US 20050222891A1

a2 Patent Application Publication o) Pub. No.: US 2005/0222891 A1l

a9 United States

Chan et al.

43) Pub. Date: Oct. 6, 2005

(549) METHOD AND SYSTEM FOR EXPANSION
OF RECURRING CALENDAR EVENTS

(75)

(52) US.CL oo 705/9

Inventors: Kok Wai Chan, Bellevue, WA (US); (57) ABSTRACT
Dennis A. Kiilerich, Bellevue, WA
(US)
A system and method for expanding recurring calendar
gﬁ“gﬁ%’g‘g’;&e CA((;dRrIe’ii:RATION events such that the retrieval of recurring calendar appoint-
) ments is expedited. A recurring appointment is saved as a
ﬁg{,ﬁl{gﬁﬁﬁg GROUP DOCKETING data structure including a recurrence pattern. When a recur-
ONE MICROSOFT WAY ring appointment is saved by a client that has sufficient
REDMOND, WA 98052-6399 (US) processing and memory resources to perform the computa-
) tions necessary to expand recurring appointments (i.e., a
(73)  Assignee: Microsoft Corporation, Redmond, WA thick client), a background thread is notified. The back-
(1) Appl. No.: 11/135,816 ground thread increases its priority to normal when idle
PPl O ’ processing capacity is available and calls a routine request-
(22) Filed: May 24, 2005 ing calendar information for a defined time period. The
routine causes the expansion of the data structure into the
Related U.S. Application Data individual instances of the recurring appointment for a
. . o defined time period, and the individual instances are saved
(63) fontznu;(t)l(;)zn of appﬁcagon I(;IO' 10/162,322, filed on for later retrieval. A later query from a client without
un. % » DOW dbandoned. sufficient processing and memory resources to perform the
Publication Classification calculations necessary to expand recurring appointments
(ie., a thin client), therefore, does not require that the
(51) Int. CL7 oo GO6F 17/60 expansion computations be performed contemporaneously.
20
o
SYSTEM MEMORY 22 47
24 PERSONAL COMPUTER ™
(ROM) -
- 26
Bos [ PROCESSING | [ .
UNIT 48 ———
25 AE)IL\EF)’ET%R — Monitor
(RAM) [53
OPERATING |+ 35 . 23 f
SYSTEM NETWORK
— ' g = e —
51
—
APPLICATION | 436 l 32 l 33 i r34l 46
PROGRAM HARD DISK MAG DISK OPTICAL DISK SERIAL
DRIVE DRIVE DRIVE PORT
INTERFACE | INTERFACE | INTERFACE | INTERFACE 54
OTHER | 37
PROGRAM [ °' | 28 30
MODULES Mod
hard disk == ocem
PROGRAM 38 drive Magnetic disk ~ Opfical drive
LA A
OATA ‘ NG 97 drive 49 ~ '
REMOTE
COMPUTER
Goﬁ 29\@ 40 50\&
36

35\

Y

OPERATING
SYSTEM

APPLICATION
PROGRAMS

OTHER
PROGRAM
MODULES

PROGRAM
DATA

RO =3

Mouse Keyboard




US 2005/0222891 Al

Oct. 6, 2005 Sheet 1 of 6

Patent Application Publication

V1va mwwwm_uw_\“ SIWYHOO0Yd N3LSAS
NYHO0Nd NP NOILYDITddY | ONILYHIdO
pieoghay esnopw “ ' !
T /mm R /mm N se
0S -/ ool m? E/
ﬂ_( ov Zv Le 62 09
¥3LNdNOD
3L0W3Y
N 1T : v1va
6V enip O 8¢ - Wvd90yd
anup [eopdp  ISIP dnauben onup
wapol e == ISIP PIeY pr————
Goso) o€ 8¢ _ " 11 wvaooud
A% ¥IHLO
o — 30VAYILNI | 3OV4MIINI | FOVA¥ALNI | 3IOVA¥ILNI
180d 3AINA IAINA AT
W3S | ¥SIOWOILO | YSIQOVW | MSIQ QuvH .
T ce—’ ze ge 1] NOILYONddv
™15
30VAHILNI _
P Suomian [ ~ - WILSAS
y, €¢c ge—T] ONILV¥3dO
€S A )
JONUOW e ¥31dvavy e GC — Wvd
— v 03aIA s NN
ONISS3IO0Nd solg
N N3LNAWOD TyNOStEd 7 o)
b OSdad . AMOW3W WILSAS
e l "©Ol4




US 2005/0222891 Al

Patent Application Publication Oct. 6,2005 Sheet 2 of 6

¢ 9Old

peaiy

lojgjnwig

0cL \

peaiy}
oeq|ed

m_‘_.L

aid4

Vi
aid

P —N

P

ald

vL 1 Jop|o}
lepuajeo

DC)

)

47"

weiboid lepus|e)d

N_ 0Ll

Janeg

//mv

“ Nm:m”

L

q0¢

N

“ 2G/1S ”

N




Patent Application Publication Oct. 6,2005 Sheet 3 of 6 US 2005/0222891 A1

200

Fig. 3
ﬁ g

Name State Start End End Location | Recurrence | Type
Date Time Date Time Pattern
202 204 206 208 210 212 214 216

230 —\

Name State Start End Date | End Time | Location | Recurrence Type
Date Time 208 210 Pattern
202 204 206 212 214 216
232a
\ Marktg Jan 6, 10:00 Jan 16, 11:00 Conf Single
Meeting 2002 a.m. 2002 a.m. Room A
232b
\ Dept Jan15, | 1:30p.m. | Jan 15, | 2:30 p.m. | Building 4 Weekly Master A
Meeting 2002 2002
232n
Mtngw/ | Jan 186, 4:00 Jan 16, 4:30 Single
Supplier 2002 p.m. 2002 p.m.

