t

ing cursor -
ty check detects that display port 32 is read g
parl tion 22 in
d t (parity bit set incorrectly) from data loca
ata

10 requires the
rupt. in step
70. The ‘error-: inter
shown in step

| - ue tO a real
| stem tO ChECk whether the. parity error was d

pa I

(=} '

tes the
Referring again to Figure 4, step 72 illustra

-



_location. Unlike the first enbodi ment of the present 30 invention, the
second enbodi nent does not wité to the frane buffer as a read-nodify-wite
cycle. Since the state of the parity bit is independent of the contents of
the data * -13- location, the nenory controller can read the state of the
parity bit while witing to the data | ocation associated with the parity
bit. In Figure 5, a bitmap and data st#cture sinilar to 5 that in Figure
3 ig shown. The parity bit field 24 is used as tag bits. Accordingly,
menory control | g i324éttdmiiakd zamtt BRe sdatae infcuragrbidts,t endrdata( parity bit
set to "T") for each data |ocation containing cursor data. Qherw,se,
menory cont r ol |kgcatapes gonraining c¥Fsee Brat %y lpPeLe ('Phedy) BRF Walfity 10

bit set to "F") Thereafter, - GOk I tr S lg@gati on and
movement OF cur®dr $P697 5% é‘?’r’i{ng?cthge?%{eyﬁgr F‘%{/éubidtg{:?'l e%c?aﬁg?%tlr%% than the
data location fig&ltdidfng Relagerddtd walFinHvecteid pasiwyp B@st et nor mal CPU
operation of parity checking continues in step 92, until 15 reference is
made to mai 16 compureetly entgP188¢ hat contains the frame buffer 20. It will

be appreciated that gitner Bases HOURES,JROLSLE N1 b0 kdddeh, QM ess bit
e I

decoding, or siml arget C ues can be ‘USed t I st1 ngui sh

bet ween ref er engest oxifted samendukteraspQoaptideane parithechestinaf 20 main
conput er menory 16. According to step 94, any reference to frane buffer 20

initializes nensehemeoof rdlel eresent vinvert mnwayh SergadtROIFANTYIANSi t 24- to
R L AL L s
1T UStratedlo without additional hardware or software, but also receive
immediate feedback 6n attempts to overwrite existing cursor
data. Because the task of manipulating multiple cursors on
the video display is integrated with the error detection
operation of the main computer memory, the CPU is free to
15 process other high priority tasks of the graphic display
system.
A second embodiment. of the invention is illustrated in
the data structure ‘of Figure 5 and the flow chart of Figure
6. The parity bit of each data location of the frame buffer
g,/ 20 is no longer used for error detection, and the memory
controller does not write the parity bit as paré of the
normal frame buffer write. Instead, the parity bit is used as
a "tag" bit. Ih.other words, the memory controllei has a mode
that forces the state of the parity bit to either TRUE or
25 FALSE, independent of the contgnts of the data location. As
such, the memory controller generates an interrupt whenever a
reference is made to a data location that has a parity bit
set a certain way, independent of the contents of the data
location. Unlike the first embodiment of the.present
30 invention, the second embodiment does not write to the frame
buffer as a read-modify-write cycle. Since_the state of the

parity bit is independent of the contents of the data



25 in step 96. Upon conpletion of witing data, nenory-<controller 12 sets

p parity bit 24 to TRUE for each data location that contains cursor data in

| step 98. If a data |ocation contains image data, nmenory controller. 12

“ leaves the parity bit the way it is. This concludes the initialization 30

i of the nenory controller. Thereafter, nggever there is a read or wite

. reference to a data location in the fra - 14 - buffer that contains a
TRUE parity bit, the nemory controller generates an interrupt as N

(illustrated in sfoq,gtlgé t:ilgok[g,qow%napyﬁe@ngagfretalaetswsi%g, ostm 94 l}“:“'
- through step 104 are re-executed. In the second.enbodi ment of the 5 present

i nvention, becayseitiebirembiye conitriobl € tdendstt JtOk;gtmnr iaspopiated with
|ndependently of the contents of the data location in the frane buffer,
step 96 needs t FheeRPFL® Mify those | ocations occupied by the cursors, and

not the entire frame Quffar.e A LhE;SREE a},hnga\%astsegugg&éw%qq,g,lapngy to.

