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2237164 METHOD AND APPARATUS FOR WRI TI NG DI RECTLY TO A FRAME BUFFER I N A
COVPUTER HAVI NG A W NDOW NG SYSTEM CONTRCLLI NG | TS SCREEN DI SPLAY
BACKGROUND OF THE INVENTION 1. Field OF The Invention: This invention
relates to nmultitasking conmputer systens havi ng wi ndow4¥p Pr@gr ans
controlling access to the frane buffer and, nore partlcularly, to met hods

and apparatu Wrd LR & - u 1 ystem 2.
asinng'pr O—6 e —Bt-ef—vitc TE‘T‘ITf'UT‘l‘I'B:’l"i‘UTI_S'U"‘that it
may be witten to an out putpslegBRay > : aphrey of this single
program covers the entire output di spl ay. desired to display
nmore than one programat a tinme on an output display, each programis
presented in a small portion of the display called a wi ndow (usually a
rectangl e). den pieydbays ofrd f favedt impgr ans are running on a conputer
system a nunber of wi ndows will|l appear on the screen of the output

di spl ay. These Wi THDssi ieenbronrerhtd» o et fvm skisg) edmpoterzeyétenls
sonetinmes in shape), and nay often overlap one another. \Wen one w ndow
over| aps anch&einai wiiedowingvp iy mne aypramdld ingn@icegssdabathesframe be
witten to the portion of the wi ndow which is overlapped and in the

backgr ound; bhﬁfedaﬁadnuumr¢mpaﬂﬂani#&iYAiﬁﬂ mﬁﬁh@danamweapaﬁegt@&nﬁors not
overwitten.

. writing directly to the frame buffer in such a system.

— o -
2. Histoxry Of The Pxioxr Art: _
In its simplest form, a computer writes informatiohlfrom
a single program to a frame buffer which stores the
information so that it may be written to an output display-.
Usually, the displayuof this single program_cgvefg the'enﬁire
output display. When it is desired to display more than one
program at a time on an output display, each progg;m is B
presented in a small portion of the display called a window
(usually a rectangle). When a number of different programs
(N are running on a computer system, a number of windows will
appear_on the screen of the output display. These windows
may be moved about, ;ay be changed in size (and sométimes in_
shape), and may often overlap one another. When one window
overlaps another window in which a program is running, data
must not be written to the portion of the window which is
overlapped and in the background; that data must be clippgd

so that data in the foreground is not overwritten.
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It is necessary, anong other things, when running application prograns in a-
plurality of windows to sonmehow set up the different wi ndows into which

- each programis to fit, to direct the information fromeach application
‘programto the correct wi ndow, and to take care of the overlapping of
different wi ndows so that the correct portions of each program are
displayed. If all of these tasks -are done by the individual application
prograns, then there-nust be a great . deal ‘of checking anmpng the progranms. to
make sure that the different progranms do not interfere with one- anothgfs

This tends ta S{OWddus e, AamdhPlotes thinoe): an@nakhwfneoorl y desi ghed
~software to distort the operation of the systen1 For this Teason, nore

advancprIdgut in PrigrEshane ad?ihﬁrla&dt‘# mfowmaaaseﬁsnéoxﬁémaé@t whi.ch
take over the entire operation of witing to the frame buffer to control

what i sapliti ajiefferknt Rdeidowsndgaievwhiphogaeh peograhsisheoerits e displ ay,
sets up the windows into which different prograns may be written, controls
t he podtid idintewft dfhe Hosiormatdons frbxt eachnapplicabionf progtamntes di spl ayed
when wi ndows overlap, and does all of the operations necessary to allow the
si mul t e eonkient! wingiowa amtbhdo dfakepdareavifoihpr oyenbapping of ngl e out put
di spl ay device. Wien a program operating through a mnndom/nanagenent
progra,ﬁ%gqufggt tvblrgcpgsemo g:hat the correct portions of each -

program are displayed.

If all of theseiraskS-gre;done by thé'individual _
applicatiog-programs, then thereLmust'beaa_great deél_of
checking among the progfams-to;make sUrérthat.thefdifferent
.pngrams-do not interfere with one-another. This tends to
fslqw,the operation,cf Pheféystem and allpwsrpoorly-degigned
software to;diStortpthe;¢§érétion of theaéystem,';for this.
reason, more advanced comp;ter syStems'héveﬂdesignéd_windqw -
management'programs*ﬁnich:take over the .entire operation .of

writing to.thé_frame:bﬁffer to control what.is displayed. .

- A window management program,gpntrbls_the entire display,
sets up the windows into whiéh'differérf programs may_gr:
written, controls the_ﬁositioningupf_those windows,
determines which ipf§rmation is displayed?yhen?ﬁindows
overlap, and does all of_theuoperations.necessary roaallok
'Ehe_simﬁ;taneous display of a number of, application programs

.on a single.output_dispiaygdevice.” When a.program'operating

through a window management program desires to present ’.
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information on the output display, it signals the w ndow nanagenent

program The wi ndow management program assigns to it a particular portion
of the display and sets up the window in which the programis to be

di spl ayed. Then, typically, as each pixel of information is furnished by
the application programfor presentation, the w ndow managenent program
determ nes the position on the screen at which that pixel is to appear,
checks,.to see whether the pixel is obscured by sone other w ndow, and
furni shgs the results of the conputation to the frane buffer for display on

the out put & sl avec SUie i RIQY IRAAGSURAEIBLL04ML88RRI G BrbNGsRASk! ! Ol no

and repositioning o oWs and dny pro cause y overl apprng. This

guar ant ees magtg,ﬁw@?&ﬁ%wt € oY r»ﬁ%'fp)kw'hlﬁnlahéﬁﬁﬂiﬂ 'Bg?t,tkaﬁinr adk$gh&Yes, and

relieves a programmer the necessity o t1ng nost e procédures

required forsdi$ Rl RUIRGAS Portidrs W theS ¥lspTayOBhd B¥t80LPIthE’ @Lllol he
w ndow managenent’ program can a program have its results displayed.

Normal 'y thigniwhiasi el e Se e vel gdeplayeagenthen)’ €gpacaliogs a4 !

of the housekeeping which is necessary for a wi ndows di splay and keeps the
di fferent pregeiRnpitedrodvigifsrnatiprnie Farnichednbyother wppeicatesheri ng

with each other on the display. However, such a nethod of presenting

i nformati on preegranifor fpresent@ateidrgadheo Window manhgement program
determines the position on the screen at which that pixel is

&; to_ipﬁear,-éhecks to see whether the pixel is obscured by
some other window, and furnishes the results of the
computation to the frame buffer for display on the output
display. The window management program controls the

-- positioning and fépositibning of windows and any problems

caused 5} overlapping. This guarantees that prqgiams'operate
correctii_in presenting-their displays and relieves a
programmer of the necessity of writing_méét of the procedures

required for display purposes.

o In such a system, only by going through the Qindow
management program can a program have its results displayed.
Normally this is desiiable because the window management
program does all of the housekeeping which is necessary for a
windows display and keeps the different programs from
overwriting one another and otherwise interfering with each
other on the display.' However, such a method of presenting

© information has a significant overhead so that the frame

buffer from which data is actually written to the display can
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buffer fromwhich data is actually witten to the display can 3 be
updated only about ten tinmes a second. A conputer, system running such a
wi hdows managenent program does not update the frane buffer as rapidly as
do individual progranms in a systemw thout a wi ndows managenent program
Many i ndi vi dual conputer prograns provide nore satisfactory perfornmance
when the franme buffer is updated nore rapidly than is possible using a

W ndows managenent program - For exanple, live video such as teIeV|S|on and
ani mation prograns require updating at a nuch faster rate than ten ti ja

~second. bd'%ﬁﬁﬂﬁﬂdﬂonlwhbbbﬁtftéﬂﬁﬁiﬂésVadQchﬂ&Qr”Ettéﬁpﬁtétlsy%%%mied every
second. If this information is to be presented in a w ndow on an out put

di spl ay ey |y aindods\nmaRaGERERt t pPOGEaRNTIOSs WibE updet d redige buf f er
can only be updated ten tinmes per second, the video picture which is

" present eiramd Ibuffedi sisomapddlyl asndy ipgieidtalj prpgtamsn imea feywtent o t he
next, and frame tears may occur in which parts of different video frames
appear oritthetdias ptindoats omoegemant vayogoap: esent . rapi dl y changi ng graphics
information which is not distorted in a systemusing a wi ndow nanagenent
programto- control the:display:wuld. be-to bypass~the-mﬁndomznanagenent'

programand wite directly to the frame buffer.
‘Many individual computer programs provide more.

satisfactory performance ‘'when the frame‘buffer is updated
more rapidly than is possible using a w1ndows management
program. For example, 1ive ‘video . such as television and
animation programs require updating at - a much faster rate
than ten times a secondt In general, thirty frames of video
information are_presented_every second. If this information
is“tolbe,presented.in;a,qindow on an output display |
controlled by—a window management program-in which the frame
. buffer. .can only be updated ten. times per second, the video
picture which is presented will be distorted, ;t_may appear
to jump from one frame to the next, and frame tears may occur
in which parts of different video_framessappear'on_the "QJ
display at once. |
One way to present rapidly changing graphics information
which is not distorted in a. system using a w1ndow management
_ program.to_control_the display would be to bypass the_mindow_.
.management_program and write_directly;to;tnerframe_bnffer,
However,_doing_so_createsjall_of.the,problems_nnicn_awwindow

~ management program was_deyised_to solve. .If_an applicdtion
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However, doing so creates all of the problens which a w ndow nmanagerirent
program was devised to solve, |[If an application 4 program wites
directly to the display, it may overwite other progranms or interfere in
ot her ways with those other prograns or may itself be overwitten by the
wi ndow managenent program Moreover, such a program nust sonehow overcone
the del ay caused by all of the cross-checking necessary to allowits

exi stence with programnms controlled by the w ndow managenent program
SUNNARXJCF THE INVENTION It is, therefore, an object of the present
nvention €0 prdif A AfrsteBPLIOHoRNY BBPERE! U3shOhya! LONAD Svbnet

&
running in a system having a w ndow nanagenent “programto wite directly to

a frame buffgihdd g&g&@aish@& HAt8r2eLei LhColhbeClagh Wien PEXSSN ot RRENti ON
to provide a nethod and apparatus for allowing a programrunning in a

syst em havi ngproghaiio\wr#iagyateel fpbegooerveivtehebyi tRétwindowa frane
buf fer w t hout . - interfering with the other prograns
control | ed bynareyemento\priograge TEMbraoogrAnsathhavpaggram musets esdmed how
interfered with by other prograns. These and ot her objects of the present
i nventi on ar eovesxtaneedhen delagt keadsedr byr allngfdtheccrossocked¢kime buf f er

necessary to allow its existence with programs controlled by

the window management program.

o
SUMMARY OF THE INVENTION
-It is, therefore, an object of the present invention to __
provide a method and apparatus for allowing a'prggram running
in a system having a window management program to write
directly to a frame buffer.
It is another more specifié object of the present )
A ' invention to provide a method and apparatus for allowing a

program running in a system having a window management
program to write directly to a frame buffeé.without
interfering with the other programs controlled by the window
management program or having its presentation interfered with
by ofher programs.

