MEMORY MAPPED MOUSE BACKGROUND OF THE INVENTION 1. Field of the Invention

e e

THis invention relates to conputer operating systems and, more~:=t¢:
particularly, to inprovenents in operatjng systens for controlling pointing
devices:- 2.° History of the Prior Art 15 a typical conputer system
utilizing bitmpped graphics, a nigwesy fkppRd MBsePOi Nting device is used for
accurately creating and revising grapnrc rmages. Basically, such a device
provi des signals accurately def¢HRGROUND GROSHEI DRVENTIOR ch the pointing
device is placed and the condition of one.or nore switches related to the

device, usually referred to as buttons.. I n many of the nore advanced

systenms, a nmouse i fkSQ %%gd-£6gnegggecting Arany of the operations of
GH—HTUUTHHE_%WVTERTTﬁ

various applicati menus whi ch may have operations

sel ected by poi nt ragst inventibereliatisats Wonputed bgeratadgbyyddiansrange and
operating one or nore of the buttons. In the usual operating system
utilizing a MAFSePRFtITHEFLEnaF? \impravemenisoiint pperatdngc systenscfour e
referred to [ r b it her t.ern), the pointing device generates

i nterrupt si }ﬁ‘%’l%s%g%iplr?%ﬁ%%ﬁ’?/ Jeeé'&ﬁe(s)he-fortieth of a second. Each of

t hese signals causes the operating systemto pause in its operation, sense
the device position, store the new device position, redraw the cursor

position, anc.retHistony olfethe®rioaphet] operation. This is a useful

operation when either the pointing device position or the status of a

button has changed? HOWRIER! STHRISEi B¥F1SR uShitr UisaldERarmRUr nuch |ess
often than e\giapndds, fPhbhel o lothedChoNltinGOBSPILNL! ¥sed fPST ANt 2l

am)unt of syst em oper ation tine Is
N accurately creating and revising graphic images. Basically,

< o saie

such a device provides signals accurately defining a position
at which the pointing device is plaéed and the condition of
one or more switches related to the device, usually referred
to as buttons. 1In many of the more advanced systems, a mouse
is also used for effecting many of the operations of various
application programs by use of menus which ‘may have operations
selected by pointing to an item with a cursor controlled by
the mouse and operating one or more of the buttons.
In the usual operating system utiliziﬁg_a mouse or

W functionally similar pointing device (whicﬁ are referred to
hereinafter by either term), the pointing device generates
interrupt signals'approximately each one-fortieth of a second.
Each of these signals causes the operating system to pause in
its operation, sense the device position, store the new device
position, redraw the cursor positien, ;nd return to the
interrupted operation. This is a useful operation when either
the pointing device position or the status of a button has
changed. However, statistically, such changes occur much less
often than every one fortieth of a second. Consequently, a
substantial amount of system operation time is lost to the

mechanism by which the pointing device condition is updated.



mechani sm by whi ch the pointing device condition is updated. - -2- As is
wel | known to those skilled in the art, in order to nmake an operating
system functional, there nust be many | evels of interrupts. That is, for.an
operating systemto function, sone |level of interrupt nust take precedeggﬁ
over all other levels of interrupts_and other interrupts nust, in like =~
manner, have their own precedence wth regard,to the other.interrupts for

an operating s}t &f YOk REYR TP ThREE, skHe sodBeth & r ubt HEFT FA many
cases, be M@%ﬁdo%&ﬂ&%g“%%%xp%ﬁﬁ o1 ,SQﬁEerrﬁf'sra: g%oﬁ%?f 1RJuh B9

precedence and preenptin e systemfor sone perio time. Moreover, in
many of t hes nnteradyeaCcedhabnisit dorsystaparatting hsytticni 6 pmcotiiong devi ces
and provide for nultitasking of operations, nore than one program or
process neSPHse 16pet % Agtarriple mgketakeprerrisneg qyexarly @ npl i shed by

an oper at ife%ea)és%%\,@eifr ?pgglgﬁ/g K Eggpis%geors%p%g ﬁ'w%sity ﬁgd the central

processi ng unit a pert od, roces H‘)ﬁi ze the CPU for

a second pRirired, A&Fe XNheQR, ol ErelRanbide Gfithheedditd tooRRE Ubinerbei ng such

that each process appears to the user to be running without interruption by
t he ot her ntsareypts. fofhanopperating s¥stem toh funttiamskThys sykhteem requires

many nore | evels of preenption and interrupts d oft,en del gys the

redraw ng ’b‘f‘fstenéngﬁg@s‘ %Br S MR HRE p o n?ﬁ?%&%%"fﬁ@‘t@on for long -
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the system for some period of time.

Moreover, in many of the more advanqed computer systems W,
which utilize pointing devices and provide for multitasking of
operatioﬁs, more than one program or process may be operating
at the same time. This is usually accomplished by an
operating system which allows one process to utilized the
central processing unit (CPU) for a period, a second process
to utilize the CPU for a second period, and so on, the sharing
of the CPU, hopefully being such that eaéh process appears to
the user to be running without interruption by the other
processes. The operation of a such multitasking system
requires many more levels of preemption and interrupts and
often delays the redrawing of the cursor representing the
pointing device position for long periods of time.

Certain application programs whicﬁ make use of pointing
devices include utility programs for accelerating the movement
of the cursor representing the position of the pointing device
on the output display. If the interrupt utilized to redraw
the cursor on the output display is preempted duriﬁg nmovement
of the pointing device, the output for the pointing device
described on the output display may well be substantially
distorted.



of the cursor representing the position:of the pointing device on the
output display. If the interrupt utilized to redraw the cursor on the

out put“di splay is preenpted during novenent of the pointing device, the

out put~for the pointing device described on the output display may well be
substantially distorted. -3- The object of the present invention is to
provi de an arrangenent for renmenbering the positions to which a pointing
devi ce has been noved during an interimin which the position of the device
has not been updated on the display so that the path previously taken by

t he device may be drawn as it occurred during that interim SUMVARY OF
THE | NVENTI ON These and ot her objects of "tRe~i nvention are realized in an
operating systemin which the operating systemreviews the present nouse
position on a repeating,hasi nd generates a._systemi.nterrupt taq update

t he poi nting device pogll'rfel orlc’%&%c& i r?r}tehg:thceasé’ﬁ cHYS ai"r?d?a it t &(,9

poi nting devi cPnmside an racrangerentef dxisrememberingnthei posdtiens ttwe
syst em cont i NUKS, i it.Ss i IHoviddE it .
changes so tha?@t]}\?eﬁ.gyg%nﬁﬁ.%ﬁgﬁogﬁ%%%#&se posi ’tﬁo%qgrltdre raw t he
cursor on a conrdt dich e asiFianmef fhe deviges hasgmot heen ppdatiases
the operating gtsttaie Qypspeafl 46 "Enat the path previously taken by the

device may be drawn as it occurred during that interim.



allotted to the operation of the nouse. This is acconplished in a
particul ar conputer system by nenory for storing condition signals

i ndicative of the position of a pointing device and the condition of a ™.
button thereof, means for conparing_pyesent condition signals generatedsby
a pointing device with the stored signals indicative of a previous
condition of the pointing devigaardr"eRdSIvesReosi ve to the conparison of
present condition signals generated by a pointing device with stored
signals indicative of a previous condition of the pointing device for

generating a pointer interrupt signal only if a change in the pointer
condi tion has octiffednd Athex pRdeFte of tpEention gEe| FRANHEe8ninan |

. arrangenent i | taQri r . adj L er sitions
over o pori o SPERYCAR, sPted O WRUcR OWDaerRL i R5RER PV chE
preenpt ed amptesbat apRis pogitie o aSrégdatiitynBad it @ndegeRd@italsl @ns so that
when the systemreturns to the pointing device to indicate its present
position, v&YSEEE inkeanvesi ke yrsatei the pripting ddwicer ppeitiondiopprayed.

