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(57) ABSTRACT 

The present invention includes a mobile device Which 
provides the user With the ability to schedule a meeting 
request from the mobile device itself. The mobile device 
creates an object representative of the meeting request and 
assigns the object a global identi?cation number Which 
uniquely identi?es the object to other devices Which encoun 
ter the object. In addition, the mobile device in accordance 
With one aspect of the present invention provides a property 
in the object Which is indicative of Whether the meeting 
request has already been transmitted. In this Way, other 
devices Which encounter the meeting request are capable of 
identifying it as a unique meeting request, and of determin 
ing Whether the meeting request has already been transmit 
ted, in order to alleviate the problem of duplicate meeting 
request transmissions. 
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GENERATING MEETING REQUESTS AND GROUP 
SCHEDULING FROM A MOBILE DEVICE 

REFERENCE TO CO-PENDING PATENT 
APPLICATION 

[0001] This patent application claims the priority of the 
following two US. provisional patent applications, serail 
No. entitled “FEATURES OF A MOBILE 
DEVICE AND ASSOCIATED COMPUTER”, ?led on Oct. 
24, 1997 and Ser. No. entitled “FEATURES OF AMOBILE 
DEVICE AND ASSOCIATED COMPUTER”, ?led on Nov. 
7, 1997. 

[0002] Reference is hereby made to the following co 
pending US. patent applications Which are hereby incorpo 
rated by reference: 

[0003] Ser. No. , ?led on even date hereWith, 
entitled “ELECTRONIC MAIL OBJECT SYN 
CHRONIZATION BETWEEN A DESKTOP COM 
PUTER AND MOBILE DEVICE”; and 

[0004] Ser. No. , ?led on even date hereWith, 
entitled “SYSTEM AND METHOD FOR INTER 
ACTION BETWEEN A DESKTOP COMPUTER 
AND MULTIPLE MOBILE DEVICE”, all of Which 
are assigned to same assignee as the present inven 
tion. 

BACKGROUND OF THE INVENTION 

[0005] Mobile devices are small electronic computing 
devices often referred to as personal digital assistants. One 
such mobile device is sold under the trade name Handheld 
PC (or “H/PC”) based on a WindoWs CE brand operating 
system provided by Microsoft Corporation of Redmond, 
Washington. While a Wide variety of computing tasks and 
applications can be performed by such mobile devices, 
personal information managers (PIMs) are particularly Well 
suited to mobile devices. 

[0006] PIMs typically comprise applications Which enable 
the user of the mobile device to better manage scheduling 
and communications, and other such tasks. Some commonly 
available PIMs include scheduling and calendar programs, 
task lists, address books, and electronic mail (e-mail) pro 
grams. Some commonly commercially available PIMs are 
sold under the brand names Microsoft Schedule+ and 
Microsoft Outlook and are commercially available from 
Microsoft Corporation of Redmond, Washington. For pur 
poses of this discussion, PIMs shall also include separate 
electronic mail applications, such as that available under the 
brand name Microsoft Exchange. 

[0007] It is also common for mobile devices to be used in 
conjunction With a desktop computer. For eXample, the user 
of a mobile device may also have access to, and use, a 
desktop computer at Work, at home, or both. A user may 
typically run the same types of PIMs on both the desktop 
computer and the mobile device (although the particular 
versions of the PIMs may be someWhat different from the 
desktop computer to the mobile device). Thus, it is quite 
advantageous for the mobile device to be designed to be 
couplable to the desktop computer to exchange information 
With, and share information With, the desktop computer. 

[0008] The user may also typically make changes to the 
PIMs both on the mobile device, and at the desktop. There 
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fore, it is advantageous for the PIMs on both the mobile 
device and the desktop to contain the most up-to-date 
information, regardless of Whether recent changes to the 
PIMs have been made on the mobile device or the desktop 
computer. The process of coupling the mobile device With 
the desktop computer, and integrating the information stored 
by the PIMs on the mobile device and the desktop computer 
such that the tWo contain the same updated information is 
referred to as synchroniZation. 

[0009] Conventional PIMs Which support electronic cal 
endaring and scheduling features (collectively referred to as 
a scheduler, or as a scheduling application) are traditionally 
supported on desktop computers. Such PIMs provide the 
ability of the user to schedule a meeting request for one or 
more desired attendees. 

[0010] In order to generate a meeting request, the user 
typically interacts With the scheduling application through a 
user interface. The user interface provides the user With a 
plurality of selectable options to parameteriZe the meeting 
request. For eXample, the user interface typically alloWs the 
user to pick a date and time (and often a place) on Which the 
meeting is to be held. The user interface also typically alloWs 
the user to select a group of attendees that the user Wishes 
to attend the meeting, to enter some teXtual description of 
the meeting, and to specify Whether the meeting is for only 
a single date, or is a recurring meeting (i.e., Whether the 
meeting is to occur only on one date, the 15th of every 
month, the ?rst Monday of every month, every Monday, 
etc.). 
[0011] Based on this information, the scheduling applica 
tion creates an object Which is representative of the meeting 
and enters it on the user’s calendar as an appointment. Such 
objects are typically de?ned by a number of properties, some 
of Which are de?ned by the user input information Which the 
user provides While generating the meeting request. The 
meeting object also contains a critical time stamp (UTC) 
Which is updated Whenever a critical change is made to the 
meeting object, such as changes to the start or end date or 
time, changes in the location, etc. 

[0012] Since other people are identi?ed as attendees, the 
appointment entered on the calendar is vieWed as a meeting 
and the scheduling application typically calls methods 
eXposed by an electronic mail application in accordance 
With messaging application programming interfaces 
(MAPI), or other APIs Which are a set of Well documented, 
published interfaces commercially available from the 
Microsoft Corporation of Redmond, Washington. 

