
MEMORY MAPPED MOUSE BACKGROUND OF THE INVENTION 1.   Field of the Invention
This invention relates to computer operating systems and, more
particularly, to improvements in operating systems for controlling pointing
devices. 2.   History of the Prior Art In a typical computer system
utilizing bitmapped graphics, a mouse or other pointing device is used for
accurately creating and revising graphic images. Basically, such a device
provides signals accurately defining a position at which the pointing
device is placed and the condition of one or more switches related to the
device, usually referred to as buttons. In many of the more advanced
systems, a mouse is also used for effecting many of the operations of
various application programs by use of menus which may have operations
selected by pointing to an item with a cursor controlled by the mouse and
operating one or more of the buttons. In the usual operating system
utilizing a mouse or functionally similar pointing device (which are
referred to hereinafter by either term), the pointing device generates
interrupt signals approximately each one-fortieth of a second. Each of
these signals causes the operating system to pause in its operation, sense
the device position, store the new device position, redraw the cursor
position, and return to the interrupted operation. This is a useful
operation when either the pointing device position or the status of a
button has changed. However, statistically, such changes occur much less
often than every one fortieth of a second. Consequently, a substantial
amount of system operation time is lost to the 



mechanism by which the pointing device condition is updated.    -2- As is
well known to those skilled in the art, in order to make an operating
system functional, there must be many levels of interrupts. That is, for an
operating system to function, some level of interrupt must take precedence
over all other levels of interrupts and other interrupts must, in like
manner, have their own precedence with regard to the other interrupts for
an operating system to function. Thus, the mouse interrupt may, in many
cases, be delayed in execution because of some other process having
precedence and preempting the system for some period of time. Moreover, in
many of the more advanced computer systems which utilize pointing devices
and provide for multitasking of operations, more than one program or
process may be operating at the same time. This is usually accomplished by
an operating system which allows one process to utilized the central
processing unit (CPU) for a period, a second process to utilize the CPU for
a second period, and so on, the sharing of the CPU, hopefully being such
that each process appears to the user to be running without interruption by
the other processes. The operation of a such multitasking system requires
many more levels of preemption and interrupts and often delays the
redrawing of the cursor representing the pointing device position for long
periods of time. Certain application programs which make use of pointing
devices include utility programs for accelerating the movement 



of the cursor representing the position of the pointing device on the
output display. If the interrupt utilized to redraw the cursor on the
output display is preempted during movement of the pointing device, the
output for the pointing device described on the output display may well be
substantially distorted.    -3- The object of the present invention is to
provide an arrangement for remembering the positions to which a pointing
device has been moved during an interim in which the position of the device
has not been updated on the display so that the path previously taken by
the device may be drawn as it occurred during that interim.    SUMMARY OF
THE INVENTION These and other objects of the invention are realized in an
operating system in which the operating system reviews the present mouse
position on a repeating basis and generates a system interrupt to update
the pointing device position only in the case in which a change in the
pointing device has occurred since the last review. In this manner, the
system continues with its present operation until the mouse position
changes so that the system need not update the mouse position or redraw the
cursor on a constantly repeating timed basis. This significantly reduces
the operating system overhead time 



allotted to the operation of the mouse. This is accomplished in a
particular computer system by memory for storing condition signals
indicative of the position of a pointing device and the condition of a
button thereof, means for comparing present condition signals generated by
a pointing device with the stored signals indicative of a previous
condition of the pointing device, and means responsive to the comparison of
present condition signals generated by a pointing device with stored
signals indicative of a previous condition of the pointing device for
generating a pointer interrupt signal only if a change in the pointer
condition has occurred. In a specific adaptation of the invention, an
arrangement is provided for storing a number of adjacent pointer positions
over a period of time during which the mouse interrupt operation is
preempted and the operating system is attending to other operations so that
when the system returns to the pointing device to indicate its present
position, various intervening positions may also be properly displayed.
5 These and other features and advantages of the present invention will
become apparent to those skilled in the art upon reading the following
detailed description in conjunction with the several figures of the drawing
in which like designations have been used for like components and
operations throughout.  