5 These and ;qt eat ures, and adyvant ages ,of the present.inyention wll

becone apparig‘n?ﬁ%oé? og'é'i g’ﬁ% &d c}éﬁn??\gl r euBB?‘f“%é?d?ﬁ&“f% %ol I owing

detai| ed dewReipte@ns inkeCnt il 9BvIk) N UHCLARY Gidinel| StiE SRk e dr awi ng
an

in which |ike designations have been used for |Ike conponent
oper ati ons tclonbigkeritwith its present operation until the mouse position

changes so that the system need not update the mouse position

or redraw the cursor on a constantly repeating timed basis. i;)
This significantly reduces the operating system overﬁead time
allotted to the operation of the mouse.

This is accomplished in a particular computer system by
memory for storing condition signals indicative of the-
position of a pointing device and the condition of a button
thereocf, means for éomparing present condition signals
generated by a pointing device with the stored signals
indicative of a previous condition of the pointing device, and
means responsive to the comparison of present condition
signals generated by a peointing device with stored signals
indicative of a previous condiﬁion of the pointing device for
generating a pointer interrupt signal only if a change in the
pointer condition has occurred.

In a'specific adaptation of the invention, an arrangement
is provided for storing a number of adjacent pointer positions
over a period of time during which the mouse interrupt
operation is preempted and the operating system is attending
to other operations so that when the system returns to the
pointing device to indicate its present position, various

intervening positions may alsoc be properly displayed.



- 6- .BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a flow chart illustrating
the operation of a portion of an operating systemin-accordance with the
present’ i nvention: Fi gure 2 is a flowchart illustrating the operation of a
nor e sofo‘f’n sti cat ed portion of an operating systemin accordance with the
present invention; and Figure 3 is a diagramof the information stored at a
menory position in accordance with the _invention. NOTATI ON AND
NOVENCLATURE Sone portions of 'the det aPl &d descri ptions which follow are
presented in terns_of algorithnms and s nmbolic_r 8 esent ations of operations

on data bits withiThepecaRfutEreERBrys sTﬁ@Qea%N EfinPt %BFFE)?’? ns and
representati og?}, ? é’p%’lﬁa’gé“%eﬁgpsu 03§ %%é %ﬁuiﬂe& daka, P ocessi ng

arts to nost I'vel'y conve stance err wor to others
skilled in thepahtreaiing ﬁﬂélﬁdllIbWSn@Qiéh.alaéd destipkliyn poreAiuckich be a
sel f-consi stent sequence of steps leading to a desired result. The steps
are those req&fﬁ-f—hn’@fﬁ)wyﬁcal Msulailmdﬁawmmahlemalmlﬁeu es. Usually,
t hough not necgessarily, ese .quantit t he for ectrical or
manet ¢ i gnaraiannAsie BFVeair Lt dor REBRTRmBaTEE A RRAFeERRSY ed.

and ot herw seHpghgnddt,ed. It has proven convenient at tines,



principally for reasons of common usage, to refer to these signals as bits,.
val ues, elements, synbols, characters, terns, nunbers, or the |ike. It
shoul d be borne in mnd, however, that all of these and simlar terps are
to be associated with the appropri ate physi cal quantities and are nereLy
conveni ent | abel s appl ied to these®quantities. Further, the mani pul ations
performed are often referred to in terms such as addr ng or conpari ng,

whi ch are commonl y assoedss o 2 e LRAHENES ner f or med by a human
operator. No such capabi Irty of a hurran operator is necessary or desirable
in nost cases in any of the operations described herein which formpart of
the present invifideOn; ihe NRRr shaPhilAustiating1@hepepatdwien. oblsef ul

machi nes for perform ng the operations of the present invention include
gener al pﬁppeg en fifyianapperatpiite s¥stem ditharcerdanas withi the pregent| cases
the distinction between the nethod operations in -8- operating a .
conput er aRYe ?ﬂ% °THet hod of computation itself should be borne in nind. The
present inventyopdeebal8Sa tO ANEERVEL SR tERE i RP that bpsra icaTBEt £r i
processing electrical or other (e.g. nechanical, chemcal) physical signals
t 0 gener amgret $wphidddicated pinrtiionl o$|agnabsrafrirw pyesemtin nventi on al so
relates to apgar atus for performng these operations. This apparatus nmay be

speci al | y 2EERERaRRS é’&tY‘th? RFesehhi IR APROs¥E or it may conprise a
gener al purposlei st ore | 3 t’}sfgltcﬁtbqué LM EDROELEFEP Y gured by a

conputer progra onmput er
memory position in accordance with the invention.




The al gorithnms présented herein are not inherently related to any

particul ar conputer or other apparatus. In particular, various general

‘pur pose> machi nes may be used with prograns witten in accordance with the
t eachivags herein, or it may prove nore convenient to construct nore

speci al i zed apparatus to performthe-required nethod steps. The required
structure for a variety of these machines will appear fromthe description

gi ven bel ow. -9- DETAI LED DE%@%W%}&N@;{EM&MM' ON As poi nted out
above, in the usual operating systemutilizing a nouse or functionally

simlar pointing deviece, the nouse device generates interrupt signals
approximately every one-fortieth of a second. Each of these signals causes

the operating syst efiPR® Bexkdens (Pf theopetailiegndeserinticRe Wyte IpLPY on,
store the new S [ 11,00 awt L.SQr I 3] nd return to the
precedi ng operair% o] ?Q%%tt%lsggnﬁ‘%g‘{s \aélrfmgﬁ °%tiﬁfn€§$s%%§%i€n system

operation to thepieasstddionBi 61 dgtalDuSE di08hth ObitsS wiBAMh el csmpaeet he
operation occurs forty tines each second. Figure 1 illustrates a flow chart
whi ch may be uF€BFY- exihearnaldRr GHBL Gt IAFTGPTEARS RS ERPTPIRAGRLILEAS whi ch
substantial |y reduegs Jls.dglay dn st omidRenah A Llugel G mUSE g i on

updating. In a Systém’n accordarfce W € I nvention, use i nterrupt

i s not gener at @@teNt&Sodthe rPBeEit d1gS comtdie khBD¥ @Sk tinckehe s caitlix W8Pk Ofo i TS
buttons has changed. In the flow chart of Figure 1, the nouse input signal
‘is first others skilled in the art.

An algorithm is here, and generally, conceived to be a
— self-consistent sequence of steps leading to a desired result.
The steps are those requiring physical manipulations of
physical quantities. Usually, though not necessarily, these
quantities take the.form of electrical or magnetic signals
capable of being stored, transferred, combined, compared, and
otherwise manipulated. It has proven convénient at times,
principally for reasons of common usage, tb refer to these
signals as bits, values, elements, symbols, characters, ternms,
numbers, or the like. It should be borne in mind, however,
that all of these and similar terms are to be associated with
W, the appropriate physical quantities and are merely convenient

labels applied to these quantities.