[0013] In response, the electronic mail application creates 
another object (an electronic mail meeting request object) 
indicative of the meeting request and the electronic mail 
application (or suitable transport) formats this electronic 
mail meeting request object into a Well de?ned electronic 
mail message suitable for transmission. In doing so, the 
critical time stamp from the meeting object is also placed in 
the electronic mail meeting request object. 

[0014] The electronic mail application then interacts With 
a speci?ed transport and transports the electronic mail 
meeting request object to a netWork Which routes it to the 
designated attendees. In doing so, the electronic mail appli 
cation typically accesses an address book stored in a data 
base to obtain the fully quali?ed electronic mail address for 
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the attendees. This is also typically done by calling MAPI or 
other suitable API methods associated With the database 
storing the address book. The generation of the meeting 
object and the creation of the electronic mail meeting 
request object Will be referred to herein collectively as 
creating a meeting request. 

[0015] The potential attendees then typically respond to 
the meeting request. In doing so, the originator’s critical 
time stamp is sent back (unmodi?ed) along With the 
response. The response also includes a recipient critical time 
stamp and an indication of the recipient’s response (e.g., 
accept, decline, tentative, etc.). The recipient critical time 
stamp is updated by the recipient (potential attendee) When 
ever a critical change is made by the recipient. 

[0016] This alloWs the user to reliably order receipt of 
multiple versions of the same meeting (e.g., Where the 
originator changes the time, date or location of the meeting 
such that multiple meeting requests are generated). It also 
alloWs the originator to reliably order receipt of responses 
and ensure that each response correlates to the most recent 
version of the meeting. 

[0017] The response is then transmitted back to the origi 
nator (e.g., the sending computer). The electronic mail 
application and scheduling application on the originator then 
typically process the response (or responses) accordingly. 
For example, the originator stores, for each recipient (or 
potential attendee) the recipient critical time stamp in a table 
along With each recipient’s response code (Which is indica 
tive of the accept, decline, tentative response). The tWo 
commercially available PIMs identi?ed above (the 
Microsoft Schedule+ and Microsoft Outlook brand PIMs) 
are examples of PIMs Which support the features discussed 
above. 

[0018] Meeting cancellations, and exceptions to recurring 
meeting must also be handled. For example, the PIMs may 
alloW scheduled meetings to be cancelled, and alloW a 
variety of exceptions to a recurring meeting pattern. 

[0019] Scheduling of meeting requests as described above 
has, to date, only been supported by desktop computers or 
laptop computers Which are ?tted With a hard disk drive or 
other high capacity memory mechanisms, or by loW intel 
ligence terminals Which are permanently attached to a server 
or other similar computer Which, itself, contains a high 
capacity storage device. The ability to schedule a meeting 
request from a mobile device is simply unavailable. While 
some current mobile devices are provided With PIMs that 
alloW the user to vieW meeting requests, and to vieW 
meetings Which have already been scheduled, current 
mobile devices do not alloW the user to generate a meeting 
request from the mobile device itself. 

[0020] A number of signi?cant obstacles present them 
selves When attempting to provide the user With the capa 
bility of generating a meeting request from a mobile device. 
Meeting cancellations and exceptions to recurring meetings 
must be handled. Also, a signi?cant problem arises With 
respect to the possibility of transmitting duplicate meeting 
requests. While duplicate meeting requests as described 
beloW may not necessarily be created With all PIMs, they do 
present a potential problem Which must be considered. For 
example, if the user of the mobile device Were able to 
generate a meeting request, a meeting object Would ?rst be 

Dec. 20, 2001 

entered on the calendar of the mobile device. The electronic 
mail application on the mobile device Would then create a 
corresponding electronic mail meeting request object. 

[0021] The next time the mobile device Was synchroniZed 
With the desktop computer, the meeting object Would be 
synchroniZed With the calendar object store on the desktop 
computer and the electronic mail meeting request object 
Would be synchroniZed to the desktop outbox. The desktop 
computer, Would recogniZe the electronic mail meeting 
request object in its outbox, format it for transmission, and 
transmit it over the netWork. Further, synchroniZing the 
meeting object to the calendar of the desktop computer may 
result in another electronic mail meeting request object 
being created and transmitted by the desktop computer. This 
Would result in duplicate electronic mail meeting request 
objects being created (one by the mobile device, and one by 
the desktop computer after synchroniZation) and transmit 
ted. Under that scenario, potential attendees Would receive 
tWo or more meeting requests, and may respond to both. 
This Would create duplicate responses to What Was intended 
to be a single meeting request. 

[0022] A similar problem may occur if a meeting request 
Were generated in a conventional manner (on a desktop 
computer) for instance, and Was then synchroniZed to a 
mobile device having the capability of generating and trans 
mitting meeting requests. The meeting object on the desktop 
calendar Would be synchroniZed to the calendar of the 
mobile device. The mobile device might then recogniZe the 
meeting object synchroniZed from the desktop, and create an 
electronic mail meeting request object and attempt to trans 
mit the object. This Would result in substantially the same 
problem—duplicate meeting requests and duplicate 
responses for What Was intended to be a single meeting 
request. 

[0023] Further, if the user of the mobile device coupled the 
mobile device for synchroniZation With more than one 
desktop computer (e.g., a home computer and Work com 
puter, if the mobile device Were provided With this capabil 
ity) the same problem Would result. In that instance, and 
using conventional architecture, both desktop computers 
Would synchroniZe With, and recogniZe, the meeting object 
and the electronic mail meeting request object from the 
mobile device. The desktop computers Would both poten 
tially create additional electronic mail meeting request 
objects and transmit them to the potential attendees. Again, 
this Would result in many different meeting requests and 
responses being transmitted for What Was intended to be 
only a single meeting request. 

