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METHOD AND APPARATUS FOR WRITING DIRECTLY TO A FRAME BUFFER IN A
QOMPUTFER TAVIFG A WINDOWING SYSIEM CONIROLLING ITS SCRESM DISPLAY

BACKGROUND OF THE JINVENTION

1. [FEield Of The Invention:

This invention relates to multitasking computer systems
having windowing programs controlling access to the frame
buffer and, more particularly, to methods and apparatus for
writing directlf to the frame buffer in such a s&stem.

2. History Of The Pxior Arxt: _

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 display of 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
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.



It is hedeésa:ygﬁamong'Othér thihés,jwhen running
application'programs.in-a plurality of windows to somehow set
up the different windows into.which,each'p;bgramris-to;fit,
to direct the information from each appiicationuprogram to
the correct;window, and to take éare'6f the-bver1apping of .
different windgws so that-thé correct poﬁtioﬁs'of-each'..-

program are displayed.

If all of thesei&askS-gre;done by the individual

application programs, then there must be a great deal of

checking among the programs to make sUré that.thefdifferent

programs do not interfere with one-another. This tends to

fslow,the operation of Pheféystem and allows poorly designed

software to distort the operation of theasystem,';ror this.
reason, more advanced computér syStems'haveﬂdesignéd_windcw
management'programs*ﬁnich-take over the entire operation'of

writing to.thé_frame:bﬁffer to COn;rol_whatwi;-displayedi.

- A window management program,gpntrbls_the entire display,
sets up the windows into whiéh'differéﬁf programs may_géz
written, controls the_ﬁositioningupf_those windows,
determines which ipf§rmation is displayed?yhen?ﬁindows

overlap, and does all of the operations necessary toaallok

'Ehe_simu;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 ’.



information on the output display, it signals the window

management program. The window management'program assigns to

it a particular portion of the display and sets up the window

in which the program is to be displayed. Then, typically, as
each pixel of infcrmatibn is furnished by the application
program for presentation, the window management program
determines the position on the screen at which that pixel is
to apbear,-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 re}ieves a

programmer of the necessity of writing_méét of the procedures

required for display purposes.

In such a system, only by going through the window
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



be updated only about ten times a secondQVnA computer system
running such a windowS'management program does not update the
frame buffer as rapidly as do individual programs in a system

~without a windows management program.

‘Many individual computer programs provide more.

satisfactory performance when the frame buffer is updated

e

more rapidiy tnan_is:possible_using.a-windows_management
program. For example, liye:yideo.such.as teievision 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'tnis,information
is“tolbe,presented.in;a,mindcw on an ontput 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 "LJ

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 window |

.management_program and write_directly;to;tnerframe_buffer,

However,_doing_so_createsjall_of.the,problems_ﬁnicn_awwindow

~ management program was_deyised_to solve. .If_an applicdtion



program writes directly to the display, it may overwrite
other programs or interfere in other ways with those other
_programs or may itself be overwritten-by the window
management program. Moreover, such a program must somehow
overcome the delay caused by all of the cross-checking

necessary to allow its existence with programs controlled by

the window management program.

-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
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 other 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 displayﬁiﬂsa éompﬁter system%
having a processor running a window managemént”pfogram-”'?'f
contrOIIing”theffurnishing-of daté to the frame buffer, and a
second. source of graphics information ‘to be diSplayéd”*f;i'
comprisihg'the~steps 6f-préyiding'a-siqnalﬁfrom"the-secénd'
source to the;windowHmanagémenthrogramﬁindicating that the
second source has graphics informatibn.to-bé'diéplayed, _
setting up under control of the Qindow management”pfﬁgram a
window for the display of the graphics infot;ation,to bé
furnished by thé‘second'sQﬁrée,’Sigﬁaliihgfthe second source
that the window exists and providing information regarding
-its position and clipping, setting up a.data structure for
the window including a frame buffer address and clipping

information- for each address to be generated for displaying

the graphics information provided by the second source in the

window constructed, and transferting the graphics informatibh
from the second source to addresses ih the frame buffer -
pointed to by the addresses in the_data:structure;.