Further, the manipulations performed are often referred
to in terms, such as adding 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 the operations described
herein which form part of the present invention; the
operations are machine operations. Useful machines for
performing the oﬁerations of the present invention include
general purpose digital computers or other similar devices.

In all cases the distinction between the method operations in



received at step 10. This signal, as indicated above, includes the
i nformati on by which the nouse position and the condition of its associated -
buttons is determned. At step 12, the incom ng nouse signal is conpared to
the | ast nouse position and condlt ipon. The last nouse position is, in .
accordance with the preferred enbodi nent of the invention, stored as arn
entry in a i u 3|II St atesth |nf r mat.i on provi ded
in a prefe?’lp%%g@%%%} coﬁ?ﬁt\(?r n% ;;ﬁ‘\a/en |5’lr¢ he 5’3?‘ tPeu srrqr?ermry
position rekeuda NSk Weenkash xmiase SR Prldsent feeritibar paidiy gbor ed
includes the X position of the nouse in absolute rectilinear coordinates,

t he Y posi methodfsteps ﬁgas@pemtabgoa wampugeri in rpmcessbngliel@cszicahe

condition of a button - ne, the condition_of ,a button two, the
condition 8F § ’B‘Eﬁt‘(?ngth?‘%‘é“a%?élanc?mcééﬁl B Sicaln81ep3k® &° which the
| ast nouse jeqpdiid Ut L& n e particular system and the
parti cul ar g%ous% ut| g gﬂ?ra 1% gd(.)%' nore buttons. The preferred

enbodi nent uti Ileespmshhtem\kmft:tiOﬂ mns&elaﬁdso&teabphrwusstﬂwed for each
button. As there is a substantial body of prior art explaining various
nouse arr aRERRFRINT fheget eperatigns cr iPiSoArRRYatUsamay che aﬁP%a%ém s

consi der ed crbgs@’? e;;ﬂe§g§rt¥hé épl§?g](ra}'§%° tel?gpm%& E%K/n%?’ﬁ’ the result of

t he conparison occurre 1588 oper ati on
ignores t h%aﬁé?&ﬁrﬁurﬁagéec&&ﬁ{ﬂekl 88 £¥1d3RR0L0) A-tAWatBy F UPt to utilize

t he incom ng nouse signals. |If the condition of the nouse has

reconfigured by a computer program stored in the computer.

The algorithms presented herein are not inherently related to w
any particular computer or other apparatus. In particular,

various general purpose machines may be used with programs

written in accordance with the teachings herein, or it may

prove more convenient to construct more specialized apparatus

to perform the required method.steps. The required structure

for a variety of these machines will appear from the

description given below.




not changed as i ndi cat'ed by the conparison with the stored nouse condition,
then the operating systemsinply ignores the incom ng nouse signal and
returns. to review the follow ng nouse signals at step 10. In this manner,
the ekl re nouse interrupt is bypassed if no change in nouse condition has
occurred. If, on the other hand, the nouse copdition has changed, the
program noves to a step 16 to set a flag indicating that change in nmouse

condition has occurred. Th&;,ﬁ{ﬁ%ge %%&gn; o br s hatedfgyouse condition
positions in nenory are n r&%ﬂ‘ﬁg‘ﬁe—p‘rﬁ:‘e@?‘b i ncom ng
nouse condition signals. The program next noves to a step 18 at which a
determination is made whet her one-fortieth of .a second has passed since the
| ast nouse conditi ohs updated ¢yt @h@Véorin dihle vsual mRElMSSMFmpassed
since the |last myuse,condition u date

ro Si recycl.es tq step
10 to | ook for WrihLaine s B8R R b‘ﬁ"t} % g’ﬁﬁmﬁetr pngn «gﬁ Fsrrﬁbet can
be generated ng q0Ees Q4 ﬁgkﬁé’faﬁﬂﬂine%d‘ﬁ i ?ﬁg'lé)fapiréﬁﬁﬁmﬂdy' Every

one-fortieth of a secon as passed since the last nobuse -
condi ti on updatome-fbetimthgpina nsnmdt.o Bacht @FE Ehes® sgsnelat@u;elsnube
interrupt. When a npuse interru i S generate t he nouse H‘ﬁerrug

t MOYS€hown to

subroutine or PRSERFERF iSYSERPEh (?aéﬂ'Fe 15 ??erﬁ%‘"sﬁﬁPﬁﬁ
the right in ng%!'i@lano‘cstto@@ d@"ﬂ]e Fmodll pHEEoHh | NedPRWeEnd Luksdkep 24 tO

read the new Sse position an condi t1on of the nouse buttons. The
position, and return to the preceding operation. A

substantial amount of time is lost in system operation to the
means by which the mouse position is updated since the
operation occurs forty times each second.

Figure 1 illustrates é flow chart which may be used to
explain the operation of the present invention which
substantially reduces the delay in system operation due to
mouse condition ﬁpdating. In a system in accordance with the
invention, a mouse interrupt is not generéted unless the mouse
has either moved or the condition of its buttons has changed.
In the flow.chart of Figure 1, the mouse input signal is first
received at step 10. This signal, as indicated above,

W includes the information by which the mouse position and the
condition of its associated buttons is determined. At step
12, the incoming mouse signal is compared to tﬁe last mouse
position and condition. The last mouse position is, in
accordance with the preferred embodiment of the invention,
stored as an entry in an array in memory.

Figure 3 illustrates the information provided in a
preferred embodiment of the invention to the particular memory
positioﬁ recording the last mouse condition. The information
stored includes the X position of the mouse in absolute
rectilinear coordinates, the Y position of the mouse in

absolute rectilinear coordinates, the condition of a button



subroutine next noves to a step 26 to update in nenory the nouse position,
the button conditions, and the tinme the input occurred by providing to .
menory infornmation in accordance with the illustration of Figure 3.
Finally, the subroutine noves to step 28 to erase and redraw the nouse;_.
cursor in the frame buffer of the-conputer system (not shown in the ®
drawi ngs) so that the nouse cursor position may be scanned to the output

di spl ay. an Shepcmﬁtionon'f‘)laatb@@tonh@msuttheucdmdai‘qipnegftaj kmtsprp 30 to

cl ear the ange flag preyi ous set. and, then to, a step.32 to return to the
mai n progr §’L‘%;fq16'nd‘\‘ﬁ%t Sht ERestide eheWiirfebRoRRSH MOUsE appar ent
to those %ﬁﬂd‘x%@oﬁ Noddierab! - ﬂ&n%r@ﬂ‘ éﬁ%V B9c RalaRt S?éé‘él& an3€ operation
of the CPU each one-fortieth of a setond present rangenent al | ows

t he updat itmg parbi:mnrazombyselpwnalzeagtuﬁdrechagglee iohet be warese condition.
Thus, it is not necessary to update the nouse position and the button
condi t i onPULFOREMDIThe REREEFRRG GRbPEirent Wkilizem® tHFepTbYttaRecessary to

erase andg{]e‘%ra lwtef{%)#ig fé”ssc%rre f&tF Jcrilaggté) fer oj:%é{e corrputer o |

system ea Re- o7 of "a second provrdes 2sst S5 8l savi ng in !

system Op@@%tﬁﬂtiamod}'hefaéfi?ﬁigﬁﬁ"enéxﬁalhlih vARiRRel fPus@y be used to
nore accurately draw the positions traversed by a nouse during intervals in

whi ch the amggemm‘@q,r wot depuiled desesinhicanpfeal partinudar uptuseofisa hi gher

| evel or er processes of a It| ocessi n erating system Those
fam | iar ﬁﬁe - PP o ﬂr:f A5§EE &HCE‘ ‘a conputer having a

bi t mapped OUtpH£ a step 14, the result of the comparison which occurred
at step 12 determines whether the pperation ignores the o’
present mouse condition or generates an interrupt to utilize
the incoming mouse signals. If the condition of the mouse has
not changed as indicated by the comparison with the stored
mouse condition, then the operating system simply ignores the
incoming mouse signal and returns to review the following
mouse.signals at step 10. In this manner, the entire mouse
interrupt is bypassed if no chanée in mouse condition has
occurred. If, on the other hand, the mouse cendition has
changed, the program moves to a step 16 to set a flag
indicating that change in mouse condition has occurred. The
change flag is set so'that the mouse condition positions in
memory are not overwritten during the process by incoming
mouse condition signals.