Fig. 4a
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230

\

Name State Start End End Location | Recurrence Type
Date Time Date Time Pattern
202 204 206 208 210 212 214 216
2323 | Marktg | Jan4, | 1000 | Jan4, | 11:00 Conf Single
\/ Meeting 2002 am. 2002 a.m. Room A »
232b -
Dept Jan 14, 1:30 Jan 14, 2:30 Building 4 Weekly Master A
\/ Meeting | 2002 p.m. 2002 p.m.
232¢
\\_/ Dept Jan 14, 1:30 Jan 14, 2:30 Building 4 Instance
Meeting 2002 p.m. 2002 p.m. of Master
A
232d
Dept Jan 21, 1:30 Jan 21, 2:30 Building 4 Instance
b Meeting 2002 p.m. 2002 p.m. of Master
A
232e
\\_ Dept Jan 28, 1:30 Jan 28, 2:30 Building 4 Instance
Meeting 2002 p.m. 2002 p-m. of Master
A
232n
k Mingw/ | Jan 16, 4:00 Jan 16, 430 Single
Supplier 2002 p.m. 2002 p.m.

Fig. 4b
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252a

252n
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250 F 1]. oa 256
Name January | February March Delete
254a 254b 254c¢ 254n
Master A 0 0 0 0 0
Master n 1 0 1 0 0
250 F Ig ’ 5 b 256
Name January | February March Delete
254n
254a 254b 254c
Master A 1 0 0 0 0
Master n 1 0 1 0 0
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METHOD AND SYSTEM FOR EXPANSION OF
RECURRING CALENDAR EVENTS

TECHNICAL FIELD

[0001] This invention relates generally to computerized
calendaring applications and more specifically to expansion
of a recurring calendar entry into individual instances of the
calendar entry for a defined time period prior to a user query
to display the individual instances of the calendar entry.

BACKGROUND OF THE INVENTION

[0002] The use of software programs and computers for
messaging, calendaring and collaborating is common today.
For example, computer application programs exists that
allow a user to send, receive and manage email messages,
maintain personal or group calendars, schedule meetings
with others, manage contacts, and maintain task lists. One
example of such a program is OUTLOOK, manufactured by
Microsoft Corporation of Redmond, Wash., although many
other such programs are also available.

[0003] Application programs that allow messaging, calen-
daring and collaboration may reside and execute on a single
computer as a stand alone program. Additionally, these
application programs may act as a client to access informa-
tion maintained by a much more advanced, server-based
messaging, calendaring and collaboration application. One
example of such an advanced program is Exchange 2000
Server, also manufactured by Microsoft Corporation. Using
Exchange 2000 Server, for example, a plurality of users in
a networked environment may maintain any number of
individual or public email folders, calendars, task list, etc.

[0004] In a networked environment, a server based mes-
saging, calendaring and collaboration program (e.g.,
Exchange 2000 Server) executes on a server which is
networked to a plurality of personal computers running
client programs (e.g., OUTLOOK). The clients can send and
receive email, maintain calendars, maintain task lists, sched-
ule meetings, etc. In such an implementation, the database
containing the email(s), calendar(s), task list(s), etc. for each
user may be maintained by the server, although the indi-
vidual clients may have some control over the creation and
management of the messages, management of the client
mailbox, and so forth. The details of such an implementation
are well known to those with ordinary skill in the art.

[0005] Generally, a program with calendaring capabilities
allows two types of different appointments to be saved,
modified or deleted. A first type of appointment is a single
appointment with a single occurrence at a particular date and
time. Such an appointment is comprised of a data structure
that includes information about the appointment such as, but
not necessarily limited to, a subject line, start and end times,
date, and a note about the appointment. A second type of
appointment is a recurring appointment. For example, a user
may want to schedule a meeting on the first Monday of every
month during the year. Instead of manually entering and
saving twelve separate appointments, many calendaring
programs allow a user to enter and save a single recurring
appointment. The data structure associated with such an
appointment includes all the information normally associ-
ated with a single appointment, as well as information about
a recurrence pattern. The calendaring program, using the
recurrence pattern, then computes and fills in the individual
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instances of the appointment. The manner in which the
recurrence pattern is entered and used to expand the indi-
vidual instances of the recurring appointment is well known
to those with ordinary skill in the art. OUTLOOK and
Exchange 2000 both allow a user to enter recurring appoint-
ments.

[0006] Messaging Application Program Interface (MAPI)
defines a complete architecture for messaging applications.
The architecture specifies several well-defined components
known to those with ordinary skill in the art. The MAPI
architecture can be used for e-mail, scheduling, personal
information managers, bulletin boards, and online services
that run on mainframes, personal computers, and hand-held
computing devices. On client computers, MAPI allows
complete control over the messaging system, creation and
management of messages, management of the client mail-
box, service providers and so forth. The comprehensive
architectural design allows MAPI to serve as the basis for a
common information exchange. OUTLOOK and Exchange,
for example, are programs that support MAPI.