-6- BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 is a flow chart illustrating
the operation of a portion of an operating system in accordance with the
present invention; Figure 2 is a flow chart illustrating the operation of a
more sophisticated portion of an operating system in accordance with the
present invention; and Figure 3 is a diagram of the information stored at a
memory position in accordance with the invention.    NOTATION AND
NOMENCLATURE Some portions of the detailed descriptions which follow are
presented in terms of algorithms and symbolic representations of operations
on data bits within a computer memory. These algorithmic descriptions and
representations 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. An algorithm is here, and generally, conceived to be a
self-consistent sequence of steps leading to a desired result. The steps
are those requiring physical manipulations of physical quantities. Usually,
though not necessarily, these quantities take the form of electrical or
magnetic signals capable of being stored, transferred, combined, compared,
and otherwise manipulated. It has proven convenient at times, 



principally for reasons of common usage, 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. 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    -8- operating a
computer and the method of computation itself should be borne in mind. The
present invention relates to method steps for operating a computer in
processing electrical or other (e.g. mechanical, chemical) physical signals
to generate other desired physical signals. The present invention also
relates to apparatus for performing these operations. This apparatus may be
specially constructed for the required purposes or it may comprise a
general purpose computer as selectively activated or reconfigured by a
computer program stored in the computer. 



The algorithms presented herein are not inherently related to any
particular computer or other apparatus. In particular, various general
purpose machines may be used with programs written in accordance with the
teachings herein, or it may prove more convenient to construct more
specialized apparatus to perform the required method steps. The required
structure for a variety of these machines will appear from the description
given below.    -9- DETAILED DESCRIPTION OF THE INVENTION As pointed out
above, in the usual operating system utilizing a mouse or functionally
similar pointing device, the mouse device generates interrupt signals
approximately every one-fortieth of a second. Each of these signals causes
the operating system to pause in its operation, sense the mouse position,
store the new mouse position, redraw the cursor position, and return to the
preceding operation. A substantial amount of time is lost in system
operation to the means by which the mouse position is updated since the
operation occurs forty times each second. Figure 1 illustrates a flow chart
which may be used to explain the operation of the present invention which
substantially reduces the delay in system operation due to mouse condition
updating. In a system in accordance with the invention, a mouse interrupt
is not generated unless the mouse has either moved or the condition of its
buttons has changed. In the flow chart of Figure 1, the mouse input signal
is first 



received at step 10. This signal, as indicated above, includes the
information by which the mouse position and the condition of its associated
buttons is determined. At step 12, the incoming mouse signal is compared to
the last mouse position and condition. The last mouse position is, in
accordance with the preferred embodiment of the invention, stored as an
entry in an array in memory. Figure 3 illustrates the information provided
in a preferred embodiment of the invention to the particular memory
position recording the last mouse condition. The information stored
includes the X position of the mouse in absolute rectilinear coordinates,
the Y position of the mouse in absolute rectilinear coordinates, the
condition of a button    - 10 - one, the condition of a button two, the
condition of a button three, and an indication of the time at which the
last mouse condition occurred. Depending on the particular system and the
particular mouse utilized, there may be one or more buttons. The preferred
embodiment utilizes a three-button mouse, and one bit is stored for each
button. As there is a substantial body of prior art explaining various
mouse arrangements, no detailed description of a particular mouse is
considered to be necessary to this description. At a step 14, the result of
the comparison which occurred at step 12 determines whether the operation
ignores the present mouse condition or generates an interrupt to utilize
the incoming mouse signals. If the condition of the mouse has 



not changed as indicated by the comparison with the stored mouse condition,
then the operating system simply ignores the incoming mouse signal and
returns to review the following mouse signals at step 10. In this manner,
the entire mouse interrupt is bypassed if no change in mouse condition has
occurred. If, on the other hand, the mouse condition has changed, the
program moves to a step 16 to set a flag indicating that change in mouse
condition has occurred. The change flag is set so that the mouse condition
positions in memory are not overwritten during the process by incoming
mouse condition signals. The program next moves to a step 18 at which a
determination is made whether one-fortieth of a second has passed since the
last mouse condition update. If one-fortieth of a second has not passed
since the last mouse condition update, the program simply recycles to step
10 to look for a new mouse condition. In this manner, a mouse interrupt can
be generated no more often than each one-fortieth of a second. If
one-fortieth of a second has passed since the last mouse    -   11 -
condition update, the program moves to a step 20 to generate a mouse
interrupt. When a mouse interrupt is generated, the mouse interrupt
subroutine or function is entered at a step 22. This subroutine is shown to
the right in Figure 1 of the drawing. The subroutine moves to a step 24 to
read the new mouse position and the condition of the mouse buttons. The 