These and other objects of the present invention are

realized in a method for writing directly to a frame buffer



providing signals to an output display in a conputer system having a - :
processor running a wi ndow managenent program confrolling the furnishing of
data to the frame buffer, and a second source of graphics information to be
di spl ayed conprising the steps of providing a signal fromthe second source
to the w ndow managenent programindicating that the second source has
graphics information to be displayed, setting up under control of the

wi ndow managenent program a w ndow for the display of the graphics B

i nformati on to be furnished by the second source, signalling the seconq,

oot 11 revigLlfy AT BOERRECUAE Y| Sh0R TBERBIEREIRLREE. | 101 udi ng
a framg, éﬁ $'a wda%%o@ns.luawiagpggwamaemshg e;fnef.t egggggggr ess to be |

gener at or di'splaying the gr ics Informatron provi y the second

sour ce ¢dhd 1 MM ANeC FNThi Bhliad. o2Ndathaps! ehki esaﬁleeb%eebl Cgafnd or mation
fromthe second source to addresses in the frame buffer p0|nfed to by the

addr essgeconu tdeusint 2fSgraphics. ihifesRadidnotbebeohjigpliayaad features-of
the invention will be better understood by reference to the detailed :

descri ptompr idind thel lstepst aifc provdeaingr awstgnalefdomnthgs seaonti ch | i ke -
elenents are referred to by |ike designations throughout the several views.
6 . source to the window management program indicating that the '
second source has graphlcs 1nformatlon to be displayed, g
setting up under control of the window management program a 1 fa
window for the display of the graphics information to be
furnished by the second source,-signalling.the second source
that the window exists and providing information regarding
.-its.position;andsclipping,.setting up a.data structure for
the window including a frame buffer address and clipping
information- for each address to be generated fnrfdisplaying
the graphics information provided by the second snurce-in7the

window constructed, and transferting the graphics information

from the second source to addresses in the frame buffer

O

pointed to by-the-addréssés in the data structure.
These and other:objects.and.featuras-of?the'invéniion
- will be better understood by reference tofthesdetailed"“
de§¢ription_which follows  taken together with the dfaWings in -
which like elements are referred to by like designations ' -

throughout the several views.



BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a block diagramof a prior
art conputer systemutilizing a wi ndow managenent program Figure 2 is a

bl ock di agram of a conputer system constructed in accordance with the
present invention. Figure 3 represents a fornmat used in a status word used
in the present invention. Figure 4 illustrates the manner in which data for
eight four-bit pixels is stored in a systemutilizing the invention. Figure
5is a flow chart describing the method of the invention. NOTATI ON AND
NOMENGLATURE Some portions of the detailed descriptions which followare
presented in terns of 'Swﬁl e, %hmmon data hits
within a conputer nenor{ escrrpet ons are the
means used by those skilled in the data processing arts to nost effectively
7 convey the substance of their work to others skilled in the art. The

operations are thagge, (LuIfd P YK Wagram of a prior art computer

system utilizing a window management program.-

Figure 2 is a block diagram of a computer system

constructed in accordance with the present invention.

Y’ - :
i 3 Figure 3 represents a format used in a status word used
in the present invention.

Figure 4 illustrates the manner in which data for eight
fourfbit pixels is stored in a s§§tem utilizing the _
invention. - '

Figure 5 is a flow chart describing the method of the
invention. )

P

- | Some portions of the detailed descriptions which follow
are presented in terms of symbolic representations of |
operations on data bits within a computer memory. These

- descriptions and representations are the means used by those

skilled in the data processing arts to most effectivély‘
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mani pul ati ons of physical quantities.  Usually, though not necessarily,
these quantities take the formof electrical ‘or nagnetic signals capable of
bei ng stored, transferred, conbined, conpared, and otherw se mani pul at ed.
It has proven convenient at tinmes, principally for reasons of comon usage,
to refer to these signals as bits, values, elenents, synbols, characters,
terms, nunbers, or the like. It should be borne in m nd, however, that al
of these and simlar terns are to be associated with the appropriate
physical quantities and are nerely conveni ent |abels applied to these \of

e ehye e Shun s RO PhBLE R R EROURRT B0 18R L lEeer (D 1
rent al Jper abinRSRLIGHEIaDY EnBUERRRALANY phybRcatich capability of a

human operator 1s necessary or desira ases in any of the

oper at 'n&@ﬁ;ﬁﬂ%i!i&i&do'iebﬁygi‘é@!lcauéﬁtﬂtﬂé%t ObishBe1p] SERGhg YNt i On; the

operati ons "are nachi ne .operations. The oper ati ons Of the present invention

are usyldessafins,Mmhele goaatatigy pake @hei fakrmCofPelscridaptder simlar
devices. In all cases the distinction between the nethod operations in

operatum@gneuxnnnﬂgnalandaphbleebhoﬁeﬁhgcsupmbﬂL|umanBSerfeahould be borne
in mnd. The present invention relates to apparatus and to nethod steps
for operattinedy cempared,i Androtbeswige masipuieted. It bahicpréeen.
‘mechani cal , chem cal ) physical;

convenient at times, principally for reasons of ‘common usage,

to refer to these signals as bits,_values, elements, symbols, T
ohara;ters,;terps, numbers, or the,like,.pit.should be borne

in mind, however, that all of thesefand-similar_terms are to
be.associated with the appropriate physical quantities and

are merely oonvenient.lahels appliedhto these quantities.

‘Further, the manipulations performed are often referred
to in terms; such as adding or comparing, whioh are commonly
assoc¢iated with mental.operatiOns performe&,by-a human -
operator. - No such_capabilityfof a human operator is

necessary or desirable in most cases in any of the operations

Q)

described herein which form part of the present invention;
the_operations are: machine operations. - The operations of the
present invention are usually performed by general purpose
digital_computers;or other similar devices. - In all cases the
distinction-between the method operations: in operating a.
computer and the method .of compntation itself*should'be_borne'.
.in mind.. The present invention relates to apparatus and to

method steps .for operating a computer in processing



signals to generate other desired physical signals. DETAI LED DESCRI PTI ON

OF THE |INVENTION Typically a wi ndow managenent program receives a signa

i ndicating that an application programdesires to present information on a .
conput er output display. O course, it is not necessary that the

I nformation to be presented come froman application program Live video or
ani mati on m ght be presented by other sources of information such as a
source of television signals providing information to a frame grabber. In
al | dthhese cases, the w ndow managenent program selects a particul ar
portion of ébecﬂrseényoﬁmtrseﬁ S(elg | hteshdwioyal N eemicvdlne phydsdroat i on from
the program or other source (all of which are referred to hereinafter as
appl i cati onspgnglanedy gendrde dtpdrnydesired pinesiceml iSigmalishe source and
waits to receive the data. Each piece of data which is to be presented in

t he wi ndow on the display has an address at which the data is . to be

furni shed by the application program The. address presented by the
application programfor the data is an address which presunes that the

out put display for that 3 particul ar
format. The 9 add <) s . par ti cul ar
format the output dlsplay for that partlcular programw | | occupy

Typically a window management program receives a signal
indicating that an application program desires to present
information on a computer output display. Of course, it is
not necessary that the information to be presentedlcome from
an application program. Livg video or animation might be

_presented by other sources of information such as a source of
television signéls providing information to a frame grabber.
Iﬁ all of these cases, the window management program selects
a particular portién of the di;play and sets up the window in
- . which the information from the program or other source (all
of which are referred to hereinafter as application programs)

U ~will be displayed. It then notifies the source and waits to-

receive the data.

Each piece of data which is to be presented in thé
~window on the display has an address at which the data is to
be furnished by the applicationlprogram. .The address
presented by ﬁhe application program for the data is an
.address Which?presumes that the output dispiay for that

particular program is preSented in a particular format.  The



the entire screen. For this purpose, the application program presunes that
the display is of a particular standard format and. size, the information
describing which is held in menory. For exanple, if the programis one

normal |y presented in an | BM personal conputer format, the application.

program nmay expect its output to be displayed in the VGA format of 640 X
480 pixels or in sone other standard |IBM PC format. Thus, the application
program expecting its output to be presented on a conputer  output display
in this format furnishes addresses for its graphics data which would pl\age

the dat edd}etseep%sas&ypaissl BPeQHméHCEh%Vﬁe‘ Sh3P! By rBES1 4D e SRl cation

programto utilize the“entire display en a w ndow nanagenent -program .

such as fMeicREPhlc WiBgawy oRNYhat!t ﬁé?ﬁiéﬁﬂaﬁ&&f‘oéi‘a&" ﬁ{pfociécﬁsy porati on,

is used in-a VGA display systemto control GA di splay, then the

addr essasmd @ntlite sppkienat | FBrpthgsapuppose pntie beppl fost fée bivgddie Wi ndow
managenent program i nto addresses which place the data in the correct

screen posisumess thiaththet déspilagows bifwavpartiéulae ptamdard i fomdtual |y
bei ng presented on a conputer system having a.different. |arger display
format (andy.sizeme tdies gnfpirmgt 1052 drsco2hipgxwhich  {heheldeimdurmmges for
the data on the display nmust first be translated by the w ndow managenent
progr amEan (ﬁ&afwlﬁnéff SheaPragremads gggdnggmally presented in an

IBM personal computer format, the_appllcatlon program-may
 expect its output to be displayedvin*fhe VGA format“of:6405x B
480 pixels or in some other standard IBM -BC format. Thus,
‘the application program expecting.its outbut'to be presented
on a computer outpur-display in this format furnishes - °
- addresses for its graphics data”which“wOuld*place”the data-in _
the proper position on such a VGA display were the
.application program touutilize.the*entire=disp1ay;_ Whenra-l
.-windor.management'program such_as'Microeoft”Windows,* '
manufactured;and_sold.by-MiCrosoft'Corporatiohf is used in a
VGA display system to control a VGA display, then the
addresses for the application program'need.onlyﬂbe translated 2:
. by the window management program into addreSSES'which*plaCe*. |

the data in the correct screen positions within the window.

