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easily select by-a finger. In other advance

This invention relates generally to input devices for a
data processing system. More particularly, it relates
to a method of preserving high bandwidth data from an
input device, particularly a touch scieen; to allow
multiple tasks to -be performed without loss of data.

The use of a touch input device disposed over the
viewing surface of a computer display to provide a
"yser friendly" means for the control of a data
processing system is well known in the art. These
devices are designed to allow an unsbphistigated user
to perform desired tasks on a computer system without
extensive training. Human factor studies have shown
that an input device which allows the user to input
data directly on the computer display, generally known.
in.the art as a touch input device, achieves greatest
immediacy and accuracy between man and machine.

In the éurrent graphical user interfaces developed to
aid man-machine interaction, there are many items, such
as menu selections, icons or windows, which a user can
most easily select by a finger. 1In other advanced
software applications which perform freehand drawing,
gesture recognition or handwriting character, a stylus
is more effective because of its greater precision.
Thus, it would be convenient to utilize a touch input
system which allows both stylus and finger touch
detection. One such system is described in commonly
assigned U.S. Patent No. 4,686,332, to E. Greanias, et
al., entitled "Combined Finger Touch and Stylus



software applications which performfreehand draw ng, gesture recognition
or handwiting character, a stylus is nore effective because of its greater
precision. Thus, it would be convenient to utilize a touch .input system
which allows both stylus and finger touch detection. One such systemis
described in comonly assigned U.S. Patent No. 4,686,332, to E. Greanias,
et al., entitled "conbined Finger Touch and Stylus -2 Detection System
For Use On The Viewi ng Surface O A Visual Display Device", filed June 26,
1986, which is hereby incorporated by reference. Conputer operating system
software commonly treats pointing devices sugh-as the nouse as | ocator,

devi ces instead of data devices. The assunption is that, as a | ocator
device, the inportant events are the singular nouse button cILq§§A'F0r nost
appl i cations, the poipdtecoionyrSystentFori Yae rqn TRe V1¥ang RPF85P i Ny and end
| ocations of the nousgsuEDVEIElayvbhevicedut fidrdddume Bt t bB6upWBidhis :
typically occur and the Brefgrporated by reference.

Computer operating system software commonly treats
pointing devices such as the mouse as locator devices
‘jnstead of data devices. The assumption is that, as a
locator device, the important events are the singular
mouse buﬁtdn clicks. For most applications, the points
of greatest significance are the beginning and end
locations of the mouse. movement where button
down/button up events typically occur and the present
position -of the mouse pointer. The actual path of the
mouse pointer is often irrelevant. This has regulted
in the limited buffering of mouse generated events by
the operating system, gspecifically mbuse move events
that report the movement of the mouse. The motion or
path traversed by the mouse is reported to applications
as mouse move events which are made available as they
are generated (typically 40 moves per second) .

However, if the application is busy executing tasks of
higher priority, the operating system coalesces the
mouse moves, preserving only the last move reported.
When soféware applications are unable to retrigve mouse
moves as fast as they are generated i.e., during
periods of high CPU utilization, they are discarded by
the operating system. This results in the loss of
data. However, in the past, loss of data did not
present a problem for most applications.

Commonly assigned, copending application, Serial

No. 344,879, entitled "Advanced User Interface", filed
April 28, 1989 and hereby incorporated by reference,
teaches an operating system enhancement which allows
existing application frograms to understand new input
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-3 devices. Specifically, it allows input froma touch sensor such as that
described in the 4,686,332 patent to be mapped onto nouse or keyboard
messages which are understood by the applications and operating system

However, a _nunber..of seri.ous.lLinitati-ens-have bee ﬁﬁg ¥ Pgﬁf ed by
the inventors with the operating systens onto whi gh H%%w% e }s
disclosed in the 344,879 application is grafted. Hi dvamced

User Interface (AU ) touch screen devices that support finger touch and/or
stylus input have two nodes: they may faithfully enulate a nouse device,

I ncl udi ng nouse button up, ‘button down comands or they may be used to
perform gesture or handwiting input. Gest &re i nput is mapped by the system
to commands under st andabl e by the conmputer nodul es running on the system

The | 0ss of nouse QRVE;AVEBAS thieepbintigeheCptian rhtemfi anta®dh ously hinders
the ability to use stylus orjf_%é;’]g%oi‘;m%ttsfﬁgr hageid, t2 8,5 gdmeEr es, or
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every point. Thus, with a touch screen, the problem of
"mouse move" coalescing is exacerbated as the
application must retriéve points 2 to 5 times faster to
avoid discording points. Future software applications
specifically designed to utilize these sensor pr?duced
coordinates and concomitant stroke data may require
processing of these data both real-time as they are
generated and at 1iftoff upon completion of the stroke.
vet with current operating systems, this information is
unavailable as these systems are designed to accept
only keyboard or:mouSe data.

Another limitation using mouse evenﬁ_reporting for a
touch screen inherent with most operating systems is
that a touch screen device emulating a mouse must
report coordinates in display resolution and coordinate
values must change by at least display pel in either
axis to be éccepted as a valid mouse move. High
resolution sensors may detect many moves within the
distance of one display peli Thus, the resolution of

the pointing information is lost.

It is an object of the present invention to provide
sufficient storage to buffer up to a 1000 input events
of any type or origin without loss of data.

It is an object of the present invention to permit
multiple, concurrently active input devices, to write

input events into a data processing system.

It is an object of the present invention to provide
device arbitration when multiple input devices are
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discern between the two types of input. A secondary limtation of enul ating
a nouse with a touch screen is that the operating system does not provide
t he neans for passing additional touch screen generated data to the

application. The system nmechani sm for generating pointing device events is
based on the nouse and therefore the data reported is limted to a pair of
X/I'Y coordinates at display resolution and a tinestang mﬂé% o1z

resolution. Current touch screen displays and deviceg lﬁi’%s BEEN
reporting numerous events and highly specific Sensor data. REPLACED,
addi tion, "the point generation rate of a touch screen may reach 200 points
per second 2 to 5 timesdderémts, abtdvdiuse with a plet hora dat a reported
with every point. Thus, with a touch screen, the problem of m)use nove"
coal escing i s exacer bat ed as the ap Ilcatlon nust retrieve poi ng to 5
tinmes faster to avoid ditsdsrap rfﬁ’JﬁSEn‘P%.thﬁuP’Eﬁsr?n§o¥'E‘{ﬁé‘Fé°%\ B8 s
specifically desi gned timputi bveyest hesblabdrste sefbvaredppbigatiions eandand

coricom tant stroke dat adéﬁ)éefeawu{ enmﬁe@%hélgzh%n&r@eeaﬂadﬂeboah dm|al -time

as they are generated aig%l? |ftof fin ﬁa'{‘wsgté’% kgg Eoke Yet

with current operating 'S un e as these
systens are designed tcPra'Péeemd-onl y

It is .an object of the present invention to make all
pertinent data associated with'each input event
available to applications as each event is handled.

It is an.object of the present invention to make all
pertinent data associated with each point in each
stroke on a touch sensor input device available to
applications at liftoff. )

i It is-an object of the present invention to implement -a
'‘stroke-ahead' capability in addition to currently
provided mouse-ahead and type-ahead capabilities.

It is an object of the present invention to buffer
points of a touch stroke during input such that the
gesture input does not time out even when pre-emption

occurs for an extended period of time.

It is an object of the present invention to enable
software applications to dequeue individual input
events sorting by input device type, event type, or

timestamp range.

It is an object of the present invention to enable
software applications to halt execution while awaiting

a specific input event.
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keyboayd or nouse data. Another limitation using nouse event reporting for
a touch screen inherent wth nost operating systens is that a touch screen
devicce enulating a nouse nust report coordinates in display resolution and

coordi nate val ues must change by at | east display pFJQ;H? ,JTIC;% %%@Eﬁgto be

accepted as a valid nouse nove. Hi gh resolution sen ny
noves within the distance of one display pel. Thus,|the REBBAGRE on off the
pointing information is |l ost. According to one aspect of the present

i nvention there is provided a data processing system having a central
processor, a method for buffering high bandw gthh data from an i nput device,
said nethod conpri-sing the steps of: buffering input data fromthe input
device in a first buffer, the first buffer havi(ﬂ Q;Qee&roﬂg?ﬁ%r()f
di scarding at |east sGhesefoligets AR SALYSE dir? ‘%npegl 0ds of. hi gh central
processor utilisationpabuédiay by the invputiodaes kaidadeBrdAdtBRuffer, the

second buffer stori ngiﬁhépéx{lﬁ% f2im nagaes dl ess of central processor
utilisation; determ ning whether input data have been di scarded fromthe

first buffer; and, responsive to the determ_natiqn tbhat, i hachaye

been di scarded fromt HéV#WasQ%Bﬁf?‘é’?"‘,heFe‘il"r‘Teé\?P‘ﬂif‘ttsh8??‘?\1‘&?)&%1 dsaofl?%?n t he
second buffer. -Accor diagg isicadowhein xeppectivk $HRE1PEBEent i nvention there
is provided a data processing system having a central processor, a mnethod

for buffering high bandw dth data frqm G R SGhGCRec@idmNBd N e cess
conprising the steps &f: PB‘E:‘T’T‘_’SFi?\’g‘] Coor ?‘E\tg%e glg?)i n?s acg%aéglrnggépondi ng data
inafirst formt reprederetnigveherpatATed HIPRMIATHSATC Acr oss the
touch screen in a firghrbubfar, stéwade tetbififefed stroke on. a touch screen -

many seconds in duration. In a typical operating
system, a channel containing a limited buffer between
the input devices and the running applications is
provided by the operating system. This invention
provides a'paiallel channel of a hiqher bandwidth with
a far superior buffering capability that complements

that of the operating system, the EIQ.

Wwhen an event such as a stylus touchdown on a touch |
sensor is received by the system, messages are sent to
both the operating system channel and the high
pbandwidth channel in compatible formats. The message
sent to-the operating system channel contains only
l1imited data which is translated into the format
produced by the mouse. The message sent to the high
bandwidth channel contains the full spectrum of data
generéted by the input device. The buffer in the
operating system channel will discard "mouse moves" if
the application.does not retrieve them quickly enough
during periods of high CPU utilization. The EIQ buiffer
in the high bandwidth channel keeps all data for up to
1000 input eventé, or whatever is ‘deemed sufficient for
the computer system, regardless of CPU usage.

" This Sheet Has Been Replaced

‘-HIIII i




havi ngzthe property of discarding at |east sone of the coordinate poi nt's
during period of high central processor utilisation; buffering the
coordi nate points and corresponding data in a second format in_a second

buf fer, +he second format including types of data not included in the first
format, the second buffer storing all coordinate points regardl ess of

central processor utilisation; TH S SHEET HAS BEEN - 5 -

REPLACED concurrently active. It is an object of the present invention to
make all input events available to software applications and deliver them
ensuring the chronol ogi cal order of all input ‘events, including nouse and

keyboard, is preserved. It is an object of the present invention to nmake
all pertinent data assQCi-gbsshad £b GrRclinteprdpteventt avaidusie!'eeyent to

applications as each event ig h%”gifé&tibhsiﬁ 2Re WRiseEh, hel EtREEHENT
i nvention to make al | 99&r PFnéift “Hata gssociated with each ook ifreeach
stroke on a touch sengde PRRHANTILFYTH 85‘a‘|”r]§bfge o a p% At rons at liftoff.
any events in the EIQ buffer. If there are, the system
dequeues all the events to send them to the intended
application. Various flags are set if task preemption
is detected by the system upon_examination of the .
events in the EIQ queue. For example, as the preferred
embodiment uses a délay timer to distinguish between
touch input intended to be a gesture and that intended
to be mouse emulation, gesture abort and ignore timeout
flags are set to assure that task preemption does not
affect the intended result. Further, certain events
may be sent asynchronously to the EIQ buffer alone from
various input devices. The present invention provides
a separate thread to generate a faléq "mouse" message
to the operating system queue to cause the systemito
examine the EIQ buffer for the true input event.

The invention will be shown in more detail in the
following description in acordance with the drawing and

in which:

Fig. 1 shows the front view of a overlay unit used
for the detection of finger touch and stylus
position. The unit is disposed over a flat
panel display to form what is known as a
vtouch workpad";

Fig. 2 is an architectural diagram of the combined

finger touch and stylus detection;

Fig. 3 depicts a plurality application program
running in a data processing system equipped
with an operating system enhancement according

to thé present invention;



It is an object of the present invention to inplenent a 'stroke-ahead
capability in addition to currently provided nouse-ahead and type-ahead
capabilities. It is an object of the present invention to buffer points of
a touch stroke during input such that the gesture input does not tine out

even when pre-enption occurs for—amextended—period of tine. It is an
obj ect of the present invention to enable software applications to dequeue

i ndi vi dual input events sorting by input device type, event type, or
timestanp range. It is an object of the present invention to enable
software applications to halt execution while awaiting a specific input
event. This Shet Has Been Re | aced THI S-SBEET HAS BEEN - 6- These obj ects
are solved in advantageous nanner basically by the invention as laid down
in the independent main clains.

Fig. 4 is a flow diagram which illustrates a
preferred embodiment of operating data
processing system according to the present
invention;

Fig. 5 is a flow diagram which illustrates the
Extended Information Queue subroutine;

Fig. 6A depicts-a flow diagram for a delay timer
routine used to emulate mouse command input

from a touch sensor;

Fig. 6B - is a flow diagram for a gesture recognition

abort routine;

Fig. 7 is a flow diagram for a gesture recognition

" routine;

Fig. 8 depicts a flow diagram for delay timer
processing;

Fig. 9 is a representation of the data blocks in the
operation system channel queue and the EIQ

buffer; and

Fig. 10 is a flow diagram for touch sensor button

event processing.

The environment in which a preferred embodiment of the
invention is implemented is described with reference to
FIGs. 1 and 2. Referring to Fig. 1, a touch workpad,
substantially similar to that described in copending
apblication, Serial No. 351,227 to Arbeitman, et al.,
entitled "Flat Touch Screen Workpad For A Data

BT 991 050



Advant ageous further devel opnents of the basic solution are laid down in
respective subclains. - it provides an efficient buffering nmechanismfor
access and retrieval of stored high bandw dth data and sufficient storage
to buffer a stroke on a touch screen nmany seconds in duration. In a typical
operatimg system’  a channel containing a limted buffer between the input
devi ces and the running applications is provided by the operating system
This invention provides a parallel channel of a higher bandwidth with a far
superior buffering capability that conplenents that of the operating
system the EIQ When an event such as a stylus touchdown on a touch sensor
is received by the system nessages are sent” fo"both the operating system
channel and-the high bandwi dth channel in conpatible fornmats. The nessage
sent to the operating P})Sgggﬂ,?ggggém-cqag_@& MayOis Y 1089 tiddcHais niteblt i S -
translated into the faornat % dgfﬁd b‘%ﬁthe no seSho'Iv'whe ”1?1%5?:991: t to the
hi gh bandwi dt h channeli"C8RRETaEL RE FHere8Puctt ST "data generated by the
i nput devi ce. The buf fcompriseshe bpesing A Rayingm ARSEAMIUIAF| FeCRasesr d
"nmouse noves" if the gpphbwatd @hidhemnrotndsetthe cadgeshefnayureckanguwdagugh

touch overlay 16.. The touch overlay 16 is transparent
and is disposed on a liquid crystal display (LCD) 18.
The overlay 16 consists of a laminate structure including
several plastic substrate_layersﬁlamiq§ted together by
means of adhesive layers. The overlay 16 also includes
a first plurality of transparent conductors 16A disposed
in the vertical direction and a second plurality of
transparent conductors 16B disposed in the horizontal
direction. Several of the conductors in both vertical
and horizontal d;rectioné are positioned beyond the
recessed windoﬁ 14 to allow more accurate location
determination of the stylus'go or a'ﬁinger on or near
the overlay 16 at the edges of the display window 14.