The program next moves to a step 18 at which a
determination is made whether one~-fortieth of a second has
passed since the last mouse condition update. If one-fortieth
of a second has not passed since the last mouse condition
update, the program simply recycles to step 10 to look for a
new mouse condition. In this manner, a mouse interrupt can be
generated no more often than each one-fortieth of a second.

If one-fortieth of a second has passed since the last mouse



display wll recognize that the novenent of the nouse is often | ess than
optimal . That.is, the nouse sonetines noves from physical position to
physi cal position without all of the intervening positions being recorded
on t hé—out put display. This occurs because the CPU is preenpted during-
various intervals of the novenent of the nouse; and, in prior art systens,
nouse interrupts are generated only eath-one-fortieth of a second. |If the
nouse noves during a period when the CPU is preenpted by a higher |evel
interrupt or &ABEREIOHUPERER, MNPRTPHIHL \P@NFﬁgt?)c?sisf‘FBnéo d° ERRCHRE do
not find theiaoggg 14 d IﬁQutput di splay. This may have no effect on

operation. For exanple, a case where the nouse is nmerely noving from

position to positiwgen & hotibé@tintegkhyt NeLdentratia,r ehartnrkd Intberimst
position. However, if a graphic figure is being described by the nouse
during the pemsubtowtineherpfengthonohs enteredapt agtepe2di stWyised; for
exanpl e, the beginning and end points of an.,arc, nay be as.a straight

Lai.ne
line if the mfY E°??&¥ﬁ'ﬁﬁpfh?¥9|5Pe§hﬁt¥&?q§uanﬁﬁqqﬁé ar 8hi Y §F3¥h%arc by a
process runni \'}ﬂfgﬁuﬁ%ﬁﬁﬁkﬂé&%‘@o' 8 Scdpillii PHORESSRE S¥P llseANOt her

situation in a nouse I nterrupt 1s preenpted and distortion occurs is
t hat i n whi chpolétper tanduithe apditdeati ah theogease ibutkodes SWifet war e whi ch

accel erates the apparent sgeed of the nmouse across the,output display. In
such situati ofSPrapting SeXEHOVRF ER PrEdRRE ERIBHBEEIR RAFYpERS t en

causes the MOYGUEDL, o4 LR MW & EUES OLorfill e BEs O kndl SBLAYREO1 o

severely distorte ecause poin escribing the nouse path are not
drawn at the pkefiefed iviE pkotidi) o Refigondferbadioneih odcdddancaveith on is

il Nustrated in :

the illustration of Figure 3. Finally, the subroutine moves
to step 28 to erase and redraw the mouse cursor in the frame
buffer of the computer system (not shown in the drawings) so
that the mouse cursor position may be scanned to the output
display. When step 28 is completed, the subroutine moves to a
step 30 to clear the change flag previously set and then to a
step 32 to return to the main program at step 10.

The advantages of the invention will be apparent to those
skilled in the art. Rather than having to interrupt the
operatioﬂ of the CPU each one-fortieth of a éecond, the

k~/ present arrangement allows the updating to occur only upon an
actual change in the mouse condition. Thus, it is not
necessary to update the mouse position and the button
conditions in memory each one-~fortieth of a second nor is it
necessary to erase and redraw the mouse cursor in the frame
buffer of the computer system each one-fortieth of a second.
This provides a substantial saving in system operation time.-

The arrangement of this invention may be used to more
accurateiy draw the positions traversed by a mouse during
intervals in which tﬂe mouse interrupt operation is preempted
by interrupts of a higher level or by other processes of a

multiprocessing cperating system. Those familiar with the



the flow chart of Figure 2. The arrangement illustrated in * - 13 - Figure
2 corrects these problens of the prior art. The arrangenent utiljzes an .
expanded nmenory mapping facility conprising an array of menory mapped .
tables to record the positions of tfhe nouse during the periods in whichdthe
nmouse interrupt is preenpted and thén causes the display of all of those

positions_to _qccur at the pr r.ra ; ' i LLupt has
been conp?RERé .1°'fh%gp§’ J§r 5rgn ‘?ﬁq‘usat ?éﬁ%@%kﬁ%gﬁ?gg %q]qggigﬁ?‘ier%?’éFt gr t he

i nitializafddaRyoli sl NRsBIEHisEPRAE RASI hdviimenki 6h BNmauns tdheftenditi on of
t he nouse | ast displ ayed. Moreover, a series of nenpry napped
posi t i onslessthasi eptimalar r Byabfiswhihe pusecFareeifaH PRERR M er as

nouse hi st or records re . _also jnitialli o] first step of
the progrEfSilaPRret &8 @ﬁ‘ﬁsdtﬁaieﬁ?s’bTmtg’hg’#ﬁ%%ﬁgn??t %ge nouse

hi story rﬁ%!z%p%? ?&Hi%%?%&ﬁid YeBbFdtRM khe dbutiutadisgRoh position of

which is sufficien o contain four thirty-tw bit words. These four word

posi ti onsTieic lbcceps esardusehthe rdR dat poeenptiedsdnning) viagifigure 3 of the
drawi ngs for one nouse condition. The éor ogr ins.at a step 40 where a

new mouselRiRTIRLEoRAL st ACVPRERe GF FBE. T usmegg?ge LR85 Y 0 step 42 at
whi ch a d§§§¥ggsqakgﬁghif%t@%QSpts are generated only each one-fortieth
of a second. If the mouse moves during a period when the CPU
is preempted by a higher level interrupt or another prdcess,
then intervening positions of the mouse do not find their way W,
to the output display.

This may have no effect on operation. For example, in a
case where the mouse is merely moving from posiﬁidn to
position, all that really needs to be recorded is the last
position. However, if a graphic figure is being described by
the mouse during the period of the preemption, the shape may
be distorted; for example, the beginning and end points of an
arc may be joined as a straight line if the mouse interrupt is
preempted during the drawing of the arc by a process running
in the background in a multiprocessing system.

Another situation in which a mouse interrupt is preempted
and distortion occurs is that in which the particular
application program includes software which accelerates the
apparent speed of the mouse across the output display. 1In
such situations, an interrupt which preempts the mouse
interrupt often causes the movement of the mouse cursor on the
output display to be severely distorted because the points
describing the mouse path are not drawn at the proper time
intervals.