. However, 'if the- program is_actually being presented on a
computer system having a different larger display format
(e.qg.; one.displaying 1152 X 1024:pixels),-then;the-addreSSes '
. for the data on,the display must firstube"tranSIetedfby'rhe- |

window management program into the same format ‘as that ‘used CoT
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by the display. |In addition to being translated into addresses in the
format of the display, the addresses nust also be translated into addresses
whi ch place the data into the correct screen positions within the w ndow.

If an address is in a position on the output display which is covered by a
program bei ng di spl ayed in anot her w ndow, the w ndow managenent program
must determne this and nake sure that the data does not overwite the data
in the other wi ndow. However, if an application programis to wite
directily to the frame buffer and bypass the w ndow nanagenent program then
the applicajio rogram.(or so | at ed, progr ranslate

addr esses a yngggé?%FyﬁbgéaUQQﬁgp%g%g%Pf%Peﬁ%&ggn%gkggygﬁﬁét§?§ﬁust '
translate a n S o JH | i I put in
the. corr ct SABEERESY AL AT Tontatoot SHS iSpiHR, fEL RdapkageahAMLPLY o
wi ndow NManageuRNbePi QU Tated Ak o bad2essBa! whiks (8hRe"thE WhPdOYRLS OM
ot her appligggﬁo%egrogpghs bel ng éﬁsgﬁaséaegnaggEgo t%ofm%? tﬁ% mﬁ%%%é/
managenent phRJPrect: screen positibn@Uidthihs tRebW@nliodl agiamuphi ch _
illustrates a portion of a conputer system 10 of the prior art. The system
10 i ncl udes aadpiegiRris Q8N Positdods oinEhenohtpatWaiieplaynanachr fgary
operating system The operating systemincludes a w ndow nmanagenent
program whi cvexed dys 4 proiatam Weiinigedisplayed in another window, the

window management program must determine this and make sure -

. that the data does not overwrite the data in the other

window. i 3 : . . . o

However, if an application program is to write directly
to the frame buffer and bypass the window management program,
then the application program (or some associated h;oggém)”
must translate addresses as necessary because of a-digference
in the formats, must translate addresses as necessary to
place the application program output in the correct position
within a window, and must somehow communi;ate with the-windqw

&J management program so that it does not interfere with windows

from other application programs being displayed under coptrol

of the window management program. C -

Figure 1 is a block diagram which illustrates a portion
of a computer system 10 of the prior art. The system 10
includes a primary central processing unit 12 which runs a

-primary operating system. The operating system includes a



a frame buffer 14 for di'splay on an out put display device 15. The system 10°
may be adapted to run application prograns in a plurality of operating
system envi ronnents. For exanple, an Intel 80386 m croprocessor is capable
of running Unix as a primary operating systemand sinultaneously running
M5 DOS applications as wi ndows on the output display. D scussion of an
arrangenment for presenting application progranms in multiple formats through
a w ndow managenent program using a si-ngle processor is contained in an
article entitled "DOS-on the Sun 386i," published by Sun M crosystens %W

1988 in Sun_ Technol ogy .In such an rangenent., the - processor 12 runs as
a part o‘fﬂ?‘?%“' o4 ecfﬁer%ﬁ‘?‘-’rﬁf“éy'étla{é‘m d"‘?ﬁﬁﬁ"tlér'tgFoﬂ?gﬂ] Wﬁ?’&ﬁeﬁ‘ nt®urn runs

i ndi vidual cvirtual - MS DOS machi nes. ~ The nonitor nrogram i,s .especially
desi onecht5740¢ R EIRE T AR a0 o e, 23R4T, SRvEReRTs e
processor 12. In effect, the programis specially w.itten to:intercept and
trap the output signals fromthe virtual nachines and translate those-

coutput i gnal enbosgbear! £0 Wik$ NodPuakis: 48165 PG .%pt:xcs_haoar:bgag%aager ating
system as though they were typical control signals furnished by~ an

appl i cat iﬂnapﬁﬂﬂfﬁmﬁ-yl%ﬁ-r&bé&hﬁhﬁg Ny erRfidichinendssystem I.n order to
make use of the graphics output provided by the virtual Ms DOS nachines,
t he systeﬁaﬁﬁléncéudhsteinﬂaaaGnmﬂékoprocessor*is=capable of ‘rurining
| Unix as a priméry-operating system:andﬁsimultaneously“ruﬁning

MS DOS-applicationsfaé,windows.on'ihe«dutput&dispiayhﬁ S N

Discussion of an arrangemé;f for preSen;ing application = -

programs in muitiple formats_through-é'window.managemeht

program using a single processor is cdntained in:an*érticle

entitled "DPOS-on the Sun 386i," published by Sun Microsystems

in 1988 in Sun Technology. “In.guch-an arrangemeﬁt}-thewff;

processor 12 runs aé a part of its priﬁ#ry.operating-System a
monitor program which in turn run$.individnal'virtualéMS~bos

.machines. The monitor program is especially designed to

allow. the virtual méchines to-run;in-aSSdciation5With'€hel:

__processor 12. 1In effect, the program.is*specially written to
intercept and trap the_output'signals from ghé.Virtual _
machines and translate those output signais £0'signa15'which'
may be interpreted by the primary operating'SYStem as though

_ they were typical control signals furniShed'by an=appiication

. program tunnihg on-the primary operating system. :

In order-tq,maie.use,of;the graphics;outputrprovidédfby

the virtual MS Dos machineé; the system 10 includes emulation

- 12
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cikrcuitry 19 which emul ates the graphics controller used in a typical |BM
format conputer. The enulati.on circuitry 19 allows the processor 12 and the
DOS operating systemto treat the output fromthe DOS application prograns
designed for the IBMPC format as it would be treated by a typical |BM
personal conputer and to furnish the results of those prograns provided by
the enmulation circuitry 19 to the w ndow nanagenent programof the primary
operating systemrunning on the processor 12 so that it may display those
resul £s:in a wi ndow on the output display 15. To acconplish this, the

| at [ itry 1 Jnclude th t f typi | VGA hi
cont rol Lor  SHFERN I8 RpAaaRiarse B8, seenrercalEratler\ e Th 4 ne

[ t. TIh ' (A - f | ted
on the ai sprap it a SR, FonitEare dhis” EhBaRE o G FrkBy PRy BL5 o ©

management %ﬁ‘é.gf»ﬁ?g:%g;ﬁﬂc%ﬂclr e.l!f 'H:HH igx%f D&eoﬂégﬁkﬁggl%?%%ﬁg | P%Qaé 0

be di spl aye I cat1on programbeing ru

Machi nes by i RIRAS SHom S ’Ddé‘eéﬁlqrc%ti%eﬁﬁa%EQmQYg}égfgﬁ@@| £41 Ofhe
circuitry 19 to thé w ndows nmanagenent program of the primary operating

system for digpl@y . fobatMia¥iONs WEIIRDYE Rirelit@d BY di tgpléalherdata to a
portion of nmenory where it is stored awaiting display. The w ndow
managenent pegsenal donpytemn andaeoffudrd st thleayeaslaswofidbhosat 0 whi ch
the application programis to be witten; determ nes which, if any,
.overl| aps 13 programs provided by the emulation circuitry 19 to the window
_ management program of the primary operating system running on
the processor 12 so that it may display those results in a
window on the output display 15. To accomplish this, the
emulation circuitry 19 may include the elements of a typical
VGA graphics controller and its display memory, a number of

which are well known in the prior art.

The primary operating -system directs all d;ta to be
presented on the display 15 to its window management program,
and the window management program controls all elements of

ot the display 15. The output to be displa&ed by the
- application program being run on the virtual DOS-machines'by
- the processor 12 is, therefore, presented by the emulation
circuitry 19 to the wipdows management program of the primary
operating system for display. The windows management,program
directs the data to a portion of memory where it is stored
awaiting display. The window’managementIprogram sets up an
.-area of the display as a window into which the application

"program is to be written; determines which, if aﬂy, overlaps

13
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with other windows are present; and ultimately wites the information from -
t he menory, doing whatever address translation is.necessary to present the
pi xels in the correct places in the window on the display 15. However
because the wi ndows nanagenent program nmust do this sanme thing for all of
the application prograns being displayed, it is capable of updating the
frame buffer 14 at nost only about ten tines per second. The application
programs in the IBMformat and information such as |ive video and ani nation
from ot her sources, on the other hand, are structured to wite directlwfto

fr byf f d € L be abl- date.the ff f )
iy tWhER PRReE ERISHs | $of oo AL B R bR R s ar AT rcPtn on the

i rtual hi ' - ; 2 t q 2o WM Ndow. ' t
br oor am SREPRRSEY8Y G EREFIRER (BTG Wel MRdCHaRRER' (0O TTon Some

progr ans, Whj igg Ve & 2N, C d o B8 xEhamenbrhE etoradEOt be
run sati %?gt‘%g?ffgﬂtﬁ?oﬁgﬁgﬁgﬂ’%ﬁ%ﬁ%agfé‘r?te%?x%?ggﬁm%% g il': ‘For this
reason, LAREQ¥EIRNEfe! R1AA6W SHRTERe 1didiAawy, heen devised in accordance with

the present invention which allow the application prograns run in the
secondary format-to be.witten directly to the franme buffer 14.. - These
i mprovenents are illustrated in the circuit 30 of Figure 2. Figure 2 is a
bl ock di agr amRokiesieri | bestnaeethe @indows management. program must . do
this same thing for alllﬁfﬁthe appliéation-programsubeing
. displayed, it is capab1e of updatinggthé'frame-buﬁfer=14.at S
-most'only'aboﬁtﬁten times.per_secqﬁd;t‘The'applicéfion
programs in the IBM format and infofmation'such*asvlive-vided
- and- animation from otherws6urcés,fon-thé;othef hand, are
strucpured to write-diréétly-to“aqframe'buffer and expect to
be able to update the frame buffer as often és-thirty.times |
per second. If the programs of IBM format which run on the
virtual machines by the processor‘12ﬁﬁ@st'go-through the

_.window management program of the.systeﬁmlO;ftheirloutput*«

appears sluggish in operation. Some programs which require

O

very rapid-updatiﬁg;of:thg;frame~buffeﬁfCahnot-be run -
-satisfactorily through.the window ménagémentap:ogfamuat all.
For this reason,-improvements_to«thé systémﬁlo-have-been~ '
devised in acéordance-withithe présenﬁ_iﬁvéhtién‘which allow
'ﬁhe application programs;rtn inrthé-sgcchdary format- to be-
written di:ecfly to the frame buffer 14.

