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ABSTRACT OF THE DISCLOSURE

An output display system including an output display; apparatus for
controlling the writing of information to the output display; and a double buffered
memory including a first bank of video random access memory for furnishing
information to the output display, a second bank of video random access
memory for furnishing information to the output display, and apparatus for
addressing alternate banks of memory as each line of the output display in a

frame is written.
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1. Field Of The Invention:
This invention relates to display systems for computers and, more

particularly, to methods and apparatus for accelerating the transfer of graphical

information to frame buffers in a double buffered display system.

2. History Of The Prior Art:

Computer systems use a buffer memory called a frame buffer for storing
data which is to be written to an output display. The informati'on in the frame
buffer is written to the display line-by-line generally beginning at the upper left-
hand corner of the display and continuing to the lower right-hand corner. One
frame of information is followed by the next so that thirty frames are furnished
each second. As the picture in one framé changes to the picture in the next,
continuous motion is presented. To aoco'mplish this, a frame buffer must be

continuously updated.

Typically, a frame buffer is constructed of video random access memory

arrays which differ from conventional random access memory arrays by having

a first random access port at which the memory may be read or written and a
second line-at-a-time serial output port which furnishes pixe'l data to the circuitry
controlling the output display. Such a construction allows infor:mation to be'
written to the frame buffer while the frame buffer continually fumiéhes

information to the output dispiay.
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The ability of a frame buffer to both receive information and transfer that
information to an output display simultaneously causes certain difficulties. If
information being furnished to the display changes during the time that a single
frame is being furnished, then the display may present information from more
than one time period. This is called a frame tear. Frame tears are only
important where motion from one frame to the next causes the elements
presented on the display to be obviously distorted. When this occurs, the

distortion caused may be extremely disconcerting to the viewer.

To eliminate frame tears, certain more expensive computer systems
utilize what is referred to as double buffering. Double buffering provides two
frame bufters both of which furnish pixel information to the circuitry controlling
the output display. One of the frame buffers is selected to provide information
for a particular frame on the output display, ahd no information is provided to
that frame buffer while the information it stores is being transferred for display.
The other frame buﬁer, in the meantime, receives all of the new information to
be displayed. When the display is to be changed, the second frame buffer is

selected to transfer pixel information to the output display and the first buffer to
| raceive new pixel information. In this manner,' no pixel information is ever
written to a frame buffer while the information in the frame buffer is Deing written

- to the display. The effect of this is that frame tears cannot occur.

However, even though frame tears do not occur with double buffering,
the video random access memory used for frame buffer memory is not being
utilized as fully as it would be in a system using a single frame buffer because at

no time is a buffer both being updated and furnishing information to the output

82225.P203 2
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display. Video random access memory is expensive, and it would be desirable
to better utilize that memory in a double buffered display system.

SUMMARY OF THE INVENTION

It Is, therefore, an object of the present invention to increase the speed

of operation of a computer display system which utilizes double buffering.

It is another more specific object of the present invention to allow a

double buffered computer display system to operate more rapidly in presenting
vertical lines on the output display.

Accordingly, In one aspect, the present invention provides a double-
buffered frame buffer system for writing to an output display comprising: a first
bank of two-ported video random access memory for furnishing portions of a
first frame of information to the output display through its first port and for
concurrently receiving information through its second port to update lines in a
second frame of information not being currently furnished to the output display,
wherein each frame includes all lines of a complete display image, such that
said first and second ports of said first bank are concurrently used for receiving
and outputting information; a second bank of two-ported video random access
memory for furnishing all remaining portions of said first frame of information to
the output display through its first port and for concurrently receiving information
through its second port to update lines in said second frame of information not
being currently furnished to the output display such that said first and second
ports of said second bank are concurrently used for receiving and outputting
information; said first and second banks simultaneously storing all information
corresponding to said first frame and portions of said second frame; means for

alternatively addressing said first and second banks of memory as each line in
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said first frame is written to the output display, said first frame having its lines
Interleaved between said first and second banks of said memory; means for
addressing said first and second banks of memory to write information to
update lines in said second frame not being currently furnished to the output
display, said second frame having its lines interleaved between said first and
second banks of said memory; and means for controlling the writing of lines in
said first frame of information to the output display by selecting alternate lines
constituting said first frame from said first bank and said second bank.

