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ME'!HOD AND APPARATUS FOR W:RITING DIRECTLY 'IO A FRAME BUFFER IN A 
·~ CXlMPUI'~ UAVING A WINDOWING SYSTEN CONTROlllNG ITS SCREEN DISPLJl..Y 

BACKGROUND or THE INVENTION 

l • field Of The ]'.nyention: 

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 directly to the frame buffer in such a system. 

2 . Hist,s>ry Of The Prior Art: 

In its simplest form, a computer writes information from 

a single program to a frame buffer which stores the 

information so that it may· be written t~ an output display• 

Usually, the display. of th.~s sing~e program covers the entire 

output display. When it is desired to display more than one 

program at a time on an output display, each program is 

presented in a small ·portion of the display.called a window 
-

(usually a rectangle) • When a number of different programs 

·v 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, may be changed in si~e (and sometimes in 

shape), and may often overlap one another. When one window 

o~erlaps 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 ~ackground; that data must be clipped 

so that data in the foreground is not overwritten. 
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It is necessary, among other things, when running 

application programs in a plurality of windows to somehow set 

up the different windows into ~hich each p:c:ogra~ is .to fit, 

to direct the. information from each application program to 

the correct-window, and-to take care of the overlapping of 

dif fere~t windows so that ·the correct portions of ·each 

program . are displayed·• 

If all of these tasks are done by the individual 

application programs, then tQeremust be a great deal of 

checking among the programs to J;1\ake sure that the different 

progrc:..ms do not interfere with one-,anothe-:c:. .. This tends to 

slow the operation c:>f the-system and allow.s poorly designed 

software to distort· the c;)peration .of the system. For this. 

reason, more advanced con:aputer s_ystems have .. designed window 

management programs -~which take ov:er the ,~p.tJ,re operation .of 

writing to. the frame buffer to con.trol wb,at is· displayed •. 

A window managem~nt program ~ontrols the ent:ire display, 

sets up the window_~ into which different programs may be 

written, controls the positioning of tbose 'l!finciows, 

determines which inforl[!ation is displayed when windows 

overlap, and does all of _the operations necessary to allow 

the simul,taneous display of a number of, application programs 

. on a single output display ,device. . When a program operating 

through a window management program desires to present '. 
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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 information is furnished by the application 

pr~gram for presentation, the window managemen~ program 

determines the position on the screen at which that pixel is 

to appear, checks 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 repositioning of windows and any problems 

caused by overlapping. This guaran~ees that programs operate 

correctly in presenting their displays and relieves a 

programmer of the necessity of writing most 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 desirable because the window management 

program does all of the housekeeping which is necessary for a 

windows display and keeP-S 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 t.o the display can 
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be updated c:>nly abqut ten times a second. ·.·~ computer system 

running such a windows management pro9+amdoes not update the 

frame buffer as rapidly as do il).dividual., programs in a system 

. without a windows mana.9e111ent program. 

Many i.ndi vi,dual compute~. pr09ra~s provide more ... 

satisfactory performaneewhen the frame buffer is upda:ted 

more rapidly than is poss~ble using a windows management 

program. For example, live vj.deo such as television and 

animation programs require updating at,.a much faster rate 

than ten times a second. In general,. thirty. frames of video 

information are p~ese?lted every second. If this i_nformation 

is. to be.presented.in a.window on an out:,put displ:ay 

controlleo by a win(jow.management program ill which the frame 

. buffer can only be updated ten -time_!J per second,. the video 

picture which is presented will be distorted. ~tmay appear 

to jump from one frame to the next, and frame tears may occur 

in ~hich parts of different video.frames appear on the 

displayat once. 

One way to present rapidly changing.graphics information 

which is not distorted in a system using a window.management 

program to control.the display woµld be to bypa~$ the window 

~nagement program and write directly to the frame buffer. 
. . . .:. . ·. -

However, doing so create~l!lll of the problems which. a window 

management program was devised to solve. If an appliccition 
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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. 

SUMMARY or THE uqVEHTXOJI 

-It is, therefore, an object of the present invention to 

provide a method ano apparatus for allowing a pr~gram r~nning 

in a system having a window management program·to write 

directly to a frame buffer. 