“wite the 10 cursors in thelr new location l'e the present invention
has been desq i hafhiti AnCPIGusRCi3 A8 whdvwn.t Taeppafiayr dt efdxddi 128ntis wsedi gure
1-6 and with enphasis on certain computer nenory configuration, it should
be understood t iR tRHeLHEYUPESORIEHYy PIRAUIt PRI 185 1%rﬂ’5?ta‘ﬁ311%€fﬁ)ul d not

be taken as |im tatl téjp?t%‘ﬁebi&vegt.}% ! Qr% Ofet itlo |“§...5:I,_edq:r that:

t he net hod and appara e present 1nv as utirlity in any

graphi c di spl ay st aat aieicat Coii Sitinta dminglcudssnt Qﬁ&aar@thmds_el Mmemory
particular, error correction codes other than. parit checki ng schene or
tag bits.my be asnsaolley dpitiehizashehe retashto HAsN i%ﬁ tosFafpar (Rpripy -

variety of mean%ltf sggt&“--‘;m? ‘Thereafter, the mémory controller- tracks the

locatlon and movement of cursors by referring to the parlty
bit f;eld 24 rather than the data location field 22.
_Referring_to'rigure 6, in step 90 the normal CPU
operation of parity checking_cohtinues in step 92, until
15 reference ie_made to'main'compﬁter_ﬁemory 16 that_contai@s
the frame buffer 20. It will be apéreciated that either base-
pounds registers;'high-order address bit decoding, or similar
detection technzques can be used to drstrnguzsh between
'references to the frame buffer 20 and those to the rest of
20 main computer memory 16. According to step 94, any reference
to frame'bufferIZG'initializes-memory controller 12, which
always eete_the parity bit 24'to FALSE, Memory controller 12
proceeds'to.write data, including image data and curkor data,
to ail-data”locations 22 in frame:buffer'zo, as iliustrated
25 in step 96. Upon completion of writing data, memory
“ controiierhlz sets parity bit 24 to TRUE for each data
location that contains cursor data:in_step 98. If a data
”1ocatioo.containe'image data,'memory controller 12 leaves the
parity'bit the way it is. This cohcludesrthe-initialization
30 of the memory controller. Thereafter, whenever there is a

read or wr;te reference to a data’ locat;on in the frame



reference to the conputer nmenory may be used. It is contenplated that many

changes and nodifications may be nade, by one of ordinary skill in the art,
wi t hout departing from25 the spirit and scope of the invention as
di scl-osed.” . | 111111 11 1111 111 11 111 * C L M S -15- CLAI M5 1.

An apparatus for detecting and controlling,the position of at |east one
cursor in a conputer display system having a display, conprising a
pluggllty of display elements, and a processor unit, said apparatus

conpri si ng: e BRE Ve RAE compligd { orsee gaﬁrtQCS:?LsortthzhémeQr ceh©Fdigrdata in
an address field and a parity field, said address field having a

plurality of gadefass hnctmuamrspteanhl@ﬁstmatdda@hﬂs&es 1dkati ons conprising
a display address identifying the |ocation of a disp Iag el enent on said
y

di splay, said parithPufePBehAAVRGEY SEUFET iTFsBFspartrPydt J&erERs, each
of said pari Ué Lgcﬁ)ca ré—tchrecQged Inp@ﬂé ts)écomi temb@ﬁ%xlﬂ?&{@to%dthw th a

particul ar addres cursor control neans coupled to sa

processor upi tpi:@éeﬂﬂ)\[haenﬁm ppétdusentnéd mabey (déngp61ler tandsel smplay;
nmenory control neans coupled to said processor unit for witing data into

sai d nmenory rrea%l%eﬁmtymmhﬁg"ﬁfﬁa% thruseateRts RENERY d3EANLCFBEOPeadi ng

the contents Of Sgh amerﬂh e%?sste ngs needs to rewrite only those

locations occupied by the cursors, and not the entire frame
buffer. At the same time, step 100 needs only to write the
10 cursors in their new location.