These improvéments“areVillustrateduin;the circuit 30 of

Figure 2. Figure 2 is a block diagram which illhstratés a.

14 -
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portion of a computer system 30 of the present invention. The system 30
includes a primary central processing unit 12 which runs a prinary
operating system The operating systemincludes a wi ndow managenment program
whi ch controls the data witten to a frame buffer 14 for display on an

out put di splay device 15. An exenplary system 30 mi ght be one of the Sun
SPARC wor kst ations, manufactured by Sun M crosystens, Muntain View,
Califarnia, which has an operating systemthat includes a wi ndow nmanagenent
program for controlling the data witten to the output display. The system
30 may be adapted to_include as a portign thereof a secong processor 17

such as t h®oRte R & LPURET SYELEPed0npE| khe| PESPEBE 1P ¥Rt Mt a C ara,.
Calif ia..The 17 1s joi. to th . .12, b | 8 d
ol a1 on- AN BLFSER G Anetighs, B BEAmaEy o HEpEF odr BEAPerAbY ontt 12° o
th bet .. Lh 7. i ' t ti

Syst em (Sudtnach velEe Biinarh cheBar3REr Evitehirs In SRALELIng PRI .,

d by the y LGl an | | | S,
o7 agr am copdl AT b End iEladie pRgE o WATon, EOREELDs (A ladee”

program espect a

assoct ati o fed o BTALERSYu sk ) FLealiaphlay SHORKBAAShe | 81 o pLpOT A

specially witten to intercept and trap the ou signals Tromthe
glr gﬁglsgorm ilcz%a{'éetwns | 8 ot iAol B0 GO VedBAOBE ! e PSign 18 1O
SPARC workstations, manufactured by Sun Microsystems,
U Mountain View, California, which has an operating system that
includes a window manageménf program for controlling the data -

written to the output display.

“The system 30 may be adapted to include as a portion @ —
thereof a second processor 17 such as the 1486'pr66ess6r
manufactured by Intel Corporation, santa Clara, California.
The processor 17 is joined éo the processor 12 by a bus 18
and emulation circuitry 32 which allows the transfer of
information therebetween. The processor 17 is arranged to

¥)' | run a secondary operating system (such as MS DOS) which
_ - controls its operations. The operating system used by the
- processor 12 may include an SDOS kernel (driver) which is a -
program especidlly designed to allow the second processor 17
to run in_aésoci&tibn with the processor 12. In effect, the
SDOS kernel is a program specially written to intercept ahd
trap the output signals from the processor 17-and translate
‘those output ‘signals provided on the bus 18 to signals which

may be interpreted by the SunOS operating sYStem.' For



may be interpreted by the SunCS operating systen1 For 15 exanple :
certain of the signals may be nade to appear to the SunOS operating system
as though they were typical control signals furnished by an application
program runni ng on the SunGS operating system. Also included is emulation
circuitry 32 which enul ates the graphics controller used in atypical |BM:
format conputer. The enulation circuitry 32 allows the processor 17 and
its DOS operating systemto run application prograns designed for the |.BM
PC format and to furnish the results of those programs to the mnndow ot

ma”age'@?éyﬁ%l Sp?:%t‘%tht RF e g’ﬁ?l%y eUR248Y 8”a% Sa?r Qr 12 so

that it na ose result n a w ndow on t put |sp ay 15

The enusahbsne %gaceaxigr %yt eiPlas RHOUGE LhRyeWeBNL§p0Eatl EYRESEL VCA

graphics contr AS. poi nted out” abové, the second processor 17 m ght

be repl 3¢gfakby fhiriltdd/ YyolanP appaiidatddn WaogrdROrohn @G MBhI ERef OF
di spl ay of by sone other source of graphics infornmation which for sone

reason sunbS &peratrhd Gyydene dimlad lindlmddde isuepuladionl eyrcAstip the
prior art system di scussed above, the basic SunOS operating systenldlrects
al | dat 32t ehibk emekstrdsdhen graphdicsp|cpntielileri usedi adow tgwpagadent
program and the wi ndow managenent programcontrols all el enents of the
di spl ay IBB. formabraenputexd | Fhe eulEmion siirsuitsynde allows the.
processor 17 and its DOS operating system to run.application=
programs designed for the IBM PC. format. and to furnish the = ;:;
_results of those programs to the w1ndow management program of
the operating system running_on_the_processor_12,so.that it
may diSplay those results in a window on the output display
15. The emulation circuitry 32 may include the elements of a
typical VGA graphics controller . As.pointed out above, the
second processor 17 might be replaced by circuitry for .
presenting live video or animation for display or by some
other source of graphics information which for some reason it

is desired to write directly to_Ehe output display. - .-

O

. As in the prior art system_discussed;above,_the basic.
Sun0$ operating-system directs all:data'tojbe.presenred,pn.
tne_displayﬂls to_its_windom management programt and the
window_management program contrbls all_elements of the .
display 15. In order to allow the IBM orjotnerﬂformat
programs to write directly to the frame buffer 14, there.are
.at least two major problems'whicn must be solved._ First, the

processor 17 in writing data which is to be displayed _'



prograns to wite directly to the frame buffer 14, there are at |east two
maj or probl ems which nust be solved. First, the processor 17 in witing
data which is to be displayed . 16 furni shes addresses for that data

whi ch are chosen to present the data at the correct position on an output

di splay which is of sone standard IBMformat or other format which is not
the format used by the operating system For the purpose of this
description, it will be presunmed that the format in which the graphics
inforjmation is furnished is the VGA format of 640 X 480 pixels; it mght be

i di gpl { d fof | 1 d
Zi‘%o?éaﬁie WFERATHRES F%‘é%ﬁ?f%%? B e SosE %‘Zﬁhr?ﬁreea&w%%w“éﬁs By ePg
. . e ot Hak . i
P02 piwel 5. CherSatfiE Hie ARG BRI of of depd QTR Prathy ",

i ndow of 't hes GpPPLaNe st MESER! 1B E0ARat WY IHEY -£4AMAC AN s BoBYS! CM

30 for acconplishing this nust provi one neans for converting the pixel

addresses pregenkSemhe @Qeé%f@ﬁ%pé?aﬂﬁ@'s%&@.Ss%thﬂg budpdsadew i n
a Sun format. This is acconplished in the présent invention by Circuitry

in an enmul at tRsnBdsEeigisny SOf HIBL pavirdb el thie fvtedatodal ity of
t he wi ndow managenent address translation systemof the Sun OS-operating
systen1 which the graphics informatipn is furnished is the VGA format
of 640 X 480 pixels; it might be any other display format,
and a number of.forﬁats may all be used in accordance with
this invention. On the other hand, the output display is
presumed to be in some Sun format which might display, for
example, 1152 X 1024 pixels. The output of the application
program is to be displayed in a window of the_display 15
_ presenting ﬁhat Sun format. Consequently, a sysfem 30 for
accompiishing this must provide some means for converting the
pixel a&ddresses presented in an IBM format to pixel addresses
within a window in a Sun_format. This is accomplished in the
present inQ;ntion by circuitry in an emulation module 32 and
St software which augments the functionality of the window
management address tfanslation system of the Sun OS- operating

system..

The particulars of conversion from the IBM format VGA
addresses to SunOS operating system display addresses are
- well known. As pointed out, this conversion is normally -
. _handled by the window management program of the Sun OS

operating system. Basically, the VGA addresses-provided by

17



The particulars of conversion fromthe |BMformat VGA addresses to SunGCS
operating system display addresses are well known.. As pointed out, this
conversion is normal ly - handl ed by the w ndow managenment program of the
Sun CS operating system Basically, the VGA addresses provided by 17 t he
processor 17 are |linear addresses in a format in which each address is
represented by a value (640 x X) + Y, where X is the horizontal row of the
display and Y is the vertical colum of the display at which a pixel is~-to .
appear in the particular IBMformat. Each such address is converted towfl

di spl dd 1152.x X) &Y ' is she horizantal rquw.of the .

i ol ay B PERLeEtpRoLY F7 Tiveay' HidedSeed 4% MRLANUH FOCT L PC,
i h Thi i t : _ _ .