It is another more specific object of the present 

invention to provide a method and apparatus for allowing· a 

program running in a system h,.aving a window management 

program to write directly to a frame buffer without 

interfering with the other programs controlled by the window 

management pr99ram or haying i.ts 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 
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providing signals to an output display ina computer system. 

having a processor running·a window management program 

controlling the furnishinq .of data to the frame buffer, and a 

second source. of graphics information to be dis·played .·.· 

comprising the steps of providing a siqna1' .from·· the second· 

source to the wi-ndow manaqement proqram indicatinq that ·the 

second source has graphics information to be displayed, 

setting up under control of the window management program a 

window for the display of the graphics inf o;mation _to pe 

furnished by the· s~cond source, signalling the second source 

that the window exists and providing information regarding 

its position and. clipping, sett-ing up· a_j:fata structure for­

the window including a frame buff~r address al!d clipping 

inf o·rmation for each address to be generated for displaying 

the gr~phics information provided by the second source in the 

window constructed, and transferring the graphics information 

from the second· source to addresses in the"frame buffer 

pointed to by the addresses in the data structure. 

These and other objects and features-of-the.invention 

will be better understood. by·· reference to< the detailed 

de~cript_ion which follows taken. together with the drawings in 

which like elements are ref erred to by like designations 

throughout the several views. 
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BBXEF DESCBXP'l'IOJf or THE PBAWIHGS 

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 

con.structed in accordance with the present invention. 

Figure 3 represents a ~ormat used in a status word used 

in the present invention. 

Figure 4 illustrat_es the manner ln which data for eight 

four-bit p~xels is stored in ~ system utilizing the 

invention. 

Figure 5 is a flow chart describing the method· of the 

invention. 

NOTATXOR2 QD NOHENCLATQBI 

Some portions of the detailed descriptions ~hich follow 

are presented in terms of symbolic representations of 

operatigns 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 effectively 
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convey the· substance. of their work to others skilled in the 

art. The operations are those requiring· physical 

manipulations of physical quantities. U~ually, though not 

necessarily, these quantitie.s .take t.he ·form of electrical or 

magnetic signals capable of being stored, transferred, 

combineci, compared, and otherwise manipµlated. I.t has proven 

convenient at time~, principally for reasons of common usage, 

to refer to these signals as bits, values, elements, ·symbols, 

char~cters,. _ter!lls, numbe:c:s., or the . like. It should be borne 

in mind, however, that all of these and sim~lar terms are to 

be associated with.the appropriate physical quantities and 

are merely convenient.labels applied to these quantities • 

. Furtner, the manipulations performed are often referred 

to in terms, such as adding or comparing, which are commonly 

associated with mental.operations performed by a human 
-

operator. No such capability of a human operator is 

_ _.. ..... 

-.-··. 
necessary or desirable in most cases in any of the operations ""11 

described herein which form part of the present invention; 

the.. operations .are• machine operations. ·. Th~ operations of the 

present invention are usually performed by general purpose 

digital computers or other similar devices. In all cases the 

distinctj.on between the method operations·in .operating a 

computer and the method .of computation itself should be borne 

. in mind.: The :Present .invention relates to apparatus and to 

method steps .for operating a computer in proce~sing · 
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electrical or other (e.g. mechanical, chemic~ll physical 

signals to generate other desired physical signals •. 

PETAILJ;P DESCBIPTJ:ON or THE J:lfYENTION 

Typically a window management program receives a signal 

indicating that an application program desires to present 

inf~rmation on a computer output display. Of course, it i~ 

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 signals providing information to a frame grabber. 

In all of these cases, the window management program selects 

a particul_!lr portion of the display 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) 

v will be displayed. It ·then notifies the source and waits to· 

receive the data. 

Each piece of data which is to be presented in the 

window on the display has an address at which the d~ta is. to 

be furnished by the application program. The address 

presented by the a~plication p~ogram for the data is an 

_address which.presumes t~at the output display for that 

particular . program is presented in. a particular format.' .·· The 
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address probably also presumes that-in that particular format 

the output display .. for that particular. program will occupy. .. ·.·• 

the entire screen. For this purpose, the application program 

presumes that the display is of a particular standard format 

and size, the· informa-tion describing which is held in memory. 