subroutine next moves to a step 26 to update in memory the mouse position,
the button conditions, and the time the input occurred by providing to
memory information in accordance with the illustration of Figure 3.
Finally, the subroutine moves to step 28 to erase and redraw the mouse
cursor in the frame buffer of the computer system (not shown in the
drawings) so that the mouse cursor position may be scanned to the output
display. When step 28 is completed, the subroutine moves to a step 30 to
clear the change flag previously set and then to a step 32 to return to the
main program at step 10. The advantages of the invention will be apparent
to those skilled in the art. Rather than having to interrupt the operation
of the CPU each one-fortieth of a second, the present arrangement allows
the updating to occur only upon an actual change in the mouse condition.
Thus, it is not necessary to update the mouse position and the button
conditions in memory each one-fortieth of a second nor is it necessary to
erase and redraw the mouse cursor in the frame buffer of the computer
system each one-fortieth of a second. This provides a substantial saving in
system operation time. The arrangement of this invention may be used to
more accurately draw the positions traversed by a mouse during intervals in
which the mouse interrupt operation is preempted by interrupts of a higher
level or by other processes of a multiprocessing operating system. Those
familiar with the    -12- operation of a mouse with a computer having a
bitmapped output 



display will recognize that the movement of the mouse is often less than
optimal. That is, the mouse sometimes moves from physical position to
physical position without all of the intervening positions being recorded
on the output display. This occurs because the CPU is preempted during
various intervals of the movement of the mouse; and, in prior art systems,
mouse interrupts are generated only each one-fortieth of a second. If the
mouse moves during a period when the CPU is preempted by a higher level
interrupt or another process, then intervening positions of the mouse do
not find their way to the output display. This may have no effect on
operation. For example, in a case where the mouse is merely moving from
position to position, all that really needs to be recorded is the last
position. However, if a graphic figure is being described by the mouse
during the period of the preemption, the shape may be distorted; for
example, the beginning and end points of an arc may be joined as a straight
line if the mouse interrupt is preempted during the drawing of the arc by a
process running in the background in a multiprocessing system. Another
situation in which a mouse interrupt is preempted and distortion occurs is
that in which the particular application program includes software which
accelerates the apparent speed of the mouse across the output display. In
such situations, an interrupt which preempts the mouse interrupt often
causes the movement of the mouse cursor on the output display to be
severely distorted because the points describing the mouse path are not
drawn at the proper time intervals. A second embodiment of the invention is
illustrated in 



the flow chart of Figure 2. The arrangement illustrated in    - 13 - Figure
2 corrects these problems of the prior art. The arrangement utilizes an
expanded memory mapping facility comprising an array of memory mapped
tables to record the positions of the mouse during the periods in which the
mouse interrupt is preempted and then causes the display of all of those
positions to occur at the proper rate after the preempting interrupt has
been completed. The program illustrated in Figure 2 is entered after the
initialization of a memory mapped position which contains the condition of
the mouse last displayed.     Moreover,  a  series  of  memory  mapped
positions comprising an array of what are referred to hereinafter   as
mouse   history   records   are   also initialized before the first step of
the program. In a preferred embodiment of the invention, these mouse
history records are chronologically arranged in an array, each position of
which is sufficient to contain four thirty-two bit words.   These four word
positions each represent the information illustrated in Figure 3 of the
drawings for one mouse condition.   The program begins at a step 40 where a
new mouse condition signal is received.   The program moves to step 42 at
which a determination is made   