In a further aspect, the present invention provides a double-buffered
method for writing to a video display system having first and second banks of
two-port video display random access memory, comprising the steps of: storing
entire first and second frames of video display information in said first and
second banks, with said first and second frames each having lines interleaved
between said first and second banks and wherein each frame includes all lines
of a complete display image, said first and second banks each having first and
second ports, with the first and second ports of the first bank configured for
concurrently receiving and outputting video display information: reading said
first frame of a video display information from said first and second banks. and
updating a portion of said second frame of video display information, said step
of updating a portion of said second frame being performed concurrently with
said step of reading said first frame.

In a still further aspect, the present invention provides a double-buffered
frame buffer system for writing to an output display comprising: a first bank of
two-ported video random access memory for furnishing portions of a first frame
with information to the output display through a first port and for concurrently

receiving information through a second port to update lines in a second frame of

information not being currently furnished to the output display, wherein each

3a

SRR Wl ol WA S v N A Cm bt s e e REERPEE g DFEPERT ORI



10

15

20

25

CA 02058251 2001-10-12

frame includes all lines of a complete display image and the first and second
ports of the first bank are concurrently used for receiving and outputting
information; a second bank of two-ported video random access memory for
furnishing all remaining portions of the first frame of information to the output
display through a first port and for concurrently receiving information through a
second port to update lines in the second frame of information not being
currently furnished to the output display with the first and second ports of the
second bank concurrently used for receiving and outputting information: said
first and second banks simultaneously storing all information corresponding to
the first frame and portions of the second frame: a bank select unit connected to
the second ports of the first and second banks, said bank select unit receiving
the first and second frames of information and routing portions of the first and
second frames to the first and second banks; a multiplexer having first and
second inputs connected, respectively, to the first ports of the first and second
banks for receiving information therefrom and for selectively outputting
Information either from the first bank or the second bank in accordance with a
display buffer select value; a display control circuit, connected to an output of
sald multiplexer, for receiving information therefrom: and an output display
buffer for receiving information from the display control circuit and for routing
said information to the output display.

These and other objects of the present invention are realized in an
output display system comprising an output display; means for controlling the
writing of information to the output display; and a double buffered memory
including a first bank of video random access memory for furnishing information
to the output display, a second bank of video random access memory for
furnishing information to the output display, and means for addressing alternate
banks of memory as each line of the output display in a frame is written.
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These and other objects and features of the invention will be better

throughout the several views.
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Figure 1 is a block diagram illustrating a conventional double buffered

output display.

Figure 2 is a block diagram illustrating a double buffered output display

constructed in accordance with the present invention

Figure 3 is a timing diagram useful in understanding the invention.

ON AND NOMENCLAT!

P
e
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.
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Some portions of the detailed descriptions which follow are presented in
terms of symbolic representations of operations on data bits within a compmer
memory. These descriptions and representatioris are the means used by those
skilled in the data processing arts to most effectively convey the substance of
their work to others skilled in the art. The operations are those requiring
physical manipulations of physical quantities. Usually, though not necessarily,
these quantities take the form of electrical or magnetic signals'capable of being
stored, transferred, combined, compared, and otherwisefmanipulated. It has
proven convenient at times, principally for 'reasons of common usags, to refer to
these signals as bits, values, elements, symbols, characters, terms, numbers, or
the like. It should be borne in mind, however, that all of these and similar terms

are to be associated with the appropriate physical quantities and are merely

“convenient labels applied to these quantities.
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Further, the manipulations performed are often referred to in terms, such
as adding or comparing, which are commonly associated with mental
operations performed by a human operator. No such capability' of a human
operator is necessary or desirable in most cases in any of the operations
described herein which form part of the present invention: the operations are
machine operations. Useful machines for performing the operations of the

present invention include general purpose digital computers or other similar
devices. In all cases the distinction between the method operations in
operating a computer and the method of computation itself should be borne in
mind. The present invention relates to apparatus and to method steps for
operating a computer in processing elect;ical or other (e.g. mechanical,

chemical) physical signals to generate other desired physical signals.

DETAILED DESCRIPTION OF THE INVENTION

Reférring now to Figure 1, there is illustrated an output display system 10
constructed in accordance with the priqr art. The display system 10 includes a
first frame buffer 12 and a second frame buffer 13. Each frame buffer 12 and 13
is typically a single bank of memory devices. Thus, a single bank 0 constitutes
the buffer 12 and a single bank 1 constitutes the buffer 13. The frame buffers 12
and 13 are typically constructed of video random access memory and are
constructed with addressing facilities so that they are referred to as two ported.
Essentially, this means that each of the frame buffers 12 and 13 includes a first

means for addressing to provide random access {o the storage positions within

82225.P203 5
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the memory and a second means for accessing the memory serially so that

lines of information may be provided for presentation on an output display.