T ofariBadiess? o rep Oocntll s Ve e O(OIC BE ) DO Ve X i ol ay

of the SuSteR 8QribntRe RbEUoPUine tdis &drid OF ¥ QRS Svert f0ahl known -and

is not by itself the subject of this invention. For the particular exanple

gi ven heiAuih ¥t kBY beepRhy PAPOARMRN % ASL4e1 ald tyo aippdur Y@ ther mat nust
al so be handl ed by the conversion.circuitry used in the enulation

ar r angegRiticicular JEMO formats ertath auctodeddoéss hiss \Edhverteat ticaad ot her

| BM format prograns), a single address and data are provided for only the

first ofdispdlty laddsmssaddisgsesXal + Y' where X! is the horizontal
row of the display and Y' is the vertical column of the .
display at which a pixel is to appear in-the Sun format. ::
This address is also offset, however, by additional X' and Y’ -

values which position the window on the output display of the

system 39,  As pointed out, the conVe:sion process is well.

known and is not by itself,theysubjéCt39f_this-invention.-“

For the particular-éxample given here of an IBM format
_progr;;;'a peculiarity of ﬁhe”VGArfoimat mu;t-aléo be handled
by the conversion circuitry uséd-in_thefemﬁlation
_ arréngement. In_various.presentaﬁion.modes of the VGa fqrmat

(and other IBM format programs); a:singie:address-and data. i‘d
are provided for only.the_first Qf ei§ht'linear addresses at _ ';
. which pixels are to be placed. :n the IBM format program,

the address is the first address for eight sequential pixels.
Tbe data in the IBM format program appears as a.single byte - -
of information which is sufficient using.the-various =
translation techniques available to furnish pixel values for

. -the eight sequential_pixels_addiessed;“-when the single . - -

address is converted, it represents the'actual'adaress-éfx

18 - -
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whi ch pixels are {o be placed. In the IBMformat program the address is
the first address for eight. sequential pixels. The data in the | BM format
program appears as a single byte- of information which is sufficient using
t he various translation techniques available to furnish pixel values for

t he ei ght sequential pixels addressed. When the -single address is
converted, it represents the actual address of only the first pixel of
the eight and nmust be increnmented to provide the addresses of the follow ng
severn_pi xel s in the sequence. Meanwhile, the data representing the eight

i xel s coded, in the_single, byte associgted with the address are converted
by the em@BAY orRE; FEEFE BixE} A% dhe shahs; @ng st he,daczenested £0pi cal

of the VGA forpat).,one.representd e of .the pixels,in.the sequence of
oi ght. pi xPESYASP nEPE HEOLERRAER Bt (T ARd Qudndr REYER. BRE L0 R BIE val ues
nmust then Q%T&ggggrted-by means of a color | ookup table to-an eight bit

val ue (whiC s the normal value used in the Sun systen), and each ei ght

bit pixel be witten to the frame buffer as the addresses in the sequence
are counted out. In other nodes of the VGA format, eight bits of data and a

singl e address yRRRGRENE, Arhé da€a Piepes¥ht ity Al dohtIIPikd 1y Bae@St
al so be presented on the display. Al of the foregoing are typical
translatiopa ehel Bihgle byte associated with the address are converted
by the emulation circuitry to eight four-bit pixel values
{(this is typical of the VGA format), one representing each of
the pixels in the sequence of eight pixéls-having the same.
starting-address.. These eight four-bit values must then be |
converted by means of a color lookup table to an eight bit
value (which is the normal value used in the Sun system), and

each eight bit pixel be written to the frame buffér as the -

addresses in the sequence are counted out.

In other modes of the VGA format, eight bits of data and
a single address represent a single pixel on the display.

St This format must also be presented on the display.

All of the foregoing are typical translations of IBM
format to Sun format in order that the information may be
presented on a Sun display controlled by & windows management
program of the SunOS operating system. The translation
mechanism is merely moved to emulation circuitry 32 and -
software running on the processor 17. However, because the

conversion of addresses takes a substantial period of time
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format to Sun format in order that the information may be presented on a
Sun display controlled by a w ndows nanagenent program of the SunCS
operating system The translation nechanismis nerely noved to enul ation
circuitry 32 and software running on the processor 17. However, because the
conversion of addresses takes a substantial period of tine 19 wher ever
it is done, the SDOS driver of the present invention is used to acconplish
the transl ation of addresses fromone format to anot her before any

i ndi vidual translation is required. Essentially, the processor 17 runé~¢he

SDO5 A \Midr S VB & e Irdneonly 604680THS! ERECHBBENEC I URC

systens = coul e run € processo recetl ves *OI’ mat i on

regar di ngy the 4 15y d b SH S&}l@mneuaekuﬂl as Bedrkksks Eeomeoﬁé' pped)

fromthe window managenrent program SDOS driver creates a

St UCt Ur o ia tTBY® dndthdhi BEdNe é@drﬁmv@aa&@r &tcaasqatgaahinA address to
a display address has already been acconplished. This data structure .

includesreqeivéds weseriaEbe) fliX@rozedsess 17evany thehsbogddegeerwhen
ei ght pixels are included with a single address wi thin the w ndow provi ded
- by the vwsofiowmarendgeisndr prexy el clEarinmundicat eso bétiveenudbe amwoaddr ess
within the wi ndow for each VGA address which may be furni shed by the

appl i cat spstemegeanid &hed herunidreddeppovicgssory 12ie whichereopivas
information regarding tﬁe window to be diSPlayed«(includingh- -
how it is to be clipped) from the window mahagémentlgﬁogfém:— o
The SDoS_drivérIe;¢ateS a data structure in memory in.which.
the add;ess_conversionaof_each VGA address to a display -
address has already been accomplished. This data  structure
includgs_a_statusﬁwo:d_for-éach pixel~addréss.(every eighthw
address wheh,eight_pixels are included. with a single addr;SS)
within the window provided by the window management progf;@;'
Each status word includes an address within the window for
~each VGA ad@;ess:which may be furnished by the_appiiéation'-
Pfogramf Each VGA address provided by.the-précessor~17 o
points to a_spatus'wqrd in the data structure. The status b
word includes a_frame buffer address already converted to
place the pixellat the approp;iate display addressﬂwithin the
windt_)w ._using the __s_tanda_rd conversion fqrmula_e. -.-Con_seq'_uentl'y
no time coqguming conve;sion needs to.oc:uraﬁhenleéch-VGA-~

address is presented by the processor 17; merely a simple

~ lookup needs to be_accomplished.;



points to a status word in the data structure. The status word includes a
frame buffer address already converted to place the pixel at the
appropriate display address-within the wi ndow using the standard conversion
formul ae. Consequently no tine consum ng conversion needs to occur when
each VGA address is presented by the processor 17; nerely a sinple | ookup
needs to be acconplished . 20 -- In the preferred enbodi nent of the

i nvent.ion, the status word consists of thirty-two bits. A representation of
such @@ status word is shown in Figure 3. Twenty-four of these bits are used

f the f buf f er, ad d_eight bit i

the cight pivel & SEdnTigr g arollinet, Be, S SHYanERhy AngCphERus "
Thus, | 1y | t 4t 1.QI ti. el | ngdj t hat
oar 1 cul ar ST IRE] of B e RIRER | A0 rRed ek Eac Lo L B e

w ndow on %ﬂig}ﬁ%% I&&gq@_gmﬁengi_caﬁ%m«% Bl thesd apiPs xel

represente Is to be witten to the frane buffer. In this manner

the over| apidiGffd W Qe Ot dnte plifFRIrA% e s @A ledlghedbiven writing
directly to the frame buffer, an IBMformat address is provided for eight

sequent i al fipwdSerdty hd¥k tngrecassfok/ thel @ight igixdls adgresentaddpya
byte representing the information for each of the eight sequential

the address in the typical VGA format. ' Thus, a one in a mask
bit position representing a pixel may indicate that a
particular ﬁixel is masked (obscured) by the data presented
within anothér.window on the display while a zero may
indicate that the particular pixel represented by the bit is

to be written to the frame buffer. In this manner the

_overlapping of wiridows on the display may be controlled.

" When writing directly to the frame buffer, an IBM format
address is provided for eight sequential pixels by the  —
processor 17. Along with the address, a data byte

) representing the information_for each of the eight sequential

o pixels is provided. The data is converted by the VGA

emulation circuitry 32 into eight four-bit pixel ' -
representations (see Figure 4), and the address is converted
by the emulation;circuitry 32 using the data structure to the
address indicated by the appropriate status word (Figure 3)
for the.fifst.of the pixels. With the address, the status
word furnishes the eight bits of masking information for the

.eight pixels. The first pixel position in the frame buffer

15 is addressed, and the first four bits representing a pixel

- 21
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pi xel s is provided. The data is converted by the VGA enulation circuitry 32
into eight four-bit pixel representations (see Figure 4), and the address
is converted by the emulation circuitry 32 using the data structure to the
address indicated by the appropriate status word (Figure 3) for the first
of the pixels. Wth the address, the status word furnishes the eight bits
of masking information for the eight pixels. The first pixel position in
the frane buffer 15 is addressed, and the first four bits representing a
pi xel 21 are converted to an eight bit pixel. value. |If the mask bidis

a zero, o 1he A Aidy Wd e it B PiiSlerdddngas | Rt Dol hADR By fer.  The

convert'eacf% rame dress s I Ncrenent e y.- one, second

four it of £Ba, A MU0 Uit RiXghayabiein thet he second

mask bit"1s a zero, als witten'to thé increnented address in the

frame buifgfe pifesk! hefndRtnvirt d fran@ busifes dabsess pBsenerd by .
anot her w ndow and is not witten to.-the frame buffer. This process

cont i nuesndFémerifed NSy GIRGUAIRE the idecoridEcrigblitei v€l daBacag¥haust ed, and
anot her address and its associated data are furnished by the processor 17.
I't wi'll dsnvecoedi gecan halighthdiits piofela widhee St Mfctheesasoddsmasked in this
specification allows the very rapid translation of addresses fromone
format tmitanbs herzéecausee data is written to the incremented address
- : in the frame buffer;. If either mask bit is:'a one, the data:
is,obscured.by another ﬁindow'and'is not.written to the frame _::
buffer. This proceSSJCOntinues.through-the;seéuence-untilfz
" the eight pixels are exhausted, andianoﬁher:address and its
associated data are furnished by;thg,piocessoi;17; -

It will be recogniged that the uée of a data'structure
as described in this specification ailows the very répid
translation of addrésses-f:om one.formatIto_anOtherébecause-
it does not_:equire that the translation formulae bé-appiied
_to_éagh pixel as it is furnished-by:thefproéesSbr 17. - .
Moreover, the data structure allows any of-tﬁeQIBM formats - ka
(or formats of whatever computer.displéy;8ystem-is producing
the addressé;) to be translated by simply seiecting;thé_:;
appropriate formulaé-for the pértiéu}ar translation. If.the
_particular aPPIiCatiQn program is produciﬁgtaddiesses inUCGA'
format rather than the VGA format, thén dnlnyZOfpixels-occur
on a line of the display and only 200 lineé-appear on the .