A stylus 20 is connected to cable 22 to the touch
workpad. The stylus 20 acts as an antenna to pick_up
the signals radiated by the overlay 16, and provides
much greater resolution that can be provided by a
finger touch. Also on the bezel of the housing are
four button switches 24-27 which can be used to change
the mode in which the data from the workpad 10 is
received. Workpad cable 28 is the connector between
the workpad and the computer with which the user is
communicating. The workpad cable 28 provides power to
the workpad 10 as well as display signals to operate
the LCD 18 and touch signals to operate the overlay in
both firiger touch and stylus modes. 1In addition, the -
cable 28 is also the conduit to the computer of the
computer of the measurement of the signal strength
received by the stylus 20 and the frequency change due
to changes in capacitance due to a finger touch.
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asynchronously to t rt@uEh(?TlﬂjFF@F“%{%]%EH‘%?JS%QL&PV@% SyERineepicted

in Fig. 2 is very to that disclosed in the U.S. patent
4,686,332 in Fig. 9. Also, the touch control processor
30, random access memory 32, read only memory and the
1/0 controller 36 are on a touch panel adapter card 37
in a personal computer while the rest of the touch
electronics are integrated in the touch workpad 10. As
discussed in connection with Fig. 1, the touch wérkpad'
10 communicates with the personal_computer-and touch
panel adapter card 37 via cable 28. The vertical X
conductors are connected through the X bus 38 and the
horizontal Y conductors are connected through the ¥ bus
40 to the wire selection multiplexer 42, respectively.
The radiative pickup stylus 20 is cdhpected through the
gate 44 to the nadiative'pickup measurement device 46.
The wire selection multiplexer 42 is connected through
the mode multiplexer 50 to the capacitance measurement
device 52 which is used for capacitance finger touch
detection. The wire selection multiplexer 42 is also
connected through the mode multiplexer 50 to the 40 KHz
oscillator driver 54 which is used to drive the X bus
38 and the Y bus 40 for the stylus detection operation.
The mode multiplexer 50 also has an enabling output to
the gate 44 to selectively connect the output of the
stylus 20 to the radiative pickup measurement device.
46, for stylus detection operations. The output of the
capacitance measurement device 52 is connected through
the analog-to-digital converter 56 to the workpad bus
58. The output of the radiative pickup measurement
device 46 is connected through the analog-to-digital
convertor 48 to the bus 58. A control input 60 to the
wire selection multiplexer 42 is connected to the bus

58. The control input 62 is connected to the mode

-



various input devices. The present invention provides a separate thread to
generate a fal se "nouse"” nessage to the operating system queue to cause the
systemto examine the EIQ buffer for the true input event. The invention
will be shown in nore detail in the follow ng description in acordance with
the drawing and in which: Fig. 1 shows the front view of a overlay unit
used for the detection of finger touch and stylus position. The unit is

di sposed over a flat panel display to formwhat is known as a "touch

wor kpad"; Fig. 2 is an architectural diagram of the conbined finger
touch and stylus detection; Fig. 3 depictdla-plurality. application
programrunning in a data processing system equi pped with an operating
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The workpad bus 58 is connected via workpad interface
64 to the cable 28 which connects to PC interface 66 in
the touch panel adapter card 37 in the personal computer.
The PC interface 66 communicates to the main system bus
68 and to the adapter card bus 70. The I/0 controller
36 has an I/0 bus.72 which connects to the main bus 68
of the Personal Computer. The I/O controller 36 is
also connected to -adapter card bus 70. The adapter bus
70 also interconnects the control processor 30 with the
read only memory (ROM) 34, and the random access memory
(RAM) 32.. The personal computer includes standard
devices such as CPU 74, ROM 76, disk storage 78, a

! memory 80 which stores operating system 81 and
application programs 82, a standard kgyboard 84 and

i gtandard display 86. The standard display 86 is
typically a CRT, and in the preferred embodiment is in
addition to the LCD 18 in the workpad 10.

The wire selection multiplexer 42 and the mode
multiplexer 50 connect selected patterns of a plurality
of the hQrizontal and vertical conductors in the
overlay 16 to either the capacitance measurement device
52 or the 40 KHz oscillator driver 54, in response to
control signals applied over the control inputs 60 and
. 62 from the bus 58 by the control proceséor 30. During
finger touch operations, the capacitance measuring
device 52 has its input operations, the capacitance
measuring device 52 has its input coupled through the
mode multiplexer 50 and the wire selection multiplexer
42 to selected single conductors in the horizontal and
vertical conductor array in the overlay 16 in:response
to control signals from the control processor 30. The
output of the capacifance measurement device 52 is



pfefér{ed enbodi nent of operating data processing systemaccording to the
present invention; Fig. 5 Is a flow diagramwhich illustrates the

Ext ended | nformati on Queue subroutine; Fig. 6A depicts a flow diagramfor___

a delay tinmer routine used to enul ate nouse comuand i nput froma touch-

sensor; Fig. 6B _is a flow diagramfor a gesture recognition abort
routine; Fig. 7 iIs a flow diagramfor a gesture recognition routine;
Fig. 8 depicts a flow diagram.for delay tinmer processing;, Fig. 9 is a

representation of the data blocks in the operation system channel queue and
the EIQ buffer; and Fig. 10 s a fIOM/diaﬁrﬁ%fTOE touch sensor button
event processing. The environnent in whicch a preferred enbodi nent of the

i nvention is inplementgsldrtedess diagdalvivialuesfwr ehe Ao cBhGsrtet 56 caridl

Referring to Fig. 1, a toueh;uRrdRadens Wist 30tiAkhy cinticb@rprioeebios
described in copendlng _

0. The control processor 30 executes a sequence of
stored program instructions to detect the horizontal
array conductor pair and the vertical array conductor
pair in the overlay 16 which are being touched by the

operator's finger.

The finger touch and stylus sensing modes operate
independently of one another, the detection system
cycling between the two modes until a finger touch or
stylus is.detected.

Copending application, Serial No. 344,879, entitled
vadvanced User Interface" or AUI, describes an
operating system extension which allows new forms of
input to be handled by applications which were not
written to understand that type of input. Certain
improvements to that operating system exfension are
described in copending application, Serial No. 773,702
entitled "Graphical User Interface With Gesture
Recognition In A Multiapplication Environment" filed
October 21, 1991, which is hereby incorporated by
reference. For example, most applications to date are
written accept only kéyboard an mouse input. A user

" could use the Advanced User Interface (AUI) to utilize
a touch sensor without modifying any of an
application's code which was originally written to
accept only mouse and keyboard input. In one preferred
embodiment, AUI is stored in RAM 80 with the operating
system 81 and the application programs 82.

Fig. 3 depicts several peripheral input devices 130-138
along with the appropriate device specific code modules
141-145. The keyboard 130 is handled by keyboard



application, Serial No. 351,227 to Arbeitman, et al., entitled "Flat Touch
Screen Workpad For A Data BT 991 050 Processing Systemi filed May 15,
1989, which is hereby incorporated by reference, is shown. The workpad
conprises a hqusing 12 having a rectangul ar recessed w ndow 14 which
surrounds the edges of a rectangul ar touch overlay 16. The touch overlay
16 is transparent and is disposed on a liquid crystal display (LCD) 18. The
overlay 16 consists of a lam nate structure including several plastic
substrate | ayers | am nated together by neans of adhesive |layers. The-
overlay 16 also includes a first pluralrty3of transparent conductors 16A

di sposed in the vertical direction and a second plurality of transparent

conduct or s i n bot AETE AEAFSa i Oand Fhe bpbiifsfg deVheesHE Faablad 0
the recessed wi ndawe thpndded pipwnibied Rolntrinse IPEteh fiaf‘l"%l’étléSm netS on of the
stylus 20 or a fi Eggrdmvesr 15k accepiss dwpnt aességatironetheigednbing he di spl ay
wi ndow 14. device driver 143 and the device specific code 144, 145

for the voice and image sensors 136, 138. Any driver

or deﬁice specific code installed in.the operating

system may register itself with the EIQ device driver

150 at which time the device capabilities and type of

EIQ entry it logs are made known to the EIQ driver 150.

Once a device has registered, it may write device

specific entries into the EIQ buffer 160 for subsequent

retrieval by the AUI environmental link layer 180 or

applications 190-193 via requests made to the EIQ

subsystem 185. The EIQ drive: 150{"the EIQ buffer 160

and the EIQ subsystem 185 éofrespond to an improve&

Qersion of the_Alternative Input Subéystem (AIS) in the

344,879 application. Some aspects of the AIS also'

accomplished by the pointing device driver 143.

Keyboard and pointing device events are also passed to

" the 05/2 operating system 170 for enqueueing onto its
input queue prior to receipt by the intended
application. As the operating system will only accept
mouse or keyboard data, all of the data from the touch
sensor 134 is- translated to a "mouse" message by the
pointing device driver 143 before being sent to the
operating system input channel. The touch data is sent
to the EIQ channel with its full complement of data
types. Among the data that can be stored in the EIQ
buffer 160 include the following:

X/Y coordinates at display resolution,
X/Y coordinates at sensor resolution, much higher

than display resolution.



A stylus 20 is connected to cable 22 to the touch workpad. The stylus 20
acts as an antenna to pick up the signals radiated by the overlay 16, and
provi des nmuch greater resolution.that can be provided by a finger touch.

Al so on the bezel of the housing are four button switches 24-27 which can
be used to change the npde in which the data fromthe workpad 10 is '
recei ved. Workpad cable 28 is the connector between the workpad and the
conputer with which the user is conmunicating. The workpad cable 28

provi des power to the workpad 10 as well as display signals to operate the
LCD 18 and touch signals to operate the ové?ﬂéy'in both finger touch and
stylus nodes. In addition, the cable 28 is also the conduit to the conputer
of the conputer of the neggaremert i polifrtigoaerict thaytdeneeated alieby t he

stylus 20 and the frequency..change ' I n capacitance due to a
SRl SR % Biaghe, ianes |1 o3P

finger touch. -1 architectural diagramof the finger
touch and stylus detection system The system depicted '
High resolution timestamps,

Events from buttons mounted on the display bezel,
Detection of the stylus entering or leaving the

proximity zone,

Events from buttons mounted on the stylus,
Tilt, rotation, and attitude of the stylus,
Z-axis or pressurée data,

Acceleration data,

pata stored in a personal stylus,

Display stétus such as backlight state and grey

scale mappings,

video status such as the current video mode.

As'applicationé“iéo—193 deqﬁeue "mouse" messages from
the PM input queue, AUI 180 intercepts the messages
before the applications 190-193 receive them and
requests the EIQ subsystem 185 to retrieve all EIQ
events that correspond with the current message. This
enables the AUI layer 180 to obtain all pointing events
reported by the pointing device which may have been
discarded by PM 172 due to the coalescing of mouse
events. As EIQ events are dequeued, the coordinate and
all associated data are moved into the stroke buffer
188 and the entire stroke is made available to the
applications 190-193 at liftoff or mouse button up

time.

The AUI environmental link 180 sublayer is also coupled
to character/gesture recognition subunit 194 which
provides recognition facilities to applications unable



isn Fig. 2 is very to that disclosed in the U S patent 4,686,332 in Fig. 9.
Al so, the touch control processor 30, random access nenory 32, read only
menory and the |/O controller 36 are on a touch panel adapter card 37 in a
personal conputer while the:rest of the touch electronics are integrated in
t he touch workpad 10.. As discussed in connection with Fig. 1, the touch
wor kpad 10 comruni cates with the personal conputer and touch panel adapter
card 37 via cable 28. The vertical X conductors are connected through the X
bus 38 and the horizontal Y conductors are connected through the Y bus 40
to the wre selection nmultiplexer 42, resp_ecigiyel y. The radiative pickup
stylus 20 is connected through the gate 44 €0 the radiative pickup

measur ement device 46. The wire selection nultiplexer 42 is connected
through the mode nuldy phexéds a0paxtiicudar gracke anse ineefacenBFRid&Ti ce 52
which i5 used for capaCifAlE habl AET1nbaY yadfis€ Worpesporidingi coumeekect i on
mul tiplexer 42 is al’so connected_thr JLstevey Lsaxeivaremt 0 t he 40
KHz oscillator drivePrsuhbfft e plt}si%gg?%'{sg??ve tﬁgyé(éfél}éﬁg;%nd the Y bus
40 for the stylus det7dcandroresertation masageroli? ¥Srei Piidt8fiEH al so has an
enabling output to thatgehe 44 to selectively connect the output of the

The EIQ buffer 160 has sufficient storage to buffer
1024 events. As entries are written into the EIQ
puffer 160, each event is given a unique timestamp.

The granularity of the timestamp is one millisecond
which enables the buffering of up to 1000 events per
second. The timestamp assigned by the EIQ driver 150
is the same timestamp given to the PM message passed to
the PM input queue. This is critical since the message
dequeued from the PM input queue musF be matched up
with its corresponding entry in the EIQ buffer 160. It
also preserves the chronological order of all input-

events.

With multiple input devices 130, 132, 134, 136, 138
.connected to the operating system 170, it is possible
to receive input events from multiple devices
simultaneously. The EIQ driver 150 acts as an
arbitrator and assigns each pointing device a priority.
When simulianeous entries are made by two or more
devices, the EIQ driver 150 marks the EIQ entries of
the lower priority device with a flag that will alert
AUI 180 that the device was arbitrated out and should
not be accepted as valid input.

As the EIQ buffer 160 will include all the input
events, both mouse and stylus events can be included if
the user is moving both simultaneously. Thus, to avoid
confusion, the preferred embodiment contains the option
of arbitrating one of the pointing devices out so that



stylus, 20 to the_radiative pi ckup neasurenent device. 46, for stylus
detection operations. The output of the capacitance measur enent devi ce 52
i s connected through the anal og-to-digital converter 56 to the workpad bus

——t—h-e—l’—a-d-l—a‘—!"ﬂ niolciua 3 :
58. The out put- of t pekup—reastrenment—device 46 15 connect ed

t hrough the anal og-to-digital convertor 48 to the bu [

_ _ _ _ s 58. A control input

60 to the wire selection nultiplexer 42 is connected to the bus 58. Thep
control input 62 is connected to the node mul ti pl exer 50 fromthe bus

58. The workpad bus 58 is connected via work

_ : pad interface 64 to the cable
28 which connects to PC interface 66 in the ¥ooch panel adapter card 37 in
the personal conputer. The PC interface 66 comunicates to the main system

bus 68 and to the adapier ¢ard s e/ (F0oedd:Chean paLhesr 3ehase an 1/0

controller 36 is-al sléﬁ%s@ﬁn@%‘ﬁléd‘hﬁoe"ea"tfﬁp? th@a?’%f’gdr g%;’e O%%Egiéd;pt -(Ia-Peb:J/sO

70 al so interconnectspgiieatdot.sr ol processor 30 with the
i, read onl
(ROM 34, and the random access nenory y ey,

Another limitation of multi-tasking operating systems
is task pre-emption where tasks of higher priority

" temporarily interrupt the currently executing program.
Task pre—emptlon is especially disruptive to stroke
input because the inking trail is temporarily halted
and the user must- continue to write with the stylus
without the visual feedback of inking. It also causes
jnadvertent timeouts to occur when the user 1is inking a
gesture because AUI maintains a delay timer waiting for
the user to either complete the gesture or stop moving
the stylus to distinguish touch input intended as a
mouse command and that as a gesture._ Since the
pre-emption effectively causes AUI to stop processing
points, the delay timer never gets reset and a timeout
occurs. To the AUI software, it appears as if the user
held the stylus motionless to force a timeout and enter

mouse emulation mode.

in cases of lengthy pre¥emption, it is possible to
write several strokes before control returns to the
original program and points are again processed. It is
vital that all stroke data be preserved across such
interruptions and be presented to the interrupted
application in such a way that the interruption becomes
transparent to the application.

Fig. 4 is the main routine of the AUI subsystem where
all PM messages are intercepted at 206. Fig. 4 also
depicts three preliminary steps where the electrical
signals from the 1nput device are processed by the
device Spe€1fic code 141-145 at 200 into input messages



RAM ,32.. The persénal conmput er includes standard devi

, _ : evi ces such as CPU 74,
ROM 76, disk storage 78, a menory 80 which stores operating system 81 and
application prograns 82, a standard keyboard 84 and standard display 86.