For example, if the program is one normally presented in an 

IBM personal computer format, the application program may 

expect its output to be displayed in.the VGA format.of 640 X 

480 pixels or in some other sfand?rd IBM PC format. ·Thus, 

-the application program expecting its outpµt to be presented 

on a computer output display in this format furnishes 

add~esses for its graphics data which would· place the data·in 

the proper position on such a VGA display were the 

.application program to utilize the entire display. When a 

window.management program such_as Microsoft Windows, 

manufactured and sold by. Micros.oft Corporation, is used in· a 

VGA display system to control a VGA disp.lay, then the · 

....:;·· 

-~-

_ _.. 

addresses for the application program rieed only be translated l""1J 

by . the window management prog.i:qm into addres-ses which place 

the data in the correct screen positions within the window. 

However, if the progr_am is _actually being presented on a 

computer system having a different larger display format 

(e.9!., one displaying 1152 x 1024 pixels), then._ the· addresses 

for the data onthe display must first be translated by the· 

window management program into the same format as that 'used 

I''. l1 
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_by the display. In addition to being· translated 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 _window, 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 (Q.~ some associated p_rogram)-

must translate addresses as necessary because of a difference 

in the formats, must- translate addresses as necessary to 

place the application program output in the correct position 

within a window, and must somehow communicate with the window 

\.._,,;· management program so that it does not interfere with windows 

from other application programs being displayed under control 

of the window management program. 

Figure 1 is a block diagram which illustrates a portion 

of a computer system iO 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 
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window- management program which controls the data written to 

a frame buffer-14 for display on an output display device 15. 

The system 10 may be adapted to run application:·programs 

in a plurality of operatinq system environments. For: 

example, an -Intel 80386 microprocessor is· capable of running 

Unix as a primary operating system :and-simultaneously running 

MS DOS applications as _windows on the output-- display. 

Discussion of an arrangem~nt for presenting application 

programs in multiple formats through a window management 

program using a sinqle processor is _cont·airied in· an article 

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

in 1988 ~n Sun T_echnology, _In such an .arrangement, the · 

processor 12 runs as a par·t of its primary operating- system a 

monitor program which in turn runs individual virtual-MS DOS 

. machines. - The ·monitor program is especially designed to 

allow. the virtual ~chines to run in aS$OCiation with the -­

processor 12. In effect, .the program is specially written to 

intercept and trap the output signals from the virtual 

machines and translate t-hose output signals to signals which 

may be interpreted by the primary operating system as though 

they were typical· contro·l signals furnished by CJJl application 

. program :r:urming on -- the primary. operating system. 

In order-tomake use. of_ the graphics_output-providedby 

the virtual MS DOS machines, the system 10· includes em~lation 

12 
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circuitry 19 which emulates the qraphics controller used in a 

typical IBM format computer~ The emulation circuitry 19 

allows the processor 12 and the DOS operatinq system to treat 

the output from the DOS application programs designed for the 

IBM PC format as it would be treated by a typical IBM 

per·sonal compute:r; and to furnish the results of· those 

proqrams provided by the emulation circuitry 19 to the window 

manaqement program of the primary operatinq system running on 

the processor 12 so t-hat 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 operatinq...system directs all data to be 

presented on the display 15 to its window manaqement proqram, 

and the window manaqement program controls all elements of 

~ the display 15. The output to be displayed by the 

application proqram being run on tbe virtual DOS machines by 

the processor 12 is, therefore, presented by the emulation 

circuitry 19 to the windows manaqement proqram of the primary 

operatinq ~ystem for display. The windows manag~ment proqram 

directs the data to a portion of memory where it is stored 

awaitinq display. The window management program sets up an 

-area of the display as a window into which the application 

. proqram is to b~ written; determines which, if any, overlaps 
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with 01:,her.windo1r1s are present; and ultimately writes the 

information from- the memory, doing whatever address 

.. translation is> necessary to present the pixels in the correct 

places· in the window on the display 15~ 

. However, because the windows management: pr.ogram must do 

·this same thing for all of the application programs beinq 

displayed, it is capable of updating the frame buffer .. 14 at 

. most only .about t~n ti.mes per second.· ·The application 

programs in the IBM format and informatiop such'as live video 

and animation from other sources, on the other hand, are 

str"Qctured to write directly to a frame buffer and expect to 

be able to update the frame.buffer as often as thirty times 

per second. If the programs of IBM format which run on the 
-· 

virtual machines by . the processor 12 ·.·must go through the 

.window management program of the system 10,. 'their -output 

appears sluggish in operation. Some programs which require 

very rapid opdating of·the·fram.e buffer cannot be run 

sat isf actori_ly t}).rough .. the window management program at all. 