While the present invention has been described in
conjunction with the preferred embodiments in Figure 1-6 and
with emphasis on certain computer memory configuration, it
should be understood that the figures are for illustration

15 only and should not be taken as limitation upon the
invention. In addition, it is clear that the method and
apparatus of the present inventions has utility in any
graphic display system where cursor control devices are used.
In pérticular, error correction codes other than parity

ky/ 20 checking scheme or tag bits.may be used to implement the

present invention. Similarly, a variety of means of detecting
reference to the computer memory may be used. It is
contemplated that mény changes and modifications may be made,
by one of ordinary skill in fhe art, without departing from

25 the spirit and scope of the invention as disclosed.



cursor’ detection means for nmodifying a parity bit if the position of said
cursor coincides with the position of the associated address |ocation. 2.
An apparatus for detecting and controlling the p05|t|on of at Ieast one
cursor in a conputer display systemhaving a d|

plurality of display elenments, and a processor wlmmﬂm

conpri sing: nmenory neans coupl ed to said processor ¢ni or stovi ng data in-
an address field and a parity field, sahg address field having a plurality-;
of address |ocations,. each of said addr ess l.ocations conprising a -~ - 16"“' '
di spl ay address |dent|fy| ng the | ocatSMMBf o di splay element on‘said =~ °
di spl ay, saidiparity fnelapparatus afprudstectiofg pandt y:ommmm theh of
saldonanily | BoENLaER YT LRO BN | e DeheBBR0GP! 0 bR ADUILEUP!
address | ocat cursor control ‘means coupled to s3i @ ocessor

movi ng t he posvston ochaving car séispha¥ai dcmﬁpiaym!cuascFl%lEQbEtYonofnsans '
for nodifyi ngdi‘s?ia’yt YeXirents | h&nEO%' thr¥edsidi sl S ¥a it Agpaestysth
the position of tThe associ at ed address Il ocati on. mem)ry readi ng ‘means :
coupl ed to nefBPPTABARGf or reading the contents of said nenory neans;

nemory control means @meumered riearssi oy Ded@stor saat pfr@'ceefsdn rtmiiatﬁornto

sal d memory ngans, sl G BTG £0NbiAkoIRANE SFE°LAkES ApRH Y £LLES, 10

cause

‘said address field having .a "plurality of address
locations, each of said address locat:.ons compr1s1ng a
display address 1dent1fy1ng ‘the location of a display NS
element on said display, said parity field having a |
plurality of parity locations, each of said parity
locations “storing ‘a parity bit associated with a
particular address locatz.on, _

cursor control means coupled to said. processor .
unit for moving the position of said cursor on said
display; | | ' '

memory control means coupled to said processor
unit for wr:.t:mg data 1nto. sa_:.d memory means;

" memory reading means coupled to memory means for

reading the contents of said memory means; and _

cursor. detection means for modifying a parity .
-bit if the pos:.t:.on of said cursor coincides with the
pos:.tlon of the associated address location.

2. An apparatus for -detectin_g and controlling the
position ‘of ‘at least one cursor in a computer display
system having a display, comprising a plurality of
display elements, and a processor unit, said apparatus
comprisirig : .