The standard display.86 is typically a CRT aad-in-the—preterredenbodiT
is in addition to the LCD 18 in the workpad 10. The mﬁrg sel ection .
mul ti pl exer 42 and the nmpde mul tiplexer 50 connect selected patterns of a
plurality of the horizontal and vertical conductors in the overlay 16 to
3:}33; EZe capaci tance neasurenment device 52 or the 40 KHz oscillator

, In response to control signals a i_,ed over [
60 and 62 fromthe bus 58 by the congrdl prggéssor 30. Eﬂsiﬁgn$rggeLnPgL§h
operations, the capacitance measuring device 52 has its input operations
the capaci tance nmeasuséagnicenleerdbzhhapointing Weuice GFired 4% ¥BdAPt he node
mul tipl exer 50 and thgnyife ael §sdineinguesbagex entd2mboset | emsedesiaryl e

conductors in the horjzontal an i C o ;

_ ng QPQB 72he o

in response to contrﬁ*‘es? s ?\élr?rl]htg e c?gntr%l 9%%”2??%?’333 %Qg ;p'[ :03%/ (1)1Es
the capacitance neas(imewssi: ngesages §5e gent at 2047and processed thridu

the operating system 170 and integrated operating
environment 172. In one preferred embodiment, only
"mouse" messages are processed by the method of this
invention, it assumed that all data which requires a
timestamp to keep it in chronological order is
converted into a mouse message to pass through 0s/2 170
and PM 172. "All other PM messages, €.9g., keyboard, are
passed through directly to the applicatioﬁ with minimum
delay. 1In the normal mode of operation, applications
dequeue ‘mouse messages from the PM input queue as the
events occur. The AUI environmentai link 180 then gets
control and dequeues the same event from the EIQ buffer
160 and stores it in the stroke buffer 188. Under .
jdeal conditions, there is a one to one relationship
between PM input queue and EIQ events. However, if an
application is slow in retrieving messages, some
messages may be discarded which means that there will
be more than one and possibly several EIQ events to
dequeue. - Several illustrative examples are discussed

below to aid in understandiﬁg.

EXAMPLE 1: A normal scenario for processing a single
stroke on the touch sensor 134 is illustrated in

Figs. 4-8. In this example, a user makes a gesture
such as a right arrow gesture on the touch sensor 134
by either finger or stylus which is equated by the
computer system either by AUI or by an application
which is "aware" of touch input'as'a command to perform
some specified action. A mouse button down message is
intércepted at 208. -Since initially the system is not
in gesture mode, at 250, it is treated as the beginning

-



-. 12 -, converted to digital values by the A/ D converter i [
over the bus 58 to the control procegsor 30. The controISSrgggsggrsggplIEd
executes a sequence of stored programinstructions to detect the horizontal
array conductor pair and the vertical array conductor pair in the overlay
16 which are being touched by the operator's finger. The finger touch and
stylus sensing nodes operate independently of one another, the detection
system cycling between the two nodes until a finger touch or stylus is

det ect ed. Copendi ng application, Serial No; 344,879, entitled "Advanced
User Interface” or AU, describes an oper ati ¥y ~syst em ext ensi on whi ch

all ows new forms of input to be handl ed by applications which were not

reiten Lo under t ange el YBRRL. ity nEBlioy Eliamasy ccabaks dirat
No. 779,702 entitl ed25b’aa‘ﬁhFE%llevl9§%r ET’ rﬁeé:?’f[}%\"ce%p%%@gg%tﬁ piREbPseier ! A
A Ml tiapplication Eavirthemcettexs pegesture mode state 253 almjnrde sﬁgggg%}g on In

delay'timer 260 to detect the cessation of motion. If '

the user desires mouse emulation instead of a gesture,

the user will stop motion of the pointing device for

200 milliseconds. Since mouse emulation is delayed

while the system is in gesture mode, the mouse button

down is not passed on to the application 262. As the

user moves the pointing device, the touch moves are

reported to the operating system 170 as a series of PM

mouse move messages.

As these move messages are filtered at 210, the
timestamp of the "mouse" move message at 270, the EIQ
timestamp of the last EIQ event retrigved the -
associated EIQ events are retrieved 274. Fig. 5
illustrates the EIQ processing routine. When mouse
moves are dequeued, they are retrieved by timestamp
range at 300. The beginning timestamp is the time of
the last retrieval plus 1 ms, and the ending timestamp
is the timestamp of the current PM "mouse" move
message. This ensures entries are dequeued only once
and that-ng entries are skipbed'over when retrieving
contiguous entries. Since an entry can originate from
multiple devices, the event is run through filters
304-310 to ensure it is a locator event that has not
been arbitrated out. Thus, at 304 a test is made
whether the event is a stylus or bezel button event, at
306 whether the event is a display event, at 308
whether it is a locator event and at 310 a test is made
whether the event is a locator device which has been
arbitrated.out. Aﬁter the filters, the entry is tested
at 314 to differentiate between a mouse device and a
high bandwidth device such as a finger touch or stylus.



Qct ober 21, 1991, which is hereby incorporated by reference. For exanple,
nost applications to date are witten accept only keyboard an nouse input.
A user could use the Advanced User Interface (AU) to utilize a teuch
sensor w thout nodifying any of an application's code which was originally
witten to accept only nouse and keyboard input. In one preferred

enbodi nent, AU is stored in RAM 80 with the operating system 81 and the
application prograns 82. Fig. 3 depicts several peripheral input devices
130- 138 along with the appropriate device specific code nodul es 141-145.
The keyboard 130 is handl ed by keyboard = Y37, device driver 140 and the
poi nting devices 132 and 134 are handl ed by unified pointing device driver

143. The EIQ driver 150 e¢Eed uataPeé Syaagsy feirom thecEpDienitrtpg devi ce

driver 143 and the deyi ce specifi 44 SufiOatl BE4 \i ce and i mage
sensors 136, 138. Anyd‘iﬁ%'\‘}gggoqrn g’\?lggéejzes%eé?fa}lél godea i rs)zt al | n.the

od |
operating system may fingiesy&eyiuss 8F¢ 31§« hIpHNErFEFY &S &7 i/\’?eyius’

the entry contains the coordinates expressed in sensor
resolution which are immediately passed to the appli-
cation at 320 if the application so requested at 318.
similarly, an application may request to receive all'
pointer moves at mouse resolution at 322, in which case
the display resolution coordinates are sent at 324.

. An application typically requests to receive all points
if there is a need to process the pointer moves
real-tiﬁe. An example of this is an application that
does its’ own inking. For an unaware application, the
user may specify to AUI via an application profile for
the unaware application that is to reggive all points
real-time. In addition to receiving the points

' real-ﬁime, the application is assured of receiving all
points in the stroke. This is the preferred way an
application can recover mouse moves discarded by PM
172. Otherwise, an application must wait until liftoff
or button up time to retrieve the stroke buffer 188
which contains all mouse moves. The benefit of this is
a user can designate an existing application to receive
all points without having to modify the application
software.

In Fig. 5, once the device specific data has been
processed, a test is made to determine if AUI is in
mouse emulation mode at 326. If so, no further
processing is done and the next EIQ event is handled.
If not, AUI is in gesture mode which requires the
stroke buffer 188 to be updated with the current point
at 328. A quick check for aborting gesture mode at



150 at, which time the device capabilities and type of EIQentry it logs are
made known to the EIQ driver 150. Once a device has registered, it may
wite device specific entries into the EIQ buffer 160 for subsequent
retrieval by the AU environnmental |ink |layer 180 or applications 190-193
vi a requests_Jymde to t-he -EHQ-subsystem185. The EIQ driver 150, the EIQ
buf fer 160 and the ElI Q subsystem 185 correspond to an inproved version of
the Alternative | nput Subsystem (AIS) in the 344,879 application. Sone
aspects of the AI'S al so acconplished by the pointing device driver 143.
Keyboard and pointing device events are al so passed to the OS/ 2 operating
system-170 for enqueueing onto its input gqudue prior to receipt by the

i nt ended application. As the operating systemw || only accept nouse or

keyboard data, all of the_data fromg&%

8B Mndl 3dxirg tofapséated to a
"nouse" message by BB SGLAYiHTFeViCe 3&?%3?1?4 bef or e bei ng sent to the

operating system i nputrantapeitt aFnd4® AFEnPEAU™S sent to the EIQ channel
with its full conplement of data types. Anong the data that can be stored
in the EIQbuffer 180 ingludeot hokelid Webguredmsde oty dietailed 48 di spl ay
resolution, Fig. 6B. After the timestamp of the last delay timer

reset is loaded at 450, the timestamp of the current

EIQ entry is subtracted from the current time 452.

This result reveals how far behind in time the system

is in processing EIQ events. EIQ events are normall?

retrieved quasi real-time so a large difference in time

indicates that the system is behind because it has been

busy executing prdgraMs of higher priori;y while the

events were being enqueued in the EIQ buffer 160. 1In

this scenario, pre—-emption has not occurred so the test

at 454 fails-and the routine returns.at 470.

Delay timer processing is depicted in Fig. 8. First, a
test is performed at 600 whether the ignore timeout
flag is set. The coordinates in the current EIQ ?ntry
are examined for movement at 602. If the delay timer
needs ﬁo be restarted at 604, it is restarted at 606
and a test is made to ensure the timer has not already
expired at 608. If the timer was successfully
restarted the timestamp of the current entry is stored -
at 610 as the time of the last timer restart and the

routine exits at 620.

Referring back to Fig. 5, after inking the current
point at 340, the loop at 302 is continued until al%
dequeued EIQ entries are processed. When the loop 18
exited, the timestamp of the last gntry handled is
saved at 342 to be used later for the detection of
pre-emption. The EIQ routine then exits to 276 in
Fig. 4 where a test is made to see if mouse moves were
passed to the application in the EIQ routine. If so,



XY coordinates at sensor resolution, nuch higher than display resolution.
- 14 - The ID of the pointing device that generated the coordinates (e.g
finger, stylus), Hi gh resolution tinmestanps, Events from buttons nounted on
t he di splay bezel, Detection of the stylus entering or |eaving the
proximty zenre;—Events from buttons nounted on the stylus, Tilt, rotation,
and attitude of the stylus, Z-axis or pressure data, Acceleration data,
Data stored in a personal stylus, Display status such as backlight state
and grey scal e mappi ngs, Video status such as the current video node. As
applications 190-193 dequeue "nouse" nessages fromthe PMinput queue, AU

180 intercepts the nessages before the appl i%afi ons 190-193 receive them
and . '

the current PM mouse message is not passed to the
application at 278 since it has already received it.
Lastly, a return is made to PM at 242.

Eventually, a mouse button up message is intercepted at
212 indicating the end of the stroke. Stylus lift-off
from the touch sensor is emulated by a mouse button up
message by the pointing deviceldriver 143. After the
timestamp of the message is loaded at 214 and the
timestamp of the last EIQ event is retrieved at 216,
the call is made to the EIQ routine at 218 to retrieve
the last of the mouse events up to and including the .
button up event. Since AUI has determined that the
touch input is a gesture, the stroke is deinked at 222,
the delay timer is stopped at 226, and the application
is given the chance to query the stﬁqke buffer at 228.
vpeinking" the stroke is removing the "ink trail"
displayed by the stylus or finger moved across the
touch sensor to provide visual feedback to the user.

If the application does not handle the stroke in the
stroke buffer 188, gesture recognition is performed at
'238.. If the stroke was recognized as a valid gesture
the gesture is mapped to a user specified action at 236
in the interface profiles 196. If the stroke was not a
recognized gesture, mouse emulation is performed at 238
by generating a "mouse" button down message at the last
location of the stroke "mouse" and sending it to the
application. The current button up message is then
allowed to pass through to the application at 240. In
the case of a valid gesture at 236, no mouse emulation
is performed and the button up message is discarded at
278. This completes the description of a standard

gesture input scenario.



requests the ElIQ subsystem 185 to retrieve all EIQ events that correspond
with the current nessage. :This enables the AU |ayer 180 to obtain al
pointing events reported by the pointing device which may have been

di scarded by PM 172 due to the coal escing of nouse events. As ElIQ events
are dequeued, the coordinate and all associated data are noved into the
stroke byffer.188 and the entire stroke is made available to the
applications 190-193 at liftoff or nmouse button up tinme. The AU

environnmental |ink 180 sublayer is also coupled to character/gesture
recogni tion subunit 194 which provides recqgnition facilities to
appl i cations unabl.e .15'- to process a.% rticular stroke and interface

profiles 196 which map new i nput against correspondi ng commands for which
t he applications 1%ka@B8r Dpahat next sSyehsxriiol 30 impdrparcredsathemsegnager 172

‘8’5][ fee?” ginal Iy wigdemsndtown! &h bitlef @budbQehssr 38kl witie Fingéoroaage to
stylus and holding at a given location to enter mouse
emulation mode. Similar to the first scenario, a mouse
button down event and mouse moves are received and
appended to the stroke buffer 188 and the delay timer
is started. However, the user holds the pointing
device motionless which causes the generation of mouse
moves to cease. After 200 milliseconds of no motion,
the delay timer expires. Referring to Fig. 6A, ' the
current mouse location’ is queried at 400 and the target
application is determined at 402 by a query to PM 172.
A PM mouse button down message is generated at 404 and
posted to the application at 406. When the application
dequeues the pdsted button down message, it is
intercepted at 208 by AUI which is él;eady in gesture
mode at 250 and the button down handler is called at

252.

Referring to Fig. 7, the posted button down is tested
to ensure it was posted by the timer routine at 500. A
series of tests for pre-emption are conducted. At 502,
a test whether both the ignore the delay timer timeout
and gesture abort flags are set 1s performed; at 504, a
test whether the ignore the timeout flag is set is
conducted. At 506, a test whether the ggsture abort
flag is set is conducted. The use of the flags are
discussed below in cohjunction with further examples.
In this scenario, no pre-emption occurred so the tests
for pre-emption flags at 502, 504, and 506 all fail and
executioﬁ falls through to 508 where the last EIQ event
time is subtracted from the current time. Since the
user held still and there were no mouse moves, the last
EIQ fetch time is greater than 70 milliseconds. This
has the appearance that the application may have been

-



1024 events. ‘As entries are witten into the EIQ buffer 160 [
given a unique tinmestanp. The granularity of th(? ti mestanp iseng]Q event s
m | lisecond which enables the buffering of up to 1000 events per second
The tinestanp assigned by the EIQ driver—150 is the sane tinestanp gi veh to-
t he PM nessage passed to the PMinput queue. This is critical since the
message dequeued fromthe PMinput queue must be matched up with its
corresponding entry in the EIQ buffer 160. It also preserves the

chronol ogi cal order of all input events. Wth nultiple input devices 130
132, 134, 136, 138 connected to the oper at RAg-system 170, it is possi bl e’to
receive input events frommnultiple devices sinultaneously. The EIQ driver

150 acts as an arbi trgaggﬁt@dhgéé«{eqnﬁhgaﬁpiggwtdueaec’ﬁ/bﬁemm@ isaoi ty. Wen

si mul t aneous entri & are nade '
mar ks the ElQ entrif& B?“?%«?VFB%/%F\A"%T?‘Eﬁ‘?mla%gdgge}’:ﬂggevs\ﬂ ] ggs%é} q{flhgtﬁrvm'lﬁlo

alert AU 180 that mousedewende hmsther bpagan shabue BRY fat5hrE BHOt® be accepted
as valid input. As ddearEed)decbhiely.l60fiHdrei had beengventieon righe Phvent s,

both mouse and Sty'i‘%;%ug"&i‘éu%,ci‘é‘ &%Ihnﬁé\}édﬁgeﬁ fassumed that the reason
the system had not yet dequeued them.is task pre-emption.
since no pre-emption occurred, the test at 520 fails
and mouse emulation mode is.entered at 512. The stroke
is deinked at 514 and the posted button down message is
allowed to pass to the application.