For this reason, improvements to.the system .10 have been­

devised in accordance with the pref;enti invention which allow 

the application programsrun in.the·secondary format-to be­

written directly to the frame buffer 14 .. 

These improvements are illustrated in the circuit .30 of 

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

14 

.. 
'-]. 



·. 

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 

includes 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 might be one of the Sun 

S~ARC workstations, manufactured by Sun Microsystems, 

Mountain View, California, which has an operating system that 
-

includes a window management 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 i486 processor 

manufactured by Intel Corporation, Santa Clara, Caiifornia. 

The processor 17 is joined to 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 especially designed to allow the second processor.17 

to run in association with the- processor 12. In effect, the 

SOOS kernel is a program specially written to intercept and 

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 
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exampl_e, ce~ain of the signals may be made to appear to the 

SunOS operating system as thoµgh they were typical control 

signals furnished by an applicatlon progreim.running,o;ri the 

sunOS operating system.. Also included is emulation . circuitry 

32 which .. emulates the graphics . co.ntroller used in a . typical 

IBM forJ.RCit computer. The. emulation . circu.~try. 32 ·allows the 

processor 17 and its DOS op~rating sy~tem to.run application. 

progra.ms designed for the IBM PC .. format. and, t_() furnish the 
-.- ·. 

resu_lts of those programs to the windol! mElnagetnent program of 

the operating_system running on tne. processo; 12 so that it 

may display those results in a window on the output display 

15. The emulation circuitry 32 ma~ include the elerne~ts of a 

typical VGA graphics ~ontroll_er • As. pointed out above, the 
. . . '• - . 

second pro.cessor l 7 might be replac:e~ by cir:cui_try for.· .. 

p;esenting 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 the outpµt display • 
.. · 

As in the prior art system discussed.above, t~e basic. 

SunOS operating system directs all data to. be presented.on 

the displaylS to its window rnanagE!ment program, and t:he 

wi~dow management program controls all element~ of the. 

display 15. In order to a::J.low the IBM or other for~t 

programs to write c!~rectly to the frame. buffer 14, there, a-re 

.at least two major problems which must be solved. First, the 

processor 17 in writing data which is to be.d!$played 

16 
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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 description, it will be presumed that the format in 

which the gra:phlcs information is furnished is the VGA format 

of 640 X 480 pixels; it might be any other display format, 

and a number of .formats 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 applicat"ion 

program is to be displayed in a window of the display 15 

presenting that Su~ format. Co~sequently, a system 30 for 

accomplishing this must provide some means for converting th~ 

pixel addresses presented in an IBM format to pixel addresses 

within a window in a Sun format. This is accomplished in the 

present invention by circuitry in an emulation module 32 and 

software which augments the functionallty of the window 

management address translation system of the Sun OS-operating 

system •. 

Th~ 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 
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the px::ocessor 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 

particular IBM format. Each such address is converted to a 

display.address (1152 xX') + Y' whe:r:e X' is the horizontal 

row of the display and Y' is the vertical column of the 

display at .which a pixel is to appear inthe Sun format. 

Thi.s address is also offset, however, by additional X' and Y' 

val~es which position the window on.the output display of the 

system 30. As pointed out, the conversion process is well. 

known and is.not by itself.the subject c;ff this invention. 

For the particular example given here of an IBM format 

program, a peculiarity of the VGA forma.t must also be handled 

by-the conversion circuitry used in the.emulation 

arrangement. In various presentation modes of the VGA format 

(and other IBM format programs), a single .address and data 

are provided for only the_ first of eig.ht linear addresses at 

which pixels are to be placed. In the IBM format program, 

the address is the first address for eight sequential pixels. 