A second embodiment of the invention is illustrated in

the flow chart of Figure 2. The arrangement illustrated in



-14- whether one-fortieth of a second has passed since the | ast nouse
interrupt occurred. To determne.thiis, a conparison is nade with the

ti mestanp signal of the nmenory mapped position carrying the |ast nouse
posititef displayed. If the prescribed period has not passed, the program
simply recycles to |l ook at the incom ng nouse condition signal at step 40;
t hus nouse interrupts may only occur each one-fortieth of a second. If the
appropri ate period has passed, the program noves to step 44 at which the
new nouse condition signal is conpared to the |ast recorded nouse condition
signal to determne if the nouse condition has changed. Wth the first
signal input to the system the conditi on h&s~changed, of course. |f the
nouse condition has changed, the progran1noves to a step 46 at mhich a

determ nation i s, rade whet her hﬁr a cha % 3&1 been set or
story i oo e LgEre B RLIREcRL RREsE: B ohems, oF K, K ior, A5H1 | oPheouse
condition signahtrangempnbguamiﬁmessanoexpsneed4ﬂemorywmappihg fagilbtige

condition into égﬁ)f%gh% %edagrﬁgpaggﬁm%% %?%&9 §?L1k§e Uégco

interrupt chan ag, a nou scusse
above, in the ptb¢eppsdtennsdpﬁemmaﬁmquﬁe|ﬂuenngonhetmsnmmﬁﬁaxnnuh;qpt is

programred as arREPHAIe f YAELEPRDL" 1%Ub;|91|‘¢9&5 éd%ﬁﬂndtl%no%au&scoﬁﬁ&ter

| anguage i nvol ved). _Such _a function is ustrated to the ri int
di agr am of F|gu@éSElaYhefn§E§e°fn?%??%ﬁ?°$ﬁﬁ%??§ntﬁe39ﬁ%raf s?%ﬁ BYCRRHE

noves to a st eprateaifipbi Cthéhpreonseing e FPRPEdhascheén complete@m this
information, the new position for the cursor is determ ned; and the program

noves to step 54
—/ The program illustrated in Figure 2 is entered

after the initialization of a memory mapped position
which contains the condition of the mouse 1last
displayed. Moreover, a series of memory mapped
positions comprising an array of what are referred to
hereinafter as mouse history records are also
initialized before the first step of the program. In a
preferred embodiment of the invention, these mouse
history records are chronologically arranged in an
array, each position of which is sufficient to contain
four thirty-two bit words. These four word positions
each represent the information illustrated in Figure 3
of the drawings for one mouse condition. The program
begins at a step 40 where a new mouse condition signal
is received. The program moves to step 42 at which a
determination is made



to erase and redraw the nouse cursor in the frame buffer so that the new
position may be scanned to the output display. The function then noves to
step 56 at which the change flag previously set is cleared and returns from
t he nouse interrupt - 15 - at step 58 to step 40 of the main program,

In the preferred enbodi nent of the ilavention, the change flag is stored+in
the nmenory nagped area and renoved by the action_of, the MSDOS operating

systemin EngnetiontiethnRE & saceRd dits pagaet etnadnERe tdfthext nouse
condition sjiganal ] ei |t gﬁggg. ngitdo ged and
one-fortiefﬁg%flgkéﬁc ndoéggr%%%segs e pfbgrg%%%behggﬁﬁggﬁgﬁhﬁﬁe st eps

40, 42, ankhaddwhienhatlsd efime8timp ddigRali 6 tNechbRéry Mapdedr yositsiionof
positions, (i.e., positions which have not yet been witten to the display)
exi sts. Atcamydngothe lass mpusempsitien Gdsplaypleadse thBePFesStitiBuse

condition signal,(the Jast t cur ner.a n_i r.rypt hat nouse
condition °§t 8%50”%‘%3 W??t 3%‘% 8)"? gga:% rséﬁéqgﬁ?ﬁl%&ggeh%ﬁtty, t he
program nmopes iheeniss Hvuee tondBAWE Sidsal e Begh U N@hak sdwde 40; and no
nouse interrupt is generated thereby freeing the systemof the necessity of

rest ori ng intermopte nay eondut feenmedcheonenfiorgiete elimssecond. t HE next nouse
condition signal indjcates a ange has_occurred and one-fortieth of a
second hadHASBEHOPTIAH &, a5 o HARaaRed  TPRUBROT Bhaotss 59,558k 44 1o
step 46 alygieChniln | ShalBRGr HOGRH cohaleiih GigRae 14 Abmparsglcangieno history

|ist exists. Theretore, e program noves to'step 48 to initiate
last recorded mouse condition signal to determine if the mouse

condition has changed. With the first signal input to the Q,)

system, the condition has changed, of course.

If the mouse condition has changed, the program moves to
a step 46 at which a determination is made whether either a
change flag has been set or a history list exists. If neither
condition obtains (as with an initial mouse condition signal),
the program moves to a step 48 to write the new mouse
condition into the initialized memory mépped area, to set the
mouse interrupt change flag, and to initiate a mouse
interrupt.

As discussed above, in the preferred embcdiment of the
invention, the mouse interrupt is programmed as a separate
function or subprogram (depending on the computer language
involved). Such a function is illustrated to the fight in the
diagram of Figure 2. The mouse interrupt function begins at
step 50 and moves to a step 52 at which the mouse memory
mapped area is read. From this information, the new position
for the cursor is determined; and the program moves to step 54
to erasé and redraw the mouse cursor in the frame buffer so
that the new position may be scanned to the output display.
The function then moves to step 56 at which the change flag

previously set is cleared and returns from the mouse interrupt

-



the nmouse interrupt function described above, set the change flag, store

t he new nouse -.condition in the nenory napped area, and (after the

i nterrupt)- clear the change flag and recycle to step 40. Thus, the

oper at¥on of the systemin response to a change in the nouse condition when
no history list exists is essentially |dke that illustrated in Figure 1. If
on the other hand, over one-fortieth O0f a second has passed and a nouse

interrupt (asadesicy Bedegbong) 4Base hﬁ@mwﬁ;ﬁ@aﬁdmw i%he! Bee£diange flag

Is set, and the nouse interrupt is preenpted for sone reason so that it has
not been - éfbodimaplced £ cdeheh dnventints e thenchdngen £flag r e asitvedd wWn ¢hei S
changed froma | ast-nouse condition, then the prog[an1nnves t hr ough steps
40, 42, and 4ReRQFYs@mapred aneaApPghrenfvedebBrthehACromn i Hfditest ¥€P%hat t he

change 1129 | SoailuinlNLoefBY 45, OE-PLROGAR L HoRbEPL et oo

hi story record 1I's Cr din array rn menory referred to

above. This recor giheantReé NethfotSdtcdnai Qi oMid ighadsis hidedivbastintedd i n
Figure 3. The program then noves to step 60 where it is determned that a
hi story now deeuse jcenfijtion disspot Sthanged andtameyfpriietdiiodt 8, segrtidcat i ng

that there arr??srr%%ssgﬁéon iti#%\%ﬁ%ﬁg"%%ﬁm?}éﬁk a\éﬁsngﬁg%pbsegg_'dkggloagxyﬁ,é t he
program noves 10 b a de at1on adal'n t her
the change fleg hatebeeh tflaetbPnidle uhetREAla WIARBLE, 14dte ofl pEs NADARGEN set
by the preenpted nouse interrupt, so the programrecycles to the beginning
at step 40 | efieng pobitiinstwhich steonptreeokedest writkem tbhthempuse
_ display) exists. At this pqint, no history list exists
~ because the first mouse condition signal (the last to occur)
generated an interrupt and that mouse condition was stored and
written to the fraﬁe buffer. Consequently, the program moves
from step 60 to recycle to the beginning at step 40; and no
mouse interrupt is generated thereby freeing the system of the
necessity of restoring the mouse information and redrawing the
cursor.