[0024] In addition, if mobile devices Were provided With 
the capability of being connected directly to one another, and 
communicating With one another, Without going through a 
desktop or similar computer, the meeting request could be 
generated by one mobile device, responded to by another 
mobile device, and scheduled on both mobile devices. 
HoWever, the next time the ?rst mobile device is synchro 
niZed With the desktop computer, that computer might again 
recogniZe the meeting object synchroniZed from the calen 
dar of the mobile device, create another electronic mail 
meeting request object and transmit the electronic mail 
meeting request object. Thus, a signi?cant problem poten 
tially exists With respect to the generation of multiple 
meeting requests. 
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[0025] Of course, similar problems also result from criti 
cal changes to the meeting object on either the desktop 
computer or the mobile device. This Will cause unwanted 
duplicate electronic mail meeting requests in a similar 
fashion. 

[0026] Additional problems also present themselves sim 
ply by the fact that conventional mobile devices have a 
memory capacity Which is signi?cantly less than that of a 
desktop computer or similar computer. Thus, problems arise 
With respect to storing address books on the mobile device 
itself Which contain the fully quali?ed electronic mail 
address of all potential attendees. 

[0027] Further obstacles present themselves because many 
desktop computers on Which the meeting request must be 
processed have different scheduling applications. Therefore, 
the meeting request generated by the mobile device may be 
incompatible With scheduling applications Which it encoun 
ters. 

[0028] In addition, localiZation of meeting requests can 
present a problem. For instance, in some localities, it is 
conventional, When Writing a date, to place the month ?rst, 
the day second and the year third. In other localities, other 
orders are conventional. Further, a teXtual description Which 
describes the meeting and Which accompanies the meeting 
request, may need to be rearranged to conform to local 
convention. Also, meeting requests can be generated in one 
time Zone and transmitted to recipients in other time Zones. 
This can tend to be confusing. 

[0029] The present invention addresses some or all of 
these obstacles. 

SUMMARY OF THE INVENTION 

[0030] The present invention includes a mobile device 
Which provides the user With the ability to schedule a 
meeting request from the mobile device itself. The mobile 
device creates an object representative of the meeting 
request and assigns the object a global identi?cation number 
Which uniquely identi?es the object to other devices Which 
encounter the object. In this Way, other devices Which 
encounter the meeting request are capable of identifying it as 
a unique meeting request in order to alleviate the problem of 
duplicate meeting request transmissions. 

[0031] In accordance With another preferred feature of the 
present invention, an electronic mail application or calendar 
application on the mobile device obtains a fully quali?ed 
electronic mail address for the potential attendees from an 
abridged address book or directory stored on the mobile 
device itself. This alleviates problems associated With the 
storage capacity of the mobile device. 

[0032] In accordance With another preferred embodiment 
of the present invention, the mobile device creates the 
meeting object and the electronic mail meeting request 
object using a set of properties Which are supported by a 
plurality of PIMs that may receive the objects . This provides 
compatibility With an increased number of devices Which are 
likely to encounter the objects. 

[0033] In accordance With yet another preferred feature of 
the present invention, localiZers implement a plurality of 
templates on the mobile device Which are used in formatting 
the properties of the objects associated With the meeting 
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request. A data stream representative of the meeting request 
is parsed by the mobile device and placed in pre-de?ned 
?elds in the appropriate templates so that the teXt vieWed by 
the user of the mobile device more closely conforms to local 
convention. In addition, time Zone information is also 
included in one embodiment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] FIG. 1 is a block diagram illustrating a basic 
environment of the present invention. 

[0035] FIG. 2 is a block diagram of one embodiment of a 
conventional desktop computer used in conjunction With a 
mobile device in accordance With the present invention. 

[0036] FIG. 3 is a simpli?ed pictorial illustration of one 
embodiment of a mobile device in accordance With the 
present invention. 

[0037] FIG. 4 is a simpli?ed block diagram of one 
embodiment of the mobile device shoWn in FIG. 3. 

[0038] FIG. 5 is an architectural block diagram illustrat 
ing one embodiment of portions of the desktop computer 
shoWn in FIG. 2 and the mobile device shoWn in FIGS. 3 
and 4 to illustrate synchroniZation of information stored in 
object stores on the desktop computer and the mobile device 
in accordance With the present invention. 

[0039] FIG. 6 is an architectural block diagram illustrat 
ing one embodiment of portions of the desktop computer 
shoWn in FIG. 2 and the mobile device shoWn in FIGS. 3 
and 4 to illustrate the generation and transmission of a 
meeting request. 

[0040] FIG. 7 is a How diagram illustrating the generation 
of a meeting request in accordance With one preferred 
embodiment of the present invention. 

[0041] FIG. 8 is a How diagram illustrating the handling 
of responses to a meeting request on the mobile device 
shoWn in FIGS. 3 and 4 in accordance With one preferred 
embodiment of the present invention. 

[0042] FIG. 9 is a How diagram illustrating the handling 
of responses to a meeting request on the desktop computer 
shoWn in FIG. 2 in accordance With one preferred embodi 
ment of the present invention. 

[0043] FIG. 10 is a How diagram illustrating the use of a 
localiZer to localiZe the teXtual description of a meeting 
request in accordance With one preferred embodiment of the 
present invention. 

[0044] FIGS. 11A and 11B illustrate one embodiment of 
a template used to localiZe the textual description of a 
meeting request in accordance With the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS OVERVIEW 

[0045] FIG. 1 is a block diagram of a typical system or 
environment 2 in Which the present invention operates. 
Environment 2 includes mobile device 3 and desktop com 
puter 4. FIG. 1 also illustrates that mobile device 3 can 
optionally be separately coupled to another mobile device 10 
or another desktop computer 13. 

[0046] Mobile device 3 includes an application program 5 
and an object store 6. Desktop computer 4 also includes an 
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application program 7 and an object store 8. Mobile device 
10 includes an application program 11 and object store 12. 
Further, desktop computer 13 includes an application pro 
gram 14 and an object store 15. 

[0047] Mobile device 3 is couplable to desktop computer 
4, mobile device 10 or desktop computer 13 by one of a 
plurality of connection mechanisms 9. The operation of 
desktop computers 4 and 13 and the operation of mobile 
devices 3 and 10 are preferably similar. Therefore, for the 
sake of simplicity, the present description proceeds only 
With respect to mobile device 3 and desktop computer 4. 