memory means coupled to said processor unit for
storing data in an address field and a par'ity field,
said address field having a plurality of address
locations, each of said address locations comprising a



an interrupt upon detecting an incorrect parity bit whereby the interrupt
.prevents overwite of the cursor; 3. + An apparatus for detecting and
controlling the position of at | east one cursor in a conput er di spl ay
system havi ng a display, conprising a plurality of display elenents, and a
procéssor unit, said apparatus conpri sing: nenory nmeans—coupted t0 said
processor unit for storing data in an address field and a

said address field having a plurality of addre Ell“jv @m m E“ﬂh of
sai @faddress | ocations conprising a display address

|l ocation of a display el ement on said dispi &P, ~ said parity fietd haV|ng a
plurality of parity Iocations each of said parity locations storing a
parity bit asgoci part . _address. | ocation; cursor
Pont o1 _meansaBRAPEd dastedy  SaeRELERing HHS C1oREE A8 "ot 2 pSRRIGY o
sai d cursor oelemedtdi ampl esﬁldmdmsplaynt rsdidre paxitgupfidléio m:chc_pr@,cessor

unit for wit I n S s di oupl ed
to menory nea %nggiai ad%ﬁ g%ntewﬁ%?iﬁﬁsajdﬂﬁénorﬁgnggﬁgpeggig%
det ecti on neahecasionsdi syﬁqr@,ns p& i thAWitY | fbite peseciabedf wikl carsor

coi nci des W that-BecAQakt laaarggst hecatgeni-at ed address |ocation, said cursor
detection neans nodifies said parity bit to a first predeterm ned val ue
i ndi cative of a true SPEFETWRANEAlY means coupled to said processor

unit for moving the position of said cursor on said

display; _

o/ " cursor detection means for modifying a parity
bit if the position of said cursor coincides with the
position of the associated address location.

'memory reading means coupled to memory means for

reading the contents of said memory means;
memory control means coupled to said processor
unit for writing data into said memory means, said
| memory control means generates a parity error to cause
an interrupt upon detecting an incorrect parity bit
vhereby the interrupt preévents overwrite of the cursor;

3. An apparatus for detecting and controlling the
position of at least one cursor in a computer display
system having a display, comprising a plurality of
display elements, and a processor unit, said apparatus
comprising: _

memory means coupled to said processor unit for
storing data in an address field and a parity field,
said address field having a plurality of address
locations, each of said address locations comprising a
display address identifying the location of a display
element on said display, said parity field having a
plurality of parity 1locations, each of said parity
locations storing a parity bit associated with a
particular address location;



associ ated address | ocation contains inmage data, said cursor detection
nmeans nodifies said bit to a second predeterm ned val ue indi cat i ve of a

fal se state when said associated address |ocation cont ai.n data
parity reading means for detecting said parity i nter

generating nmeans for generating an interrupt, sald i ﬁ

gener Ated when updating the display and the ngﬁg ned :
val ue indicative of a false state is detected by pari tY readi ng neans '
whereby overwite of the cursor is gvwented. 4. The system as’ 53,;
defined in any of clains 1, 2 or 3, wherein said menory neans further -
conprises a part of a main conputer nenory. 5. '~ The system as defi ned

in any of claims 1, 2uiisck- cdﬁl&‘@l nmeansd codpley toeaadd fphfddé@ssor B
conprises ‘a_separate MEND se wlcoup e
gr aphi cs proBE%go P tmovgﬁlqj 35 t?océ) %pa%%egg s%?ﬁ? &Y c8 %ﬁl‘?o a.

processor undn.splaye _ -The: syst em as- defined. in clai m 1 or cI aim2,
wherein said cursor ﬂr@?gf BB EI pagi i rst

- predeterm ned val ue |n I C: t|v a truie1 stec}t vﬁieneéa CI a ]t'address
| ocati on conuhilks fiorase iddng datiad inkos Gl menomh. mm. r_mdl fi es sai d bit

associ at ed address | gcation co ta| S cursor temas .
defined in cFerfind,the gaonte of said memory means;

cursor detectlon means for. modlfy:mg a parlty

to a second predet er fapRiy Hesa iing s/ Cotip e ciatéqnat@f-fr Sgb
at’ _ he sys