The next sevéral examples are all based on the two
above scenarios in EXAMPiES 1 and 2, with the exception
that pre-emption occurs which disrupts the normal mode
of processing. The severity of pre-emption varies from
brief, inconsequential interruptions'pf tens of

i milliseconds to complete sysfém deadlock lasting
several seconds. It should be noted that the test for
pre-emption at 510 in Fig. 7 and at 614 in Fig. 8 is
determining that no EIQ events have been retrieved for
70 milliseconds. The value of 70 ms is used due to the
32 ms granularity of the 0S/2 system timer. Since the
timer is'only incremented every 32 ms, testing for a
change of 70 ms ensures that at least 64 ms and as much
as 95 milliseconds have elapsed. In other words, given
a point generation rate of 125 points per second. for
the stylus, this equates to 8-12 pointer moves that
have buffered in the EIQ buffer 160, but discarded by

PM 172.

EXAMPLE 3: A user touches down on the touch sensor 134
and moves the stylus across the sensor for several
seconds before lifting off. 1In the middle of the
stroke, the application was pre-empted for 150
milliseconds. What theé user saw was a brief



the user is noving both sinultaneousl [ [
_ _ y. Thus, to avoid confusion, the
preferred enbodi nent contains the option of arbitrating one of the pointing

devi ces out so that

- 16 - pointing events fromthe extraneous poi.nt
K us pointer..
are not passed with the events of the valid pointer to the applica?ion.
Another limtation of nulti-tasking operating systens is task pre-enption

where tasks of higher priority tenporarily interrupt the currently

executing program Task pre-enption is especially disruptive to stroke

i nput because the inking trail is tenporarily, halted and the user nust

-continue to wite with the stylus wthout T Vi su I nki
al feedback of in
It al so causes inadvertent tinmeouts to occur when the user i Ng.

gesture because AU ngidihraupbich @&l the tinketradd wh
exp ftdve stlugser to either
conpl ete the gesture o menttga‘-’ifr?’ﬁ&gaﬁm SeVEnS ihRifY Myl DEIimiehesuch i nput

i nt ended as a nouse cONTA
effectively causes AUPeWesPB‘b

stylus. A short period of pre-emption such as this is
innocuous and has no deleterious effect on AUI or
application processing. The only indication
pre-emption occurred is the interruption of the ink
trail, This example is very similar to EXAMPLE 1
except that when the first "mouse" move after _
pre-emption is lntercepted at 210, there are 18 touch
moves (150 ms/8ms ‘per mouse move = 18) in the EIQ
buffer 188. .This simply means the main loop of the EIQ
routine 302 will iterate 18 times adding all the points
the stroke buffer at 328, restarting the delay timer as
needed at 336, and inking the points at 340. The time
to process all the points in this ldqp at 302 is very
short which is evident to the user By the rapid inking

of the outstanding points.

EXAMPLE 4: A user touches down and moves the stylus for
several seconds before lifting off. 1In the middle of
the stroke, the application was pre-empted for 300
milliseconds. The user sees a much longer interruption
of the ink trail where the étylus is ahead of the
inking by 4-6 inches before the inking again caught up
with the tip of the stylus. A long period of
pre-emption such as this causes problems, since no
points were processed for 300 ms, the delay timer could
not be restarted and a timeout occurs. This timeout
would cause AUI to enter mouse emulation. The effect
on the user interface would be a gesture which was

terminated in mid-stroke.

Referring to FIGs. 6A and 4, the "mouse" button down
message generated by the timer routine at 406 is

Is inking a

nat as .2 geshi’ fp withCend RApPbe-a@tion



poi nts, the delay tiner never gets reset and a tineout occurs. To the AU
software, it appears as if the user held the stylus notionless to force a
ti meout and enter nouse emul ation node. In cases of lengthy pre-enption, it
IS possible to wite several strokes before control returns to the original
program and points are again processed. It is vital that all stroke data be
preserved across such interruptions and be presented to the interrupted
application in such a way that the interruption becones transparent to the
application. Fig. 4 is the nmain routine of %?e AU subsystem where all PM

messages are intercepted at 206. Fig. 4 als

steps where the electrical

t he devi ce specifici

depicts three prelimnary
signals fromthe input device are processed by

ehtla 1P aatt 2008Nt CAUINpat inassbgrss mode 1%

| 2 . ! o
recogni zabl e to the DolfilRg. del G fridat Bdfbrdhpedepposa acakbediol niting

nmessages i nto. " nous

PM 172. The so the tegssat?szstoh%lp%tstigsr.vear:—.\%d%e;nggg% Rg OS5/ 2 170 and

routed to the button down processor at 252. The button
down appears to be normal, and since no pre-emption
flags are set the process drops through the tests at
502, 504 and 506 AUI subtracts the last EIQ time from
the current time at 508. The result is 300 ms, which
causes AUI to examine the PM input gqueue at 520. Since.
the user never stopped moving, 'mouse" moves are in
fact engueued on the PM input queue, signifying
pre-emption had occurred.  The delay timer is restarted
at 522 and the button down message is discarded at 524
which keeps AUI in gesture input mode.

Returning to the EIQ routine in Fig.is, the application
then dequeues a "mouse" move from the PM input: queue at
which time AUI retrieves at 300 the 37 pointer moves

(300 ms/8ms per mouse move = 37) buffered in the EIQ -
puffer 160. These touch moves are processed very

rapidly as in the previous example and the inking again

catches up with the stylus.-

EXAMPLE

5: This scenario is the same as that in EXAMPLE

4 with the exception that the pre-emption occurred
while AUI was processing mouse moves. Again, during
this interruption the delay timer expired. For

clarity,

the EIQ

assume processing was pre-empted at the top of
loop at 302 in Fig. 5. When execution resumes,

AUI continues to process the mouse moves dequeued from

the EIQ

puffer 160. The processing continues as normal

until the delay timer processing is_performed at 336.
as shown in Fig. 8, the point is tested for motion at

602 and

delay ti

the timer is restarted at 604. However, the
mer fails to restart because it has expired and



rocessed through the operating system
nessages are sent at 204 and p BRIt it

"mouse’
it

i Tat i [ 172.

d integrated operating environnent _ ef el .

éZPyaPnDuse"gnessages are processed by the nethod of‘thls_{nyﬁntlon,

assuned that all data which requires a tinmestanp to keep i s; ¢ hr ough _—
chronol ogi cal order is converted into a nouse nessage to pa

170 and PM 172. Al l other PM nessages, eagi, keyﬁo?ag,ng;ﬁaraﬁggg gprough
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directly to the application with mni mum de qhorma mode of

' ' ' use nmessages fromthe i np q

T s o el e | 1inkK 480 then gets control and

t he events occur. The AU environnenta . > gontrol and
ffer 160 and stores it in .

dequeues the sane event fromthe EIQ bu . n the

bu19fer 188. Under idedf Mohdigenretivhedts 608. 2 upbh £221988, tHledki QoS! EI -

bet ween PM i nput queusheaindsél ﬂ@‘é@@hﬁ-ié"‘&‘éﬁ%&{fﬂ L %gdgé)ﬁl}%%aﬁﬁgséq hat
in retrieving nESSagQ&Ets@gPéﬂgézﬁggﬁﬂygxséybrgﬁgghﬁﬁﬁy%ﬁk%39@ mequeue.
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EXAVPLE 1 A normm $d8marthe rest PDOMRSENY evefitd B Sidc¥sBed ald GnbouCh
sensor 134 is illust ratedeldy timer routine is again called, the 'ignore
timeout' flag is set at 600 which causes the routine to
exit at 620 without attempting to reset the delay
timer. AUI finally processes the last EIQ event and
passes the message to the application at 240. At this
time, there are two "mouse' messages on the PM input
queue, a "mouse" move (iepresenting 37 touch moves) and
a posted ."mouse" button down. Although the "mouse"
moves octurred before the mouse button down, a posted
message has higher priority, so0 the button down is the
first message dequeued by PM 172. The button down is
intercepted at 208 and processed at 252. In the button
down routine, the ‘ignore timeout' and the '‘gesture
abort' flags are both tested to see if they are both
set at 502. Since only the 'ignore timeout'’ flag is
set, the code falls through and tests true on the next
test at 504. The flag being set here means AUI itself
was interrupted and the delay timeout was bogus. The
'ignore timeout® flag is reset at 505 and the delay
timer is restarted at 522. The button down message is
then discarded at 524 so that AUI remains in gesture

mode.

The period of time AUI is vulnerable to bPre-emption as
depicted above seems quite short, however, in practice
it occurs frequently. fThis is because pre-emption
often occurs in a series of bursts. During the first
burst, several pointer moves accumulate in the EIQ
buffer 160. When they are dequeued, AUz processing is
confined to the main EIQ loop at 302 in Fié. 5 for an



Figs. 4-8. In thi
: s exanple, a '
gesture on the t @ user makes a gesture '
ouch sensor 134 by either finger orsgfc|3: 3h{L%hF arrow
I S equated

by the conputer system either by AU

not in gesture node, at 250, it

Is treated as the beginning

of touch in or by an appli : : :
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_ I ed A nouse
Since initially the systemis
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new stroke. The PM ne :
PM nessage tinestanp is | oaded at 254 and the event - of a-
ent is

retrieved fromthe EIQ buffer 256. AU

and starts the dela i
_ elay timer 260 t c he7
' r 2 o dete e7ces
desir es lati et ft t t rsatlon of notion

moti on of the pointing device for 200 mil
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tipe SEERdach Sicuee mouse Ehul at |
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i s delayed while th S .
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then enters a gesture node state 258.

If the

the user will stop

device, the t s
. ' ouch nove _ . )
series of PM or tnf s HuGRE' &£ riecemptionoptiied pﬁﬂn?yssﬁe:%éﬂlgt i ng
jnstance of pre-emption causes pointer moves to bui das a
up in the EIQ buffer 160 so it is simply a matter of

time before the two events coincide. -

EXAMPLE

6: In this example,

a user touches down on the

touch sensor 134 with the stylus, pauses priefly to

enter mouse emulation mode.
selected graphic objeot across the

1ifts off having positioned the
Pre-emption interrupted the application for

stylus to drag &
display and finally
object.

The user then moves the

500 milliseconds while the user was pausing at the

graphic object.
dequeues all sixty

approximately 60 milliseconds to process them.
middle of the sixty pointer moves,
motionless for 30 of them

delay timer to expire.
moves were processed in 60 ms,

This creates a problem.
puffered pointer moves, it takes

When AU

In the
the user was

which should have caused the
However, since all the pointer
the delay timer did not

have a chance to expire as it normally would have if

the pointer moves had

© millisecond period.

seen and movement is again
AUI remains in gesture mode
mouse emulation mode as jntended by the user.

timer.

been processed over the 500
go the period of stability is

not
detected which restarts the
-insteed of entering
This

problem is further'exacerbated by the fact that during
the 500 millisecond pre—emption, the delay timer

expired,
handled.

When control returns,
the posted "mouse"

-

so there is also
down message in the PM input queue

putton down.

a timer posted nmouse" button

which must be

the first PM message dequeued is
As outlined in EXAMPLE



nobuse nove nessages. As these nove nessages are filtered at 210, the
-tinmestanp of the "nouse" nove nessage at 270, the EIQ tinestanp of the |ast
El Q event retrieved the associated EIQ events are retrieved 274. Fig. 5
illustrates the EIQ processing routine. Wien nouse noves are dequeued, they
are retrieved by tinmestanp range at 300. The beginning tinmestanp is the
time of the last retrieval plus 1 ns, and the ending tinmestanp is the

ti mestanp of the current PM "nouse" nove nessage. This ensures entries are
dequeued only once and that no entries are skipped over when retrieving
contiguous entries. Since an entry can originate fromnultiple devices, the-
event is run through filters 304-310 to enst?®7it is a locator event that
has not been arbitrated out. Thus, at 304 a test is made whether the event
is a stylus or bezel b%gogr@a@hoﬁtléaawmemtﬂne elmart i8s a di spl ay

t, at 308 wheth t 1 " 5
%g?herat he even'? | greasltla jl:é? aaxldog\f/ilégﬁufﬁ:\éﬁnﬂovﬁpﬂe@éagg 9s adilseakded. nafle

t. Aft
the filters, the entFig-i 4-tEhq & PO PBYYNFPEFE eﬂ{lﬁ%@&{%?&g?ﬁ“ gl)useer
devi ce and a hi gh banthsirdebtetbbycAUE 1ath 238 a 1 ﬁ@%rmpoﬂ%jrf‘ &P°§t§}l 38

in Fig. 5, sixty pointer moves are retrieved from the
EIQ buffer 160 and a call is made to.check for a
gesture abort flag at 330 for each entry. The
timestamp of the last valid.timer restart (Box 610 in
Fig. 8) is loaded at. 450 and subtracted from the
timestamp of the current EIQ entry at 452. The result
is compared against the delay timer value 454 which is
200 milliseconds. The result should never be greater
than the delay timer unless pre-emption occurred and
numerous’ EIQ entries are being processed. Since the

" user had stopped for 200 ms in the middle of the
stroke, the; timer restart time does hot increment.
Eventually, the restart time will test true at 458.
This is the point at which AUI would have entered mouse
emulation mode if pre-emption had not occurred. It is
-also possible for:the timer to expire while handling a
large number of pointer moves at 458. If so, the
‘ignore timeout' flag is set to discard the timer
posted button down message in the PM_input qgueue at
460. A 'gesture abort' flag is then set at 462 and a
mouse button down message is built using the X/Y
coordinates of the current EIQ entry at 466. This
message is posted to the application under the
coordinate at 468 and a return at 470 is made to the
EIQ routine in Fig. 5. When the test for 'gesture
abort' tests true at 332, the remainderlof the EIQ
entries are not processed and a return at 344 is made
to the mainline AUI code in Fig. 4.

At this point, there may be two “"mouse" button down
messages in the PM input queue. One posted by the



-; 19 -+ All device data is extracted fromthe EIQ entry dependi ng on whet her
it Is a nouse at 364 or finger/stylus at 316. In the case of.
finger/stylus, the entry contains the coordi nates expressed in sensor

resol uti on which are—+rrediatety passed to the appli- cation at 320 if the
application so requested at 318. Simlarly, an application may request to
receive all pointer noves at nouse resolution at 322, in which case the

di splay resolution coordinates are sent at 324. An application typically
requests to receive all points if there is,a_need to process the pointer
noves real -tinme. An exanple of this is an @pplication that does its own

I nki ng. For an unaware -application, the user may specify to AU via an

appl i cation profi |Fi]{é¥ athgogiandasme popted dyi the tdegture a9TFecei ve al |
points real-tine. In t__acril(gi LN t@ £1RGRI YEN tiker Rftinekated duttomedownhe

application is assHPEd " of recel ving al.l [ &d) fikse Sdiekest This is the
preferred way an apgFsag&t iorF aﬁu?‘gec'o%'r’?%nﬂ&%gl qoves di slc rded by PM
occurred first. When handled by the process ouse

putton down in gesture mode process in Fig. 7, both the
rignore timeout® and ‘'gesture abort'.flags are set at
502 so the ‘ignore timeout' flag is reset and the
putton down message is discarded at 524. The timer is
not restarted. Returning to Fig. 4, the second button
down message is now intercepted at 208 and since AUI is
still in gesture mode at 252, the.second button is
processed. Again in Fig. 7, the only flag set is
rgesture .abort’ at_506 the branch is taken to enter
mouse emulation mode at 512 and deink the stroke at
514. The message is passed.on to thg application at
516 and a mouse button down occurs where the user

i~ stopped for 200 milliseconds.

A common feature of operating systems that support a
keyboard and/or mouse is 'type-ahead' and
'‘mouse-ahead'. These capabilities allow the user to
begin to type on the keyboard and/or click with the
mouse even though the active application may be in a
pre-empted or busy state where user input cannot be
handled. The system preserves the order of keyboard
and.mpuse events such that when the app;ication(s)
becomes ready to again receive user input, the events - ...
are received in the original sequence and are routed to
the proper windows. This capability permits user input
to continue through periods of system overload and
effectively makes system unavailability somewhat
transparent. It also permits an expert or 'power' user
to anticipate the activation of a window or text field
and begin typing before the window or field is enabled

for input.