[0007] Generally, a computer running a MAPI compliant
client program has sufficient processing and memory
resources to perform many of the tasks and computations
associated with creation and management of the mailbox,
calendar folder, messages, appointments, tasks, etc. A client
program with access to sufficient processing and memory
resources will herein be referred to as a thick client. When
a client computer running a MAPI-compliant calendar pro-
gram (e.g., OUTLOOK) accesses a server computer that
maintains calendar information (e.g., Exchange 2000), the
client computer receives from the server computer all of the
data structures associated with a requested defined time
period. If the requested defined time period (e.g., all calen-
dar appointments for the month of March) includes one or
more recurring appointments, the client computer calculates
all of the instances of that appointment during the time
period contemporaneous with the request. The individual
instances of the recurring appointment are then displayed on
an appropriate user interface. This process, however, does
not involve delay that is typically noticeable to the user
because the recurrence expansion calculations are usually
performed by a desktop computer with its own processor
and memory, and because none of the data (i.e., the data
associated with the single appointments and the individual
instances of the recurring appointments) are actually written
to a hard disk.

[0008] 1t is also possible, however, to check email, calen-
daring and other information maintained by the server (e.g.,
Exchange 2000) using a client computer with relatively low
processing and memory resources, i.e., a thin client. For
example, a user may check email or calendar information
remotely using a web browser running on a computer, or a
portable device such a mobile phone or a handheld personal
information manager (PIM). In such an implementation, the
web browser (which would be the client), or cell phone or
PIM would not have access to sufficient processing and
memory resources to perform (or perform in a reasonable
time) many of the more resource intensive tasks associated
with managing messages, tasks, appointments, etc. (e.g.,
expanding a recurring appointment into the individual
instances of the appointment).

[0009] Microsoft Corporation’s Outlook Web Access, is a
component of Exchange 2000 Server that allows users
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secure access to their email, calendar, group scheduling, and
public folder information maintained by an Exchange 2000
Server through the internet using a web browser. Another
example is a Mobile Information Server (also manufactured
by Microsoft Corporation) which allows access to similar
information via a cell phone or PIM. An example of a
suitable web browser is Internet Explorer, version 5.0 or
higher, manufactured by Microsoft Corporation. In these
implementations, the client can display, add, modify or
delete calendar information maintained by the server from
any location using a wired or wireless Local Area Network
or Wide Area Network.

[0010] The approach outlined above can cause significant
delays for users that use both thick and thin clients to save,
modify, delete or access appointment information on a
server. For example, a user may make many additions to
and/or modifications of recurring appointments using a thick
client (e.g., using a desktop computer running OUTLOOK
while at work). The individual instances of the recurring
appointments will not be expanded and saved to disk at the
time they were made. If the user then tries to access and view
these recurring appointments using a thin client (e.g., via the
internet using a web browser from home the next morning),
all of the recurring appointments for the time period desired
to be viewed will have to be expanded by the server at the
time of the viewing because the thin client (e.g., the web
browser) has limited processing and memory resources of its
own. The server must compute the individual instances of
the recurring appointment from the recurrence pattern and
save the individual instances to a computer readable
medium. These tasks are resource (e.g., processor and/or
memory resources) and time intensive.

[0011] The expansion of recurring appointments at the
time of the request could result in noticeable time delay from
the time the request for calendar information is submitted by
the thin client to the server, to the time that the information
is displayed on the user interface of the thin client. This
situation is made worse during peak hours when many users
may be trying to access their calendar information from the
server (for example, users trying to check their calendar
from home in the morning before leaving for work).

[0012] In fact, it is possible that in a worse case scenario,
the client may time-out while waiting for the server to
expand and save the recurring appointment data structures.

SUMMARY OF THE INVENTION

[0013] The present invention is directed to alleviating the
delay associated with the expansion of recurring appoint-
ments when accessing calendar information. In one embodi-
ment of the invention, a status message indicates whether a
recurring appointment data structure has been expanded into
the individual instances of the recurring appointment. When
a recurring appointment is created, modified, or deleted
using a thick client, a thread running on the server places the
folder identification (FID) of the calendar folder in a queue
of FIDs for calendar folders with recurring appointments
that require expansion. A separate thread running at low
priority on the server is then signaled. The priority of the
thread is increased and, with respect to each calendar folder
containing a recurring appointment that requires expansion,
the thread calls a routine that causes the server to expand the
recurring appointment(s) in the calendar folder, and the
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individual instances of the recurring appointment(s) are
saved to a computer readable medium. In one embodiment
of the invention, the separate thread calls the routine causing
the expansion when the central processing unit of the server
has extra or idle processing capacity. Thus, when a user later
accesses the calendar information on the server, the recur-
ring appointment(s) have already been expanded into indi-
vidual instances of the appointment(s) and saved to a
computer readable medium, and only need to be transmitted
for display on an appropriate user interface. Accordingly,
there is no delay associated with having to expand the
recurring appointments and saving the results at the time the
calendar information is requested by the client.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] While the appended claims set forth the features of
the present invention with particularity, the invention,
together with its objects and advantages, may be best
understood from the following detailed description taken in
conjunction with the accompanying drawings of which:

[0015] FIG. 1 is a block diagram of an exemplary com-
puter system on which the present invention may reside.

[0016] FIG. 2 is a block diagram of an exemplary system
according to the invention.

[0017] FIG. 3 is a schematic representation of a data
structure saved in a calendar folder.

[0018] FIGS. 4a and 4b are schematic representations of
a calendar folder prior to and after a Master has been
expanded, respectively.

[0019] FIGS. 5q¢ and 5b are schematic representations of
a Status Message table prior to and after a Master has been
expanded, respectively.

[0020] FIG. 6 is a flow chart representing the steps
performed in one embodiment of the invention to expand an
exemplary Master.