The data in the IBM fox:mat program appears as a single byte -

of information which is sufficient using t.he various 

translation techniques available to furnish pixel va_lues- for 

. the eight sequential pixels addressed •. When the· -single 
- , 

address is converted, it represents the·act:ual address of· 
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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 repr:esenting the eight pixels coded 

in the single byte associated with the address are converted 

by the emulation circuitry to eight four-bit pixel values 

(t,his is typical of the VGA format), one representing each of 

the pixels in the sequence of eight pixels-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 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 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 ~un display controlled by a 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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whereyer it is done, .the SDOS <itiver of the present invention 

is used. t<:> a.ccomplish the translation of addresses from one 

format to another before any individual translation is 

required. Essentially, the processor 11 runs the SOOS driver 

soft~are (this. driver which communicates between the two 

. system::;. could also be run by the processor 12) which receives 

information. x;egarding the window to be displayed. (including·· 

how it is to be clipped) from the window management program. 

The socs driver creates a data structure in memory in which-

the address conversion of each V(;A add,ress to a display 

addres~ has already been accomplished.· This data· structure 

includes a status word. for each pixel·· address (every eight·h · 

address when eight pixels are incl~.ded wit~ a single address) 

within the window provided by the window management progra~. 

Each status woi::d includes an address within the window for 

each VGA address which may· be furnished by the application 

program. Eaci:.. VGA address pr()vided by the processor ·17 

points ~o a status word in the data structure-. · 'l'-he status 

word includes a_ frame buffer address already converted to 

place the pixel at the appropriate display address-within the 

window using the standard conversion formulae. .Consequently 

no time con_suming conversion needs to occur when each VGA · ·· 

address is prese~ted by the processor. 11; merely a simple · · · 

lookuJ> needs to be accomplished. ·-

I" L 
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In the 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· 

represent masking values .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 pixel is masked _(obscured) by· the data presented 

within another-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 windows on the display may be controlled. 

When writing directly to the frame buffe~1 an IBM format 

address is provided for eight sequential pixels by the 

processor 17. Along with the address, a data byte 

representing the ~nformation for each of the eight sequential 

v pixels is provided. The data is converted by th~ 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 .Stppropriate stat;us word (Figure 3) 

for the .first of the pixels. With the address, the status 

word furnishes the eight bits of masking information for the 

.eight pixe1s. The first pixel position in the frame buffer 
.. 

15 is addressed, and the first four bits representing a pixel 
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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 buffer, -address is then 

incremented by one, and the s.econd four bi ts of data are 

converted to .. an eight bit .pixel value. If the second mask 

bit is a zero, t}le da~a is written to the incremented address 

in the frame buffer. If either mask bit is·a.one, the data 

is . obsc'l,lred by anothe.r window and is not written to the frame 

buffer. This process. continues t)lrough :the; sequence until.·. 

the eight pixels ~re exhausted, and another address and its 

associated data are furnished by the. processor .17~ 

It will be recognized that the use of a data- structure 

as described in this sp.ecification allows the very rapid 

translation of addresses from one format to another because 

it does not requlre that :the translation formulae be applied 

to each pixel as it is furnished by the :processor 17. 

Moreover, the data structure allows any of the IBM formats 

(or formats of whatever computer .displ~y sy..stem is producing 

the addresses) to be translated by simply selecting the. 

appropriate formulae for the particular translat.ion. If the 

particular application program is producingaddresses in CGA 

format rather than the VGA format, then only ·320 pixels occur 

on a line of the display and only 200 lines appear on the_ 

. dis:E>~ay. A set of formulae for this translation is selected 
. . 

in initializing the. emulation module 32 for the particular 
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application program and when the data structure is created by 

the SOOD driver, these formulae are used.to provide the 

status words. 

An additional advantage of the translation accomplished 

by the present invention is that a data structure may be 

created and stored in memory for each individual application 

program being run on the processor 17. In this manner, all 

of the IBM format programs may be written directly to the 

frame buffer 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 problem, how 

to keep the application programs in IBM format from 

interfe-ring with each· other and the other programs on the 

display 15. 

-It will be recognized 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 el~ments 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 

to obscure ·it or to remove obscuring pixels. When these 

things happen, the data structure must be reconstructed to 
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change the converted addresses held in the status words (and 

possibly the masking bits if the window moves) or to change 

the masking bits if some other window moves and changes the 

clipping necessary. It will be appreciated that the 

reconstruction-of the data structure requires cooperation 

with the window maI'lagement program of the· operating system. 