If the next mouse condition signal indicates a change has
occurred and one~fortieth of a second has passed, the program
proceeds through steps 40, 42, and 44 to step 46 at which it

o/ is determined that no change flag is set and no history list
exists. Therefore, the program moves to step 48 to initiate
the mouse interrupt function described above, set the change
flag, store the new mouse condition in the memory mapped area,
and (after the interrupt) clear the change flag and recycle to
step 40. Thusg, the operation of the system in response to a
change in the mouse condition when nc history list exists is
essentially like that illustrated in Figure 1.

If on the othégiiand, over one-fortieth of a second has
passed and a mouse igterrupt {as described above) has been
initiated so that tyé change flag is set'.and the mouse

interrupt ié preempﬁ@d for some reason so that it has not been

S



hi story. list. The program continues to treat incom ng nouse condition
signals in the sane manner, storing those new condition signals-which

i ndi cate a change fromthe |ast recorded nouse condition of the history
list in the history list and recychlérg until the process preenpting the*
nouse interrupt finally clears. Wen the preenpting condition ends and the
nmouse i nt eceupletddewhen 3 hwuskangediting is xeasived vhich djs §Banged he nouse

interrupt functiqgn. Consequently, when the next nouse signal arrives at
Step 40, | £XPE %rioetsBetFe GoBpabion, hen Fhe BRARFERGPATSS AIFERTRs a change

I n mouse CQ@%& Q. 4?5‘%&}{ 4 28 £@ési:?§st QtSJn‘?ié: 4t‘igef s8¢ i%athaRoe flag but

an existing stoly [{st, and noves to step record the new nouse
condi ti on $h@iwdtdsnthie thesichayge i Slag is sdt- Thesphogesarthehprogeares to
step 60. The program al so noves directly to step 60 fromstep 44 if the new
nouse condb®idrEtErgRal aF ftick: asneld iskREE Fecard A8 FERAted dRath? ecorded on

the i storyulisn, JAbe SLERP0y WSy SUAMEEIE! Thiog. Wil 2elbaiory |1

exi st_s and hove to_ St wher e etermnation IS nade he chan_ge
flag i s NotoedinsTRhE $IMLInrBEnPEQH AQ tRat QR LERLeAlirSFegubd.3.t he tine

i nterval between the |ast nouse condition recorded by the nouse interrupt
functi on (The presyemubhemiricyieshte stest 60| vhexsl)itahd dekexnmimedothathe first
record stoge}(lji;trgrk}i gtmgrgoéss’ ei\\éa}ggé’edeﬂlg.e actual tine since

Since a history list exists, indicéting that there are
mouse conditions stored which have not beén displayed, the W
program moves to a step 64 at which a determination is again
made whether the change flag has been set. In the present
'example, the flag has been set by the preempted mouse
interrupt, so the program recycles to the beginning at step 40
leaving a first mouse history record stored in the mouse
history list.

The program continues to treat incoming mouse condition
signals in the same.manner, storing those new condition
signals which indicate a change from the last recorded mouse
condition of the history list in the histeory list and
recycling until the proéess preempting the mouse interrupt
finally clears.

When the_preeﬁpting condition ends and the mouse .
interrupt clears, the change flag is cleared in step 56 of the
mouse interrupt function. Consecquently, when the next mouse
signal arrives at step 40,.it is processed to step 44. If
this new signal indicates a change in mouse cohdition, the
program moves to step 46, finds no change flag but an existing

history list, and moves to step 62 to record the new mouse

condition signal in the history list.



the last interrupt ( 1) is conpared to the tinme ( 2) between the tinestanp
an the last recorded interrupt nouse and the first nmouse condition in the
history list.” The timestanp of the first event stored in the history |ist
and the tinmestanp of the last nouse interrupt may be used to determine this
interval, or the timestanps in the histdify-list may be recorded on a delta
(change in tine) basis. Consequently, a conparison of the | ast nouse
position generated Bhetdrpgranstheémtmeveapto &tept e. f iThet pregrawd adeent in the

history list indicates whether an actual tinme equal_ to or greater than that
thi's del ta timBoNaE BLERRkY Fp $5oM80 AEe &Fer fibrid fBef PPY matstse
condition of t ls il Lok | t I | 4 y |ist

- and transferre(ri]'%tn(tg’llt§ %%%?% rrappeag'e[g)(r)lgdl, fﬁx%%bgtfgorittg%] §6§§t tI;grlo%?’rl?g't ep 68,

t he program nowesok@edtcrp tA8 histicHyt Lase. t & 8BEp 60 Nither ppdgramguence. On

the other hand, if the tinme interval is not yet equal to or greater than
the delta tine ds&erBines fdataathiafesy LiskieXNishswnd MOVesote Hitepr fke buffer

and the first use condition in the histany.,list, .the pr el
recycles from g'?‘eeﬁ%% %'etrﬁ‘én _%g?nnr%lsnré‘aé? %sr%‘(’é:pltiﬁ %hoant%ﬁaf""o'%gggf ir;qr%%ts tI:'St ory
i s delayed untifnhignngwdd el piegtdnRol At SEafRleshas passed. --18 - The use
of the history list referred to and outlined in operation in Figure 2

provi des, first, that stdp 6ectipt ddmehintpyadf betvearpkbe tastlinduse t aki ng
pl ace after one-faqrtieth of a second has passed are stored for |ater

recordi ng. Thi £OBAR R AARESOFARS g SPENTPRFHRERTTIR e PR AYR ntidSe posi ti ons

interrupt which has just cleaved) and the time of the first
&_) record stored in history is evaluated. The actual time since
the last interrupt ( 1) is compared to the time ( 2) between
the timestamp on the last recorded interrupt mouse and the
first mouse condition in the history list. The timestamp of
the first event stored in the history list and the timestamp
of the last mouse interrupt may be used to determine this
interval, or the timestamps in the hisﬁory list may be '
recorded on a delta (change in time) basis. Consequenfly, a
comparison of the last mouse position generated by the mouse
interrupt and the first stored event in the history list
indicates whether an actual time equal to or greater than that
this delta time has passed. If it has passed, then the first
mouse condition of the history list condition is deleted from
the history list and transferreé to the memory mapped position
at a step 68. From step 68, the program moves to step 48 to
initiate the mouse interrupt sequence. On the other hand, if
the time interval is not yet equal to or greater than the
delta time between the last mouse condition written to the
frame buffer and the first mouse condition in the history
list, the program merely recycles from step 66 to the
beginning at step 40 so that the first history is delayed

until an appropriate time interval has passed.



are omtted during conditions of preenption. The history list as

i npl enmented in the present invention also assures that nobuse positions
stored during a state in which the nouse interrupt is preenpted are y
executed in proper tine sequence so that distortions which mght be caﬁ%@d
by nouse accelerations utility prograns are elim nated. - 19 - CLAIMB 1.
A conputer display system for dispfaying graphical input data, said
conput er di spl ay s¥sten1conprising an interrupti ble central processor unit
("CPU') for executfig) ubepPhir Br¢ thisspriat iFtpreEesadh §ooprt R4tdridedsHt d crPU