Also included in the display system 10 is circuitry for selecting the
§  particular one of the frame buffers 12 or 13 which is to be written to or from

which information is to be read on a random access basis. For the purpose of
this figure, the circuitry for randomly accessing the two buffers 12 and 13 is
reprasented by a bank select circuit 15 the details of which are not important to
the understanding of this invention and are well known to those skilled in the

10 art. Atthe output of the buffers 12 and 13 is illustrated a multiplexor 17 which
represents the circuitry for providing the line-by-line serial output from the

buffers 12 and 13 and for selecting between those buffers. The line-by-line

serial output is transferred by display control.'circuitry 18 to an output display 20.

15 In operation, the information in one of the display buffers 12 or 13 is
transterred out a line at a time until a complete frame has been transferred,to-
the display 20. For exarhple, the display 20 illustrates that buffer 12 from
physical bank 0 as being displayed. During the period of transfer from the
buffer 12, information for updating the display 20 méy be provided by ihe bank

20  select circuitry 15 to selected addresses within the buffer 13. When a complete
frame has been written from the frame buffer 12 to the display 20, the circuitry
17 may select the buffer 13 so that the display information therein wili be
transferred to the display 20. During the period information IS actually being
transferred from the serial port of the buffer 13 to the"dispiay 20, any new

25 updating information is furnished by 'the circuitry 15 to the buffer 12.

82225.P203 6
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Since no information is baing transferred to a frame buffer during a
period in which the display 20 is being updated from that buffer, each frame of
information presented on the display 20 is provided from a buffer which

contains information correct for the instant of time at which the frame is

presented. Consequently, frame tears cannot occur using such a system.

However, it will be recognized that each of the frame buffers 12 and 13 is
two ported so that it may be receiving information through its the random access
ports while information is being transferred to the display 20 through its serial
output ports. This, of course, is the typical manner in which a system using a
single frame buffer operates. Thus, although both ports are not utilized
simultaneously in a double buffered system, the two ports are retained because
of the convenience of their use in typical systems. However, the circuitry is

clearly under utilized when compared to its use in single buffered systems.

The present invention makes use of the two ported accessing
arrangements typical to frame bufferé so that each bank of memory used in a
double buffered system is both updated and furnishes informatiqn to the output
display simultaneously. The invention allows this simultaneous use while
retaining the advantages of double buffering so that frame tears do not oceur.
This is accomplished by treating the two physical banks of memory which are
typical of a double buffered display system, not as individual frame buffers, but
as banks from which two frame buffers may be constmcted. In a sense, the two
frame buffers may be considered as 'virtual frame buffer memoriés and the two
banks of memory in which they reside as the physical frame buﬁér memory

used to provide storage for the two virtual frame buffers.
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In arranging the addressing circuitry of such a system, alternate lines of
memory are used in each of the two banks of memory for each frame buffer.
Figure 2 illustrates such an arrangement. In Figure 2, the two s‘ingle banks 0
and 1 ot physical video random access memory are shown both containing
alternate lines of two virtual frame buffers. A first frame buffer 0 may be
considered to consist of a first line 0 in one memory bank 0, a second line 1 in a
second memory bank 1, a third line 2 in the first memory bank 0, a fourth line 3
in the second memory bank 1, and so on through alternating lines in each of the
memory banks. Thus, the first frame buffer 0 includes the same number of lines
as does a typical frame buffer used in a typical double buffered display system
except that alternate lines of the frame buffer reside in attemate memory banks.
In a like manner, second frame buffer 1 may be considered to consist of a first
line 0 in memory bank 1, a second line 1 in memory bank 0, a third line 2 in
memory bank 1, a fourth line 3 in memory bank 0, and so on through alternating
lines in each of the memory banks. Similar to the first frame buffer 0, the second
frame buffer 0 includes the same nUmber_ of lines as does a typical frame buffer

used in a double buffered display system except that alternate lines of the frame

buffer reside in alternate memory banks.

When a frame of pixels is written to the output display, .all' of the lines of
the frame come from the samé frame buffer (e.g., frame buffer 0'). However, the
first line of the frame is written from one of the banks of memory (e.g., bank 0),
and the next line of the frame is written from bank 1. Then the third line is
written from bank 0; and the fourth line is written from bank 1. This co’ntinues.
throughout the time any individual frame is written from any individual frame

buffer for diéplay. During that time, no information is written to update those

82225.P203 8
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particular lines of the two banks of memory which constitute this virtual frame
buffer 0. For this reason, no frame tear may occur in the first frame. On the

other hand, those lines of the two physical banks of memory which are not in the
virtual frame buffer 0 being written to the display may be updated during the

time this first frame is being written to the display.