[0048] In one preferred embodiment of the present inven 
tion, application program 7 on desktop 4 is a personal 
information manager (PIM) Which supports electronic mail 
messaging, scheduling and calendaring and an address book 
containing contact information. 

[0049] PIM applications are not alWays integrated. For 
instance, some scheduling programs do not contain elec 
tronic mail features, but interface With Whatever electronic 
mail program is provided, and vice versa. Of course, PIM 7 
(Whether it be a single application, a single integrated 
application or multiple interfaced applications) can be con 
?gured to support a Wide variety of other features, such as 
task lists and personaliZed address books, to name a feW. 
HoWever, for the sake of clarity, only features relating to 
electronic mail messaging, scheduling and calendar features, 
and address book features are discussed in detail With 
respect to the present invention. 

[0050] Object store 8 is a memory Which is con?gured to 
store a plurality of individual records or objects, each 
comprising a plurality of ?elds or properties related to the 
above-mentioned features. In one preferred embodiment, 
PIM 7 is a program, such as that available under the 
commercial designation Microsoft Outlook 97, and object 
store 8 is con?gured to store objects, each of Which has a 
plurality of properties Which can be associated With elec 
tronic mail messaging, scheduling and calendaring, and 
contact information. 

[0051] For example, some properties included in an object 
associated With electronic mail messaging include the send 
er’s name, the recipient’s name, text messages, an indication 
of Whether attachments are attached to any given electronic 
mail message, and possibly other similar properties. Also, 
some properties associated With scheduling and calendaring 
include critical time stamp information, date and time infor 
mation, potential attendees, recurrence properties Which 
describe recurrent meetings or meeting requests, and a 
textual description of the meeting request. Some properties 
associated With contact information include the proper 
names, or familiar names, of those in the contact list, the 
addresses and telephone numbers of those listed, and the 
fully quali?ed electronic mail address for those in the list. 
Any number of other properties can also be included. 
Desktop computer 4 executes the application program iden 
ti?ed as PIM 7 to maintain objects stored in object store 8. 

[0052] The application program designated as PIM 5 for 
mobile device 3 is a similar PIM to that stored on desktop 
computer 4. Object store 6 on mobile device 3 is con?gured 
to store a plurality of individual records or objects, each 
comprising a plurality of ?elds or properties related to the 
above-mentioned, supported features. As With PIM 7, PIM 
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5 can also support a Wide variety of other features. HoWever, 
for the sake of clarity, only those features related to the 
present invention are discussed in detail herein. 

[0053] In one illustrative embodiment, each object in 
object store 6 comprises the same set of properties stored in 
object store 8 for related messages, or a subset of those 
properties. In addition, the objects stored in object store 6 
also preferably include a critical change time stamp, prop 
erties Which indicate Whether potential attendees identi?ed 
in a meeting request have responded, and a global identi? 
cation of each individual meeting request (discussed in 
greater detail beloW). Mobile device 3 executes PIM 5 to 
maintain the objects in object store 6. 

[0054] In the illustrative embodiment, each object stored 
in object store 8 is also stored in object store 6. HoWever, 
there are actually tWo instances of each object (one in object 
store 6 and one in object store 8). Thus, When a user changes 
one instance of the object stored in either store 6 or store 8, 
the second instance of that object in the other of stores 6 and 
8 is preferably updated the next time mobile device 3 is 
connected to desktop computer 4 so that both instances of 
the same object contain up-to-date data. This is referred to 
as synchroniZation. 

[0055] In order to accomplish synchroniZation, synchro 
niZation components run on both mobile device 3 and 
desktop computer 4. The synchroniZation components com 
municate With PIMs 5 and 7 on mobile device 3 and desktop 
computer 4 through Well de?ned interfaces to manage 
communication and synchroniZation. 

[0056] The components of mobile device 3 and desktop 
computer 4 communicate With each other through any 
suitable, and commercially available, communication link 9, 
and using a suitable communications protocol. For instance, 
in one preferred embodiment, mobile device 3 is connect 
able to desktop computer 4 With a physical cable Which 
communicates using a serial communications protocol. 
Other communication mechanisms are also contemplated by 
the present invention, such as infrared (IR) communication, 
direct modem communication, remote dial-up netWorking 
communication, communication through commercially 
available netWork cards (i.e., using TCP/IP), remote access 
services (RAS), Wireless modem, Wireless cellular digital 
packet data (CDPD), or other suitable communication 
mechanisms. 

[0057] FIG. 2 and the related discussion are intended to 
provide a brief, general description of a suitable desktop 
computer 4 in Which portions of the invention may be 
implemented. Although not required, the invention Will be 
described, at least in part, in the general context of com 
puter-executable instructions, such as program modules, 
being executed by a personal computer 4 or mobile device 
3. Generally, program modules include routine programs, 
objects, components, data structures, etc. that perform par 
ticular tasks or implement particular abstract data types. 
Moreover, those skilled in the art Will appreciate that desk 
top computer 4 may be implemented With other computer 
system con?gurations, including multiprocessor systems, 
microprocessor-based or programmable consumer electron 
ics, netWork PCs, minicomputers, mainframe computers, 
and the like. The invention may also be practiced in distrib 
uted computing environments Where tasks are performed by 
remote processing devices that are linked through a com 
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munications network. In a distributed computing environ 
ment, program modules may be located in both local and 
remote memory storage devices. Examples of distributed 
programs include those available under the commercial 
designations Exchange, Schedule+ and MS Mail, all avail 
able from Microsoft Corporation. 

[0058] With reference to FIG. 2, an exemplary system for 
implementing desktop computer 4 includes a general pur 
pose computing device in the form of a conventional per 
sonal computer 4, including processing unit 21, a system 
memory 22, and a system bus 23 that couples various system 
components including the system memory to the processing 
unit 21. The system bus 23 may be any of several types of 
bus structures including a memory bus or memory control 
ler, a peripheral bus, and a local bus using any of a variety 
of bus architectures. The system memory includes read only 
memory (ROM) 24 and random access memory (RAM) 25. 