-14- whether one-fortieth of a second has passed since the last mouse
interrupt occurred.  To determine this, a comparison is made with the
timestamp signal of the memory mapped position carrying the last mouse
position displayed. If the prescribed period has not passed, the program
simply recycles to look at the incoming mouse condition signal at step 40;
thus mouse interrupts may only occur each one-fortieth of a second. If the
appropriate period has passed, the program moves to step 44 at which the
new mouse condition signal is compared to the last recorded mouse condition
signal to determine if the mouse condition has changed. With the first
signal input to the system, the condition has changed, of course. If the
mouse condition has changed, the program moves to a step 46 at which a
determination is made whether either a change flag has been set or a
history list exists. If neither condition obtains (as with an initial mouse
condition signal), the program moves to a step 48 to write the new mouse
condition into the initialized memory mapped area, to set the mouse
interrupt change flag, and to initiate a mouse interrupt. As discussed
above, in the preferred embodiment of the invention, the mouse interrupt is
programmed as a separate function or subprogram (depending on the computer
language involved). Such a function is illustrated to the right in the
diagram of Figure 2. The mouse interrupt function begins at step 50 and
moves to a step 52 at which the mouse memory mapped area is read. From this
information, the new position for the cursor is determined; and the program
moves to step 54 



to erase and redraw the mouse cursor in the frame buffer so that the new
position may be scanned to the output display. The function then moves to
step 56 at which the change flag previously set is cleared and returns from
the mouse interrupt    - 15 - at step 58 to step 40 of the main program
In the preferred embodiment of the invention, the change flag is stored in
the memory mapped area and removed by the action of the MSDOS operating
system in carrying out the mouse interrupt sequence. When the next mouse
condition signal is received, if the mouse condition has not changed and
one-fortieth of a second has passed, the program moves through the steps
40, 42, and 44 to a step 60 to determine whether a history list of
positions, (i.e., positions which have not yet been written to the display)
exists. At this point, no history list exists because the first mouse
condition signal (the last to occur) generated an interrupt and that mouse
condition was stored and written to the frame buffer. Consequently, the
program moves from step 60 to recycle to the beginning at step 40; and no
mouse interrupt is generated thereby freeing the system of the necessity of
restoring the mouse information and redrawing the cursor. If the next mouse
condition signal indicates a change has occurred and one-fortieth of a
second has passed, the program proceeds through steps 40, 42, and 44 to
step 46 at which it is determined that no change flag is set and no history
list exists. Therefore, the program moves to step 48 to initiate 



the mouse interrupt function described above, set the change flag, store
the new mouse condition in the memory mapped area, and (after the
interrupt) clear the change flag and recycle to step 40. Thus, the
operation of the system in response to a change in the mouse condition when
no history list exists is essentially like that illustrated in Figure 1. If
on the other  hand, over one-fortieth of a second has passed and a mouse
interrupt (as described above) has been initiated so that the change flag
is set, and the mouse interrupt is preempted for some reason so that it has
not been    -16- completed when a mouse condition is received which is
changed from a last mouse condition, then the program moves through steps
40, 42, and 44 to step 46 at which the determination indicates that the
change flag is set. This moves the program to a step 62 at which a new
history record is created in the history list array in memory referred to
above. This record contains the same information as that illustrated in
Figure 3. The program then moves to step 60 where it is determined that a
history now does, in fact, exist. Since a history list exists, indicating
that there are mouse conditions stored which have not been displayed, the
program moves to a step 64 at which a determination is again made whether
the change flag has been set. In the present example, the flag has been set
by the preempted mouse interrupt, so the program recycles to the beginning
at step 40 leaving a first mouse history record stored in the mouse 



history list. The program continues to treat incoming mouse condition
signals in the same manner, storing those new condition signals which
indicate a change from the last recorded mouse condition of the history
list in the history list and recycling until the process preempting the
mouse interrupt finally clears. When the preempting condition ends and the
mouse interrupt clears, the change flag is cleared in step 56 of the mouse
interrupt function. Consequently, when the next mouse signal arrives at
step 40, it is processed to step 44. If this new signal indicates a change
in mouse condition, the program moves to step 46, finds no change flag but
an existing history list, and moves to step 62 to record the new mouse
condition signal in the history list.    -17- The program then moves to
step 60. The program also moves directly to step 60 from step 44 if the new
mouse condition signal indicates no change from the last signal recorded on
the history list. At step 60, the program determines that a history list
exists and moves to step 64 where a determination is made that the change
flag is not set. This moves the program to a step 66. At step 66, the time
interval between the last mouse condition recorded by the mouse interrupt
function (the interrupt which has just cleaved) and the time of the first
record stored in history is evaluated. The actual time since 