As pointed out above, the.SOOS driver is constructed so 

that the Sunos operating system anci its ~indow management 

program treat .tpe IBM format program running on the processor 

17 as merely another application program accessing the output 

di~play through the window management. program. :rn order to --· 

accomplish this, the-SOOS driver (the SOOS kernei} responcis 

to the window management program in the same manner as would 

an application program so thatthe window management program. 

of the SunOS operating system is in complete control of the 

placement of windows on the output display. When the 

. ......... 

processor 17 signals that it.has an IBM format progrilm which -~ 
it .wishes to run in a window, the wi.ndow management program 

sets up and assigns the window structure to the IBM format 

program. 

.-

. The window mana9'E:!ment program k~eps track of the window 

structure assigned to the IBM format program in. the same .way 

:.• it keeps track .of all other window structures assigned to 
. . 

other programs •. The window managemen.t.pr(?gram.signals the 
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SOOS 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 assigned for the window 

an.d stores that data structure in . memory. The processor 17 

then starts to transfer the VGA ~ddresses and associated data 

to what it believes is VGA controller memory adqresses. In 

fact, the VGA addr~sses a;e t_ranslated 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 ~~ta by the standard conversion process) to the 

a.ddresses specifiedpy the status words of the data 

structure. 

-
Not only is e·ach pixel transferred to the f.rame buffer 

-
14 in the manner described above_, but a separate set of data 

and addresses representing each pixel is sent at the same 

time (or earlier in the preferred embodiment) to be stored in 

an area in shared memory reserved for the IBM format ·program. 

The pixel data is always written 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 a1·1ows 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 SOOS driver to help reeonstru~t the 

graphics data displayed in a window when that window is moved 

to -a new position on the output dis.play. 

In the meantime, the window management programmC>nitors 

the .entire :window structure includiilg·the portions of windows 

which overlap one another and indicates wh;en the data 

structure of the present invention needs to be updated. 

Whenever any wind.ow is moved, the window management program 

consults the overall window control··. structure ·it has created. 

If the.window in which the IBM format program is running is 

involved in the window moveIDent, the wi~dow management 

program sends a signal to the driver working with the 

emulator module 32 running the IBM format program. This 

signa'i cuts off the operation by which·the IBM format program 

writes directly to the frame buffer and to the shared memory. 

The window management program then assigns the· ·new window 

structure and informs the emulator module 32, providing_ 

information regarding the position and clipping. Given the 

new window positions, the SDOS driver reconstructs the data 

structure for.the IBM format pr<?gram so that the window· 

addresses are correct and so that the masking bits for each 

sequence of pixels associated with each address are correct. 

When the window movement is completed, the window management 
. . 

program signals the driver running o~ t-he processor 17, and. 
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the emulator·module 32 then signals the IBM format program to 

begin writing to the frame buffer again·. 

Figure 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 b~ seen, the 

SOOS driver running on the processor 17 signals the. windows· 

management program· that an IBM format program is to be 

displayed. The windows· management program sets Up the window 

and signals the driver the position of and the clipping in 

the window. The SOOS driver constructs the data structure 

including the status·words for acc~mplishing the address 

translations into the format being displayed. The emulator 

module 32 signals_ -~he processor, and the processor sends 

addresses and-data in IBM format for display. The data is 

translated in accordan.ce with the particular IBM format into 

pixel 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. When 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 affected in some way by window 

mov·ement (either of that·· window or another window), the 

window management.program signals the driver running on the 

27 



processor 17. The. driver stop$ 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 particular window, updates its windo~s. 

control structure, and provi_des information to the driver 

regarding the window posi.tion Cind clipp_ing. The. SDOS dri:v:er 

reconstructs the data structure, signals the processor 17,. 

and begins translating addr~sses uses the new data structure.; V 

Although the preisent invention ha~ been described in 

terms of a preferred e~od_i;m_ent, it will be appreciated that 

various -modifications and alterations might b~ made by those 

skilled in the art without departing from the spirit and 

scope of the invention. The invention should therefore be 

measured_ in terms of the claims which follow. 
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CLAIM.5 