These and otherjébjects.and.featurgs-of?the'invéniion
-_will.be-better-understood;by~reférence to the detailed
de§¢ription_which followsftaken_togefher.with the dfaWings in
which like elements are.referred to by like designations . ' -

throughout the several views.

O



Figure 1 is a block diagram 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.

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.

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‘



convey theasubstapce_éfathéir_worRLto.OtherS'Skilled in the
art. The operations are those_requiripg=physical

manipulations of physicalquantities. - Usually, though not

necessarily, these;quantitieswtake-therform of electrical or

magnetic signals capable of being stored, transferred,
combined, compared, and otherwise manipulated. It has proven
convenient at times, principally for :easpns of common usage,

to refer tp these signals as bits,_vaiues, elements, symbols,

ghargcters,;térps, numbers, or the like. It should be borne

in mind, however, that all of these and similar terms are to
be.associated with the appropriate physical quantities and

are merely convepient.labels appliedpto these quantities.

‘Further, the manipulatipns performed are often referred.

to in terms, such as adding or comparing, which ére commonly
assoc¢iated with mgntal.operatiOns performe&,by-# human -
ope:atof. - No such_capabilityfof a human operator is
necessary or desirablepin most cases in any of the 6perations
described-herein which'fo:m part of the presenf invention;
the_operatiops:ateemacﬁinepope?ations;*ﬁTh¢ operations'of the
present invention are usually performed by general purpose

digital computers. or other similar deviceg. - 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

Q



electrical or other (e.g. mechanical, chemical) physical

signals to generate other desired physical signals.

Wﬂﬁ

Typically a window manaéement 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 presented come from

an application program. Live 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)

~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 application program. .The address -
presented by the application program for the data is an
.address Which?presumes that the output display for that

particular program is preSented in a particular format.  The



address probably also presumes that in that parﬁiculé:'fofmat
ihe output display for that particular program will occupy = .
the entire screen. For this purpose, the'application_program'
presumés that the display is of a particular standard fb;mat
and.size,fthé~infqrmatioﬁ'descfibin91Which:is held in meﬁory;
For example, if the program is one normally presented in ah_
IBM.bersonal-computer format,'the_appliéation programfﬁay
 expect its output to be displayedvin*fhé VGA format“bf:6405x
480 pixels or in some other standard IBM -BC format. Thus,
‘the application program expecting.its 6utbut'to be presented
on a computer outpuf-display in this format furnishes - _

- addresses for its graphics data”which“WOuldfplacé”the data in
the proper position on such a VGA display were the _
.application program touutilize.thé*entiré=disp1ay;_ Wh¢n a-E
.-windé;.management'program such_as'Microéoft”Windows,*
manufactured;and_sold.by-MiCrosoft'Corpo:atith is used in a
VGA display system to control a VGA_display, theﬁ“the" )
addresses for thé application program'need.onlyﬂbe translated
by the window management prég;am into addreSSES'which*plaCef

the data in the correct screen positions within the window.

~ However, if the program is_actually being presentedon a
compuﬁer system having a different larger*display7fdfmat
(e.g., Qne.displaying'1152=x 1024fpixél§);-théngthe:éddréSSes '
. for the data on,thé display must firstube"tranSIétédfby'ﬁhe- |

window management program into the same format 'as that ‘used

pu—



by the display.  In addition to being~trans1ated into -
~addresses in the format of the display, the addresses must
also be translated into addresses which place the data into
the correct-screen_positions within the window.. If an
address is in a position on the output display which is
covered by a program being displayed in another_windpw, the
window management program must determine this and make sure

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

window.

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
withih a window, and must somehow communi;ate with the-windqw
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



window management program which controls the data written to

a frame buffer 14 for display on an output display deVicé*ls}'

The system 10 may be-adapted.to]iuﬁ-applicatioﬁfprbgrams
in a plurality of operating SyStem environmenté; LFor- i -
example, an Intel 80386 m%créprocessor*is;capable offrﬁﬂhing
Unix as a priméry-operating system andﬁsimuitaneOUSly“ruﬁning
MS DOS-applicationsfaé,windows.on'ihe«dutput&dispiay;ﬁ
Discussion of an arrangemé;f for preSen;ing application -
programs in muitiple formats_through-é'window.managemeht
program using a single processor is cdptained 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 machines to-run;in-aSSdciation5Wi;h'€hel:
__processor 12. 1In effect, the program.is*speciglly 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 running 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



circuitry 19 which emulates the graphics controller used in a
typical-IBM format computer.  The emulation circuitry 19
allows the processor 12 and the DOS operating system to treat
the output from the DOS application programs desiéned for the
IBM PC format as it would be treated by a typical IBM
personal computer and to furnish the results of those
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
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