bit if the pos:.tlon of sa1d cursor c01nc1des w:.th the ' \J
pos:x.tlon of the assoc:l.ated address locatJ.on, said cursor
detection means mod1f1es saJ.d par:.ty b:Lt to a first
predeterm:med value 1nd1cat1ve of a true state when said
assoc1ated address locat:Lon conta:.ns 1mage data, said :
cursor detectlon means modJ.fJ.es saJ.d b:.t to a second. |
__predeterm:.ned value J.ndJ.cat:Lve of a false state when
saJ.d assoc:tated address locatlon conta1ns cursor data,
_ : par:.ty readlnq means for detect:.ng saJ.d parity
ﬂ_b:.t, and. o ) . _ S
.1nterrupt generat:.ng means for generatlng an
interrupt, sa:l.d 1nterrupt belng generated when updatlng
_the d:.splay and the : second predeterm:med ‘value. -
1nd.1cat:|.ve of 'a false state is detected by said parlty L o/
reading means : whereby overer.te of . the cursor is '
prevented.

4. | 'I'he system as deflned in . any of cla:.ms 1, 2 or
3, where:.n sa:.d memory means further comprlses a part of
- a ma:.n computer ‘memory. '

5. | _ The system as defined- in.an'y '.of c.laims 1, 2 or
3, where-in sald memory means further comprzses a
| separate memory, sa1d separate memory be:.ng coupled to a
'grapha.cs processor unit, _ sa1d graphJ.cs processor. un:l.t '
being coupled to a processor unit.



wherein said nenory control .neans wites data to said nenory neans on a
7 read-nodi fy-wite cycle. 8. © The systemas defined in claim?7, wherein
said menory control neans generates an interrupt uporm detecting an

incorrect. parity bit, said interrupt restores the ' '
associ ated address |ocation contains cursor data, SH‘BWN’“MWM““‘
rewites the contents of said associ ated address | ocat LONcIT¢L s x .
asspciated address |ocation contains incorrect inage data. 9. The
sy$»m as defined in claim7 when dependené on claim®6, wherein said nenory
control neans generates an interrupt upon 8t &ct i ng an incorrect parity
bit, said interrupt restores the cursor i.f said associ ated address | ocation
contai ns curgor datam,10. The.s S fj in any.o [ 1, 2
or 3, wherei ;él'sai d ngrr%r ysycs(}-'rﬁn}o srréégnsgmﬁrai tl{e}g égggmi ﬁt’o %Iéi élfgféﬁog means
whi | e updat i Wheraéncsaidncyrsprsdeegtipny meanisimodifies said paritiy
system as depifethnth Chai firdk PhreastBridned ™By@ive CANIIYat R Sof a
initialized said parit by writing FALSE into all parity |ocations,

ie
sai d menory EBHEr oIS s YReRr: fRddpaASSPHiated TRAAXEESn Wocatd@ncur sor

data into nesontafimans.inaye datldlp spaiam aantksdr nedet@ctisnm hbangher ei n

said nenory _conttal neans negates an__interrupt . upan getec ing a

TRUE bit, sﬂ?gl%f"ﬁferfﬁﬂ' rgg?’or € 8, g orpa'ﬁ%&tief%}&e ad

| ocati on coninfihicatdveopf a false state when said associated address
location contains cursor data.

7. The system as defined in claim 3 or claim 6,
wherein said memory control means writes data to said
memory means on a read-modify-write cycle.

8. The system as defined in claim 7, wherein said
memory control means generates an interrupt upon
detecting an incorrect parity bit, said interrupt
restores the cursor if said associated address location
contains cursor data, said interrupt rewrites the
contents of said associated address location if said
associated address location contains incorrect image
data.

9. The system as defined in claim 7 when dependent

on claim 6, wherein said memory control means generates
an interrupt upon detecting an incorrect parity bit,
said interrupt restores the cursor if said associated
address location contains cursor data.