the last interrupt ( 1) is compared to the time ( 2) between the timestamp
on the last recorded interrupt mouse and the first mouse condition in the
history list. The timestamp of the first event stored in the history list
and the timestamp of the last mouse interrupt may be used to determine this
interval, or the timestamps in the history list may be recorded on a delta
(change in time) basis. Consequently, a comparison of the last mouse
position generated by the mouse interrupt and the first stored event in the
history list indicates whether an actual time equal to or greater than that
this delta time has passed. If it has passed, then the first mouse
condition of the history list condition is deleted from the history list
and transferred to the memory mapped position at a step 68. From step 68,
the program moves to step 48 to initiate the mouse interrupt sequence. On
the other hand, if the time interval is not yet equal to or greater than
the delta time between the last mouse condition written to the frame buffer
and the first mouse condition in the history list, the program merely
recycles from step 66 to the beginning at step 40 so that the first history
is delayed until an appropriate time interval has passed.    - 18 - The use
of the history list referred to and outlined in operation in Figure 2
provides, first, that all preempted changes of the mouse condition taking
place after one-fortieth of a second has passed are stored for later
recording. This eliminates the problem in which intervening mouse positions



are omitted during conditions of preemption. The history list as
implemented in the present invention also assures that mouse positions
stored during a state in which the mouse interrupt is preempted are
executed in proper time sequence so that distortions which might be caused
by mouse accelerations utility programs are eliminated.    - 19 - CLAIMS 1.
A  computer  display  system  for  displaying graphical input data, said
computer display system comprising an interruptible central processor unit
("CPU") for executing a plurality of data processing operations, said CPU
coupled to a frame buffer and to display means including a display for
displaying a cursor and data provided by said CPU, and pointing means
coupled to said CPU for generating a plurality of pointer   signals,   said
computer   display   system comprising: sensing means for sampling the
plurality of pointer  signals generated by the pointing means  to produce
a  plurality  of  sampled  pointer  signals corresponding to at least one
cursor position indicated by said pointing means; memory means coupled to
said CPU for storing at least one sampled pointer signal as a stored
pointer signal, said stored pointer signal comprising at least the last
recorded sampled pointer signal indicating the 



last recorded position of the pointer means, whereby if a flag is set and
the CPU receives an interrupt to service, said memory means creates a
history list by sequentially  storing  all  sampled  pointer  signals
corresponding to said cursor positions indicated by said pointing means
during the servicing of the interrupt; and comparison means coupled to said
memory means for comparing the at least one sampled pointer signal with the
at least one pointer signal stored in said memory means, said comparison
means further setting said flag when said sampled pointer signal differs
from said stored pointer signal stored in said memory means, said
comparison means causing the sampled pointer signal to be stored as a
stored pointer signal in memory;    - 20 - whereby  after  the  CPU  has
serviced  the interrupt, said CPU retrieves the history list from said
memory means and updates said frame buffer and redraws the cursor according
to said pointer signals stored as stored pointer signals in said history
list during the servicing of said interrupt. 2.      The computer display
system as  set forth in claim 1, wherein said sensing means further
provides a plurality of sampled switch signals produced by switch means
disposed on said pointing means, said sampled switch signals corresponding
to at least one cursor 



position indicated by said pointing means. 3.      The computer display
system as set forth in claim 2, wherein said memory means further stores at
least one sampled switch signal as a stored switch signal, said stored
switch signal comprising at least the last recorded sampled switch signal
indicating the last recorded signal of the pointer means. 4.      The
computer display system as set forth  in claim 3, wherein said comparison
means further compares said sampled switch signals with said stored switch
signal stored in said memory means,  said comparison means further setting
said flag when said sampled switch signals differ from said stored switch
signal stored in said memory means. 5.      The computer display system as
set forth in claim 4, wherein if the flag is set and the CPU receives an
interrupt to service, said memory means sequentially stores said sampled
switch signals as stored switch signals corresponding to said cursor
positions indicated    - 21 - by said pointing means during the servicing
of the interrupt. 6.      The computer display system as set forth in claim
5, wherein said history list further comprises said sequentially stored
switch signals corresponding to said cursor positions indicated by said
pointing means during the servicing of the interrupt. 