In a similar manner, when an updated frame is to be presented on the
display, the second virtual frame buffer 1 is used to furnish this frame to the
display. Thus, the first line O of the updated or second frame is written from the
other one of the banks of memory (i.e.., bank 1). The next line 1 of the frame is
written from bank 0. The third line 2 is wrtten from bank 1; and the fourth line 3
is written from bank 0. This sequence continues throughout the time this
individual frame is being written. As with the previous frame buffer, no
information is written to update those lines of the two banks of physical memory
which constitute the second frame buffer. For this reason, no frame tear may
occur in the second frame. On the other hand, those lines of the two banks
which are not in the second virtual frame buffer being written to the display may
be updated during the time this second frame is being written to the display.
Although this may seem like a very complicated way in which to access frame
buffers to simply provide a display which offers the same advantages as does a
typical double buffered display system, the system of the present invention
offers substantial advantages over prior ant systems. Those skilled in the art will
recognize that the operation of the display is particularly slow in the vertical
direction using conventional frame buffers. The present invention offers
particular advantages in describing lines on the display which are other than

honzontal. For example, in a conventional arrangement, when a vertical line is

82225.P203 9
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being written to the frame buffer, the addressing circuitry is used to write a first
pixel on a first line. After that pixel has been written, the addressing circuitry
may be used fo access a second pixel on a next line. In the pfesent invention,
two different banks are involved so that a first pixel may be written to the first
bank and before that operation is complete, a second pixel may be written to the
second bank. This allows write operations to be interleaved for writing vertical
or other non-honzontatl lines to the frame buifer. Thus the writing of alternate

banks in the same virtual frame buffers takes half as long as in a conventional

double buffered system.

The advantages are very apparent from a review of the timing diagrams
for the operations. For example, as may be seen from the upper two lines of
timing diagrams in Figure 3, in a typical frame buffer of the priok art, the read
and write functions can only take place in a serial fashion. Moreovér, only one
of the two frame buffers may be addressed at one time since information cannot
be written into the buffer which is being described on the display or a frame tear
will occur. Figure 3 illustrates in the second line of the timing diagram the .

cycles required for sequential write accesses in a typical frame buffer operation.

On the other hand, in the arrangement of the present invention, because
alternate rows of the virtual frame buffers appear in different banks of video
random access riemory, when a write operation for a non-horizontal line
occurs, for example, the information in sequential accesses is directed to
different banks. Because different banks of memory are utilized for sequential
read or write operations, the periods in which these functions are accomplished

may be overlapped. The middle pair of timing diagrams in Figure 3 illustrate

82225.P203 10
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this. A write operation occurs, and the information is available on the access
lines. Once the first write has begun, a second write operation to the other bank
of memory may commence and overlap the write operation to the first memory
bank. Moreover, it is also possible to write to each of the two banks in parallel
as Illustrated in the lowest pair of timing diagrams in Figure 3. This, however,
requires somewhat more complicated accessing circuitry. Thus, as is clear from
the timing diagrams shown in Figure 3, the operations of the frame buffers of
this invention may occur in approximately half the time required to accomplish
the same functions in a typical double buffered system of the prior art.

Figure 2 illustrates circuitry in accordance with the present invention for
accessing the banks of memory used for the virtual frame buffers to provide
interleaved random access operations. As may be seen. in accessing the
memory banks for either of the two ports, the buffer select signal (which may be
a single bit signifying one or the other of the two virtual frame buffers) and the
least significant bit of the Y address are transferred to an exclusive OR (XOR)
gate 22. If the least significant bit of the Y address ends in a zero, the buffer
select value will be transferred to accomplish the selection. If, on the other
hand, the least significant bit of the Y address is a one, the value of the buffer
select signal is complemented. Since every other Y address to a normal frame
buffer ends in a one while the lines between end in zeroes, every other line will
have its buffer select address complemented. This complementing provides

access on a line by line basis which alternates between the two banks.

11




10

To write the information to the output display, the display buffer select
signal is transferred to an exclusive OR circuit 23 aiong with the lowest order bit
furnished by the display line counter. The value produced by this operation is

used to select the proper bank of memory for the line to be transferred to the

display.