172. Qtherwise, an application nust wait until liftoff or button up time to
retrieve the stroke buffer 188 which contains all nouse noves. The benefit
of this is a user can designate an existing application to receive al

points without having to nodify the application software—+n—rg—5, 0nce
the device specific data has been processed, a test is nmade to deternine if
AU is in nouse.enul ation node at 326. |If so, no further processing is done
and the next EIQ event is handled. If not, AU is in gesture node which
requires the stroke buffer 188 to be updated with the current point at 328.
A qui ck check for aborting gesture node at - 3g-- 20 - 332, delay tiner
processing at 336, and inking of the current point at 340 are perforned.
The check for aborting gesture node is detailed in Fig. 6B. After the
timestanp of the last delay tiner reset is | oaded at 450, the tlnestanp of
the current ElQ entry jmsjéutilderactiadtyf pomiehmouss ebaad tfepsugesis that

the mouse is strictly a locator device and the system
only buffers mouse button clicks and a single mouse
move in between. All points received during movement
of the mouse are coalesced if the application is busy
and only the last point received is passed to the
application when it starts accepting user input again.
This precludes the ability to stroke a gesture when
pre-emptive threads are active in the background. A
method for preventing the loss of such data. For
touch screen devices, this represents the loss of
information rich stroke data which seriously degrades
the performance of the finger or stylus as.an input

device.

Employing all the above techniques, AUI implements a
third capability known as 'stroke ahead' where all the
finger,stylus and/or mouse clicks and movements are
puffered during periods of pre-emption, then played
back to the application as if there had been"no delayﬂ
Buffering is currently sufficient to store 8 gestures
or 10 seconds of handwriting across very long periods
of pre-emption. 1In addition, this stroke ahead
capablllty permits common graphical user interface
techniques such as point and- drag, re-sizing and
movement of windows, selection, and double clicking to
be executed without regard to application readiness.

Fig. 9 compares the EIQ data block found in the EIQ
buffer with the corresponding entry in the operating
system input buffer. The PM "mouse" message has only a
limited amount of information. It includes the message
ID and the target window ID as well as the X-Y
coordinates within tﬁe target window to which the



This result reveals how far behind in time the systemis in processing EIQ
events. ElIQ events are normally retrieved quasi real-tine so a |large
difference in tine indicates that the systemis behind because-+t—as been
busy executing progranms of higher priority while the events were being
enqueued in the EIQ buffer 160. In this scenario, pre-enption has not
occurred so the test at 454 fails-and the routine returns at 470. Del ay
timer processing is depicted in Fig. 8 First, atest is perforned at 600
whet her the ignore timeout flag is set. The-cszwr~dinates in the current EIQ
entry are exam ned for novenent at 602. If the delay tiner needs to be
restarted at 604, it is restarted at 606 and a test t he
ti mer has not already *sxpse’cmeasagds pddneggety 1\-‘/\l/}';{asr'sﬁccce‘;g{g: %P?UE}%
restarted the timestagpyofodddenates ont thendigplay §90‘F1b1d=haf‘h%ﬂ?u§§ the time
of the last tiner resta LiedNG1i 0end tdbb&E aaii € 2k GidipstRep eimdiggtieek to -

Fig. 5, after inki ng e C rrgnt Qi wadOserth€o | QRP oBbralihg S conti nued
until all dequeued El ®"&ht %s a?sg prgg?:lgéseg se\/\henot he loop is exited, the

ti mestanp .of the | ast sgste® handl ed i s saved at 342 to be used | ater for
t he detection of :

The operating system (PM) timestamp is used to
correlate the EIQ data block to its corresponding PM
"mouse" message. As the “"mouse" message already
‘contains the window information, it does not need to be
included in the EIQ data block, although it could be
included if desired. The data in the EIQ data block is
‘jntended to be illustrative rather than exhaustive or
'exclusive among the data included is the device
identity, device specific information which can be
Jhandled by an aware application, lags indicating the
fétate of the EIQ buffer, the display coordlqates, the
.higher resolution touch sensor coordinates, stylus
rotation and angle, and high resolution device
timestamps. Depending on the input device some of the
entries may not be available and so are left blank in

the EIQ data block.
Button and other Input Device Events

When incorporated inte tablets such as the Workpad
depicted in Fig. 1, buttons, both bezel and stylus,
significantly enhance the human factors and useability.
These events are written into the EIQ buffer 160 by the
appropriate device driver, however, s;nce these are not
pointer events and are not translated to false "mouse"
events by the pointing device driver, they are not
enqueued into the PM input queue and consequently,
applications do not receive notification that they
occurred. The AUI subsystem 180 circumvents this



pre-enption. The EIQ routine then exits to 276 in Fig. 4 where a test
made to see if nobuse noves were passed to the application in the EIQ
routine. If so, - 21 - the current PM nouse nessage is not passed to the
application at 278 since it has already received it. Lastly, a return is
made to PM at 242. Eventually, a nouse button up nessage is intercepted at

212 indicating the end of the stroke. Stylus lift-off fromthe t ouch sensor
is enmul ated by a nouse button Tp nessage by the pointing device driver 143.

After the tinestanp of the nessage is |oaded at 214 and the tinestanp of
the last EIQ event I1s retrieved at 216, the call is made to the EIQ routine
at 218 to retrieve the last of the nouse events up to and including the
button up event. Since AU has determ ned thgd -the touch input is a
gesture, the stroke is deinked at 222, -the delay timer is stopped at 226,
and the application is given the chance to quer s ROkepdxtitieckask 228.
"Dei nking" the stroke . satsigoeisien Hémitahiop By I%rwf;r%hat has the sole
i 00 in Fig.

thread of execution 700 . I

°r n of monitoring for button events 1n the EIQ

S

ctio 0
fqu r 160 As the button events occur, the threa
puffe .

dispatched to handle the event, at whi?h.tlmih:hzvent
scation is sent a PM message containing .

appllcat'on Separate threads are similarly written to

izzz;zz ;otificapiop of voice events from the voice

Referring to Fig. 10, during system initiaiijZEZOZ; :zz

thread is created and it enters a permanen . i

to monitor EIQ putton events. The loop beg:nitoi oent
ing the EIQ subsystem 180 to dequeue.a u -

callozg Implicit in this function call is a request

1211 tge execution of the thread if tpefe fs ?:tsiatel

putton event in the EIQ buffer 160. ?hls fwaJ.button

will only be satisfied by the eng:eie:niu:toi e e

into the EIQ buffer 160. e “t
:1:22ued into the EIQ buffer 1?0 by a dev1:e iZi:iZ;n
the thread is immediately re-dispatched and €

resumes.

Once it is determined that a putton event efisti in the
EIQ buffér 160, the putton must be handlid :zl; :vent
proper order. The button event.may be t e‘ e
in the EIQ buffer 160, but it also;may ?e in g
of a long series of pointer moves if the us:f iutton
‘the button in the middle of a stroke. If the
was pressed mid-stroke, it must.be handled g pointér
chronoldgically; preservini t:: eizé:mzz::f o B
nd button events. s the
T;i:ic:pted at 210 in Fig. 4 and process?d by :2iually
mainline AUI routine, the button event will ev

. . : d
pbe identified at 304 in EIQ routine in Fig. 5 an



di spl ayed by the stylus or finger noved across the touch sensor to provide
visual feedback to the user. If the application does not handl e the stroke
i'n the stroke buffer 188, gesture recognition is perforned at 238. If the
stroke was recogni zed as—avalTd gesture the gesture is napped to a user
specified action at 236 in the interface profiles 196. If the stroke was
not a recogni zed gesture, nouse enulation is perforned at 238 by generating
a "nouse" button down nessage at the last |ocation of the stroke "nouse"
and sending it to the application. The curreng, button up nessage is then
al lowed to pass through to the application at™"240. In the case of a valid
gesture at 236, no nouse emilation is performed and the button up nmessage
Is discarded at 278. gggéSQQMtems ambt 3déescriopevern Af thethmtganderntt ure

i nput scenari o. - 22 - EXPMBLFrg Jﬁﬁéﬂeﬁe&cﬁmf be A6 BMpapuance is the
1
S

user touching down on*% Be®Couch “sensor. it h fi r hws
hol di ng at aggi ven | oweaieoRSTIAtSH £8r CATH g M, Nahd 98 e_‘%néwﬂ néik

be dequeued.

Therefore, once the button monitor thread is
re-dispatched, the thread immediately issues a request
to the EIQ subsystem 180 at 704 to retrieve the next
pointer event that occurs. In the function call is the
explicit request to halt execution until either a
pointer event occurs or 64 milliseconds elapse. If a
timeout did not occur at 706, then the button event
coincided with a pointer event and it will eventually
be dequeued and processed by the main EIQ loop at 302.
No further processing is done and the loop restarts.
However, if a timeout did nét occur'at 706, the current
pointer position is queried at 708 and then changed at
710 using the same coordinates. Whenever the position
of the pointing device is updated by software, PM
enqueues a 'dummy' mouse move message into the PM input
queue. When the application dequeues the "mouse" move,
AUI intercepts it at 210 and the button event gets
handled in the EIQ routine at 302. Since the location
of the pointing device is not changed, the extraneous
"mouse" move message generated by PM has no effect on

application processing.



enul ation node. Simlar to the first scenario, a nouse button down event
and nouse noves are received and appended to the stroke buffer 188 and the
delay tiner is started. However, the user holds the pointing device

not i onl ess mﬁéﬁﬂﬁgggggg,Lhe—QEHEration of nouse noves to cease. After 200 __
m | liseconds 0 notion defay timer expires. Refefrri i A
the current ‘Lm B&‘)Q“\u’eri ed at 400 and the tEH‘QeFPH%' E&#F%nl s
determ ned at %m s

4

o PM 172. A PM nouse bufton sage li s
generated at 4 ahd posted to the application at 406. en the application
dequeues the posted button down nessage, it is intercepted at 208 by AU -
which is already in gesture node at 250 and fhe button down handler is
called at 252. Referring to Fig. 7, the posted button down is tested to
ensure it was posted by the tiner routipe atub590. A series of tests for
pre-enption are conducted. At 502, a test whether both the ignore the del ay
timer timeout and gesture abort flags are set is p rforneg' t 504, a test
whet her the ignoreit heInjadai@ PF%F@FﬁséngeiYSFEm&ﬁﬁﬂgt%tfen f3506, a test

whet her the gesture abggbcddsan,i segekd bs systenctaybulfrriagehdghthe fl ags

are bandwidth data from an input device comprising the

steps of or the means for:

buffering input data from the input device in a
first buffer, the first buffer having the property
of discarding at least some of the input data

during periods of high central processor utilization;

buffering the input data in a second buffer, the
second buffer storing all input data regardless of
central processor utilization;

i .. .
determining whether input data have been discarded
from the first buffer; and,

responsive to the determination that input data .
have been discarded from the first buffer, retrieving

the input data from the second buffer.

2. In a data processing system having a central
processor, a method or system for buffering high
bandwidth data from a touch screen, comprising the

steps of or the means for:

buffering coordinate points and corresponding data
in a first formal representing the path of a
pointing device across the touch screen in a first
buffer, the first buffer having the property of
discarding at least some of the coordinate points
during period of high central processor utilization;

- I
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di scussed below in conjunction with further exanples. In this scenario, no
pre-enption occurred so the tests for pre-enption flags at 502, 504, and

506 all fail anW's’Tﬁrough to 508 where the last EIQ event
tine is subtracte .f'rom& r\\ t time. since the user held still and
there were no nou m\m i&@“{ﬂt ElQ fetch tinme g reat ' q

mlliseconds. Thiﬁ“\ L Bearance that the appl ii‘é‘gig }EE’EQ’E& g\ggﬂteen

-23 pre-enpted, hofevér the PM i nput queue is exam phed 558 use levent s
and none are found. The absence of PM npuse.gvents i's the reason that no

El Q fetches have occurred recently. If t her 8°had been events .on the PM .

i nput queue, it would have been assuned that. the reason the system had not
yet dequeued themis tasguﬂ:freeiﬁgp&ﬁemooﬁimaeempimt&@Fﬂ)tcpﬁﬁe%ﬁ%’tﬁ‘llfléd, t he

test at 520 fails and mouse d YA BSka1S in @NeESKH dufE4R, thee stroke
i s deinked at 514 and th aﬁ?oggg%ia%

ut t.on, down a b .S58 LQe@ass to
t he application. The nex%e%?efﬁﬂfmae&&%?‘%ésin rgP%%I andsaﬁ:a Mﬁ@%l 5

on _the t
jn the first formal, the second bué?lr storing a1
coordinate points regardless of central processor

utilization;

dequeueing a first coordinate point from the first
puffer in the first format; and,

deéueueing the first coordinate point from the
second buffer in the second format.

3. A data processing system or method for buffering
" high bandwidth data from an input ‘device, the
system or method having a centré} processor and a
P memory, comprising means oI the steps of:

a first buffer means in the memory for buffering
input data from the input device, the first buffer
having the property of discarding at least some of
the input data during periods of high central

" processor utilization; and,

a second buffer in the memory for buffering input
data from the input device, the second buffer
storing all the input data regardless of central

processor utilization; and,

means for determining whether input data have been
distarded from the first buffgr;

whereby if coordinate points have been discarded
from the first buffer, the coordinate points are
retrieved from the second buffer.

——————————

e

heet Has Been Replaced

T



above scenarios in EXAMPLES 1 and 2, with the exception that pre-enption
occurs which disrupts the normal node of processing. The severity of
pre-enption varies frombrief, inconsequential interruptions of tens of
mlliseconds to conpl ete system deadl ock | asting several seconds. It should

be noted that the test for pre-enption at 510 in | n Fig.
8 is deternining tmémﬁ“hﬁave been ret &@HEBT HAS BEEN

mlliseconds. The v ,lmmmmlmﬂ i sed due to tlhe 32 R&EPLACEHuUl arify of
the OS/ 2 system ti neklsBiEg! liile ,Mﬁl#r S onlg/ | NCT EME ns,
testing for a change of 70'ns"ensures that at3§ éast 64 ms and as nuch .as 95.

mlliseconds have el apsed. In other words, given a point generation rate of
125 points per second- for the stylus, this equates to 8-12 pointer noves

that have buffered in the EIQ buffer_16 u i RMeldg. EXAVPLE
3: A user touches dowm-onTpﬁe*"’fs&l?@hoge%e%8?91%4%§§§%£3g59¥%e stylus across

the sensor for several secdaims Jet8rs Yherphy toer ing4t AL A%8dl e of the
stroke, the application wgsopdinateppethtisoreptssemcing dsheoprith ofhat t he user

saw was a brief . pointing device across a surface of a toqch

sensor.

5. The system or method as recited in any one of the
claims 1 to 4, wherein the determining means or
the determining step compares the number of
coordinate points in the first and second buffers.

6. The system or method as recited in any one of the

N claims 1 to 5, wherein the determining means or
the determining step compares a last timestamp
associated with a last input daﬁa event processed
by the data processing system and a current time.

7. A data processing system or a method for buffering
high bandwidth data from a touch sensor having a
central processor and a memory comprising means or

steps of:

a first buffer in the memory for
buffering/buffering coordinate points and

- corresponding data in a first format representing
the path of a pointing device across the touch
screen, the first buffer having the property of
discarding at least some of the coordinate points
during periods of high utilization;

a second buffer in the memory for
buffering/buffering the coordinate point and
corresponding data in a second format, the second
format including types of data not included in the
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-+ 24 -<interruption of the ink trail where the stylus nmomentarily got ahead
of the inking by 2-3 inches before the inking again caught up with the tip

of the stylus. A shert—periodof pre-enption such as this is innocuous and
has no del eterious e pplication processing. The only

i ndi cation pre-enpti Mﬁmmmmmﬂe interrupti pr—ef—theink trail. This
exanple is very sim ISE * except that Whehs SHEET HAS BEENduse"
move after pre-enption is intercepted at 210, thefe ar @ERBACEBICh ngves (150
ms/ 8ns per nouse nove = 18) in the ElQ buff . 188 T s sty —meatis t he
main |l oop of the EIQroutine 302 will iterat® 18 times adding all the
points the stroke buffer at 328, restarting the delay tinmer as needed at
336, and inking the poi ngsrsat £3é0at,Thbet senpridobpf Bestoning ®hé points in
this loop at 302 is very . shQiha¥®igdints SadAM0bss b BEntiSAr pb¥céddiRr api d

I nki ng of the outstandi ng gm 5__% EXAMPLE 4: A user touches down and noves
the stylus for several & 3 e’forellftlng off. In the mddle of

means for dequeueing/dequeueing a first coordinate
point from the first buffer in the first format;

and,

means for dequeueing/dequeueing the first
coordinate point from the second buffer in the

second format.