R o

di spl aying a cursor™an pr ovi sai nmeans

coupl ed to saichakfek fe¥ tBenmo@dd R@naipleH daklig flaee@i BECEr orfd-goatfeth said
conput er di spl ay system conprising: sensing neans for sanpling the
plurality of pdi ateecorsi jnal Baggateraeecstdned fer poiteri mgearding. t §hp¥ oduce

a plurality f .S | ointer , signals_corresponding to at.least one
cursor positi (T’ﬁlf“ﬁag‘&r% 3:geb§r F g8 Yﬂ?’r lﬁgﬁﬁ%‘?nﬁ?@nﬂfﬁ}gﬁe%%sl ¢8lPled to
said CPU for sharbRtéda Id%il%g%a&%ﬁpﬁ@%ﬂogwaﬁﬁtﬁﬂna&nesh?sb%trgr@pgt

poi nter signal, sald stored pointer signal conprising at |east the |ast
recorded sanplaedipplenertesi gnathe pdiesatt niiviehgion also assures that

mouse positions stored during a state in which the mouse
interrupt is preempted are executed in proper time sequence so
that distortions which might be caused by mouse accelerations

v/

utility programs are eliminated.



| ast recorded position of the pointer neans, whereby if a flag is set and
the CPU receives an interrupt to service, said nenory neans creates a
history list by sequentially storing all sanpled pointer signals
corregRondi ng to said cursor positions indicated by -said pointing nmeans
during the servicing of the interrupt; and conparison neans coupled to said
~menory neans for conparing the at |east one sanpled pointer signal with the
at | east one pointer signal stored in said nenory neans, said conparison
nmeans further setting said flag when said,ganpl ed pointer signal differs
fromsaid stored pointer signal stored in said nenory neans, said

conpari son nmeans causi ng the sanpl ed pdﬂdﬂﬂi_signal to be stored as a

stored pointef, si gnaIAi ndwaé;r dispfay aﬂ,@r di¥p14ihg has
serviced the interrupt,,said CPU retr?e S the i S mé¥ :ﬂi%?cnnsald
menory means HRP esiBRRY f4akRy n A3 ‘g'cﬁ‘%l splayr S¥SERRor di ng

to said poi ntesmgt Poine saﬁrednaersuptdzﬂlam cefitrailgnrocessoy d ymbt ory
systemas Usel GETIY Boto) Srafdtion ol RiBkELY, o, (daka, PRHREhe '
provi des a plapatatyom. saaptie €PN ceup bed)nhbs aprixhmee dbuffewi @aid neans
fgsgfslegagp zcgieé% ur' gﬁﬂé&ém&m:m%air@ S@PaeEpIWyt CPRoP| W51 &4PIRGSPENdI NT
cursor and data provided by said CPU, and pointing means
coupled to said CPU for generating a plurality of
_ pointer signals, said computer display systen
W comprising:
sensing means for sampling the plurality of
pointer signals genefated by the pointing means to
produce a plurality of sampled pointer signals
corresponding to at least one cursor position indicated
by said pointing means;
memory means coupled to said CPU for storing at
least one sampled pointer signal as a stored pointer
signal, said stored pointer signal comprising at least
the last recorded sampled pointer signal indicating the
last recorded position of the pointer means, whereby if
a flag is set and the CPU receives an interrupt to
service, said memory means creates a history 1list by
sequentially storing all sampled pointer signals
corresponding to said cursor positions indicated by said
pointing means during the servicing of the interrupt;
and
comparison means coupled to said memory means
for comparing the at least one sampled pointer signal
with the at least one pointer signal stored in said
memory means, said comparison means further setting said
flag when said sampled pointer signal differs from said
stored pointer signal stored in said memory means, said
comparison means causing the sampled p01nter signal to
be stored as a stored pointer signal in memory;

* € L M 0§ %




position indicated by said pointing means. 3. The conput er displ ay
systemas set forth in claim?2, ‘'Wherein said nenory neans further stores at -
| east one sanpled switch S|gnal as a stored switch signal, said stored. .
switch signal conprising at |east the |ast recorded sanpled switch S|ggﬂ

I ndicating the | ast recorded signal of the pointer neans. 4. The
conput er display systemas set forth in claim3, wherein said conparison
means further conpares said sanpled switch signals with said stored switch
signal stored in said nenory neans, -saggd-conparison neans further setting
said flag when said sanpled switch signals differ fromsaid stored switch
signal stored i-n said nenory neans. 5. The conputer display system as
set forth in clai mvﬁher\bbyei rafitfert hethleag €BUsethand slee-vilRlddr ecthees an

t t t ' , ; | ed
o teh o gn%‘ég%%ﬁéfbr%%i SEIELTapes SERUBLLELY PIGECErER da3dTP! ©
posi ti ons imeeryeteans- ang -ungﬂtﬁﬁdsgbﬂnfrﬁgemamﬂfqnu¢m@ radravwsvi ci ng

of the integhiPturfor acco;?afngoeaugsiadpéphearsyéieﬁaﬁ.s, sgtofeatAsin claim
5, wherein sald history list, further conprises said qﬁentlally stored -

switch si gnaFeredr PRIPERYi FI@1syih 5 %rhﬁ§§PFVoﬁ§ IR BYesai d
poi nting megesvigihgdot heas@r vheergupt. the interrupt.

2. The computer display system as set forth in

claim 1, wherein said sensing means further provides a
plurality of sampled switch signals produced by switch QJ
means disposed on said pointing means, said sampled

switch signals corresponding to at least one cursor
position indicated by said pointing means.

3. The computer display system as set forth in
claim 2, wherein said memory means further stores at
least one sampled switch signal as a stored switch
signal, said stored switch signal comprising at least
the last recorded sampled switch signal indicating the

last recorded signal of the pointer means.

4. The computer display system as set forth in

claim 3, wherein said comparison means further compares \/
said sampled switch signals with said stored switch

signal stored in said memory means, said comparison

means further setting said flag when said sampled switch

signals diffef from said stored switch signal stored in

said memory means.

5. The computer display system as set forth in
claim 4, wherein if the flag is set and the CPU receives
an interrupt to service, said memory means sequentially
stores said sampled switch signals as stored switch
signals corresponding to said cursor positions indicated

A




7. . The conputer display systemas set forth in claim®6, wherein after
the CPU services the interrupt, said CPU retrieves the history Iist from
sald,ngnony means and updates said frane buffer and redraws the cursor
accorglng to said stored switch signals corresponding to said intended
cursor-~positions stored in said history list during the servicing of said

interrupt. 8. - The conputer display systemof claim1l or claim2
wherein said sensing neans sanpl es said pointer signals and said switch
signals at a predetermned rate. 9. The conputer display system as set

forth in claiml or claim7, wherein sardagorputer display systemfurther
conpri ses clearing neans coupled to said conparison neans for clearing said
flag after said frane buffer has been updated and said cursor positions
recorded in sabg hsaiar ypointimayadzren dusphgyethe 1GGervicingretdfodther

di spl ayi ng graphi%ald pput data in a conputer display system conprising an
I nterruptible EBTEFEMPorocessor unit ("CPU'") for executing a plurality of
data processing operations, said CPU coupled to a - 22 - frame buffer

and to displ ayneans i gglud] IS f j [ r didat a
orovi ded by eafd GPU 3?35 pg?ﬁ?ﬁtdf B4y dystlenyi 88 st THrvidid

_ ( ItI ng reans, coupl éd,to sai d CPU for generating
a plurality of c3@ilm ep, sivheredn sgpyd MA4R5P orrg?'?gi ré“fkﬂéerst gﬁgpgf:._ses
said sequentially stored switch signals corresponding to
said cursor positions indicated by said pointing means

during the servicing of the interrupt.