10. The system as defined in any of claims 1, 2 or
3, wherein said memory control means writes data into
said meméry means while updating the contents of said
parity field. '



data, said interrupt rewites the contents of. said address |ocation
containing incorrect data. 13. The system as defined in any of clains
1, 2, 3 or 12, wherein said cursor detection neans determ nes the |ocation

of -a plurality of cursors. ‘14. - The system as d
wherein said nenory control neans generates a.pari ti‘lmﬂwr“ﬁ”mmm an
i nterrupt upon detection of. incorrect image data. : LA met hod*

determ ning the location of a cursor in a conputer: display systemincludigag
a display and a processor unit, conprising-tH® steps of: storing. data in. a-'" :
menory neans coupled to said processor unit, said nenory means i ncl udi ng an
address field and a parity field, said. address field having a plurality of

address |ocatildns, edthe FYSEEW agdfesinpdcan sHalmnRi svhgreini spidy
addr ess i dent He‘ﬁdi@g t Benteeat i @ndtsalaved BNy pArstyd Hicw apy

ar 1) 1 ooat| SRSt | RISty BhLBBBEEY, PG tHORS pasaidl RERGEHr css

| ocati on of easdmﬁrfo:sauéhmrrésebl ther paptityn®ithe s OTRUPt Gpoh wRiding * -

gf Is_al d curso;u5r§°§a|%a%ﬁ S%Fé %rg@fﬁl agﬁéclo(r)ltcfgi Opreagls)wcggplt 23 ItOSSISIa: gn.

processor unit; witing data |nto said nmenory with a menory contr ol means

coupled to sa|1§ proceSﬁgg s'f'stem as defined in claim 11, where:.n said
memory control means __genera_tes an_ J.nterrupt upon-
detecting a TRUE bit, said interrupt restores said
cursor <data 'if said address location contains cursor
data; said 1nterrupt reer.tes the contents of sa1d
address location conta:mlng 1ncorrect data.

3. ~ The system as defined in any of claims 1, 2, 3
or '12 r wherein said cursor detect:.on means deternunes
the locatn.on of a plural:.ty of cursors.

14. ' The system as defined in cla:un 3, wherein ‘said
memory control means generates a parlty error to cause -
an 1nterrupt upon _detect_io_n of incorrect 1m_age da_t_a.

15. A method of determining the location of a cursor = o/
in a computer dJ.splay system 1nclud1ng a display and a- o
'_ processor unit, compr1s1ng the steps of:
storJ.nq data in a memory means coupled to ‘said
__'processor unit sa1d memory means J.ncludz.ng an address
field and a parlty fn.eld said address fleld hav1ng a
plurality of address locatlons, each of saJ.d address
locations comprising a display __ad_d__r_e___ss_. identifying the
locat'i'on of a display element on- 'said' display, said
- parity field having a plurality of par:.ty locatlons,
each of said parity locations storlng a par:.ty bit
associated with a particular address location of each of .
said parity bits reporting the contents of said-



readi ng the content's of said menory neans with a nenory readi ng neans

- coupled to said nenory neans; nodifying said parity bits with cursor
detection. neans if the position of said cursor coincides with the position
of said address | ocation. 16. The met hod as defined in claim15,
wher'ein said nenory neans further conprises a part of ] N
menmory. 17. The nmethod as defined-in claiml16, V\helmmnm:lmr%Mrlm
means._further conprises a separate nenory, said separat® rfentry"bef nge

cotyl ed to a graphics processor unit, said 2ff aphics processor unit being
coupled to a processor unit. 18. The nethod as defined in claim 16,

wherein said cursor detection nmeans npdifying said parity bit to a first
pr edet er m nedPaxt i1 aKi RIAFSES o}°GR MY st at e when sai d associ at ed address

| ocation contains i nagevikeg a tifei po¥itSen defecka®d NMBaPsoFOdbhYis@igai d
parity bit to,a_ econgg\;)redeterm ned value.indicative of .a.false state when
e

sai d associ atf | G af B FFonFaPFEOLyr B8RNHat GOURYed TOTRALR hod

as defined i pmicessdB, uniksein said nenory control neans wite data into
said nenory neans on ‘Eﬁggmgﬂ! -aLkte e 111111 1]3%3 1 111
111 * C L 'M@r{ * tfﬂ W&BL .gyf#héner?é?%d%&de ined 11 claim
15, wher ei n sAntrahyrgang oprupled nkRrgrld recessor amnithterrupt  upon
reading the contents of said memory means with a
memory reading means coupled to said memory means;

modifying said parity bits with cursor detection
means if the position of said cursor coincides with the
position of said address location.