[0059] Abasic input/output system (BIOS) 26, containing 
the basic routine that helps to transfer information betWeen 
elements Within the desktop computer 4, such as during 
start-up, is stored in EEPROM Which is part of ROM 24. 
The desktop computer 4 further preferably includes a hard 
disk drive 27 for reading from and Writing to a hard disk (not 
shoWn), a magnetic disk drive 28 for reading from or Writing 
to removable magnetic disk 29, and an optical disk drive 30 
for reading from or Writing to a removable optical disk 31 
such as a CD ROM or other optical media. The hard disk 
drive 27, magnetic disk drive 28, and optical disk drive 30 
are connected to the system bus 23 by a hard disk drive 
interface 32, magnetic disk drive interface 33, and an optical 
drive interface 34, respectively. The drives and the associ 
ated computer-readable media provide nonvolatile storage 
of computer readable instructions, data structures, program 
modules and other data For the desktop computer 4. 

[0060] Although the exemplary environment described 
herein employs a hard disk, a removable magnetic disk 29 
and a removable optical disk 31, it should be appreciated by 
those skilled in the art that other types of computer readable 
media Which can store data that is accessible by a computer, 
such as magnetic cassettes, ?ash memory cards, digital 
video disks (DVDs) , Bernoulli cartridges, random access 
memories (RAMs), read only memory (ROM), and the like, 
may also be used in the exemplary operating environment. 

[0061] A number of program modules may be stored on 
the hard disk, magnetic disk 29, optical disk 31, ROM 24 or 
RAM 25, including an operating system 35, one or more 
application programs 36 (Which include PIMs 7), other 
program modules 37, and program data 38. Auser may enter 
commands and information into the desktop computer 4 
through input devices such as a keyboard 40, pointing device 
42 and microphone 62. Other input devices (not shoWn) may 
include a joystick, game pad, satellite dish, scanner, or the 
like. These and other input devices are often connected to the 
processing unit 21 through a serial port interface 46 that is 
coupled to the system bus 23, but may be connected by other 
interfaces, such as a sound card, a parallel port, a game port 
or a universal serial bus (USB) . A monitor 47 or other type 
of display device is also connected to the system bus 23 via 
an interface, such as a video adapter 48. In addition to the 
monitor 47, desktop computers may typically include other 
peripheral output devices such as speaker 45 and printers. 

[0062] The desktop computer 4 may operate in a net 
Worked environment using logic connections to one or more 
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remote computers (other than mobile device 3), such as a 
remote computer 49. The remote computer 49 may be 
another personal computer, a server, a router, a netWork PC, 
a peer device or other netWork node, and typically includes 
many or all of the elements described above relative to 
desktop computer 4, although only a memory storage device 
50 has been illustrated in FIG. 2. The logic connections 
depicted in FIG. 2 include a local area netWork (LAN) 51 
and a Wide area netWork 52. Such netWorking 
environments are commonplace in o?ices, enterprise-Wide 
computer netWork intranets and the Internet. 

[0063] When used in a LAN netWorking environment, the 
desktop computer 4 is connected to the local area netWork 51 
through a netWork interface or adapter 53. When used in a 
WAN netWorking environment, the desktop computer 4 
typically includes a modem 54 or other means for establish 
ing communications over the Wide area netWork 52, such as 
the Internet. The modem 54, Which may be internal or 
external, is connected to the system bus 23 via the serial port 
interface 46. In a netWork environment, program modules 
depicted relative to desktop computer 4, or portions thereof, 
may be stored in the remote memory storage devices. It Will 
be appreciated that the netWork connections shoWn are 
exemplary and other means of establishing a communica 
tions link betWeen the computers may be used. 

[0064] Desktop computer 4 runs operating system 35 that 
is typically stored in non-volatile memory 24 and executes 
on the processor 21. One suitable operating system is a 
WindoWs brand operating system sold by Microsoft Corpo 
ration, such as WindoWs 95 or WindoWs NT, operating 
systems, other derivative versions of WindoWs brand oper 
ating systems, or another suitable operating system. Other 
suitable operating systems include systems such as the 
Macintosh OS sold from Apple Corporation, and the OS/2 
Presentation Manager sold by International Business 
Machines (IBM) of Armonk, NY. PIM 7 is preferably stored 
in program module 37, in volatile memory or non-volatile 
memory, or can be loaded into any of the components shoWn 
in FIG. 2 from a ?oppy diskette 29, CDROM drive 31, 
doWnloaded from a netWork via netWork adapter 53, or 
loaded using another suitable mechanism. 

[0065] A dynamically linked library (DLL), comprising a 
plurality of executable functions is associated With PIM 7 
for execution by processor 21. Interprocessor and intercom 
ponent calls are facilitated using the component object 
model (COM) as is common in programs Written for 
Microsoft WindoWs brand operating systems. Brie?y, When 
using COM, a softWare component such as a DLL has a 
number of interfaces. Each interface exposes a plurality of 
methods, Which can be called individually to utiliZe different 
services offered by the softWare component. In addition, 
interfaces are provided such that methods or functions can 
be called from other softWare components Which optionally 
receive and return one or more parameter arguments. 

[0066] In general, the DLL associated With PIM 7 is 
designed speci?cally to Work in conjunction With PIM 7 and 
to expose desktop synchroniZation interfaces that function as 
described in more detail in the above-referenced co-pending 
US. patent application according to a synchroniZation pro 
tocol. The DLL, in turn, calls interfaces exposed by PIM 7 
in order to access data representing individual properties of 
objects maintained in object store 8. Object store 8, of 
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course, can reside in any one of the suitable memory 
components described With respect to FIG 2. 