DETAILED DESCRIPTION OF THE
INVENTION

[0021] Turning to the drawings, wherein like reference
numerals refer to like elements, the invention is illustrated as
being implemented in a suitable computing environment.
Although not required, the invention will be described in the
general context of computer-executable instructions, such as
program modules, being executed by a personal computer
and/or server. Generally, program modules include routines,
programs, objects, components, data structures, etc. that
perform particular tasks or implement particular abstract
data types. Moreover, those skilled in the art will appreciate
that the invention may be practiced with other computer
system configurations, including hand-held devices, multi-
processor systems, microprocessor based or programmable
consumer electronics, network PCs, minicomputers, main-
frame computers, and the like. The invention may also be
practiced in distributed computing environments where
tasks are performed by remote processing devices that are
linked through a communications network. In a distributed
computing environment, program modules may be located
in both local and remote memory storage devices.

[0022] With reference to FIG. 1, an exemplary system for
implementing the invention includes a general purpose
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computing device in the form of a conventional personal
computer 20, including a 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.
A basic input/output system (BIOS) 26, containing the basic
routines that help to transfer information between elements
within the personal computer 20, such as during start-up, is
stored in ROM 24. The personal computer 20 further
includes a hard disk drive 27 for reading from and writing
to a hard disk 60, a magnetic disk drive 28 for reading from
or writing to a 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.

[0023] 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, a magnetic disk drive inter-
face 33, and an optical disk drive interface 34, respectively.
The drives and their associated computer-readable media
provide nonvolatile storage of computer readable instruc-
tions, data structures, program modules and other data for
the personal computer 20. Although the exemplary environ-
ment described herein employs a hard disk 60, a removable
magnetic disk 29, and a removable optical disk 31, it will 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, flash
memory cards, digital video disks, Bernoulli cartridges,
random access memories, read only memories, and the like
may also be used in the exemplary operating environment.

[0024] A number of program modules may be stored on
the hard disk 60, magnetic disk 29, optical disk 31, ROM 24
or RAM 25, including an operating system 35, one or more
applications programs 36, other program modules 37, and
program data 38. A user may enter commands and informa-
tion into the personal computer 20 through input devices
such as a keyboard 40 and a pointing device 42. Other input
devices (not shown) may include a microphone, 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, but may be connected by other interfaces, such
as a parallel port, 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, personal
computers typically include other peripheral output devices,
not shown, such as speakers and printers.

[0025] The personal computer 20 may operate in a net-
worked environment using logical connections to one or
more remote computers, 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
common network node, and typically includes many or all of
the elements described above relative to the personal com-
puter 20, although only a memory storage device 50 has
been illustrated in FIG. 1. Additionally, the computer 20
may act as a server computer to one or more remote
computers 49. The logical connections depicted in FIG. 1
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include a local area network (LAN) 51 and a wide area
network (WAN) 52. Such networking environments are
commonplace in offices, enterprise-wide computer net-
works, intranets and the Internet.

[0026] When used in a LAN networking environment, the
personal computer 20 is connected to the local network 51
through a network interface or adapter 53. When used in a
WAN networking environment, the personal computer 20
typically includes a modem 54 or other means for establish-
ing communications over the WAN 52. The modem 54,
which may be internal or external, is connected to the system
bus 23 via the serial port interface 46. In a networked
environment, program modules depicted relative to the
personal computer 20, or portions thereof, may be stored in
the remote memory storage device. It will be appreciated
that the network connections shown are exemplary and other
means of establishing a communications link between the
computers may be used.

[0027] In the description that follows, the invention will
be described with reference to acts and symbolic represen-
tations of operations that are performed by one or more
computers, unless indicated otherwise. As such, it will be
understood that such acts and operations, which are at times
referred to as being computer-executed, include the manipu-
lation by the processing unit of the computer of electrical
signals representing data in a structured form. This manipu-
lation transforms the data or maintains it at locations in the
memory system of the computer, which reconfigures or
otherwise alters the operation of the computer in a manner
well understood by those skilled in the art. The data struc-
tures where data is maintained are physical locations of the
memory that have particular properties defined by the format
of the data. However, while the invention is being described
in the foregoing context, it is not meant to be limiting as
those of skill in the art will appreciate that various of the acts
and operations described hereinafter may also be imple-
mented in hardware.

[0028] Additionally, the term appointment refers to any
data structure stored by a calendaring program that includes
at least a date, and/or time field. The phrase “recurring
appointment” refers to an appointment that also includes a
recurrence pattern. Although the specification generally
refers to saving an appointment, the discussion is equally
applicable to deleting and/or modifying data structures.
Moreover, although MAPI is a standard set of functions
developed by Microsoft Corporation, it is to be understood
that the invention is not limited to the specific standard
developed by Microsoft. Instead, the invention is broad
enough to apply to any set of application program interfaces
with the same set of functionalities as discussed herein.

[0029] FIG. 2 is a block diagram of an exemplary system
according to the invention. As shown in FIG. 2, a server 49
may run a messaging, calendaring and collaboration pro-
gram 110 (e.g., Exchange 2000 Sever). As this invention is
generically applicable to any program that allows one or
more users to maintain at least an electronic calendar, the
messaging, calendar and collaboration program 110 running
on the server 49 will herein be referred to as the calendar
program 110. The calendar program maintains a main data-
base 112 which includes information about the emails,
calendar, tasks, notes, etc. of one or more users. The
database 112 may be maintained on any computer readable
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medium, for example, a hard disk. In an Exchange 2000
implementation of the present invention, the main database
112 is referred to as the mail database.