Although the present invention has been described in terms of a
preferred embodiment, it will be appreciated that various modifications and
alterations might be made by those skilled in the art without departing from the

spirit and scope of the invention. The invention should therefore be measured

in tearms of the ¢laims which follow.
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The embodiments of the invention in which an exclusive property or
privilege is claimed are defined as follows:

1. A double-buffered frame buffer system for writing to an output display
comprising:

a first bank of two-ported video random access memory for furnishing
portions of a first frame of information to the output display through its first port
and for concurrently receiving information through its second port to update
lines in a second frame of information not being currently furnished to the output
display, wherein each frame includes all lines of a complete display image, such
that said first and second ports of said first bank are concurrently used for
receiving and outputting information;

a second bank of two-ported video random access memory for
furnishing all rem'aining portions of said first frame of information to the output
display through its first port and for concurrently receiving information through
its second port to update lines in said second frame of information not being
currently furnished to the output display such that said first and second ports of
said second bank are concurrently used for receiving and outputting
information;

said first and second banks simultaneously storing all information
corresponding to said first frame and portions of said second frame;

means for alternatively addressing said first and second banks of
memory as each line in said first frame is written to the output display, said first
frame having its lines interleaved between said first and second banks of said
memory,

means for addressing said first and second banks of memory to write
information to update lines in said second frame not being currently furnished to
the output display, said second frame having its lines interleaved between said
first and second banks of said memory; and

13
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means for controlling the writing of lines in said first frame of information

to the output display by selecting alternate lines constituting said first frame
from said first bank and said second bank.

2. The system of claim 1 in which the means for alternatively addressing
said first and second banks of memory comprises means for selecting every
other line from one of the first and second memory banks.

3. The system of claim 1 in which the means for selecting every other line

from one of the first and second memory banks comprises means for

complementing a buffer select value on alternate lines of a frame.

4. The system of claim 1 further comprising means for storing a frame to be

displayed in interleaved lines of the first and second memory banks of memory.

D. The system of claim 4 in which the means for storing comprises means

for storing every other line of the frame to be displayed in one of the first and

second memory banks.

6. The system of claim 5 in which the means for storing every other line
from one of the first and second memory bank comprises means for

complementing a buffer select value on alternative lines of a frame.

1. A double-buffered frame buffer system for writing to a video display
system, comprising:

first and second banks of two-port video random access memory, said
first and second banks each having first and second ports, with the first and
second ports of the first bank configured for concurrently receiving and

outputting video display information;

14
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an element for storing entire first and second frames of video display
Information in said banks, with said first and second frames each having lines

Interleaved between said first and second banks and wherein each frame
includes all lines of a completed display image;

an element for reading said first frame video display information from
said first and second banks: and

an element for updating a portion of said second frame video display
Information stored in said first and second banks, said means for updating a

portion of said second frame operating concurrently with said means for reading
said first frame.

8. A double-buffered method for writing to a video display system having
first and second banks of two-port video display random access memory,
comprising the steps of:

storing entire first and second frames of video display information in said
first and second banks, with said first and second frames each having lines
Interleaved between said first and second banks and wherein each frame
Includes all lines of a complete display Image, said first and second banks each
having first and second ports, with the first and second ports of the first bank
configured for concurrently receiving and outputting video display information:

reading said first frame of a video display information from said first and
second banks, and '

updating a portion of said second frame of video display information,
said step of updating a portion of said second frame being performed
concurrently with said step of reading said first frame.

9. The method of claim 8, wherein said step of updating said second frame
of video display information includes the step of updating video display

15
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Information stored in said first bank while concurrently updating video display
Information stored in said second bank.

10. A double-buffered frame buffer System for writing to an output display
comprising:

a first bank of two-ported video random access memory for furnishing
portions of a first frame with information to the output display through a first port
and for concurrently receiving information through a second port to update lines
In a second frame of information not being currently furnished to the output
display, wherein each frame includes all lines of a complete display image and
the first and second ports of the first bank are concurrently used for receiving

and outputting information:

a second bank of two-ported video random access memory for

second port to update lines in the second frame of information not being
currently furnished to the output display with the first and second ports of the
second bank concurrently used for receiving and outputting Information:

said first and second banks simultaneously storing all information
corresponding to the first frame and portions of the second frame;

and routing portions of the first and second frames to the first and second
banks;

a multiplexer having first and second inputs connected, respectively, to
the first ports of the first and second banks for receiving information therefrom
and for selectively outputting information either from the first bank or the second
bank in accordance with a display buffer select value:

16
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a display control circuit, connected to an output of said multiplexer, for
receiving information therefrom: and

an output display buffer for receiving information from the display control
circuit and for routing said information to the output display

17
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