[0067] FIG. 3 is a pictorial illustration of one preferred 
embodiment of a mobile device 3 Which can be used in 
accordance With the present invention. Mobile device 3, in 
one preferred embodiment, is a desktop assistant sold under 
the designation H/PC and being based on, for example, the 
WindoWs CE brand operating system provided by Microsoft 
Corporation. In one preferred embodiment, mobile device 3 
is housed in a housing Which ?ts comfortably in the hand of 
a typical user. Mobile device 3 has some components Which 
are similar to those of desktop computer 4. For instance, in 
one preferred embodiment, mobile device 3 includes a 
miniaturiZed keyboard 82, display 84, and stylus 86. Of 
course, other con?gurations, such as Without keyboards, can 
also be used. 

[0068] In the embodiment shoWn in FIG. 3, display 84 is 
a liquid crystal display (LCD) Which uses a contact-sensitive 
display screen in conjunction With stylus 86. Stylus 86 is 
used to press or contact the display 84 at designated coor 
dinates to accomplish certain user input functions. Of 
course, other user input con?gurations can be used as Well. 
For example, user input mechanisms could be included such 
as a keypad, a track ball, and other various types of minia 
turiZed keyboards, or the like. In addition, mobile device 3 
may not be embodied as the H/PC brand of digital assistant, 
but could also be implemented as another type of personal 
digital assistant (PDA), another personal organiZer, a palm 
top computer, or a similar computeriZed notepad device. 

[0069] FIG. 4 is a more detailed block diagram of mobile 
device 3. Mobile device 3 preferably includes microproces 
sor 88, memory 90, input/output (I/O) components 92 
(Which include keyboard 82 and touch sensitive screen 84), 
optional expansion slots 93 (Which can be used for plugging 
in such things as PC cards, compact ?ash memory, etc.) and 
serial interface 94. In the illustrative embodiment, these 
components of mobile device 3 are coupled for communi 
cation With one another over a suitable bus 96. 

[0070] In the illustrative embodiment, memory 90 is 
implemented as non-volatile electronic memory such as a 
random access memory (RAM) With a battery back-up 
module (not shoWn) such that information stored in memory 
90 is not lost When the general poWer to mobile device 30 
is shut doWn. Aportion of memory 90 is preferably allocated 
as addressable memory for program execution, While 
another portion of memory 90 is preferably used to simulate 
storage on a disk drive. 

[0071] Memory 90 includes operating system 98 and 
application (or PIM) 5. Operating system 98, during opera 
tion, is preferably loaded into, and executed by, processor 88 
from memory 90. Operating system 98, in one preferred 
embodiment, is the WindoWs CE brand operating system. 
The operating system 98 is preferably designed for mobile 
devices, and implements database features Which can be 
utiliZed by PIM 5 through a set of exposed application 
programming interfaces and methods. The objects in object 
store 6 are preferably maintained by PIM 5 and operating 
system 98, at least partially in response to calls to the 
exposed application program interfaces and methods. 

[0072] It should be noted that PIM 5 is not necessarily 
designed to be entirely compatible With PIM 7 Which 
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executes on desktop computer 4. For instance, there may not 
be a precise one-to-one matching betWeen the properties of 
speci?c object types. Some properties supported by the 
electronic mail messaging features of PIM 5 may have no 
corresponding features in PIM 7 on desktop computer 4, and 
vise versa. 

Object Synchronization 

[0073] While object synchroniZation is described in 
greater detail in the above-referenced co-pending patent 
applications, it is described here, brie?y, to assist in under 
standing the present invention. 

[0074] FIG. 5 is an architectural block diagram illustrat 
ing one preferred embodiment of architectural components 
of mobile device 3 and desktop computer 4 Which are used 
in synchroniZing objects stored in object store 6 on mobile 
device 3 and object store 8 on desktop computer 4. It should 
be noted that the synchroniZation architecture illustrated in 
FIG. 5 is but one preferred embodiment and others could be 
used as Well. Further, the synchroniZation operation can be 
carried out betWeen any tWo coupled stores (such as those on 
any combination of pairs of computers 4 and 13, and mobile 
devices 3 and 10). All that is required is a synchroniZation 
manager component, as described beloW, Which directs 
synchroniZation of the tWo coupled stores. The synchroni 
Zation manager can reside on either device, or both, or on a 
third computer coupled to the tWo stores. HoWever, for the 
sake of simplicity, only the embodiment in Which desktop 
computer 4 is coupled to mobile device 3 is described 
herein. Also, the present synchroniZation protocol is but one 
preferred embodiment, as another suitable protocol could be 
implemented on top of standard electronic mail protocols. 

[0075] In addition to PIM 5 and object store 6, mobile 
device 3 includes synchroniZation module 97 Which, in turn, 
includes interface component 100, and synchroniZation 
manager 102. Mobile device 3 also includes communica 
tions component 94, remote application programming inter 
face (RAPI) server 116, and electronic mail messaging 
transports 132, 134 and 136. 

[0076] Desktop computer 4 includes, in addition to PIM 7 
and object store 8, synchroniZation module 99 Which, in 
turn, includes interface component 108, synchroniZation 
manager 110, reference store 112, and RAPI component 114. 
Desktop computer 4 also includes communications compo 
nent 115. 

[0077] Generally, in the embodiment illustrated in FIG. 5, 
synchroniZation manager 110 executes on desktop computer 
4 and orchestrates synchroniZation betWeen objects in object 
store 6 in handheld device 3, and objects in object store 8 in 
desktop computer 4. Synchronization manager 110 also 
maintains reference store 112 apart from desktop object 
store 8 as is described in greater detail beloW. Synchroni 
Zation manager 110 implements the synchroniZation proto 
col to alloW a comparison betWeen corresponding objects 
stored in object store 6 in mobile device 3 and object store 
8 in desktop computer 4, to receive objects from object store 
8, and to update objects in object store 8. The synchroniZa 
tion protocol also facilitates the retrieval of objects stored in 
object store 6 in mobile device 3 through synchroniZation 
interface component 100 and synchroniZation manager 102, 
as Well as communications component 94. 
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[0078] On the side of mobile device 3, the synchronization 
interface component 100 exposes application programming 
interfaces Which synchronization manager 102 calls to read 
and store objects and object properties on object store 6. In 
general, the application programming interfaces alloW the 
creation of databases for different types of objects, and alloW 
application programs to Write and read property names and 
values to and from respective objects Within object store 6. 