. with . other windows are presént; and ultimatély.writes-thef
information'frdmithe~memory, doing whatever addréss
.translation is necessary to present the pixels in the correct

~places - in the window on thé.display 15.

.However, because the windows=management:program-mustfdo
this same thing for all of the application programs being
displayed, it iS'capable of updatinggthé'frame-buﬁfer=14.at

-most'only'aboutﬁten times.per_secqnd;t‘The'applicéfion

programs in the IBM format and infofmation'such*asvlive-vided

- and- animation from otherws6urcés,fon-thé;other 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. SomefprbgramS-whichzrequire
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 primary operating system. The operating system
inclﬁdeS'a'Window management program which controls the data
written to a frame buffer 14 for display on an output display
device 15. An exemplary system 30 miqht be one of the Sun
SPARC workstations, manufactured by Sun Microsystems,
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



example,_certain of the signals may be made to appear to the
SunOS operating system as though thef nere.typical control
signals.fnrnished by an application program running.on the .
SunOS operating system.. Also inclnded'iS-emulatiOnhcircuitry
32 which emulates the graphics.controllergused in a_typicalT
IBM format compnterr_,Theaemulation:circuitry:SZ-allowslthef'
proceSsor l?.and its DOS operaring 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 . .Ashpointed 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_whichpfor'some reason it

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

~ As in the prior art system_discussed;above,_tne basic.
Sun0$ operating-systen directs all:data'tojbe.presenred,pn.
tne_displayﬂls to_its_windon 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 _'

PN



furnishes addresses for that data which are chosen to present
the data at the correct position on an output display which
is of some standard IBM format or other format which is not
the format used by the operating system. For the purpose of
this déscription, it will be presumed that the format in
which the graphics information 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
software which augments the functionality of the window

management address translation 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 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
,COlumn;of the.display_at which a pixel is to appear in the
particuiar.IBM format. -Eadh such address is converted to a
diSplay;address (1152_x_x*) + Y' where Xﬁ'is the horizontal

row of the display and Y' is thé.vertical-column of the .
display at which a pixel is to appear ip;the Sun format. .- e
This address is also'offset,-hQWever,ubg;additional X' and Y°
values which position the window on the output display of the
system 39,  As pointed out, the conversion 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 - -



only the first pixel of the eight and must be incremented to
provide the addresses of the following seven pixels in the

sequence. -

Meanwhile, the data representing the eight pixels coded
in the single_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
éach eight bit pixel be written to the frame buffer 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.
This fofmat 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

19 B : -



wherever it is dqne,.the SDOS driver of the present invention
is_usedfto accomplish the translation of addresSessfrom-one'-

format to another before any individual'translation'isn

required. Essentially, the processor 17 runs the SDOS driver

§of;w§re gthis diive: which-cOmmunicates:betWeen the two
- systems could alsc be run by the processor;lZ)_whicpﬁreceiﬁés
information regarding tﬁe window to be displayed«(includingﬂ-
how it is to be clippgd) from the window mahggément progfém;—
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'-
pfogram, _Each_VGA address provided by_the.préce550r~17
points to a_spatus'wqrd in the data structure. :The status
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 presgnted by the processor 17; mérely-a-simplef*[

~ lookup needs to be_accomplished.;

Q)

€y



A

In ﬁhe-preferred embodiment of the invention, the status
word consists of thirty-two bits. A representation of such a
status word is shown in Figure 3. Twenty-four of these bits
are used for the frame buffer address, and eight bits
répresent masking Valueé for the eight pixels represented by
the address in the typical VGA format.  Thus, a one in a mask
bit position representing a pixel may indicate that a
particular ﬁiﬁel is masked (obscuredf by the data presented
witﬁln 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
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



| _ o _ o
are converted to an eight bit pixel value. -If the mask bit

is a zero, the data is.written to the:-pixel address in the -
frame buffer. ,The~converted'frame.bﬁffer;éddress:isuthen v
incremented by one, agd;thg;sééomd;four pits of data ére
converted to. an eight bit,pixel value.% If the second mask
bit is a zero, thé 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

n initializing the emulation module 32 for the particdlar

[
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application program and when the data structure is created by
the SDOD driver, these formulae are used to provide the

status words.