- display. A set of formulae_for-this'translafipn is selected

in initializing the emulation module 32 for the particdlar

22
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it does not require that the translation fornulae be applied to each pixel
as it is furnished by the processor 17. Mreover, the data structure all ows
any of the IBMformats (or formats of whatever conputer display systemis
produci ng the addresses) to be translated by sinply selecting the
appropriate formulae for. the particular translation. |f the particular
application programis producing addresses in CGA format rather than the
VGA format, then only 320 pixels occur on a line of the display and only
200 | knes appear on the display. A set of fornmulae for this translation is
selected in initializing the. enulation nodule 32 for the particular 22
appl i cat i on §RRIGkeRE A PHegFamhandavhed: thet dasaj stepehnee by ¢FRatsshiby
driver, these fornmulae are used to provide the status words,  An additional
advant age ofthehSROD: fiyersn thessnforandae, frenssereEenPreRiSat¥Rf is t hat
a data structure may bg created and stored in nmenory for each indivi.dual
applicationﬁﬁ%ﬁﬁ%uﬁ%ﬁé%m;run on the processor 17. In this manner, all of
the I1BM format prograns may be witten directly to the frame buffer 14.
However, the data structures by thenselves only solve one part of the

Donever, prou: o SRR, S AURA O e Htags Ao TIRYe
how . by the present invention is that a data structure may be '
created and stored in memory for each individual application
o program being run on the processor 17. 1In this manner, all
of the IBM format programs may be written directly éo the
frame buffef 14. However, the data structures by themselves
only solve one part of the problem, how to accomplish the
translation of addresses rapidly. They do, however, provide
the vehicle for solving the second part of the pfoblem, how
to keep the application programs in IBM format from
interfering with each other and the other programs on the

display 15.

‘It will be recégnized that by placing the masking bits
for each of the eight sequential pixels with the address for
the first of those pixels in each status word, all of the
necessary elements to allow the IBM format program to
cooperate with the other elements of the screen display are
provided. This is true so long as the window position'of.the
'IBM format program does not change and no other window moves

- ¢6 obscure ‘it or to remove obscuring pixels. When these

thihgs happen, the data structure must be reconstructed to
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to keep the application progranms in IBMformat_ frominterfering with
each' ot her and the other prograns on the display 15. It will be recogni zed
that by placing the masking bits for each of the eight.sequential pixels
with the address for the first of those pixels in each status word, all of
t he necessary elenents to allow the IBMformat programto cooperate with
the other elenents of the screen display are provided. This is true so |ong
as the w ndow position of the IBMformat program does not change and no-,

ot her wi ndow noves to obscure it or to renobve obscuring pixels. Wen thgse

t hi h ) onstructed to 2 h “th
L1 nge, naRaRe LHE E5hfeAL LTINS I AL SN URLERS QoPs (afdTnS", IS
|1 Lhe WoBdQbIYVERS fisknd B {MEHESIbW dovdd) FTRoCLREAGY! NOOW
noves and changes the clipping necessary. It wll be appreciate hat the

reconstr ugki AAskQhgt et daif Séhel GtHer WMAHEE AR YN IchanYbs Nehbe wi ndow
managenent program of the operating system As pointed out above, the SDOS
driver islippihgunkedssaryhatIt hel NS el idted tHaemeaed its w ndow:
managenent programtreat the IBM format programrunning on the processor 17
as ner ekrgcanstirect hppl of athendaro grtamanoss dMeyniides adoperatdienl ay t hrough
t he wi ndow managenent program |In orderto B :

with the window management program of the operating system.

As pdinted_out above,_the,SDOS-drivgr,is constructed so
that the Sunos_operating_systém'and its_ﬁindow-management;
prpg;am_ﬁreat.tpe_IBM format'prog:amﬂrunning_on_the proce#sor
1jfasjme;e1y another application program accessing the output
_display_thrqugh the window managgment,ﬁrqgram. In ordé;ito
accomplish_this,_the-SDOS driver (the_SDQS_ke;nel).responds

to the wihdgw_management p;pg:gm_in the same manner as woﬁld

an_application program so that the window'ﬁanagement program.
of the Sun0OSs operating system is in complete control of the
placemeht of windows on the output display. When the ) _
processor 17 signals that it has an IBMTférmat p:ogrém which ;;;
it_wishes to run in a windqw,';he_y;ndow”ménagement_program

sets up and asSighs the Qiﬁdqw structuré'to the IBM format =

program.

- The window management program keeps track of the window
structure assigned to the IBMIformat.prog:am_in;the.samevway
~ - it keeps track of all other window structures assigned to -

che:'programs._ The window management¢p:qgram:signals‘the



acconplish this, the SDOS driver (the SDOS kernel) responds to the w ndow
managenent programin the sane manner as woul d an application program so
that the w ndow managesent program of the SunOS operating systemis in
compl ete control of the pl-acenent of w ndows on the output display. Wen
the processor 17 signals that it has an IBMformat programwhich it w shes
to run in a wndow, the w ndow meanagement program sets up and assigns the
wi ndow structure to the | BMformat program The w ndow nmanagement program
keepsi track of the wi ndow structure assigned to the |IBM format programi n-

ch ! . .
© same Wa?f;#sofs ‘%ﬁﬁlgfevé %g%&i% 8h' tRLNSEo XL BARY ibrﬂﬁierﬁl} %zﬁid&lg%gsé)

ot her progr nagenent® program si gnal s t

driver runniﬁ&rpgééﬂ%rpqr Q&%S%QEnlzhEQaEhé hemWhBEeY Raaubeesr saie Wotaank
furni shes the enmul ator nodul e 32 the details of its wi ndow including the

portions of dhe ¢ NEHMWIGk1a8EnGOtHE porbReAs dEethBORindow aihictesatei s
information to build the data structure for the area assigned for the

wi ndow and si@nss élspednt a Thier BDLBI drivesreusey. this pnfoessiuion ta hen
starts to transfer the VGA addresses and associ ated data to what it

bel i eves i s B3 dothe addter stemotyraddoestbe. aneal asisignpd S theirebrdew are
transl ated by the ermul ator nodule 32 to frame buffer addresses; and the
enul at or nodamd $Pores that data structure in memory. The processor 17
| then starts to transfef the VGA addreéses and associated data
_ to what it believes is VGA controller memory addresses. In
et fact, the VGA add:é;ses are translated by the emulator module
32 to frame buffer addresses; and the emulator module 32
starts transferring the IBM format program data (translated
.to eight bit q;fa by the standard conversion process) to the
addresses specified by the status words of the data

structure.

Not only is each pixel transferred to the frame buffer
14 in the manner described above, but a Seﬁérate set of data
Kaé and addresses representing eaéh pixel is sent at the same
time (or earlier in the preferred embodiment) to be §#ored in
an area in shared memory reserved foﬁ the IBM format program.
The pixel data is always wfitten_to this shared memory
regardless of the contents of the mask in the data structure.
In the preferred embodiment of the invention, this shared
" memory stores the pixels in the four bit per pixel VGA format.
discussed earlier and illustrated in Figure 4. This separate

block of memory allows the IBM format program to accomplish
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starts transferring the IBMformat programdata (translated to eight bit
data by the standard conversion process) to the addresses specified by the
status words of the data structure. Not only is each pixel transferred to
the frame buffer 14 in the manner described above, but a separate set of
data and addresses representing each pixel is sent at the sanme tine (or
earlier in the preferred enbodinent) to be stored in an area in shared
nmenory reserved for the IBM format program: The pixel data is al ways
witten to this shared nenory regardl ess of the contents of the nask,iﬁzkhe _

data structur,e. .n the, preferred enbodi rent of, the i.nventiqn.. this,.shared
menory sfSFggﬂPﬁé‘QH( §'§f€e-i?¥"?‘f~é“r°dlﬁ Yt t %régpti'%(gq \?%Ag{gb(r%%yegi'scagsed
earlier and_il | ustrated i Fi hi g \aral e, (o] nory all ows
tﬂe | BM flc%r #31‘ 'opiltgﬁraaﬁ?t%ﬂ%céc%&rrgpl |€%1ve2gmé I?%%/%Dfﬁ’gf vvr_itt fghgger ations on
t he data : | SREGY8Hean] ddad | £ Gy 458k BYh e & O idoWE L st '

reconstr 3(%'((% p?ﬁ'ecg g?%%%iyggsr’ a%%,e%?iéxgli%d i n g&hvx% th(?'ow V\helgﬁoﬁgtlswﬂﬁggevpi S :
moved t0 ¢ NWPostit 28n 08n t16e BBkt CaEepBYy. | N the neantime, the wi ndow

managenent program nonitors the entire w ndow structure including the
portions of w ndows which overlap one another and indicates. when the data
structure of the present invention needs to be updated. _

‘In the meantime, the windOW’management program monitors
the-entireﬁwiﬁdow structure:includingfthe-portidns of windows
'ﬁhiéh overlap one another and_indicéteéewhen'the data :
structﬁre'of the.pfesent'inVention needs'to be updated.
Wheﬁe#gr-any window is moved, the Qihdcw*management-program
consults the overall window control ‘structure it has created.
" I1f the: window in'whiChuthe_IBM fOrmat-pngram is running is
"involved in the window movement,:the*window ﬁanaéement

“program sends a.signal to the drivé;;yorking with the
emulator module 32 running the IBM format program. This
_signél-cutsfoff the operation by which the IBM format program
writes directly to ghe frame buffer and to the shared memory.
The windoﬁ‘management program then assigns the new window : ;‘J
structure and informs the emg}ator module 32, providing._ -

— : information régarding the position and clipping.: Given phé

new wiﬁdow positions, the SDOS driver.reconstructS'the data
structure for the IBM format program so that the window -

. addresses are'correct and so that the masking bits for each
sequence of pixels associated with each address aré correct.