16. The method as defined in claim 15, wherein said
memory means further comprises a part of a main computer
memory.

17. The method as defined in claim 16, wherein said
memory means further comprises a separate memory, said
separate memory being coupled to a graphics processor
unit, said graphics processor unit béing coupled to a
processor unit.

i18. The method as defined in claim 16, wherein said
cursor detection means modifying said parity bit to a
first predetermined value indicative of a true state
when said associated address location contains image
data, said cursor detection means modifying said parity
bit to a second predetermined value indicative of a
false state when said associated address 1location
contains cursor data.

19. - The method as defined in claim 18, wherein said
memory control means write data into said memory means
on a read-modify-write cycle.



detecting an

incorrect parity bit, said interrupt restores the cursor

if said associ ated address | ocation contains cursor data, sald

I nterrupt

rewites the contents of said associat

sai d associ ated address |ocation contains incorrect inmage dat a. 21.

The method asdefined in claim15, wherein said curs
determ nes the location of a plurality of cursors.

defi ned
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cur sor data.lmémdnynngoﬁegas veans
wherein said
detecting a T
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in claim15, wherein said nenory control m&an$ writ%s Sdafa intaqrs,
said nenory neans while updating the content2glof said parity bit field. z&ﬂ
The met hod as defined in clkaim 22, mhereln sald menory control means
initializes sald parity bit field by Wi ti SE into al| Earlt

sai4® -menor %rﬁ‘?E‘P"%aﬁsd?&’@ ar"1ntf i1 4o TRIRe
- Jémeratésd an deinﬂedruzptcl apon23,
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addr ess Iocatmmstnr&sutheccussordaﬁasaxﬁmassd¢m&#edmmddeesstéocathen

contents
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met hod as-defin
determines t heontenks i of c$aid mssagiated addresss location .iHgsaid an
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EFEIn sal cur.sor ectlon neans

in a conmputer dliplay N

21. . Thé méthod ‘as ‘defined in claim 15, wherein said

cursor - detectlon - means. determlnes the. location of a

plurallty of cursors.

éz. . The method as deflned in: clalm 15, whereln said
memory control means wr1tes data into said memory means
while updatlng.the contents of sald_parlty bit field.

23, Theaﬁethod as defined in claim 22, wherein said

-“memory;cohtrol means'initializesfsaid'parity-bit field

by'writing-FALSE'into-all parityflocations,-said memory

control means sets parity bit to TRUE upon: writing

cursor data into memory means.

24, . The method as defined-in claim 23, wherein said -
memory control means generafesg.an; interrupt~ upon.
‘detecting a- TRUEP7bit -said'~interrﬁpt ‘restores said
. cursor. data if said address . location contains cursor
. data, sa1d interrupt rewrites: the contents of sa1d

address location containing incorrect data.

25. The method as defined in claim 24, wherein said
cursor detectlon means determlnes the . location of a .

plurality of cursors.
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sYéten1having a display, conprising a plurality of display elenents, and a
‘processor unit, substantially as hereinbefore descri bed wth

to t he acconpanyi ng draw ngs. 27. net hod of determ ning
the location of cursor in a conputer display systemincludi ng a di y and

ref erence

a processor

t he acconpanyi ng draw ngs.

™

W

unit, substantially as hereinbefore desc”!'mﬂ”,[r"'nmﬂlim'lence tci

*
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26. An apparatus for detécting and controlling the
position of at least one cursor ‘in a computer display
system having a display, comprising a plurality of
display elements, and a processor unit, substantially as
hereinbefore described with reference to the
accompanying drawings.

27. A method of determining the location of cursor
in a computer display system including a display and a
processor unit, substantially as hereinbefore described
with reference to the accompanying drawings.