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 graphics data for display on the output display 

comprising the steps of providing a signal indicating that 

graphics_ data from the source is to be displayed, .setting 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 informati~n regarding ~ts position_and ciipping~ 

setting up a data structure for the window including a frame 

buffe.r address and clipping data for each address to be· 

generated for displayin9 the graphics data furnished by the 

source in the window constructed, and transferring the 

'-.__,/ graphics data from the source to addresses in the frame 

buffer pointed to by the addresses in the data structure. 
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2~ A method for writing directly to a frame buffer as 

claimed in Claim 1 further comprising the steps of stopping. 

the writing to the frame buffer when the window for the 

display of the graphics data from the source under control of 

the window management program is affected by any other window 

controlled by t~e window management program, reconstructing. 

the data structure to reflect ~the way in ·Which the window is··· 

affected, and restarting the transfer of graphics data from V 
the source to addresses. in- the frame buffer pointed to by the 

addresses in.the reconstructed data structure. 

3. A-.method for writing directly to a frame buffer as 

claim~d in.Claim l in which the step of 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 comprises generat!ng a data word comprising the 

frame buffer eiddress and masking bits for any data to be 

stored at the address indicating whether.the data is to be 

displayed or aet. 
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4. A method for writing directly to a frame buffer as 

claimed in Claim 3 in which the step of generatin~ 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 generating a single 
... ~· 

masking bit for ea~h add·ress to which data is to be written. 

5. ·A method for· writing direct.ly to a frame buffer as 

claimed in Claim 1 further comprising the step of writing the 

graphics data from the source memory to provide information 

which·may be manipulated for display by the source of 

graphics ··-data. 
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6. A method for writing direc·tly to a frame buffer 

providing signals to an output display in a compute·r system 

having a first processor running a window management program 

controlling furnishing of data furnished in a first .format to 

the frame buffer, a:nd a second processor running application 

programs in a· second format for display:comprising the steps_ 

of providing a signal indicating that an application program 

running on the .second processor has information to be 

displayed, setting up a window for the, display of the 

application-program running on the second.processor under 

control of the window manaqement·program, siqnallinq the 

s.econd processor that the window exists and providing. 

information rega~ding its position and clipping, setting up a 

data structur~_for the window including a· frame buffer 

address and clipping infoElllation for ·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 ~ 

secon~ processor directly to add~esses in the frame buffer 

pointed to by the addresses in the data structure. 

. . 
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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 

processor under control of the window management pr9gram: 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 transfer ef data from the application program 

running on the second processor to addresses in the frame 

buff er 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 and 

clipping data for each address to be generated for displaying 

the application program running on the second processor in 

the window constructed comprises ge~~rating 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. 
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9. A method for writing direc;:tly ·to a frame buffer as 

claimed in·c1aim·a 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 generating a sipgle 

masking.bit for.each address to whic:;;h data is to be written. 

10. A method for writing direc~ly to a frame buffer as · -....J. 

claimed in Claim 6 further comprising.the step-of writing the 

data from the application program running on the second .. 

processor to memory to provide information which may be 

manipulated for display by the second processor. 
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11. Apparatus 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 graphics data for display on the output display 

comprising means for providing a s_ignal indicating that 

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

~, setting up a wj,.ndow for the display of the graphics data from 

the source under 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 

constru~ted, and means for transferring the graphics data 

from the source to addresses- in the frame buffer _pointed to 

by the addresses in the data structure. 
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12. Apparatus for writinq directly to a .frame buffer as 

claimed in: 'Claim ll further com.prising means for. stopping the . 

writing to the frame buffer when the window for the display 

of the graphics ·data f rem the source und.er control . of the 

window manaqement program is affected by any .other window 

controlled by·the window management program, means for 

reconstructing tbe data structure to reflect the .. way in which 

the window is affected,. and means .for re.starting the transfer 

of graphics data from the source to addr.esses in .the frame .· 

~ buffer pointed to by.the addresses in: the.reconstructed data 

structure. 

13. Apparatus for w~iting directly to a frame buffeJ:," as 

claimed in Claim 11 in which means _f_or settiqg up a data 

structure for the window inciuding a frame l;>uffer address and 

clipping data for each address to .be g~l)erated for displaying 

the graphics data furnished by the 5oµrce in ~he window 

·constructed comprises means for generating a data word . 

c;omprising_ the frai:ne buffer_ address and masking bits f-or any 

data to be stored at the address indicating whether the data 

is to be displayed or not. 
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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 directly 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 accanpanying drawings. 
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