[0030] The main database 112 includes one or more cal-
endar folders 114. Each user may have one or more calendar
folders 114. For example, a user may have a calendar folder
for personal appointments and a calendar folder for business
related appointments. Additionally, groups of users may
share a calendar folder. Each calendar folder 114 has a folder
identification (FID) 116 for identifying and locating the
calendar folder. The calendar program 110 may also have a
routine, herein referred to as Callback routine 118, which
among other tasks, may place the FID 116 of a particular
calendar folder in a queue 117 of calendar folders with
recurring appointments that have to be expanded. The cal-
endar program 110 also may include a separate, distinct
thread (herein referred to as the Simulator thread 120) for
calling a routine that causes the calendar program on the
server to expand a recurring appointment into the individual
instances of the recurring appointment. The Callback routine
118 may run on the same thread (which is different than the
Simulator thread 120) as the calendar program 110. In an
alternative embodiment, the Callback routine may run on its
own separate thread. Thus, in such an implementation three,
rather than two, separate threads would be running on the
server. The Simulator thread 120 is further discussed in the
proceeding sections.

[0031] The information maintained by the calendar pro-
gram 110 in the one or more calendar folders 114, may be
saved, modified, deleted or viewed by a client program or
module 20¢ (shown in the figure running on a computer)
with access to sufficient processing and memory resources to
perform the computations necessary to expand the recurring
appointment into the individual instances of the appointment
(ie., a thick client), instead of these computations being
performed by the server. An example of such a thick client
is a client program compatible with the MAPI protocol (e.g.,
OUTLOOK) running on a desktop computer. The informa-
tion may also be saved, modified or deleted by a client
program or module 205 (shown in the figure running on a
computer) without access to sufficient processing and
memory resources to perform the computations necessary to
expand a recurring appointment into the individual instances
of the appointment, wherein these computations have to be
performed by the server (i.e., a thin client). An example of
such a thin client is a web browser running on a computer
when the web browser cannot or does not have access to
sufficient processing and memory resources to perform the
expansion computations. The web browser may, for
example, use the hyper text transfer protocol (with or
without Distributed Authoring and Versioning (DAV), also
known as WebDAV) to communicate with the calendar
program running on the server.

[0032] The clients 20a and 20b may communicate with the
server 49 through a LAN or WAN, here identified as 51/52.
Although FIG. 2 depicts computers 20 running client pro-
grams, the invention is broad enough to encompass any
combination of hardware or software that acts as a client to
the server, such as cell phones, pagers, or PIMS.

[0033] In the present invention, a thick client is one in
which the client is capable of performing the calculations
associated with expanding a recurring appointment into the
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individual instances of the appointment locally (i.e., on the
device on which the client is running), instead of these
computations being performed by the server. A thin client,
however, is incapable of performing (or performing in a
reasonable time) these calculations locally and, therefore,
the calculations must be performed by the server and saved
to a computer readable medium. For the purposes of the
present invention and discussion, the preceding capability
distinguishes a thick client from a thin client.

[0034] In one embodiment of the invention, the calendar
program running on the server may determine whether the
client is a thick client or a thin client based on the protocol
that the client uses to communicate with the server. For
example, as a matter of design choice, the calendar program
may assume that clients using the MAPI protocol to com-
municate with the server are thick clients, whereas clients
using HTTP (with or without DAV) to communicate with the
server are thin clients. As another example, the server may
poll the client for its capabilities or the client may provide
this information to the server when first establishing a
communication link. The invention, however, is not limited
to any specific manner for determining the capabilities of the
client. Additionally, although the MAPI protocol and HTTP
are mentioned for illustrative purposes, the invention is
broad enough to encompass any protocol used to commu-
nicate between the client and server.

[0035] FIG. 3 is a schematic representation of a data
structure 200 representing an appointment saved in calendar
folder 114 in the database 112 of the calendar program 110.
The data structure 200 may includes one or more of the
fields indicated: name of appointment 202, start date 204,
start time 206, end date 208, end time 210, location of the
appointment 212, recurrence pattern of the appointment 214,
and instance type 216. A data structure 200 that includes a
recurrence pattern (i.e., a data structure for a recurring
appointment) is herein referred to as a Master. The instance
type field 216 refers to whether the appointment is a single
occurrence appointment, a Master, or an individual instance
of a Master that has been expanded. The data structure 200
is not limited to this particular embodiment and may include
and combination of the above fields or other additional
fields.

[0036] FIG. 4a represents a table 230 of individual data
structures 200 associated with a calendar folder 114, prior to
expansion of any Masters. The columns of table 230 refer to
the individual fields 202-216 of the data structure 200, and
each row 232a through 232n represents a distinct data
structure entry in the calendar folder. Letter subscripts are
used with element numbers to identify more than one
instance of the element, with the subscript n signifying that
the invention does not limit the quantity of the element.
Table 230 is intended as a general representation of the data
in the calendar folder 114 and not as an exact physical or
logical representation of how the data is actually stored or
managed. In one embodiment of the invention, when using
Outlook Web Access, each data structure is logically a
separate file such that each appointment can be retrieved
using a Uniform Resource Locator (URL) of the data
structure.

[0037] The data shown in table 230 of FIG. 4a is repre-
sentative of the data that may populate the data structures
that comprise individual appointments in the calendar folder
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114. Additionally, the table may contain any number and/or
combination of single appointments, Masters, or individual
instances of recurring appointments (i.e., individual
instances of a Master that has been expanded).