8. The system or method as recited in any one of the
claims 1 to 7, which further comprises means or a
step for determining whether coordinate points
_have been discarded by the first buffer which
compares the number of coordinate points in the

first and second buffers.

9. The system or method as recited in any one of the
claims 1 to 8, which further comprises means or a
step for determining whether coordinate points
have been discarded by the first buffer wherein
the ‘determining means or the step is accomplished
by comparing a last timestamp associated with a

- last input data event processed by the data
processing system and a current time.

10. The system or method as recited in any one of the
claims 1 to 9, which further comprises means for

or Steps of:

determining whether the pointing device has
stopped movement across the touch sensor at a

BamR&ifxd
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t he styoke, the application was pre-enpted for 300 mlliseconds. The user
sees ‘a much longer interruption of the ink trail where the stylus is ahead
of the inking by Z=61mches—befere-the inking again caught up with the tip

of the stylus.__A | ' - ,l, -enption such as this causes probl ens,

since no points wemﬁmm'"a J} E!ﬁSOO nms, the del ay N b

restarted and a tineout acc ) s timeout would cazggF ﬁgizgéﬁrﬁgwlnouse
1 was

emul ation. The effect on the user interface would beLa ge
terminated in md-stroke. Referring to FIGs. 6A and 4, the "nouse" button
down nessage generated by the tiner routine-agg406 is - 25 - intercepted
by AU at 208. AU is in gesture node as the gesture was in process before
pre-enption occurred, so the test at 250 is positive_and the S
routed to the button down BHeRPeSepFdipatempoing,foy & PSﬁQ%I%%mgg%ége%g‘gfio be
normal , and since no pre-eopttiom;fl ags are set the process drops through
the tests at '

responsive to the determination'that the pointing
device has stopped movement for the predetermined
time, entering a mouse emulation mode.

11. The system method as recited in any one of the
claims 1 to 10, which further comprises the steps

of or means for:

determining whether the pointing device has
stopped movement across the touch screen at a
given coordinate point for a predetermined period

of time;

responsive to the failure to find motion cessation
before the pointing device is lifted from the
touch screen, attributing the coordinate point as

a gesture;

mapping the coordinate points to points
representing known gestures to the data processing

system; and,

sending a message indicating which message was
made to an appropriate computer module, responsive
to matching the coordinate point to a known

gesture.

12. A data processing system for buffering high
bandwidth data from a touch sensor, the system
having a central processor and a memory, comprising:
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502, 504 and 506 AUl subtracts the last EIQtine fromthe current tinme at
508. The result is 300 ns, which causes AU to exam ne the PM i nput queue
at 520. Since. the user never stopped noving, "nouse" nmoves are in fact

enqueued on the PM i_nput queue, signifying pre-enption had-eceurret—TFhe
.delay tiner is restarted at button down nessage is _discarded at

524 whi ch keeps AU m Returnl N th ne in
Fig. 5 the applicat |I Hﬁfmmﬂfm ?" "mouse” nol gHﬁSHmﬂﬁt\QMN

queue at which tine AUl fFettieWess at+ 300 the 37 pol

per mouse nove = 37) buffered in the EIQ buffer 160. These touch noves are
processed very rapidly as in the previous exanple and the inking again
catches up with the stylus. EXAVPLE 5: Thi's scenario is the sage as that in
EXAMPLE 4 with the excepianoexparaied: hefisreinnhe BAMSYC PF RPAHFFERI AU was
processi ng nmouse noves. AQYaikdinatel potntdhiafdicdreesppidiog déke dalay ti ner
expired. For clarity, assurre c?é@%%ﬁé@%e%ésﬂt@n&rm{eeﬁaaﬁ dha pomidhngt he

ElIQloop at 302 in Fig *PRfen execut.ion r process
the nouse noves dequeued dlef"b?ﬁtar?yE?d'}tﬁJf‘f"é‘f f@ﬁsoﬁ'hlélher%?efs?st}:}ﬁ%%%ntl nues

as nor nal the property of storing all coordlnate point
regardless of central processor . .utilization.

13. The system as recited in claim 12 which further

comprises:

a 1£ﬁited buffer for buffering coordinate points

in a limited format having the property of
discarding at least some of the coordinate points
during periods of high central processor utilization;

means for translating input daté_from the touch
sensor to the expanded and limited formats; R

means for enqueueing the input data to the
expanded and limited buffers:

means for dequeueing input data from the expanded
and. limited buffers, dequeueing means responsive
to finding input data in the limited format in the
limited buffer, searching for input data in the
expanded format in the expanded buffer; ahd}

means for generating a spurious input to the
1imited buffer responsive to special input data in
the expanded buffer of a type which is not
generally translated into the limited format by.
the translating means so that’ the dequeueing means
will search for fhe special input data in the

expanded buffer.

—_—
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until the delay timer processing is performed at 336. As shown in Fig. 8,
the point is tested for notion at 602 and the timer is restarted at 604.
However, the delay tiner fails to restart because it has expired and -
26 - is no longer active at 608. Upon failure, the tine of the last EIQ
event is ﬁeﬁﬁa¥ed—%G—Phe—ﬁﬂfffﬁﬁ—TTTmrTD test for pre

result is 300 ms which causes the 'ignore tinmeout' fladHh a)SHéEEé%ﬂSaBEEle
The rest of the EIQ events are processed and when t-hejdel ayREALABEDT out i
is again called, the 'ignore timeout' flag is set at. I C
routine to exit at 620 without attenpting to reset the delay -tiner.: AU
finally processes the |last EIQ event and passes- the nessage to-the
application at 240. At this tinme, there are-two "npuse' nessages on the PM

I nput queue, a "nouse" nove (represent ﬁ%V% u noves) and a posted
"nmouse" button down. Although the " uégg %‘% Turred before the nouse
button down, a posted nessage has higher priority, so the button down is
t he An efficient buffering mechanism for access and

retrieval of stored high bandwidth data and sufficient
storage is disclosed. In a typical operating system, a
channel containing only a limited buffer between the
input devices and the running applications is provided
by the operating system. This invention provides a
parallel channel of a higher bandwidth with a far
superior buffering capability that complements that of
the operating system. When an input event from an

input device with a hlgh bandwxdth is received by the
system, messages are sent to both the operating system
channel and the high bandwidth channel in a compatible
format for each.channel. The message sent to the
6perating system channel generally doptains only
limited data which may have to be translated from the

" actual input data to be acceptable to the operating
system. The message sent to the high bandwidth channel
contains the full spectrum of data generated by the
input device. The_ﬁuffer in the operating system
channel also has the property of discarding data if the
application does not retrieve them quickly enough
during periods of high CPU utilization. The buffer in
the high bandwidth channel keeps all data for up to
1000 input events, or whatever is deemed sufficient for

the computer system, regardless of CPU usage.

In response to the interception of a translated event
in the operating system queue for one of the
applications in the system, the method of the present
invention will check to see if there are any events in
the high bandwidth buffer. If there are, the system
deﬁueues all the events to send them to the intended
application. Various flags are set if task preemption
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first éimessage dequeued by PM 172. - The button down is intercepted at 208 and
processed at 252. In the button down routine, the "ignore tinmeout' and the
‘gesture abort' flags are both tested to see if they are both set at 502.
Since only the "ignore tineout' flag is set, the code falls through and
tests:true on thenext—test at 504. The fI'dG being set here neans AU
itself was interrupted and the delay tinmeout was bogusy=THIEa T

timeout' flag is reset at 505 and the delay tiner is'regﬁh?ﬁggigﬁAéfEENThe
button down nessage is then discarded at 524 so that Ay ER gesthire
node. The period of tinme AU is vulnerable to pre-enption as depicted above
seens quite short, however, in practice it ®ccurs frequently. This is
because pre-enption often occurs in a series of bursts. During the first

burst, several poi nigrdé’&\éﬁgda@l{ﬁglQﬁ&eh%ﬁ%eﬂn@rglﬂ&éﬁrofl@@xe When they

are dequeued, AUl pLOCCS IS SN LSS, WIS™ hELRL 0% R02 I

events may be sent asynchronously to the high bandwidth
channel alone from various input devices; the system
is prompted by a false "mouse" message in the operating
system queue to cause the system to examine the high
bandwidth buffer for the true input event.
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g;yé%ded period of tinme handling each nouse nove. It is during this
ol onged EI Q processing that the second or third burst of pre-enption
of t'en occurs. Each instance of pre-enption causes pointer noves to build
up in the EIO buffer 160 so it is sinply a matter of tinme before the two
events coincide. EXAMPLE 6: In this, exanple, a user touches down on the
touch sensor 134 with the stylus,_bﬁuges briefly to énter nouse emul ation
node. The user then noves the stylus to drag a sel ected graphic object
across the display and finally lifts off having positioned the object.
Pre-enption interrupted the application for 500 mlliseconds while the user
was pausing at the graphic object. This creates a problem When AU
dequeues all sixty buffered pointer noves, it takes approxi mtely 60
-m | 1iseconds to process them In the mddle of the sixty pointer noves, the
user was notionless for 30 of them which should have caused the delay tiner
to expire. [FOWEVEr, "since all the pointér noves were processed 1h 60 ns,
the delay tinmer did not have a chance to expire as it normally a&buld have
if the poi hter noves hag;fpeen processed over the 500 millisecond|period. So
the periodjof stability i1 g not
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seen and novenent is again detected which restarts the tiner. AU remains
kn gesture node-instead of -entering nouse enul ati on node as intended by the

user.

This problemis further exacerbated by the fact that during the 500

mllisecond pre-enption, the delay tinmer expikhed, so there is also a tiner

se" button down nessage in the PMinput queue which nust be

posted "ng _ !
handl ed. \Wen control—returns, the fjirst PM nessage dequeued i's the posted
"nmouse" bytton down. %%FLU ned i n |[EXAMPLE - 28 - 4, the pre-enptionis
detected and the_ti pET S Festarted [ahd, t he button down nessage i s
di scarded.| In Fi§.) 4, [Ih M "nouse"| Mve message i s processed and
i ntercept ed Ky—AU, a2ttt tireF| Q‘I%ai n loop at 302 in Fig. 5, sixty
poi nter ngves 4gr etrieved f4ypmthdg ElIQ buffer 160 and a call is nade
t o- check flor esfure abort _fll ag at] BBO for each entry. The timestjanp of
t he | ast val timer restartogaq) 630 {n Fig. 8) is |oadedzf 45 Tgnd
subtracted frpmide, <gT =
: <O‘2’ A l'i'l o
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‘tinmestanp of the current EIQentry at 452. The result is conpared agai nst
the delay timer value 454 which is 200 nilliseconds. The result should
never be greater than the delay timer unless pre-enption occurred and
nunerous ElIQ entries are being processed. Since the user had stopped for
200 ns in the m-ddl e of the stroke, tgg timer restart tinme does not
increment. Eventually, the restart tinme mAII test true at 458. This is the
poi nt at which AU woul d have entered nouse enul ati on node if pre-enption
had not occurred. It is also possible for the tiner to expire while
handl i ng a | arge nunber of pointer noves at 458. If so, the '"ignore
timeout' flag is set to discard the tinmer posted button down nessage in the
PM i nput queue at 460. A 'gesture abort' flag is then set at 462 and a
mouse button down nessage is built qugg he X/'Y coordinates of the current
ElQentry at 466. This nessage i s pos o the application under t he

coordi nate at 468 qg& a retﬁﬁn at 470 is made to the EIQ rout| in Fig. 5.
When the test st e ior t - reldPs ¢ 183 332, pth f ulnu of the
ElQ entries arg ARE’[Apr ocAPFEH | andARP Cef uf mpdtp 144 i g rei nl i ne
AU code in Fig & OFWES '
180 T T T — 188
AU! ENVIRONMENTAL LINK STROKE
T ' BUFFER
172 T Tf‘185 — 134
PM AR/GESTURE
ElQ SUBSYSTEM . RECOGNITION
T ~170 T ~160
0S/2 ElQ
A A BUFFER
T ~150
ElQ
DRIVER
. r_f f;ﬁ .
- ~143 ;
DRIVER
~ 140 T ~ 141 ~142 ~144 ~145
DRNER_ 0SC 0SC 0SC 0SC
A
~130 T ~132 T ~134 T ~136 T ~138
KEYBOARD | [ MOUSE TOUCH VOICE IMAGE
SENSOR SENSOR SENSOR




At this point, there may be twp "nouse" button down nessages in the PM
Pnput queue. One.posted by the - 29 - tinmer at 406 and one posted by the
gesture abort routine 468. If there is a tiner generated button down
nmessage in the queue, it is handled figgia since it occurred first. Wen
handl ed by the process nouse button down in gesture node process in Fig. 7,
both the "ignore tineout' and 'gest#hg gbort fllags are set at 502 so the
"ignore tinmeout' flag is reset and A& t on down nessage i's di scarded at

524. The tinmer is not resgtat Retueaing—teo-—Fig—4 sgphe second button
down nessage i s now int eﬁ@ﬂ_‘gﬁ@qﬂ-ﬂﬁﬁﬂémﬂﬁj Is still in gesture
node at 252, the second qﬂ%g%ﬂgﬁe— S i feOFi 9. 7, the only flag
set is 'gesture abort' at EECb-IEfg(éﬁ IEV@'SM(V... :!) enter nouse emnul ati on
node at 512 and deink thd sIENOW®USE EPEMY-TOOBR ABSaA0R 4% passed on to the
application at 516 and a MDUSE DI zmg t he user stopped

for 200 milliseconds. | INTERCEPT MESSAGETOAPPLICATION 1—‘

YES 50
I~ PROCESS
BUTTON DOWN
IN GESTURE
L2 NO - MODE
LOAD TIMESTAMP BUTTON UP 254
OF MESSAGE 5
| LOAD TIMESTAMP
LOAD TIMEST/Q\A?ZZ YES 514 | _OF MESSAGE
OF LAST EIQ EVENT LOAD TIMESTAMP
RETRIEVED OF MEISSAGE T e
274 ~216
s LOADTIMESTAMP OFLAST| | Tvenr From oG
| RETRIEVE ALL EIQ NT FROM EIQ
EIQ EVENT RETRIEVED
EVENTS SINCE I v o
LAST ACCESS =
RETRIEVE ALL EIQ EVENTS EI\:LEBS&%BUEHE
SINCE LAST ACCESS
/260
START DELAY TIMER
TO MONITOR FOR
MOTION CESSATION
| o6
222 DO NOT PASS
STROKE INKED MESSAGE
2 TO APPLICATION
YES| oo
| DEINK STROKE |
296
- |sToP DELAY TIMER |

| TOFIG, 48 | TOFIG. 42 |



A common feature of operating systens that support a keyboard and/or nouse
fs "type-ahead' and 'nouse-ahead'. These capabilities allow the user to
begin to type on the keyboard and/or click with the nouse even though the
active application may be in a pre-enpted or busy state where user input
cannot be handl ed. The system preserv /1£he order of keyboard and nouse
events such that when the application?i) becones ready to again receive
user input, the events are received in the original sequence and are routed
to the proper windows. This capability permts user input to continue '
t hrough periods of system overload and effectively nmakes system
unavail ability somewhat transparent. It also pernmits an expert or 'power"
user to anticipate the activation of a window or text field and begin,
typi-ng before the window or field is enabled for input. - 30 - A mmjor
deficiency of the nouse ahead feature is that the nouse is strictly a
| ocat or dev'ﬁ%ﬁﬂﬂﬁgﬂﬂf system
[T —p—————— . FROMFiG. 4

| 1 oo [
NOTIFY APPLICATION
THAT STROKE IS

AVAILABLE

230

APPLICATION
HANDLED STROKE
BUFFER ?