7. The computer display system as set forth in
claim 6, wherein after the CPU services the interrupt,
said CPU retrieves the history 1list from said memory
means and updates said frame buffer and redraws the
cursor according to said stored switch signals
corresponding to said intended cursor pOSitions stored
in said history 1list during the servicing of said
interrupt.

8. The computer display system of claim 1 or claim
2 wherein said sensing means samples said pointer
signals and said switch signals at a predetermined rate.

9. The computer display system as set forth in
claim 1 or claim 7, wherein said computer display system
further comprises clearing means coupled to said
comparison means for clearing said flag after said frame
buffer has been updated and said cursor positions
recorded in said history list have been displayed.

10. A method for displaying graphical input data in
a computer display system comprising an interruptible
central processor unit ("CPU") for executing a plurality
of data processing operations, said CPU coupled to. a

O



providing a plurality:of sanpled poi'nter signals correspondi-ng to at |east-.
one cursor position indicated by .sai-d pointing neans; storing at |east one -
of said sanpled pointer signals as a stored pointer signal in menory means,
said stored pointer signal conprising at least the last recorded ;g
sanpl ed pointer signal indicating the |ast recorded position of the i
poi nter means; conparing said sanpled pointer signals with said stored

poi nter signal stored in said nenory nmeans; setting a flag when said
sanmpl ed pointer signals differ fromsaid stored pointer signal stored in
said nmenory neans; if the flag is sef 4Ad~the CPU receives an interrupt to
service, creating a history list in said nenory neans by sequentially

Tndi cated bEeREg BRI SNRake Gy (oshf, Theabathel £UhTgR1RG" 11 T
?igﬁ{safge f6PEdib@§ayiﬂgﬂ&m£Mr§ME anﬁtértapPIQM§ﬁqdahY@S%ﬁ@ BPYbory |ist
cursor accg?ﬁ?néoggﬂggﬁg%gf%¥£3&%§?ﬁ$§P§§fﬁ%g?gﬁgqLf%ﬁa?ﬁnggﬁggﬁ?gﬁoﬁSelist
during the BénvAikYy Of PRAAtEK: 8APDRLS,1$aid meyRed, EORRYLIg§indethforth in -
claim10, wagegksnoproviding said plurality of sanpled pointer signals
further conprises p%%%b%hg gaapkiagg&5¥yogfsggﬂ£igd pointer signals
corresponding to at least one cursor position indicated
by said pointing means; '
storing at 1least one of said sampled pointer
signals as a stored pointer signal in memory means, said \/
stored pointer signal comprising at least the last
recorded sampled pointer signal indicating the last
recorded position of the pointer means;
comparing said sampled pointer signals with said
stored pointer signal stored in said memory means;
setting a flag when said sampled pointer signals
differ from said stored poihter signal stored in said
memory means;
if the flag is set and the CPU receives an
interrupt to service, creating a history list in said
memory means by sequentially storing all sampled pointer
signals corresponding to said cursor positions indicated
by said pointer means during the servicing of the
interrupt; and
after the CPU has serviced the interrupt,
retrieving the history list from said memory means and
updating said frame buffer and ‘redrawing the cursor
according to said stored pointer signals stored in said

history list during the servicing of said interrupt.

11. The method as set forth in claim 10, wherein
providing said plurality of sampled pointer signals
further comprises providing a plurality of sampled
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- 23 - switch signals borrespondi ng to at: east one cursor position

i ndi cated by said pointing neans. 12. . The nmethod as set forth in claim
11, wherein storing said at |east one sanpled pointer signal as a stored
poi nt ef‘\3| gnal further conprises storing at |east one of said sanpled
switch signals as a stored switch signal, said stored switch signal
conprising at |east the |ast recorded sanpled swtch signal indicating the
| ast recorded position of the pointer neans. 13. The net hod as set
forth in claim 12, wherein conparing said sanpled pointer signals further
conprises conparing said sanpled switch siggalks wth said sanpled sw tch
signal stored as a stored switch signal in said nenory neans, and further
setting said flag when said sanpled switch signals differ fromsaid switch
signal stored iswitacH nseﬁgmglsmmreb@ondmgTheorreéhomwsebnfe0r tlrsoér

claim 13, wherej 885;:15;1%;‘{3@83{: fur?ﬁegglggyn eﬁS&XSS an interrupt to

servi ce, creatl g said his ory conpr seS sequentially storing
said sanpled switch signals correspondlng to cursor positions indicated

by said pointingareans ggel RgbtHia sgEVigdige8tthhad nEeamPt1 ASwhereifhe
nmet hod as set forth.in claim 14, wherein after said CPU has serviced the

interrupt, retrFEOFART: F2LG Q% yeRrF: oNeyFABRIPHeRBIPEREASLIRd AiaRi ng
said franme buffetoned pednterngighalciustherr Conpribes stepifAgngtt Deastd

stored suitoh s,goaley Lol abipiand dUsteh Yo ddrtd1 LY WG, SEd VEGL BN "
signal, said stored switch signal comprising at 1least
L“/ the last recorded sampled switch signal indicating the
last recorded position of the pointer means.
13. The method as set forth in claim 12, wherein
comparing said sampled pointer signals further comprises
comparing said sampled switch signals with said sampled
switch signal stored as a stored switch signal in said
memory means, and further setting said flag when said
sampled switch signals differ from said switch signal

stored in said memory means.

14. The method as set forth in claim 13, wherein if
the flag is set and the CPU receives an interrupt to
o/ service, creating said history 1list further comprises
sequentially storing said sampled switch signals
corresponding to cursor positions indicated by said
pointing means during the servicing of the interrupt.

15. The method as set forth in claim 14, wherein
after said CPU has serviced the interrupt, retrieving
the history 1list from said memory means and updating
said frame buffer and redrawing the cursor are further
according to said stored switch signals stored in said
history list during the servicing of said interrupt.

B



-24 - 16: The nethod -as set fortdf in claim1l, wherein said sanpled
poi nter signals and said sanpled switch signals are provided at a
predetermned rate. 17. The nethod as set forth in claim10 or claim
15, wherein said flag is cleared after said frame buffer has been updatég
and said cursor positions recorded in said history |ist have been B

di spl ayed. 18. A conputer display system for displaying graphical
i nput data, substantially as hereinbefore described with reference to
t he acconpanyi ng draw ngs. 19. A ng, hod for displaying graphical input

data in a conputer display system subStantially as herei nbefore described
with reference to the acconpanying drawings. 11111111 111111 :

1111111111 13111 The method as set forth in claim 11, wherein
said sampled pointer signals and said sampled switch
signals are provided at a predetermined rate.

17. The method as set forth in claim 10 or claim 15,
wherein said flag is cleared after said frame buffer has
been updated and said cursor positions recorded in said
history list have been displayed.

18. A computer display system for displaying \
graphical input data, substantially as hereinbefore
described with reference to the accompanying drawings.

19. A method for displaying graphical input data in
a computer display system, substantially as hereinbefore
described with reference to the accompanying drawings.
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