[0038] In the representative table shown in FIG. 4a,
Master A in row 232b has not been expanded into the
individual instances of the recurring appointment. The table
230 shown in FIG. 4b is the same as in FIG. 4a, except that
in this table the individual instances of Master A (column
232b) have been expanded and are indicated in rows 232c¢-
232e of the table 230.

[0039] When a Master is created, modified or deleted, a
Status Message indicates whether the Master has been
expanded or not. As shown in FIGS. 5¢ and 5b, in one
embodiment the Status Message may be implemented as a
table 250. In such an embodiment, a row 252 is created for
each Master in the calendar folder 114. The table may
contain one or more columns 254, each column representing
a defined time period. For example, each column may
represent one month of the year. Each cell of the table may
include a value indicative of whether the Master has already
been expanded for the defined time period. If a Master has
already been expanded for a particular month, the cell for
that month may contain a value of 1. If the Master has not
been expanded for the particular month, the cell may contain
a value of 0. It is to be understood that the invention is not
limited to this particular implementation of the Status Mes-
sage. Rather, the invention is broad enough to encompass
any implementation in which the calendaring program is
capable of tracking whether a Master in a particular calendar
folder has already been expanded into the individual
instances of the appointment for a defined time period.

[0040] In one embodiment of the invention, the steps to
expand an exemplary Master (herein referred to as Master
A) are as follows. With respect to FIG. 6, at step 300 a client
20a saves a recurring appointment on the server 49. The
recurring appointment is saved as Master A in row 232¢ in
the table 230 in the calendar folder 114 of the main database
112. It is to be appreciated that the main database 112 may
be located on a computer readable medium logically acces-
sible to the server 49, irrespective of whether the computer
readable medium is physically located in the server. Addi-
tionally, although the present discussion is with respect to a
save operation (i.e., when a new recurring appointment is
created and saved by a client), the invention is not limited to
this operation. Indeed, the invention, and the steps of FIG.
6, are broad enough to apply to any operation that requires
the instances of recurring appointments or their content to
change. Such operations include, but are not limited to,
operations that save, modify or delete Masters.

[0041] At step 302, the Status Message is set to indicate
that Master A has not been expanded. In the embodiment of
the Status Message shown in FIG. 5a, row 2524 is created
for Master A and the values of the cells in the row are set to
0. If at step 300 an already expanded Master was modified,
at step 302 the appropriate cells in the row associated with
the modified Master are changed to indicate that the Master
has not been expanded from the time of the modification. As
a result, the individual instances of the modified Master will
be recomputed. If at step 300 a client deleted a recurring
appointment, i.e., deleted a Master, the Status Message of
the Master is set to indicate that the instances of the Master
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should be deleted. In the embodiment shown in FIGS. 5a
and 5b, a delete column 256 indicates whether a Master
should be deleted. Thus, when a user deletes a Master, the
delete column for the Master is changed to 1 from 0.

[0042] At step 304 the calendaring program 110 deter-
mines whether the save (or modify or delete) operation was
performed from a thick client or a thin client. If the save
operation was performed from a thin client, no further action
is taken according to the invention and Master A may be
expanded immediately as a consequence of an immediate
query by the thin client for the instances of the recurring
appointment. The specific steps performed in this eventual-
ity are well known to those with ordinary skill in the art. If
the save operation was performed by a thick client, at step
306 the Callback routine 118 is called.

[0043] At step 308, the Callback routine 118 places the
FID 116 of the calendar folder 114 in a queue 117 of calendar
folders that contain Masters that require expansion. In one
embodiment of the invention, the C** Standard Template
Library is used to implement the queue and place the FID in
the queue, although any suitable queue implementation may
be used. At step 308 the Callback routine 118 also signals the
Simulator thread 120 that a calendar folder requiring expan-
sion has been placed in the queue 117.

[0044] 1In one embodiment of the invention, the Callback
routine may also place the calendar folder’s FID in a set (not
shown) of FIDs indicative of calendar folders in the expan-
sion queue 117. In such an embodiment, prior to placing the
FID in the queue, the Callback routine 118 checks the set of
FIDs to determine whether the calendar folder is already in
the queue. If the FID is already in the queue, the Callback
routine does not place the FID in the queue again. In an
alternate embodiment of the invention, instead of placing the
FID 116 of the calendar folder 114 in a queue, a pointer or
identifier (not shown) specifically pointing to or identifying
the Master that requires expansion is placed in the queue
117.

[0045] The Simulator thread 120 normally runs in a low
priority in the hierarchy of threads that are running on the
server 49. In one embodiment of the invention, the Simu-
lator thread 120 is created when the calendar program 110
starts executing on the server 49 and is terminated when the
calendaring program is shut down.

[0046] At step 310 the priority of the Simulator thread is
increased. For example, the Simulator thread’s priority may
be changed to normal or high, depending on the particular
implementation of the invention and design choice. In one
embodiment of the invention, the priority of the Simulator
thread is increased, and the remaining steps performed,
when the server has idle or extra processing capacity.

[0047] At step 312, the Simulator thread 120 calls a
routine (not shown) that causes the server to expand the
Master for a defined time period. The routine causes the
server to expand the Master(s) that have not already been
expanded and save the individual instances of the expanded
Master(s) in rows 232 of table 230 in calendar folder 114. If
the client has deleted a Master, the routine called by the
Simulator thread deletes all instances of the Master from the
table 230 in the calendar folder 114, and also deletes the row
252 corresponding to the Master from table 250.