[0079] As discussed With respect to FIG. 1, PIM 5 
executes on mobile device 3 and maintains object store 6. 
PIM 7 executes on desktop computer 4 and maintains object 
store 8. There are many different Ways Which PIMs 5 and 7 
can store objects in object stores 6 and 8. HoWever, in a 
preferred embodiment PIMs 5 and 7 create a distinct data 
base for each object type. For example, different databases 
are created for meetings, contacts, tasks, electronic mail 
messages, etc. Aprede?ned set of properties is supported for 
each object type, and each of the databases is assigned a 
name by the application program that creates it. 

[0080] In an alternative embodiment, the application pro 
grams in PIMs 5 and 7 may use a single database for all 
object types, With the ?rst property of each object de?ning 
the type of object. In any case, objects are uniquely identi 
?ed Within mobile device 3 and desktop computer 4 by 
object identi?ers Which are independent of the names 
assigned by the application programs creating the object. 

[0081] Synchronization manager 110 is not necessarily 
closely associated With PIM 7. Rather, it is an independent 
component Which synchronizes objects from any application 
program that supports the appropriate desktop synchroniza 
tion interfaces. The speci?c synchronization interfaces are 
described in greater detail in the co-pending patent applica 
tion incorporated above. Communication components 94 
and 115 implement serial communications betWeen the 
computers using suitable link 9. 

[0082] Synchronization manager 110 communicates With 
PIM 7 and accesses object store 8 through synchronization 
interface component 108. Synchronization interface compo 
nent 108 corresponds generally to a DLL discussed With 
respect to FIG. 2 above, and exposes one or more applica 
tion program interfaces and method. 

[0083] The interfaces and methods are described in greater 
detail in the co-pending patent application Which is incor 
porated above by reference. Of these interfaces, one of note 
is preferably of the form knoWn as messaging application 
program interfaces (MAPI) developed and published by the 
Microsoft Corporation for WindoWs brand operating system 
platforms, but other suitable interfaces can be used as Well. 
In one preferred embodiment, the MAPI exposed by com 
ponent 108 is a C-language application programming inter 
face Which alloWs programmable access to features of an 
electronic mail messaging program knoWn as MS Mail also 
commercially available from the Microsoft Corporation. In 
another preferred embodiment, the MAPI exposed by com 
ponent 108 is a component object model based (COM 
based) set of interfaces Which is sometimes referred to as 
extended MAPI and includes a set of automation interfaces 
to messaging systems, for use in Visual Basic and the like. 
HoWever, synchronization interface component 108 and the 
associated application program interfaces and methods can 
be any suitable synchronization interface components 
designed for any particular application in PIM 7. Because 
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the application program interfaces are preferably standard 
ized, they alloW synchronization manager 110 to access and 
synchronize any number of different desktop PIMs, as long 
as the required interface methods are implemented for each 
PIM. 

[0084] Reference store 112 provides a mapping betWeen 
instances of objects stored in object store 6 on mobile device 
3 and objects stored in object store 8 on desktop computer 
4. Since the same object identi?ers are not used by PIM 5 to 
identify objects on object store 6 as are used by PIM 7 to 
identify objects in object store 8, this mapping is required. 

[0085] Synchronization manager 110 maintains reference 
store 112 so that reference store 112 contains the identifying 
data segments corresponding respectively to a plurality of 
object instances in object store 8 on desktop computer 4 that 
are to be synchronized With instances of the same object in 
object store 6 on mobile device 3. The identifying data 
segments are updated each time corresponding object 
instances have been synchronized. 

[0086] The exact composition of an identifying data seg 
ment Which is used to identify the particular object instances 
are assignable by the developer of the desktop synchroni 
zation interface component 108, and are then handled and 
stored by synchronization manager 110. The identifying data 
segments preferably include some sort of time stamp infor 
mation Which can be compared to determine Whether an 
object has changed since the identifying data segment Was 
last recorded in reference store 112. 

[0087] In addition to maintaining a plurality of identifying 
data segments, synchronization manager 110 also maintains 
a list of object identi?ers corresponding to objects main 
tained in object store 6. These identi?ers are provided to 
synchronization manager 110 Whenever a neW object is 
added to object store 6 on mobile device 3. 

Synchronization Protocol 

[0088] The exact protocol by Which full synchronization is 
accomplished in accordance With one embodiment of the 
present system is described in greater detail in the above 
referenced patent application. HoWever, a brief discussion of 
that protocol is helpful in understanding of the present 
invention. In order to synchronize objects, synchronization 
manager 110 ?rst creates tWo lists of handles Which refer to 
particular objects. The term “handle” refers to a number or 
other identi?er that can be used to uniquely identify an 
object and to access the object. Generally, a handle is valid 
for a particular time period or session, such as during the 
time When an object has been “opened.” If the same object 
is opened again, its handle may be different. 

[0089] The ?rst list of handles is obtained from reference 
store 112 and is indicative of objects Which have been 
synchronized in the past and are identi?ed in reference store 
112. The second list of handles is a list Which identi?es the 
objects stored on object store 8. The tWo lists of handles are 
compared against one another to determine Whether the 
same objects are stored in reference store 112 and object 
store 8. 