NO

- [~ 232
PERFORM GESTURE

RECOGNITION

234
VALID GESTURE
2

| 236 NO
PROCESS (238
GESTURE | {SEND MOUSE BUTTON

DOWN MESSAGE TO
P APPLICATION £ASS

/278
DO NOT PASS £~ 240
MOUSE MESSAGE . | PASS MESSAGE TO
| TO APPLICATION APPLICATION

242
l RETURN ,

FIG. 4B




only buffers nouse button clicks and a single nouse nove in between. All
points received during novenent of the nouse are coal esced if the
application is busy and only the last point received is passed to the
application when it starts accepting user input again. This precludes the
ability to stroke a gesture when pre- eﬁﬁf?ve threads are active in the
background. A nethod for preventing the |oss of such data. For touch
screen devices, this represents Kg.iéss of information rich stroke data

whi ch seri ousl g {0 nce-of the finger | Us as an
nput devi ce. Eﬁﬁ?@%ﬁﬁ%fﬁfmﬁ@él B SN RS0 TMEANGE S et o ot hir d

capability known as 'sfroke—shead Mhspe_aLL_Lhi igonger, styl us and/ or nouse
clicks and novenents ale %B.‘%PD:EQ EEDEI0 BYENT o 9o pre-enption, then

pl ayed back to The appfictattofrr—eas—f—there—had-been—no delay. Buffering is
currently suffficient to store 8 ges §@?r 10 seconds of handwiting
across very lang periods of pre R n addltlon this ptroke ahead
capability perjmts conmmon grps$m echnlquns such as point
and-drag, re- S|2|ng and noveneny BIENW --oms se ctioﬁ?ﬁhnd doubl e cli cking
to . ? NOTIFY
. APPLICATION
OF EVENT
NOTIFY s
. 1350 MAP. EVENT
APPLICATION INTO ACTION
| — |
DEVICE
YES ” ARBITRATED
ouTt
?
(364
EXTRACT STYLUS/FINGER DATA E&%T,Q%T
FR :
) OM EIQ.EVENT DATA
318
APPLICATION
POINTS ? )
1320
PASS HI-RESOLUTION
COORDS TO APPLICATION
HOHéEE _____________________________

TOFIG. 5B :



be executed without regard to application readiness. Fig. 9 conpares the
El Q data block found in the EIQ buffer with the corresponding entry in the
operating systeminput buffer. The PM "nopuse" nessage has only a limted
amount of information. It includes the nessage ID and the target w ndow I D
as well as the X-Y coordinates within 4/Hé target w ndow to which the -
31 - nouse" | Ag d:s addressed. Further, it contains thgoMpR6G.ea0r di nat es
on the display -ﬁ—&%reh-%he—ﬁnﬁSErp-“ﬂteT'mrTT—bé‘Wﬁﬁﬁéa‘aﬁﬁ_Fﬁé

tinestanp indi¢gating when the "noys eveps was sent to the operating
system The operating system (PM P IS used to correlate the EIQ
data block to {ts correspong gdsage As the "nouse" nessage
al ready contains th i 9 does npt need to be included in
the ElI Q data bl ock, {al though it p€ included |f desired. The data in
the EIQ data block s intended to -,Eéllustratrve rat her than exhaustive
or ’ 1 324

' PASS MOUSE COORDS TO APPLICATION

326
ON

MOUSE EMULATI
MODE ?

APPEND POINT DATA TO STROKE BUFFER |5 328
]

~ CHECK FOR GESTURE MODE ABORT - 330

FOR CESSATION OF
OTION ?

YES
PERFORM DELAY TIMER PROCESSING | 336
]

PERFORM INKING | 340

;342

SAVE TIMESTAMP OF LAST EIQ EVENT DEQUEUED

[ RETURN | 5 344

FIG. 5B




excl Usive. Anong the data included is the device identity, device specific
i,nformati on which can be handl ed by an aware application, flags indicating-
the state of the EIQ buffer, the display coordiniates, the higher '
resol ution touch sensor coordinates, stylus rotation and angle, and high
resol uti on device tinmestanps. Dependi B§1dn the input device sone of the
entries may not be available and so are left blank in the EIQ data bl ock.
Button and other Input Device Event sFjhegidi ncorporated into tablets such as
t he Workpad depicted in Fig. 1, buttong, both bezel and sfyl us,

significantly enhance TSEdid ese events are
witten into the EIQ JEEEBM bN Mgﬁﬂfp.%u??‘LJD ¥F§ ?river, homever,

[ th t - ] f al "
e These s vt oy TR, o

Uk
Lﬂgyt Oggﬁtruraegnd_rﬁcemiartw éméhg\:rﬁﬁ'mongﬁ %N\xb@wu E§¢$K{5EI vF/not i fication that

Sk Ashidal [ TS 406
| POST MESSAGE TO APPLICATION
—p 148
FIG. 6B
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- 32"- operating systemlinmitation by creating a separate task or thread of
gxecution 700 in Fig. 10 that has the sole function of nonitoring for
button events in the EIQ buffer 160. As the button events occur, the thread
i s dispatched to handle the event, at gpjcth tine the appllcatlon Is sent a
PM nessage containing the event i nfor mation. Separate threads are sinmlarly
witten to provide notification of voice events fromthe voice sensor 136
and i mage events fromthe i mage sens@GFlIB. Referring to Fig. 10, during
systeminitialization, the thread is created and it enters a permanent | oop
at 700 to nonitor EIQ button eve Obp begins by calling the EIQ
subsystem 180 to dequeue 3 Q2. Inplicit in this function
call is a reques NG g vead if there is not a
button event in|the ate' will only be
satisfied by thg enqueueing O into the EIQ buffer 160. When
a button event ijs enqueued |nto Yi EIQ bgpf er 160 by a device driver, the

thread is i mMmedijlately re-di ' ecution resunes. Once it is
determ ned that |a k FIMBOUT AND SESTURE ABDRT YES
: FLAGSBOTHSET
? 5/03
NO :
~ : 504 RESET
IGNORE IGNORE
TIMEOUT FLAG SET TIMEOUT
(e FLAG
NO g6
GESTURE RESET
ABORTED FLAG SET IGNORE
? TIMEOUT {505
NO 508 FLAG I

SUBTRACT TIME OF LAST EIQ EVENT L
RETRIEVED FROM THE CURRENT TIME '
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SECONDS ?

YES

520

ARE
: NO MOUSE MOVE
MESSAGES ENQUEUED
ON PM INPUT
512 QUEUE ?
ENTER MOUSE [/ '

EMULATION MODE YES

- 514
_ [ DEINK STROKE |~ REST%?ATEQELAY 522

PASS MESSAGETO |516 | DONOTPASS |52 :
APPLICATION |- MESSAGETO P
_ APPLICATION :

ETT




El Q buffer 160, the button nust be handled in the proper order. The button
gvent may be the only event in the EIQ buffer 160, but it also may be in
the mddle of a long series of pointer noves if the user pressed the button
in the mddle of a stroke.. If the button was pressed m d-stroke, it nust be
handl ed chronol ogi cally, preserving t hé%tact order of poi nter noves and
button events. As the PM "npuse" noves are intercepted at 210 in Fig. 4 and
processed by the mainline AU routine, the button event will eventually be
identified at 304 in EIQroutine in Fig. 5 and - 33 - processed at 360
and 362. However, if the button tgis a solitary ElQentry, there wil

be no PMinput queue nessage to trigger AU, and the event will never be
dequeued. Therefore, once the b nito8¢ thread is re-dispatched, the
thread i mediately issues udahORE | @ESubsyst em 180 at 704 to

retrieve the next pointer E@Hﬁgﬁgﬁﬁﬂpsf'ln the function call is the

NO @2

PERFORM MOTION TEST
. _ON CURRENT POINT
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RESTN NO
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e
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TIME NO
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2
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OF EIQ EVENT
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Z
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EIQ EVENT RETRIEVED
FROM THE CURRENT TIME

614
TIME
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SECOV

YES
618
Z
SET IGNORE TIMEQUT FLAG
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explicit request to halt execution until either a pointer event occurs or

64 mlliseconds el apse.

If a tinmeout did not occur
event coincided with a pointer event and it wll

at 706, then the button

eventual | y be dequeued and

processed by the main EIQ | oop at 302. No furt/her processing is done and

the loop restarts. However, if

ti meout did not occur

at 706, the current

poi nter position is queried ata/08 and then changed at 710 using the sane

coordi nat es.
sof t war e,

Whenever the posi® on of the pointing device is updated by

PM enqueues a ' dummyE nouse nove nessage into the PMinput queue.
When the application dequeues Bhe "nouse" nove, AU

Intercepts-it at 210

and the button event gets handgd in the El Q routine at 302. Since the

| ocation of the pointing devic&is not chan

nmessage generated by PM has no
CLAI M5 1.

§ed,

t he extraneous "npuse" nove

teffect on apflki cati on processing.
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buf fering hi gh bandwi dth data from an i nput device, said nethod conprising
tthe steps of: buffering input data fromthe input device in a first buffer,
the first buffer having the property of discarding at |east sonme of the
input data during periods of high central processor utilisation; buffering
the input data in a second buffer, the $C®@nd buffer:storing aII i nput data
regardl ess of central processor utlllsatlon determ ni ng whet her input data
have been discarded fromthe first buffer; and, responsive to the
determnation that input data have been discarded fromthe first buffer,
retrieving the input data fromthe second buffer. 2. . The method as
recited in claim1, wherein the input data are coordinate points
representing the path of a pointing device across a surface of a touch

sensor. 3. The method as recited in claim2, wherein the determ ning
step is acconplished by conparing the nunber of coordinate points in the
first and second buffers. 4. The nmethod as recited in claim1l, wherein

.the determ ning step is acconplished bF[@)n'p@ri ng a last tinestanp
associated with a last input data event processed by the data processing,
systemand a current tine. 5. - The nethod gs~T@cited in claim2, which
further conprises the steps of : det eb@abagvéﬁue er the pointing devi ce has
st opped novenent across the touchlsc giJyen coordinate point for a
predeterm ned period of tine: responsive fo the determ nation that the

poi nting device has stdpped novenent for [the predetermmedqti ne, entering a
~mouse emul ati on node. ' 702 '

WAIT FOR BUTTON EVENT

r— 704

_ WAIT FOR MOUSE EVENT
OR
TIMEOUT IN 64MS

708

QUERY CURRENT MOUSE POSTITION

—~710

- SET MOUSE POSITION
TO SAME LOCATION




-

- of : determ ning whether the pointing device has| SiOnpestiiENCBEETT

6. The nethod as recited in claim?2, which further —conps he steps
cross the

d of

touch screen at a given coordinate point for a fredet ri
time; res to the failure to find notion onJq‘quﬁ
poi nti ng eKHISengT |
poi nt as gestRE®,;

om the touch screen) "**::uu;.“g t bor di nat e
t he coordinate p0|nts to points representing
known gest rocessi ng sygt.em and responsive to matching
the coordinate point to a Known gesture, sending a nessage indicating which
I nput data nade to an appropriate input device. 7. In a data processing

system having a central rocessor
dat a fr onMEXHOPWFOR BUF! EB&NQ Wﬂﬁﬁ%ﬁg .Pg&' Aﬂ(?@géﬁl ﬂ}@f%#fﬁﬁ
buffering coordi nate poi nts and corresponding data in a first format
representing the path of a pointing device across the touch screen in a
first bUfALl?STRA@T first buffer having the property of discarding at | east
sone of f coordinate points during period of high central processor
utilisation; buffering the coordinate points and corresponding data in
second f icicht BuffeGRs thebhtinisan fort dveess and metriteal rofistored: highi Wl,dﬁeéatéfandat a
not included Iin the first format, the second buffer storing all COOI’dI nt%te
poi nt's 1 eufficikm Storade Bealidclakdp Thismyention provides 4 pwaﬂdeq\a@%a'
coordinate point fromthe first buffer in the first fqrmat; d

with a far superior buffering capability that complements that of the operatmg system (170).

When an input event from an input device (130, 132, 134, 136, 138) with a h1ghmbandw1dth

'~ is received by the system (170), messages are sent to both the operating system channel and
the high bandwidth channel in a compatible format for each channel. The message sent to
the operating system channel generally contains only limited data which may have to be
translated from the actual input data to be acceptable to the operatmg system The message
sent to the high bandwidth channel contains the full spectrum of data generated by the mput
device. The buffer (160) in the operating system channnel also has the property of
discarding data if the application (190, 191, 192, 193) do not retrieve them.

Fig. 3

This Sheet Has Been Reilaced

i




'dequé'uei ng the first coordinate point fromthe second buffer in the second

format. 8. The nmethod as recited in claim?7, CA TUrtner conprijses a
- step of determ ning whet her coordi nate points hav @5&}11\‘3%???&‘,5&@@:&@ t he

first buffer. 9. The nmethod as recited in clai mP§ oer §Ee

determning step is acconplished by conparing a | ast=fjnestanpassoc)iat ed

with a last input data event processed by the data processing system and a
current tinme. 10. The met hod as recitded in claim8, which further
conprises the steps of: determ ning whether the pointing device has stopped

WDVSW:?N acr 35 SIt zi&hﬁdi%cth‘e p@i&legéheﬁéti@_ lﬁtevcffrh ?ﬁél{ %ﬂr@@i majaﬁéa&h QK)OE)o&ms er -
preadeterm ne [l . 0 | e, r.esponsi v (0] e ermnagl o that t

P ointi g WRoREE T S dirkes the MRt s SR i arhléSrad B FRonal wifh P pol g a
nmouse enmuThus, ovithradeuchl Screen, thtgrotdemonf ‘wmousegneved doalesting s 2xacathiatéd as
further Cﬁ%kgﬁ@aiioh*}ﬁusﬁaﬁév@gbmgei &S §Ttifel ash 85 Q%idtdk‘%mgﬂﬁé‘k)biﬂ&. deyiupe has
st opped nove nt acr oss t e_t_ uc screen at,_a Iven coordinate pol nt FOI’ a
pr edet er nfoiE¢RTp @pPHeations speriticallysdesigned dousilisp dhesisprior Preduced Fopeinaes
cessat i Ongaideésticonditaft fFdket datd nth§ \reqairé procedsingCoff these dalb bothUell-HiRE &8 they

ttributi th d . t t ; [ t di
ot nt s 1 Rt 8Cfifio ron inaletil ot be syORRe Vel with eBERRComTeGE | om
and r esposysienss, tthisnimfarimationt is eonawaitabiler as ¢heseisystems aze desigmedyas ticoept onbndi ng

a nessage] '! _(iiq;' gqu'i i nput data nade to an appropriate input device.
12. A léégtﬂg prgclgggl_nggs;yst em for buffering high bandw dt-h data from an
i nput devi ce, tAaotherlimation usige meuse event repasting ofra towgh screemniphgrent with

conpri si Ngost operating systems is that a touch screen device emulating a mouse must report
coordinates in display resolution and coordinate values must change by at least display
pel in either axis to be accepted as a valid mouse move. High resolution sensors may
detect many moves within the distance of one display pel. Thus, the resolution of the
pointing information is lost. : | ' '
According to one aspect of the present invention there is provided a data
processing system having a ‘central processor, a method for buffering high bandwidth
data from an input device, said method comprising the steps of:
buffering input data from the input device in a first buffer, the first buffer
having the property of discarding at least some of the input data during periods of high

central processor utilisation;

buffering the input data in a second buffer, the second buffer storing all input
data regardless of central processor utilisation;

determining whether input data have been discarded from the first buffer; and,

_ responsive to the determination that input data have been discarded from the
first buffer, retrieving the input data from the second buffer.