[0048] In one embodiment, the Simulator thread requests
from the routine the least amount of information necessary
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to cause the routine to expand the Master. The invention is
broad enough to encompass any defined length of time. For
example, the Simulator thread may request all Masters in the
next 24 hours, the current month, the current calendar year,
the proceeding twelve months, etc. In one embodiment, the
time period may be all months included in the next 30 days
(which in the right circumstances could comprise as many as
three different months).

[0049] FIG. 4b depicts a representative table 230 in the
calendar folder 114 after Master A has been expanded for the
month of January according to step 312. The individual

instances of Master A for January are saved in rows 232c-
232e.

[0050] At step 314, the Status Message for Master A is
changed to indicate that Master A has been expanded and
saved in the calendar folder 114. With reference to FIG. 5b,
for example, the Status Message for Master A in January is
changed to 1, indicating that all instances for Master A for
January have been expanded and saved to disk.

[0051] Although not shown as a separate step in FIG. 6,
the FID of the calendar folder is also removed from the
queue when the Status Message is changed. If the set
indicative of FIDs in the queue has been implemented, the
FID of the calendar folder is also removed from the set. If
only a pointer or identifier to the Master was placed in the
queue, then this pointer or identifier is removed from the
queue.

[0052] At decision step 316, the Simulator thread deter-
mines if there are any additional FIDs 116 in the queue 117
of calendar folders with Masters that require expansion. If
so, steps 312 and 314 are repeated for these additional
calendar folders 114. In one implementation, the queue 117
is a first in, first out queue. If no other FIDs 116 are in the
queue 117, at step 316 the priority of the Simulator thread is
reverted to a lower priority. The Simulator thread will
remain in a low priority until the next time the Callback
routine 118 signals the Simulator thread 120.

[0053] With the present invention, when a thin client
queries calendar information saved on a server by a thick
client, the Masters may have already been expanded into
individual instances of the recurring appointments and saved
to a computer readable medium. When receiving the query,
the server checks the Status Message to ensure that all
Masters in the calendar folder have been expanded for a
defined time period. Because the Masters have already been
expanded, the single appointments and individual instances
of Masters are transmitted to the client and displayed on an
appropriate user interface. Accordingly, the delay associated
with expanding the Masters and saving the individual
instances to the calendar folder contemporaneous with the
client request is eliminated.

[0054] In view of the many possible embodiments to
which the principles of this invention may be applied, it
should be recognized that the embodiment described herein
with respect to the drawing figures is meant to be illustrative
only and should not be taken as limiting the scope of
invention. For example, those of skill in the art will recog-
nize that the elements of the illustrated embodiment shown
in software may be implemented in hardware and vice versa
or that the illustrated embodiment can be modified in
arrangement and detail without departing from the spirit of
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the invention. Therefore, the invention as described herein
contemplates all such embodiments as may come within the
scope of the following claims and equivalents thereof. As
another example, the functionalities of the Callback and
Simulator threads may be performed by a single thread.

[0055] Although the specification discusses an implemen-
tation in which a single server is used, those with ordinary
skill will recognize that the system and method of the
present invention may be implemented using a plurality of
servers. Additionally, the database 112 may be implemented
on a separate file server. Other multiple server implemen-
tations are also intended to be encompassed by the inven-
tion.

[0056] Additionally, even though the specification refers
to certain software applications available commercially, the
invention is not limited to these named applications or the
current version of these applications. Rather, these applica-
tions are mentioned for illustrative purposes and the inven-
tion is broad enough to encompass any combination of
software and hardware with the functionalities described
herein.

1. A method of expanding a master data structure includ-
ing a recurrence pattern into individual instances of a
recurring appointment according to the recurrence pattern
for a defined time period, comprising:

placing an identifier identifying a calendar folder contain-
ing the master data structure in a queue for further
processing;

signaling a first thread having a priority level, the priority
level being a first priority level that the calendar folder
containing the master data structure is queued for
further processing;

changing the priority level of the first thread from the first
priority level to a second, higher priority level;

calling a first routine for expanding the master data
structure into the individual instances of the recurring
appointment; and

saving the individual instances of the recurring appoint-
ment to the calendar folder on a computer readable
medium.

2. The method of claim 1, further comprising saving the
calendar folder containing the master data structure in the
computer readable medium, wherein the calendar folder
containing the master data structure is saved to the computer
readable medium based on a request from a thick client.

3. The method of claim 2, wherein the thick client is
compliant with the MAPI architecture.

4. The method of claim 1, wherein the first thread per-
forms the step of calling the first routine.

5. The method of claim 4, wherein the first thread calls the
first routine by simulating a query from a thin client.

6. The method of claim 5, wherein the thin client is a web
browser.

7-8. (canceled)

9. The method of claim 1, wherein the first priority level
of the first thread is a low priority level.

10. The method of claim 1, wherein the second priority
level of the first thread is a normal priority level.

11. The method of claim 1, wherein the second priority
level of the first thread is a high priority level.
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12. The method of claim 1, wherein the steps of changing
the priority level and calling the first routine occur when idle
processing capacity is available.

13. A system for expanding a recurring data structure
including a recurrence pattern indicative of individual
instances of a recurring appointment for a defined time
period, comprising:

means for maintaining a database including a calendar
folder containing at least one recurring data structure;

means for determining whether the recurring data struc-
ture in the calendar folder has been expanded into
individual instances of the recurring appointment;

means for placing the calendar folder in a queue;

means for retrieving the calendar folder from the queue;
and

means for calling a routine causing the expansion of the
recurring data structure into the individual instances of
the recurring appointment for a defined time period.