- When the window movement is completed, the window management

program signals the driver running on the processor 17;wand.

26



WWhenever any wi ndow i s noved, the w ndow nmanagenent program consults the
overall w ndow control structure it has created. If the window in which the
| BM format programis rvrunning is involved in the wi ndow novenent, the

wi ndow managenent program=sends a signal to the driver working with the
emul ator nodule 32 running the IBMformat program This signal cuts off the
operation by which the IBMformat programwites directly to the frane
buffer and to the shared nenory. The w ndow nmanagenent program then assigns
the ngw wi ndow structure and inforns the emul ator nodul e 32, providing

i nformati on regarding t he position and Clipi'ﬂk? G ven the new wi ndow
posi ti ons, thacempERtaF jfefule 4 hen sianpl 3 dihe JIBM ormats Brogram B

format program so that the w ndow adqresses are, correct and so that the
maski ng bigggi"ﬂr"‘égﬁﬂngeﬁ%e‘m% ang iﬂ?éfsefsﬁﬁﬁjél'ed with each address are

correct. Wien the w ndow novenent is.conpleted, the w ndow nmanagenent
program signals the driver running on the processor 17, and 26 t he

crul et or o0 SpIgURICS ZhO7Hiok "end Bl LB BOYAD LRNH W S0, Lo
ouefor SATHEIR 50 4L10AG AP Bindt prai) oG er e
on the.pfoﬁﬁﬁﬁ@rb$§fékgﬂi|§r6ﬁetﬂ@f§¥8555sor 17. As may be seen, the
SDOS driver running.on the processor 17 signals the windows -
management program that an IBM format program is to be
displayed. The windows'managemeht program sets up the window
and signals the driver the position of and the clipping in

the window. The SDOS driver constructs the data structure
including the status words for accqmplishing the address
translations into the format being displayed. The-emulatof
module 32 signals the proéeSsbr, and the processor sends
addresses and data in IBM format for disﬁlay. The data is
translated in-éccordance with the particular IBM format into
;ixel data. The addresses and data are sent to the windows
management program for storage in shared memory and to the

data structure for translation to addresses in display

format. ﬁhen translated, the data is written directly to -

translated addresses of the frame buffer 14 for display.

If the window into which the IBM format application
program is being written is affécted in some way by window
movement (either of that window or another window), the

window-management-prbgram signals the driver running on the
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managenment programthat an IBMformat programis to be displayed. The

w ndows nmanagenent program sets up the wi ndow and signals the driver the
position of and the clipping in the wi ndow. The SDOS dri-ver constructs_ the
data structure including the status words for acconplishing the address
translations into the format being displayed. The enul ator nodul e 32
signal s the processor, and the processor sends addresses and data in | BM
format for display. The data is translated in accordance with the —
particular IBMformat into pixel data. The addresses and data are sent g

t he w nd eggnt Lor, 1.0 Sh : r t he data
structur§w§8§§?§gngﬁétigﬁeg%fg%%€é22$3’?%E%PE%?2§£ﬁ%Fggggayﬁﬁggc%g§ﬁs[ated;
the datafoy whgre@8 €rafSiaYidR dXANNEICFLRLFELSSE Ydtla [tRF thed™ buffer 14
for display. If the window into which the IBMformat application programis
bei ng w shaged meabkgCt efhé N'wEAAEW Y\ aiagdheo VHFEYRIE theei t her of that

w ndow or anot her w ndow), the w ndow nmanagenent program signals the driver:
runni ng oepblsdtidns theopesticular wiidow, i wpdatdédptd hdndés@. of the data
structure for address translation and the transfer of data to the shared
menory. cohgrailndtwectanegeardtppovidesn imformapion tiothe eipert i cul ar
wi.ndow, updates its wi ndows. control structure, and provides information to
t he driv&egarding the window position and clipping. The SDOS driver

reconstructs the data structure, sigga;s'thg_processor 17, .

and begins_t:anéiati@giaddresse§_uses_phe'new déta stxuctuie;” ...QJ
Although the.prﬁsent'invention has'beep desCribed:in.__

terms of a preferréd embodiment, itgwill be ap#reciated that

variousﬁmodificatidns ahdjg;;eratiqhs @ight bg.made by those

.skilled in_thé art'yithoﬁt depaftin§ er@ the s?ifit and

scope of the invenﬁiqn.  ibe inyeﬁtiog_S#Quld:the:efore:bé

measured in terms of_the”claimg_which_follbw,

C
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fegardi ng the wi ndow position and clipping. The SDCS driver reconstructs
the data structure, signals the processor 17 and begins translating
addresses uses the new data structure. Al though the present invention has
been described in ternms of a preferred enbodinent, it will be appreciated
t hat various nodifications and alterations m ght be nade by those skilled
in the art wthout departing fromthe spirit and scope of the invention.
The invention should therefore be nmeasured in ternms of the clainms-which
foll oy 28 CLAI M5 1. A nmethod for witing directly to a frame buffer
providing signals to an output digpggy in a conputer system having a
processor running a w ndow managerent— program control ling the furnishing of
data to the frame buffer, and a source of graphics data for display on the
out put display conprising the steps of providing a signal indicating that
graphi cs data fr,om BhmethotcEorSwirdthagdaipeaydd, t6 e tfrgneiovf Féxdow f or
the display of the graphics data fromthe source under control of the

wi ndow mapagereingpsdégnahs sogaal dutiput hdisplayeimfa gromplutesr datstenhat t he
wi ndow exi sts and providing information regarding its position and

~ cli ppi ng, heatingng @pogedacn zunningra windoHemahaghmentn@Enedinag a frane

buf fer address and cligping data for each address to be
controlling the furnishing of data to the frame buffer, and a

source of graphics data for display on the output display
comprising the steps of providing a signal indicatihé that
graphics data from the source is to be displayed,.sétting up
a window for the display of the graphics data from the source
under control of the window management program, signalling

+  the source of graphics data that the window exists and
providing informatiqn'regarding its position_an&_ciippinél
setting up a data structure for the window incl&%}ng a frame
buffer address and clipping data for each address to be-
generated for displaying the graphics data furnished by the
source in the window constructed, agd transferring the

\/ graphics data from the source to addresses in the frame

buffer pointed to by the addresses in the data structure.

* | B A R A
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generated for displaying the graphics data furnished by the source in the
w ndow constructed, and transferring the graphics data fromthe source to
addresses in the frane buffer pointed to by the addresses in the data
structure. 29 111111 11111 11111111112 * .C L M & * 2. A net hod
for witing directly to a frame buffer as claimed in Claim1 further :
conprising the steps of stopping the witing to the frane buffer when the
wi ndow for the display of the graphics data fromthe source under cont el
of the w ndow managenent programis affected by any other w ndow controhed

by the w ndowpnanagepRghoB! @Qiamr:l'iﬂﬁﬁga&%@@i'l?gtotQeffigrﬁ@ Bl f £ Uéﬁet o

reflect -the way in which the w ndow i , and restarting t

transfer 6 jmeaPRhCE188ha1f £QPLALE EOMPEEsiRg HEHK E9SESs df stidipidame |
buf fer pglnged to by the addresses in ?hesre%onstructed daf% struéfure 3.

A- et hod ¢her wiitingotdi Rt E¥ahne Buffapewhehl €he asigdou NSk ithel aim 1 in
whi ch the step of Setting up a data structure for the wi ndow including a

frame buidisplagdo€sshendraphppsngatat 8rémr thachomtics ansdd® duntgsieres ed for
di spl ayi ng the graphics data furnished by the source in the w ndow ;
const r uctede cdmdowsmanggenent i pgogrdmt ésmfdecbﬁqbrbmm tdicher antndny f er

address and nasking bits for any data to be
controlled’ by the ‘window management program, reconstructlng
the data structure to ref;ect.the way Ln»whlph the window is:
affected;.and restéftiné?éhéwt:anSfei Ofmgraphics data. from
the source £0"addresses.in_the.ftamg'bufferipointed to by the

addresses in.the reconstructed data structure.

) 3;' A method for writingzdi:ectiymto.a frame buffer as
claimed in Claim l-in—which the step of-seﬁiing ub a data
structure for the wiﬂagw includihgwatframe_buffer-address;gnd
ciipping datavfoi-each.address'tO-bevgeﬁerated-for displaying
the graphics=dafa.furhished by the SOurce-in the'windom
construc{éd comprises generating a_daté_mmrd comprising the
frame buffer address and-maskiag-bitsmfdr any data to be - A
stored at the addresé indicating whether the data-}s to be:

displayed or not.

i



stored at the address indicating whether the data is to be displayed or

not. 30 4, A nethod for witing directly to a frane buffer as cl ai ned
in Caim3 in which the step of generating a data word conprising the frame
buffer address and masking-bits for any data to be stored at the address

i ndi cati ng whether the data‘is to be displayed or not conprises generating
a single masking bit for each address to which data is to be witten. 5.

A nethod for witing directly to a frame buffer as clained in daiml
furtheesconprising the step of witing the graphics data fromthe source

remory to provige | nhORGRRLANEYD! G4 0TG ey JRILEY! A o Folndhian A e the

source of graphi s dat a. or ~Wwr I'rec % ane

buf f h
irst prOgiéjm@dshgr@igﬂ%%%n%ﬁag%g%%ogra contrg'lgl Igyag?Q SR

first processor running a wn ar ni shi ng

of data fupdt@hesmpridind the (Ardmd Buridie Jd&f@s@‘gﬁ@rmas@ﬁ%gab%@éo%r

processor running application programs in a second fornmat for di spl ay

conpri si NdahPedst &Pco Obe PEONEEH Nk X ¥5é HHdré SWli Tradi it friiptwhd neRPkheat i on
program

data is to be displayed or not comprises generating a single

masking bit for each address to which data is to be written.