" An additional advantage of the translation accomplished
by the present invention ;s that a data structure may be
created and stored in memory for each individual application
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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iQhange the converted addresses held-iﬁ}the;sﬁatus words (and
possibly the masking_bits if the winddﬁ moves) or-to-éhangé

| the masking'bits if some other window moves and.changes_;he.'

clippihg necessary, Itﬁwillfbe.appreciated that the

__:ec@nspructionuof the data structﬁre;rgquires cooperation

with the window management program qf_theroperating system.

As pdinted_out above,_the,SDOS-drivgr,is constructed so
that the Sunos_operating_systém'and its_gindow-managemgntf
prpg;am_ﬁreat.tpe_IBM format'prog:amﬂrunning_on_the_processor
17_asjmere1y another application program accessing the output
_displaj through 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 §ame manner as would

an application program so that the window'ﬁanagement program.
of the SunOS operating system is in complete control of the
placemeht of windows on the output display. When the )
proééésor 17 signals that it has an IBMTermat p;ogrém which
iﬁ_wiéhes to run in a windqw,';he.y;ndow”méqagement_program
séts-up and asSighs the Qiﬁdqw structure to the IBM format

program.

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

che:'programs._ The window management¢p:qgram:signals‘the
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SDOS driver running on the processor 17 that the window has
been set up, and furnishes the emulator module 32 the details
of its window including the portions of the window which are
to be clipped. The SDOS driver uses this information to
build the data structure for the area éssigned for the window
and stores 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
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 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 Seﬁérate set of data
and addresses representing eaéh pixel is sent at the same
time (or earlier in the preferred embodiment) to be stored 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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read/modify/write operations on the data to be displayed. It

. is also used by the SDOS driver“tb heiyﬂrecohstruct'the

- graphics data displayed in a ﬁindow¥wﬁén-that window is moved

to -a new position on the output displéy} :

In the meantime, the window’manégéﬁent ﬁrogramrmdnitors
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'ﬁhich'the'IBM“format program
writes directly to ghe frame buffer and to the shared memory.
The windoﬁ‘management program then assigns the new window
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
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the emulator module 32 then signals the IBM format program to

begin writing to the frame buffer again.

Figufe's is a flow chart describing the operation of the
system 30 in writing an IBM format program directly to the
. frame buffer 14 from the processor 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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_processor-17 The, driver stops the use of the data structure
for address translation and the transfer of data to the .
shared memory. The.windows management program then
repositions the partigular”window; updates,its winddqs
control.structure;_and_provides.informationuto the-driver
regarding the window position and.clipping. -ihe.SDOS driver

reconstructs the data structure, 31gnals the processor 17,.'

and beglns translatlng addresses uses the new data structureQ

Although the.present'invention has'been desCribed:in_

terms of a preferred embodiment, itgwilldhe appreciated that

variouS-modifications andValterations'might be made by those .

skilled in the art w1thout departing from the splrit and
scope of the invention.. The invention_shculd-therefore:be_

measured_in terms of_the”claims_which_follOw,

. 28 -
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CLAIMS

1. A method for writing directly to a frame buffer
providing signals to an output display in a computer system
having a processor running a window management program
controlling the furnishing of data to the frame buffer, and a
source of grapﬁics data for display on the output display
comprising the steps of providing a signal indicatihé that
graphics data from the source is to be displaye?,.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.