[0090] If an object is identi?ed in reference store 112, but 
not in object store 8, that particular object has been deleted 
from the desktop 4 since the last synchronization. On the 
other hand, if an object is identi?ed in object store 8, but it 
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does not appear in reference store 112, then it has been added 
to the desktop since the last synchronization. In either case, 
synchronization manager 110 determines hoW to handle the 
object. In one preferred embodiment, those objects Which 
have been deleted from desktop object store 8 are also 
deleted from reference store 112. Further, those Which have 
been added to object store 8 are also added to reference store 
112. 

[0091] Synchronization manager 110 then determines 
Whether any of the objects stored in object store 8 have been 
modi?ed at the desktop since the last synchronization. In 
other Words, if handles corresponding to the same object 
appear in both object store 8 and reference store 112, but 
they are not identical (such as the time stamp, a revision 
number, or another suitable identifying segment is not the 
same) that indicates that the object in object store 8 has been 
modi?ed since the last synchronization. 

[0092] Synchronization manager 110 then determines 
Whether any objects stored in object store 6 on mobile device 
3 have been added or modi?ed since the last synchroniza 
tion. To determine Whether an object has been added to 
object store 6, synchronization manager 110 compares the 
list of objects in reference store 112 (Which re?ects all 
objects at the last synchronization) With a list of objects on 
object store 6 maintained by synchronization manager 102. 
To determine Whether an eXisting object has been modi?ed, 
synchronization manager 102 is con?gured to maintain a 
status bit associated With each object stored in object store 
6. The status bit re?ects Whether the particular object 
associated With that bit has been changed since the last 
synchronization. If so, synchronization manager 102 noti?es 
synchronization manager 110 of that change if device 3 is 
then coupled to desktop computer 4, or simply logs the 
status bit and sends it to synchronization manager 110 the 
neXt time device 3 is coupled to desktop computer 4. 

[0093] It should be noted that none of these procedures 
require either synchronization manager 110 or synchroniza 
tion manager 102 to be aWare of the particular nature or 
format of the identifying data segments or of the objects to 
Which they correspond. Rather, interface components 100 
and 108 are called upon for all actions that depend upon the 
actual content of the identifying data segments, and the 
content of the objects. It is up to the designer of those 
interfaces to de?ne a format for the identifying data seg 
ments that alloWs the interfaces to perform their required 
functions. 

[0094] Once the changes, additions and deletions are 
determined by synchronization manager 110, the items are 
synchronized. In order to do this, synchronization manager 
110 forms a list of objects Which have been changed on 
either object store 8 or object store 6 and simply calls upon 
the respective synchronization interface components to 
update the outdated object. If the same object has been 
modi?ed both on mobile device 3 and desktop. computer 4, 
a con?ict arises. Synchronization manager 110 resolves the 
con?icts by either prompting the user, or referencing pro?le 
information entered by the user during a set-up procedure 
Which dictates Which device the user Wants to take prece 
dence over the other, and in Which instances. The process of 
setting up pro?le information is described in greater detail in 
the above-identi?cation patent applications. 

[0095] Where an object has either been created at the 
desktop computer 4 or in the mobile device 3, that object 

Dec. 20, 2001 

needs to be eXchanged With the other device. In the instance 
Where mobile device 3 needs to obtain a neW object from 
desk-top computer 4, synchronization manager 110 calls an 
interface method knoWn as “Set-Up” Which speci?es a 
handle for the object to be obtained from object store 8 in 
desktop computer 4 and transferred to object store 6 in 
mobile device 3. Once the handle is obtained, the method 
knoWn as “GetPacket” is called repeatedly to retrieve a data 
stream Which represents the object, and Which is formatted 
by interface component 108. Synchronization manager 110 
simply treats the data as a data stream Which is retrieved and 
sent over link 9 to synchronization manager 102, and 
eventually to object store 6. The appropriate synchronization 
interface component 100 parses the data stream in order to 
identify certain property values associated With properties 
corresponding to the object. Those properties are then stored 
in the object store 6. 

[0096] Finally, synchronization manager 110 updates the 
identifying data segments associated With either synchro 
nized or exchanged objects and stores the updated data 
segments in reference store 112. 

[0097] It is Worth noting that the architecture described 
herein provides synchronization of objects associated With 
electronic mail messages, meetings or appointments, and 
contacts information, as Well as other objects maintained by 
PIMs 5 and 7. Thus, using the above synchronization 
protocol, objects associated With these features are synchro 
nized during the synchronization process. Synchronization 
manager 110 detects any neW objects in object store 8 Which 
represent neW electronic mail messages, meetings or 
appointments or contact information and causes those 
objects to be transferred to object store 6 on mobile device 
3 for attention by the user of mobile device 3. 

[0098] Further, if the user composes an electronic mail 
message or schedules a meeting (and therefore creates a 
meeting object and an electronic mail meeting request 
object) or enters contact information on mobile device 3 
using an appropriate application in PIM 5, the objects 
associated With those items are stored as neW objects in 
object store 6. During synchronization, those neW objects 
are transferred to desktop computer 4 and object store 8. 

Meeting Request 

[0099] FIG. 6 is an architectural block diagram illustrat 
ing one preferred embodiment of a mechanism by Which 
meeting requests are generated. Mobile device 3 and desk 
top computer 4 are shoWn coupled to one another, as shoWn 
in FIG. 5. HoWever, FIG. 6 also illustrates that mobile 
device 3 and desktop computer 4 can be coupled to a Wide 
area netWork 138 Which can include simply another mobile 
device, another desktop computer, LAN 51 (shoWn in FIG. 
2), WAN 52 (shoWn in FIG. 2), or any other suitable 
netWork. 

[0100] Similar items to those shoWn in FIG. 5 are simi 
larly numbered. HoWever, in FIG. 6, PIMs 5 and 7 are 
shoWn in greater detail. FIG. 6 illustrates that, in one 
preferred embodiment, PIM 5 includes an electronic mail 
application 140, a calendar and scheduling application 142, 
and an abridged address book 144. Also, While each of the 
applications may have designated application programming 
interfaces, only a single API component 146 is shoWn in 
FIG. 6, for the sake of simplicity. 