5. A method for writing directly to a frame buffer as

- claimed in Claim 1 further comprising the step of writing the
graphics data from the source memary to provide information
which may be manipulated for display by the source of

~ graphics data.
{\/
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runni ng on the second processor has information to be displayed, setting up
a wi ndow for the display of the application programrunning on the second
processor under control of the wi ndow managenent program signalling the
second processor that the w ndow exists and providing information regarding
Its position and clipping, setting up a data structure for the w ndow
including a frame buffer address and clipping information for each address
to be generated for displaying the application programrunning on the _
second processor in the wi ndow constructed, and transferring data from4p

e
7. A O _ I . 4 . .
T AP Stk BeLEAdS B btoRuede it O ol m 6

further *conprisi eps of stopping me buff er

when t hs,. f 4 | ~SIRle@Y ; aRPLls a0 [ ' on the
Ghath Vi THfy epfi’:lc%%slaé 2hnhBfg’ th'l bl HaH&%&ﬁé’:{E _ #gﬁﬂ%

second procesSor ‘under “control of the W ndow managenent. pro i's affected

by any qtdirrdi DoQy S fined oY ahbe WuRdaWhERN3aeaeR r ¥ O Al to ;
reconstructing the data structure to reflect the way irn which the window is

 affect echnaNeramstmit i, 4R tar setbad prodeisact @hhiRg adRdil iadt ioh pr ogr am’
~running on the second processor to addresses in the frame buffer pointed to
by the ostsgsses im 4 heedabifoirmatt €drdalizplay -comprising the steps .
of providing a signal indicating that aﬁ'applicatioﬁ'program
running on the:second_processor_has-informétion.td,be.
displayed, setting up a window for the;display”of;the_
applicatioﬁiprOgram runnih§ on the second.processor,undgr_>£H
control of the window management-program;'signallinglthe.;
second processor that the windoﬁ exists and providing . .
information regarding its position and ciipping, éetting up a -
data structure for the window including a frame buffer
address and clipping infbsmation fdr-each address to be.
generated_for displaying the application program running on
the second processor in the window constructed, and _
transferring data from the application.program running on the \u;
second processor directly to addiesses in the frame buffer

pointed to by the addresses in the data structure.
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structure. 8. A nmethod for witing directly to a frame buffer as cl ai ned
in Caim6 in-which the step of setting up a data structure for the w ndow
including a frane buffer address and clipping data for each address to be
generated for displaying the application programrunning on the second
processor in the wi ndow constructed conprises generating a data word
conprising the frame buffer address and masking bits for any data to be
stored at the address indicating whether the data is to be displayed or
not. 3* C L M S 9. A nmethod for witing directly to a frame
buffer as claimed in Claim8 in which the step of generatin a ggta wor d
conprising the ftanme dugthod dipe ¥ dnhodigeny o €0 Poifréﬂg Butfero2Be

stored at the address indicating whether the data is to be gi%%%%ged or not
conpri ses geyimed nbp £1&1%y % fRrbher comPrAsing the  8HPRE O o H'Yata is

to b itten. 10, , A nmethqd f Lt di t to.a,f buf f

cl ai med 1 n O W 451 (e R fAnE RN S5 SPeWFHOIRG TRE B4 from t he
licati i ng t t i d

PFor mat | o kLAY 1 G b ake EROSRE EHhe) fn "EHE Yabnd 00 CF

;34 | %%%é%%&gngﬂéégjégéégol of the window management program is

affected by any other window controlled by the window

- management program, reconstructing the data structure to
reflect the way in which the window is affected, and -
restarting the transfér of data from the application program
running on the second processor to addresses in the frame
buffer pointed to by the addresses in the reconstructed data

structure. . S

8. A method for writing directly to a frame buffer as
claimed in Claim 6 in-which the step of setting up a data B
structure for the window including a frame buffer address ;hd
clipping data for each address to be generated for displaying
N the application program running on the second processor in
the window constructed comprises generating a data word
comprising the frame buffer address and masking bits for any
data to be stored at the address indicating whether the data

is to be displayed or rnot.

* c L N 'S *
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* C L M S * 11. Apparatus for witing directly to a frane
buffer providing signals to an output display in a conputer system having a
processor .runni ng a wi ndow managenent program controlling the furnishing of
data to the frame buffer, and a source of graphics data for display onthe
out put di splay conprising neans for providing a signal indicating that _
graphics data fromthe source- is to be displayed, neans for setting up a
w ndow for the display of the graphics data fromthe source under contrgl
of the wi ndow managenent program neans for signalling the source of
graphi cs data that the w ndow exists and providing information regarding
its position9nd & meshed fasansitbpasdireatlypta Yfxamg Mndiate a%r t he
mﬁndOM/incIuding a frame_ buffer address and clipping data for each address
n .

to be gehdimeddinoflaiBpPaid ghick HhethieR AiPneratiidged B¢tehe source in

the SourBES; GORBELESBatRR FRENF  BHEETt I ARTE T (R T NAPY R CRadPEeses | n

but for 88¥cPEFRoGS hecPEPRPd18F ot Eherodthad | Aot Shstrs Bk 0 e
data-is~to-be'displayed.or-nqt.cbmprises generating a single .
maskin§7bit forieaéh address to which data is to be written.

10. A method for'writing-direggly.tofa frame buffér_as:"._.\“)
claimed in Claim 6 further comprisingﬁthe step-of writing the
data from the application p:;o'gra'n_l'--runn'ing 'o.n:th'el- second
processor to memofy.to provide information which may be
manipulated for display by the sécond prqéessor.
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ww?ting to the frame buffer mhéh‘thq wi ndow for the display of the graphfcs
data fromthe source under control of the w ndow managenment programis

af fected by any other w ndow controlled by the wi ndow nmanagenent program
means for reconstructing the data structure to reflect the way in which the
wi ndow is affected, and nmeans for restarting the transfer of graphics data
fromthe source to addresses in the frame buffer pointed to by the
addresses in the reconstructed data structure. 13. Apparatus for witing
directky to a frane buffer as claimed in Claim11l in which neans for
setting up a data structure for the w ndow including a frame buffer address
and clippi ng dat 2¥or ARRITraRE £or wyisdngefdracEiyi e i STAmS hiffer
graphics data furni shed by the source in t E windom/constructed conpri ses
means for g&FVHING £1@ML S\ECd 2BoRPFPUE G 1ERLY riBe? RANRNLER, and
masking bitg for ag¥ data to be stgred at .t he address iqgicatin whet her -
the data is i:[aaii&g RIGFSFGr THERII 21 Y1nARHPAPIIERST BRI direct !y
to a frame buff.er cl qi i g@ ' ' Lch, 4 he qﬁap ‘% e ting
a data word c(?&ﬁ)rr?gsjﬁ‘gqt erge %r“é"% 3*’ _g]e&aggf’g@gga% n%% | ngsn %eslg'f omﬁ{cgr?y
data to he SRSt Ar LAGAHIUL e Foebi 8180 R R NEu Al disdiupe

di spl ayed or not conpris€s neans for generating a single maskin It for
each addr ess.dup ¥ £y ddahd £d:0 Pi®viding a signal indicating that

) graphics data from the source is to be displayed, means for

N setting up a window for the display of the graphics data from
the source undér control of the window management program,

means for signalling the source of graphics data that the

window exists and providing information regarding its

position and clipping, means for setting up a data structure

for the window including a frame buffer address_and clipping
data for each address to be generated for displaying the
graphics data furnished by the source in the window

constructed, and means for transferring the graphics-aata

from the source to addresses in the frame buffer pointed to

by the addresses in the data structure.
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written. 15. Apparatus for witing directly to a frame buffer as clalned in-
Claim 11 further conprising neans for witing the graphics data fromthe
source to nenory to provide infornmation which nay be manipul ated for

" display by the source of graphics data. 16. Apparatus for witing directly

to a frane buffer as claimed in Caim1l in which the source of graphics"
data conprises an application program 17. A nmethod for witing directly to
a-frame buffer providing signals to an output display in a conputer system:
substantially as hereinbefore described with reference to-the acconpanysgg
drawi ngs. 18.  Apparatus for MW|t|ng directly to a franme buffer providing

signals to ah2 out PORATAEYH 5PF ¥ %ﬁié’re% &P qubTRRRt P&Iflf9ra§s

gerel nbe{ore d]eé'(\:rélba%.d Véflt r}uregh%rrerc%?npgrgsggg %gggrsm ¥I ntqo fr\{\ﬂg;ntg?_e_is? ’

writing to the frame buffer when the window for the dispiay_

cf the graphicS'data'from-the-source under centrolfof the

window managedent program is.affectedtby_any;other_windew.

controlled by-the Wiﬂdeﬁ-management program,”meaps for

reconstructing thetdatauStructure:to reflect the way in which
tie window is affected, ahd means,for_restarting the transfer
of graphics data from the~source=tb-addreSSes in.the_frame,

‘ buffer pointed to by.the-addresseS'in the reconstructed data

structure.

~ 13, 'Apparatﬁs for writing:directly to a fraﬁe-buffer as
claimed in Claim 11 in which means for settlng up a data _
structure for the window including a frame buffe: address and
clipping data for: each address to be generated for dlsplaylng
the-graphics data furnished by the source-ln_the window
constructed comprises means for-generating'a_data word _ b
comprising_ the frame buffer_address and masking bits for any
data to be stored at the address indicating whether the data

is to be displayed or not. .

3

0] 0 R



14, Apparatus for writing directly to a frame buffer as
claimed in Claim 13 in which the means for generating a data
word comprising the frame buffer address and masking bits for
any data to.be stored at the address indicating whether the
data is to be displayed or not comprises means for generating

a single masking bit for each address to which data is to be

written.

15. Apparatus for writing diiectly to a frame buffer as
claimed in Claim 11 further comprising means for writing the
graphics data from the source to memory to provide
information which may be manipulated for display by the

source of graphics data.

16. Apparatus for writing directly to a frame buffer as
claimed in Claim 11 in which the source of graphics data
comprises an application program.

© 17. A method for writing directly to a frame buffer providing
signals to an output display in a computer system substantially as
hereinbefore described with reference to-the accompanying drawings.

18. Apparatus for writing directly to a frame buffer providing

signals to an output display in a computer system substantially as
hereinbefore described with reference to the accompanying drawings.
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