_ : - 29
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2. A method for writing diiecﬁly*tb.a frame buffer as

claimed in Claim 1 further comprising;thé steps of stopping. 

the Writing-tO'the'frame buffer when the;ﬁinddwrfor the

display of the graphics data from'the source under control of

the_window'management-program is affectéd*by_any other window

controlled*byitpe'&indOW-manégementlprogrém,_reconstructing_.
the data structure to ref;ect.the waj i“*WhiCh the window is:
affected;.and restéftiné?éhéwt:anSfei 6f graphics data. from

the source £0"addresses.in_the.ftamg'bufferipointed to by the

addresses in.the reconstructed data structure.

) 3;' A method for writingzdi:ectiy to.a frame buffer as
claimed in Claim l-in—which the step_of-seﬁiing ub a data
structure for the wiﬂagw includihgwatfrawe_buffer-address;gnd
ciipping datavfoi-each.address'tO-bevgeﬁerated-for displaying
the graphics=dafa.furhished by the SOurce-in the'windok
construc{éd comprises generating a_daté_&ﬁrd comprising the
frame buffer address and-maskiag-bits-fdr any data to be
stored at the addresé indicating yhether=the data-}s to be:

displayed or not.
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4.. A method for writing directly to a frame buffer as
claimed in Claim 3 in which the step of 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 generatinq“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 writin§ 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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6. A method for wfiting-directly;tb-a frame bufferf
providing signals to an output display in-a computq: system

having a first processor running a window management program’

controlling furnishing of data furnished in a first,fogmat_td_

the frame buffer, and a second processor running application . .

programs in a second format for display:comprisipg the:stepsﬁ
of providing a signal indicating that aﬁ'applicatioﬁ'program
running on the:second_processor_has-information.td,be_
displayed, setting up a window for the;display”of;the_
applicatioﬁiprOgram runnih§ on the second.processor_undgz_>EH
control of the window management-program;'signallinglthe.;

second processor that the window exists and providing . .

information regarding its position and clipping, 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
second processor directly to addiesses in the frame buffer

pointed to by the addresses in the data structure.

I T T
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- 7. A method for writing directly to a frame buffer as
claimed in Claim 6 further comprising the steps of stopping
the writing to the frame buffer when the window for the
display of the application program running on the second
procéssox under control 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. : )

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

claimed in Claim 6 in-which the step of setting up a data
structure for the window including a frame buffer address ;hd
clipping data for each address to be generated for displaying
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.
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9. A method for-writing-dixgqtly-toaa.frame buffer as
| claimed'in[Claim'B in which the stépidf-generAting a ‘data
word comprising the frame buffer address and masking bits for

any data to be stored at the'address indicating whetherfthe

data-is~to-be'displayed.or-hqt.cbmprises generating a single .

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

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

claimed in Claim 6 further comprisingﬁthe step-of writing the
data from the application p:ogram-running on the second
processor to memofy to provide information which may be

manipulated for display by the second processor.
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“11. Apparatus for writing difectly to a frame buffer
providing signals to an output display in a computer system
having a processor running a window management program
controlling the furnishing of data to the frame buffer, and a
source of graphics data for display.on the. output display
comprising means for providihg a signal indicating that
graphics data from the squrce'is to be displayed, means for
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
pééition and clippiqg,_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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12. Apparatus*fo:'Writihg~directly_to a frame buffer as

claimed in ‘Claim 1l'further-COmpriSing means for stopping the

writing to the frame buffer when the window for the display_'_

bf the graphiQS'data'from-the-source under cont:olfof the .
window manageﬁént program is.affected by_any;other_window__;Q
controlled by-the Wiﬂdéﬁ-managemént program,”meaps for
reconstructing the dataustructure:to reflect the way in which
tie window is affeéted, ahd meéns,for_restarting the transfer
of graphics data from thé~soutce*tb-addre$ses in the frame |
buffer pointed to by.the-addresses-in the reconstructed data

structure.

13, 'Apparatﬂs for writing directly to a fraﬁe,buﬁfeﬁ as
_claimed in Claim 11 in which meanéhﬁpr setting up a data
stfucture for the window including a;frame-bufférgaddress and
clipping data-forlgaCh-address éo.be genérétéd for.displajing
the-graphics data furnished by the #ource-in_the window
constructed comprises means for-generating'a_data word
qomprising_;he frame buffer;address and masking bité for any
data to be stored at the address indicating whether the data

is to be displayed or not. .

s
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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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