According to another aspect of the present invention there is provided a data
processing system having a central processor, a method for buffering 'high bandwidth
data from a touch screen, said method comprising the steps of:

buffering coordinate points and corresponding data in a first format representing
the path of a pointing device across the touch screen in a first buffer, the first buffer
having the property of discarding at least some of the coordinate points during period of
high central processor utilisation; '

buffering the coordinate points and corresponding data in a second format in a
second buffer, the second format including types of data not included in the first format,
the second buffer storing all coordinate points regardless of central processor utilisation;



a first buffer in the menory for buffering input data—fremth "-l—;gg’“"" 1

device, the first buffer having the prope?ty gf di schrrimagCEMENT ’%l of
the input data during periods of high central procesor utplg SEEU and a
second buffer in the nenory for buffering input datafmmm.g.hfe---r-npw'de ce
the second buffer storing all the input data regardl éss=& ’

processor utilisation; and 36 neans for determnin et her input d

. 1 : ata
have been discarded fromthe first buffer; whereby i fgcoordi nat e Boi nts
have been di scarded fromthe first buffer, the coordinate points are

retrieved from yhe 5eneRdiltEddilinatdoint froth ehestitst Buffasinrthe fitse doromtyauzd

wherein the !npu%kﬁ‘ at,agare Eoordi n tePeHE)oil: tP [ epLess aqgl 1 & pﬁltehpé&, g] 2
poi nting devi c_ed%le%@ga uhiFsh GQOFFHALe ¢ h rg@ng}?r. % .ffe?'hg sys% em as
recited iiporgdadi m 12, wherein the determ ning nmeans conpares the nunber of

coordi nate poi n%scfi%rfﬁ%@rs&ilf;]%qﬁtgel?%sﬁ98pﬂm ddefif Sivention there 1'Brovidede i

rgcitedin cl ai rm ni
L oSt 8 procestagsysiem foh buffesise high Byt daf AOTHAB AHR diFVi» dHeSYHET

roc [ - .. : . :
23, %fgﬂ%@ﬂghﬁ%}ﬁ Rockbr &l a iefRry J@mprisinge system as recited in claim

devi ce has st oppeﬁrigbVéﬁ thagﬁggéryzﬁ%ré b?‘:gﬁﬁ{’lgm%‘g’:?g g?t\gﬁ&g%? Q}E’ﬁt @%%: erillgt e
poi Nt for AgPKGAE! Rivihg QBe PRépeRy of discanding at least some of the input data during
- periods of high central processor utilisation; and
a second buffer in the memory for buffering 'input data from the input device,
the second buffer storing all the input data regardless of central processor utilisation; and
means for determining whether input data have been discarded from the first

buffer;
whereby if coordinate points have been discarded from the first buffer, the
coordinate points are retrieved from the second buffer.

According to still another aspect of the present invention there is provided a data
pro'ces"sing system for buffering high bandwidth data from a touch sensor having a
central processor and a memory, said system comprising:

a first buffer in the memory for buffering coordinate points and corresponding
data in a first format representihg the path of a pointing device across the touch screen,
the first buffer having the property of discarding at least some of the coordinate points
during periods of high utilisation;

a second buffer in the memory for buffering the coordinate point and
corresponding data in a second format, the second format including types of data not
included in the first format, the second buffer storing all coordinate points regardless of
central processor utilisation;

means for dequeueing a first coordinate point from the first buffer in the first
format; and _ -

means for dequeueing the first coordinate point from the second buffer in the
second format.

According to still another aspect of the present invention there is provided a data
processing system for buffering high bandwidth data from a touch sensor, the system
having a central processor and a memory, comprising:

an expanded buffer in the memory for buffering coordinate points and
corresponding data in an expanded format representing the path of a pointing device



T espo‘nsi ve to the determ nation that the pointing device has stopped
novenent for the predeternmined tine, entering a nmoufe_enmuiatTom node: _P.7.
The systemas recited in claim13, which further coffpRFRIACENENLSHER}
determ ni ng whet her the pointing device has stoppedi/movengn th
touch screen at a given coordinate point for a predet%?tﬁgneij"@' -of
time; responsive to the failure to find notion cessation DEfore the
pointing device is lifted fromthe touctf screen, attributing the coordinate
point as a gesture; neans for mapping the coordinate points to points

r epr esent hfigsK tRWougle sénsoestheuffes ising the prepesiynof stoeing @]l cooadinstapointgr

sendi ng a_nessage. d ndj ' ' l.nput data was nade to an appropriate
I nput devF@faF%sgo%gfgﬁﬂpggﬁ%%tﬂgﬁgl ‘he coordinate point,to.a

. nown
gesture. 18. Inpriwides pnoefBisiont Butigring feckanis ferATcRss ?HdgFFtH%Y?E\M%cFF‘PfeQat a
froma toy ﬁ?ﬂlﬁﬂ&ﬂﬁ&}’ﬁ NGdSsuffdltedtomE® 66 Baffer anftrolte TAN® tyuchs Sirebrs yahgm
conprising:"a ftirst hu fﬁr in the menpry for buffer irl|n coord%nﬁ%%dq)qlif%}s -
and cor r eS¢roRds iyducation; dng gypical oRerAlng: SYSIEN, ésci‘ﬁ?lfe ﬁ?%% r'x a
poi nting @epicen Mer@pat HeHcdsomeh tisec naming applichtionst ishpfavidedhby ithe) opbeating
property of discgrdin t |east.so 0L £ ' ' f
peri ods ofY¥¥gh %FSI 1@8&‘?%?@‘%@%&8@%8’% P‘%Pﬁan6€h(ram %&D%Hmtﬁﬁ glr iarﬁg
the coor disnperiorbuifferingedpahititysbatooontiplignents that of the eparating systemhthe #1Q- second
format i ncludi nguhypgs egént%ﬁ&@a{'%tﬂﬁk%uaﬁﬂwnrbd D eochsehsor G5 Medeivelltsy econd
buffer storing alT coordinate gm nt's regardl ess of cent rgl gilog%et?s%r i
utilisati system, messages are sent to both the operating system c. nel and the high bandwidth
channel in compatible formats. The message sent to the operating system channel
contains only limited data which is translated into the format produced by the mouse.
The message sent to the high bandwidth channel contains the full spectrum of data
generated by the input device. The buffer in the operating system channel will discard
"mouse moves" if the application does not retrieve them quickly enough during periods
of high CPU utilisation. The EIQ buffer in the high bandwidth channel keeps all data
for up to'1000 input events, or whatever is deemed sufficient for the computer system,

regardless of CPU usage.




37 neans for dequeuein

' ordi nate point froy in
the first format; and neans for_dequeueing the first rom
the second buff r‘“muﬂl‘“e“ Hﬂ KBL‘Eormat. 19. The s
claim 18, which ! i means for determn Py, - mat e
poi nts have been Ui starde by the first buffer which r of

coordinate points in the first and second buffers. 20. The system as
recited in claim 18, which further corrp?‘l‘ses means for determ ni ng whet her
coordi nate points have been discarded by the first buffer which conpares a
| ast tinestanp associated with a | asCL |:Mts data event processed by the

data processi ngysyst eff anghtf pdte kd¥ e havih A€ pPCcEhRdR) 8Sm it I n
claim 18, whi (_:hIT_urt herac t@(f;lﬁs/g‘gﬁgn%ias#sﬁfhg% éeat ?aenm' I n vvhe’t.%eréﬁﬁg fof

poi nt i ng’ BekReraRg high g JEhEn ais S6Viches DAL RUBPTISIRE e, Seas,
goordl nat gf:poi nt for a predeterm ned period of tinme; responsive to the
eterm nation t the.poingin | C S ppe v e

pr edet er mi ned tpﬁfé’t}r%g@qt n(&t%%;@g&e g“n‘{ﬁ?a‘@%cﬁ "ﬁo%efﬁ%gﬁﬁ&t’ '%lgeﬂlrgggjtu gfr?%' as
recited i havihgite ppenthiof discarding:at leastsome e’ therinpué dptarduringeperiads o higlet her
t he poi nt&élﬂrafﬁ%’dc%%ro?%ﬁligéet%gped novenent across the touch screen at a given

ol Ure to |1 ndbuBetins, iseingt H6A et 5bend RUTo e Frigod SoPeE sioeing alt gt
data regardless of central processor utilisation;

determining whether input data have been discarded from the first buffer; and,

responsive to the determination that input data have been discarded from the
first buffer, retrieving the input data from the second buffer.

2. The method as recited in claim 1, wherein the input data are coordinate
points representing the path of a pointing device across a surface of a touch sensor.

3. The method as recited in claim 2, wherein the determining step is
accomplished by comparing the number of coordinate points in the first and second

' buffers.

4. The method as recited in claim 1, wherein the determining step is
accomplished by comparing a last timestamp associated with a last input data event
processed by the data processing system and a current time.

' 5. The method as recited in claim 2, which further comprises the steps of:
determining whether the pointing device has stopped movement across the touch
screen at a given coordinate point for a predetermined period of time;

responsive to the determination that the pointing device has stopped movement
for the predetermined time, entering a mouse emulation mode.

6. The method as recited in claim 2, which further comprises the steps of:

determining whether the pointing device has stopped movement across the touch

screen at a given coordinate point for a predetermined period of time;

résponsive to the failure to find motion cessation before the pointing device is
lifted from the touch screen, attributing the coordinate pdint as a gesture;

mapping the coordinate points to points representing known gestures to the data
processing system; and

responsive to matching the coordinate point to a known gesture, sending a
message indicating which input data made to an appropriate input device. -

7. In a data processing system having a central processor, a method for
buffering high bandwidth data from a touch screen, said method comprising the steps of:



lifted fromthe touw,ﬁll—r..i buting the coordinate point _as a
gesture; neans for mappi ng the coordi nate pointsfto- DOTTILS "I EPrese fl ng

F S A A D e
known gestures to gﬂﬂ &m‘ﬁm\gng system ang éffyqim.»g-ehd:rhgl a
message indicati ng“““l\ g was made to gn aa%gpgoprﬂEﬂmmnpU
devi ce, responsive %o ‘matchl'ng the coordinate po n£ate o+ ar-k110 estire. 23.
A data processing systemfor buffering high bandwdth data froma touch
sensor, the system having a central pro8&ssor and a nmenory, conprising: an
expanded buffer in the nenory for buffering coordinate points and
correspondi ng deuffering coordinptepénts ind oatresponding fd_mlimg ﬁrbtefopmbt hr@li:eos@l—elﬁl%g y
ointin | r ; QuUch. 0 fer.. | e DI \
gt ori ngg lIqxle\ﬁ(?g?ro g%n@gt%%?ﬁglgy%grgogfgfb egosuc%g ce.rggﬁtuﬁa f‘%?é&_g@%o‘_tﬁ? 15t .Bgé_ﬂypn.
24, ThAAVEE therRraRerfeef diserriingcatdeast sameaf e dogrdiase poitspdiriesperdod ofri t ed
buf f er f diigh¢thtedliprgeessurnilisatich;poi nts in a limted format having the

roperty of discarding.at |east sone of the coordinate points during .
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dequeueing a first coordinate point from the first buffer in the first format; and
dequeueing the first coordinate point from the second buffer in the second

format.

8. The method as recited in claim 7, which further comprises a step of
determining whether coordinate points have been discarded by the first buffer.

9. The method as recited in claim 8, wherein the determining step is

accomplished by comparing a last timestamp associated with a last input data event
Pprocessed by the data processing system and a current time.

10. The method as recited in claim 8, which further comprises the steps of:

determining whether the poiﬂting device has stopped movement across the touch
screen at a given coordinate point for a predetermined period of time: .

responsive to the determination that the pointing device has stopped movement
for the predetermined time, entering a mouse emulation mode.

11. The method as recited in claim 7, which further comprises the steps of:

determining whether the pointing device has stopped movement across the touch
screen at a given coordinate point for a predetermined period of time;

responsive to the failure to find motion cessation before the pointing device is
lifted from the touch screen, attributing the coordinate point as a gesture; -

mapping the coordinate points to points representing known gestures to the data
processing system; and

responsive to matching the coordinate point to a known gesture, sending a
message indicating which input data made to an appropriate input device.

12. A data processing system for buffering high bandwidth data from an
input device, the system having a central processor and a memory, comprising:

a first buffer in the memory for buffering input data from the input device, the
first buffer having the property of discarding at least some of the input data during
periods of high central processor utilisation; and

a second buffer in the memory for buffering input data from the input device,
the second buffer storing all the input data regardless of central processor utilisation; and
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utilizati points representing the path of a pointing device across a surface of a touch sensor.

14. The system as recited in claim 12, wherein the determining means
compares the number of coordinate points in the first and second buffers.
15. The system as recited in claim 12, wherein the determining means

compares a last timestamp associated with a last input data event processed by the data
processing system and a current time.

16. The system as recited in claim 13, which further comprises:

means for determining whether the pointing device has stopped movement
across the touch sensor at a given coordinate point for a predetermined period of time;

responsive to the determination that the pointing device has stopped movement
for the predetermined time, entering a mouse emulation mode.

17. The system as recited in claim 13, which further comprises:

‘means for determiniﬁg whether the pointing device has stopped movement
across the touch screen at a given coordinate point for a predetermined period of time;

responsive to the failure to find motion cessation before the pointing device is
lifted from the touch screen, attributing the coordinate point as a gesture;

means for mapping the coordinate points to points representing known gestures
to the data processing system; and

means for sending a message indicating which input data was made to an
appropriate input device, responsive to matching the coordinate point to a known
gesture. )

18. A data processing system for buffering high bandwidth data from a
touch sensor having a central processor and a memory, said system comprising:

a first buffer in the memory for buffering coordinate points and corresponding
data in a first format representing the path of a pointing device across the touch screen,
the first buffer having the property of discarding at least some of the coordinate points
during periods of high utilisation;

a second buffer in the memory for buffering the coordinate point and
corresponding data in a second format, the second format including types of data not
included in the first format, the second buffer storing all coordinate points regardless of
central processor utilisation;
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means for dequeueing the first coordinate point from the second buffer in the
second format.

19. The system as recited in claim 18, which further comprises means for
determining whether coordinate points have been discarded by the first buffer which
compares the number of coordinate points in the first and second buffers.

20. The system as recited in claim 18, which further comprises means for
determining whether coordinate points have ‘been discarded by the first buffer which
compares a last timestamp associated with a last input data event processed by the data
processing system and a current time.

21. The system as recited in claim 18, which further comprises:

means for determining whether the pointing device has stopped movement
across the touch sensor at a given coordinate point for a predetermined period of time;

responsive to the determination that the pointing device has stopped movement
for the predetermined time, entering a mouse emulation mode. '

22, The system as recited in claim 18, which further comprises:

means for determining whether the pointing device has stopped movement
across the touch screen at a given coordinate point for a predetermined period of time;

responsive to the failure to find motion cessation before the pointing device is
lifted from the touch screen, attributing the coordinate point as a gesture;

means for mapping the coordinate points to points representing known gestures
to the data processing system; and '

means for sending a message indicating which input data was made to an
appropriate input device, responsive to matching the coordinate point to a known
gesture.

23. A data processing system for buffering high bandwidth data from a
touch sensor, the system having a central processor and a memory, comprising:

an expanded buffer in the memory for buffering coordinate points and
corresponding data in an expanded format representing the path of a pointing device
across the touch sensor, the buffer having the property of storing all coordinate points
regardless of central processor utilisation.

24. The system as recited in claim 23 which further comprises:

a limited buffer for buffering coordinate points in a limited format having the
property of discarding at least some of the coordinate points during periods of high
central processor utilisation;
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means for translating input data from the touch sensor to the expanded and
limited formats; '

means for enqueueing the input data to the expanded and limited buffers;

means for dequeueing the input data from the expanded and limited buffers,
dequeueing means responsive to finding input data in the limited format in the limited
buffer, searching for input data in the expanded format in the expanded buffer; and

means for generating a spurious input to the limited buffer responsive to special
input data in the expanded buffer of a type which is not generally translated into the
limited format by the translating means so that the dequeneing means will search for the
special input data in the expanded buffer.
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METHOD FOIi BUFFERING HIGH BANDWIDTH DATA FROM AN INPUT DEVICE

ABSTRACT

An efficient buffering mechanism for access and retrieval of stored high bandwidth daﬁ and
sufficient storage is disclosed. This invention provides a parallel channel of high bandwidth
with a far superior buffering capability that complements that of the operating. system (170).
When an input event from an input device (130, 132, 134, 136, 138) with a high bandwidth
is received by the system (1'70), messages are sent to both the operating systemn channel and
the high bandwidth channel in a compatible format for each channel. The message sent to
the operating system channel generally contains only limited data which may have to be
translated from the actual input data to be acceptable to the operating system. The message
sent to the high bandwidth channef contains the full spectrum’ of data genei'ated by the input
device. The buffer (160) in the operating system channnel also has the property of
discarding data if the application (190, 191, 192, 193) do not retrieve them.

Fig. 3