14. The system of claim 13, further comprising means for
saving the individual instances of the recurring appointment
in the calendar folder.

15. The system of claim 14, wherein the means for
retrieving the calendar folder from the queue is a thread that
runs in the background.

16. The system of claim 15, further comprising means for
signaling the thread that the calendar folder containing the
recurring data structure is in the queue.

17. A computer-readable medium having computer
executable instructions for expanding a master data structure
including a recurrence pattern into individual instances of a
recurring appointment according to the recurrence pattern
for a defined time period, which, when executed comprise:

placing an identifier identifying a calendar folder contain-
ing the master data structure in a queue for further
processing;

signaling a simulator thread having a priority level, the
priority level being a first priority level that the calen-
dar folder containing the master data structure is
queued for further processing;

changing the priority level of the simulator thread to a
second, higher priority level;

calling a first routine for expanding the master data
structure into the individual instances of the recurring
appointment; and

saving the individual instances of the recurring appoint-
ment to the calendar folder on a computer readable
medium.

18. The computer-readable medium of claim 17, wherein
the computer executable instructions for expanding the
master data structure, when executed, further comprise
calling a callback routine to perform the steps of placing the
identifier in the queue and signaling the simulator thread.

19. The computer-readable medium of claim 18, wherein
the callback routine executes in a separate thread.

20. The computer-readable medium of claim 17, wherein
the simulator thread performs the step of calling the first
routine.
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21. The computer-readable medium of claim 20, wherein
the simulator thread calls the first routine by simulating a
query from a thin client.

22. The computer-readable medium of claim 17, wherein
the first priority level of the simulator thread is a low priority
level.

23. The computer-readable medium of claim 22, wherein
the priority level of the simulator thread is changed to a
second, higher priority level when idle processing capacity
is available.

24. The computer-readable medium of claim 23, wherein
the second priority level of the simulator thread is a normal
priority level.

25. The computer-readable medium of claim 23, wherein
the second priority level of the simulator thread is a high
priority level.

26. A system for expanding a master data structure
including a recurrence pattern contained in a calendar folder
maintained by a server executing a calendaring application
into individual instances of a recurring appointment, com-
prising, a database logically accessible to the calendaring
application on the server for maintaining the calendar folder;
a status message implemented by the calendaring applica-
tion, the status message indicating whether the calendar
folder contains the master data structure that requires
expanding; a first thread executing at a low priority level on
the server; and a first routine for computing the individual
instances of the recurring appointment from the recurrence
pattern of the master and saving the individual instances in
the calendar folder, wherein the first thread calls the first
routine.

27-28. (canceled)

29. The system of claim 26, wherein the first thread calls
the first routine by simulating a query from a thin client.

30. The system of claim 26, wherein the priority level of
the first thread is increased prior to the first thread calling the
first routine.

31-33. (canceled)

34. A method of expediting the display of recurring
calendar information on a thin client, comprising:

detecting whether a master data structure including a
recurrence pattern of a recurring appointment was
saved by a thick client;

placing the calendar folder including the master data
structure in a queue of calendar folders requiring fur-
ther processing;

signaling a simulator thread running in the background
that the calendar folder has been placed in the queue;

increasing a priority level of the simulator thread;

expanding the master data structure into individual
instances of the recurring appointment; and

saving the individual instances of the recurring appoint-
ment to a computer readable medium.

35. The method of claim 34, further comprising changing
a status message associated with the master data structure to
indicate that the master data structure has to be expanded.

36. The method of claim 35, further comprising changing
the status message associated with the master data structure
to indicate that the master data structure has been expanded.

37. (canceled)
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38. Amethod of expanding a master data structure includ-
ing a recurrence pattern into individual instances of a
recurring appointment according to the recurrence pattern
for a defined time period, comprising:

placing an identifier identifying the master data structure
in a queue for further processing;

signaling a first thread having a priority level the priority
level being a first priority level that the master data
structure is queued for further processing;

changing the priority level of the first thread from the first
priority level to a second, higher priority level;

calling a first routine that expands the master data struc-
ture into the individual instances of the recurring
appointment; and

saving the individual instances of the recurring appoint-

ment to a computer readable medium.

39. The method of claim 38, wherein the first thread calls
the first routine that expands the master data structure.

40. The method of claim 38, wherein the first thread calls
the first routine by simulating a query from a thin client for
calendar information for a defined time period.

41. The method of claim 40, wherein the thin client is a
web browser.

42. (canceled)

43. The method of claim 38, wherein the first priority
level of the first thread is a low priority level.

Oct. 6, 2005

44. The method of claim 38, wherein the second priority
level of the first thread is a normal priority level.

45. The method of claim 38, wherein the second priority
level of the first thread is a high priority level.

46. (canceled)

39. The method of claim 38, wherein the first thread calls
the first routine that expands the master data structure.

40. The method of claim 38, wherein the first thread calls
the first routine by simulating a query from a thin client for
calendar information for a defined time period.

41. The method of claim 40, wherein the thin client is a
web browser.

42. The method of claim 38, further comprising calling a
second routine to perform the step of placing the identifier
in the queue and signaling the first thread.

43. The method of claim 38, wherein the first priority
level of the first thread is a low priority level.

44. The method of claim 38, wherein the second priority
level of the first thread is a normal priority level.

45. The method of claim 38, wherein the second priority
level of the first thread is a high priority level.

46. The method of claim 38, wherein the steps of chang-
ing of the priority level and calling the first routine occur
when idle processing capacity is available.