7.      The computer display system as set forth in claim 6, wherein after
the CPU services the interrupt, said CPU retrieves the history list from
said memory means and updates said frame buffer and redraws the cursor
according  to  said  stored  switch  signals corresponding to said intended
cursor positions stored in said history list during the servicing of said
interrupt. 8.      The computer display system of claim 1 or claim 2
wherein said sensing means samples said pointer signals and said switch
signals at a predetermined rate. 9.      The computer display system as set
forth in claim 1 or claim 7, wherein said computer display system further
comprises clearing means coupled to said comparison means for clearing said
flag after said frame buffer has been updated and said cursor positions
recorded in said history list have been displayed. 10.     A method for
displaying graphical input data in a computer display system comprising an
interruptible central processor unit ("CPU") for executing a plurality of
data processing operations, said CPU coupled to  a    - 22 - frame buffer
and to display means including a display for displaying a cursor and data
provided by said CPU, and pointing means coupled to said CPU for generating
a plurality of pointer signals, said method comprising the steps of: 



providing a plurality of sampled pointer signals corresponding to at least
one cursor position indicated by said pointing means; storing at least one
of said sampled pointer signals as a stored pointer signal in memory means,
said stored pointer  signal comprising at  least the  last recorded
sampled pointer signal  indicating the  last recorded position of the
pointer means; comparing said sampled pointer signals with said stored
pointer signal stored in said memory means; setting a flag when said
sampled pointer signals differ from said stored pointer signal stored in
said memory means; if the flag is set and the CPU receives an interrupt to
service, creating a history list in said memory means by sequentially
storing all sampled pointer signals corresponding to said cursor positions
indicated by said pointer means during the servicing of the interrupt; and
after  the  CPU  has  serviced  the  interrupt, retrieving the history list
from said memory means and updating said frame buffer and redrawing the
cursor according to said stored pointer signals stored in said history list
during the servicing of said interrupt. 11.     The method as set forth in
claim 10, wherein providing said plurality of sampled pointer signals
further comprises providing a plurality of sampled    



- 23 - switch signals corresponding to at least one cursor position
indicated by said pointing means. 12.     The method as set forth in claim
11, wherein storing said at least one sampled pointer signal as a stored
pointer signal further comprises storing at least one of said sampled
switch signals as a stored switch signal, said stored switch signal
comprising at least the last recorded sampled switch signal indicating the
last recorded position of the pointer means. 13.     The method as set
forth in claim 12, wherein comparing said sampled pointer signals further
comprises comparing said sampled switch signals with said sampled switch
signal stored as a stored switch signal in said memory means, and further
setting said flag when said sampled switch signals differ from said switch
signal stored in said memory means. 14.     The method as set forth in
claim 13, wherein if the flag is set and the CPU receives an interrupt to
service, creating said history list further comprises sequentially  storing
said  sampled  switch  signals corresponding to cursor positions indicated
by said pointing means during the servicing of the interrupt. 15.     The
method as set forth in claim 14, wherein after said CPU has serviced the
interrupt, retrieving the history list from said memory means and updating
said frame buffer and redrawing the cursor are further according to said
stored switch signals stored in said history list during the servicing of
said interrupt.  



-24 - 16.     The method as set forth in claim 11, wherein said sampled
pointer signals and said sampled switch signals are provided at a
predetermined rate. 17.     The method as set forth in claim 10 or claim
15, wherein said flag is cleared after said frame buffer has been updated
and said cursor positions recorded in said history list have been
displayed. 18.     A  computer  display  system  for  displaying graphical
input  data,  substantially  as  hereinbefore described with reference to
the accompanying drawings. 19.     A method for displaying graphical input
data in a computer display system, substantially as hereinbefore described
with reference to the accompanying drawings. 11111111 111111
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