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ADAPTIVE SYNCHRONIZATION OF SERVICE 
DATA 

0001. This application claims priority under 35 U.S.C. 
S120 to copending U.S. patent application Ser. No. 09/872, 
753, filed Jun. 1, 2001, entitled “System And Method For 
Progressive And Hierarchical Caching,” which application 
is incorporated entirely herein by reference. This application 
also claims priority under 35 U.S.C. S119(e) to copending 
U.S. Provisional Patent Application No. 60/376,962, filed on 
Apr. 30, 2002, entitled "Adaptive Synchronization Of Ser 
Vice Data, which application is incorporated entirely herein 
by reference as well. 

FIELD OF THE INVENTION 

0002 Various aspects of the present invention relate to a 
method and device for adaptively changing the Synchroni 
Zation parameters for Synchronizing Service data between an 
institutional data Store associated with a user and a Service 
provider providing telecommunication Services for the user. 

BACKGROUND OF THE INVENTION 

0003. Many telecommunication service users obtain their 
Services for or through a corporation or other institution. 
Thus, a user may obtain a wireleSS telephone Service, 
electronic mail Service, Voice dialing Service or the like for 
his or her use as an employee of a corporation. With this 
arrangement, the institution, the user or both may want the 
Service provider to provide its Services using Specific data, 
hereafter referred to as Service data, which includes data 
Stored in the institution's database. For example, a user may 
subscribe to a voice activated dialing (VAD) service for 
work. The user or the user's employer might then want the 
Service provider to provide the Service using Service data 
that includes the contact information Stored in the employ 
er's corporate database. 
0004 Service providers face a “firewall challenge,” how 
ever, when trying to provide Services to end users based 
upon proprietary institutional databases. Specifically, the 
Service providers must deploy their Services using infra 
Structure housed within their data centers and/or networks, 
but these data centers and networks are situated outside of 
the Security Systems or “firewalls” that many institutions use 
to protect their propriety networks and infrastructure from 
unauthorized access. Thus, with the example of a voice 
activated dialing (VAD) service noted above, the employer's 
contact information may be Stored and maintained in a 
server such as Microsoft Exchange(R) server or a Lotus 
Domino (R) server situated behind the employer's corporate 
firewall. 

0005 For the end user in this example, the simplest 
solution would be to have the service provider’s VAD 
System directly access the employer's MicroSoft Exchange(E) 
or Lotus Domino(R) Server and extract the user's contact 
information directly, without requiring the user's involve 
ment (other than, perhaps, to provide the user's username 
and password in order to give the provider initial access to 
the employer's Microsoft Exchange(E) or Lotus Domino(R) 
Server). This approach, however, while easiest for the end 
user and desirable from the Service provider's point-of-view, 
is not one that that will typically meet with the institutions 
approval. On one hand, the institution will not want its end 
users to be storing corporate credentials (used to access the 
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institution's servers) on a System located outside the insti 
tutions domain. On the other hand, if a service provider's 
Single System attempts to acceSS data within an institution's 
Server on behalf of multiple end users, the institution may 
have difficulty distinguishing this legitimate acceSS from a 
hacker's attack, as they have Similar characteristics. 

0006. One conventional Solution to this “firewall chal 
lenge” is to deploy a Virtual Private Network (VPN) that 
Securely bridges the Service provider's network and infra 
Structure to the institution's network and infrastructure. 
Virtual Private Networks have a disadvantage, however, in 
that they require the institution's participation and Signifi 
cant resources to deploy and Support. This disadvantage can 
be especially cumberSome for larger companies or institu 
tions that are likely to have relationships with Several 
different Service providers and/or multiple networks (e.g., 
for different geographic regions, busineSS units, Subsidiaries, 
etc.). 
0007 Still another disadvantage associated with Virtual 
Private Networks is that they are based on “tunneling” a 
Secure communication Session within an insecure commu 
nication Session that is transported over the public Internet. 
While this technique avoids the costs associated with build 
ing large private networks, it can lead to performance issues, 
as the “tunneling proceSS induces additional latency on top 
of the latency already inherent in communication over the 
Internet. Further, because Virtual Private Networks are built 
on top of the Internet, over which neither the service 
provider nor the institution can have total control, perfor 
mance of Virtual Private Networks can vary significantly 
based on time-of-day, geography, and a number of other 
external 

0008 Another conventional solution to the “firewall 
challenge' uses Synchronization technology. With this tech 
nique, the data normally Stored and managed in the institu 
tion's platforms, like Microsoft Exchange(E) servers and 
Lotus Domino(E) servers, situated behind the institutions 
firewall, is replicated in one or more platforms maintained 
by the service provider. More particularly, a device behind 
the institution's firewall periodically connects to the Service 
provider's System in order to (1) communicate changes 
made to the user's data through the user's normal interaction 
with the institution's Systems, (2) determine if changes have 
been made to the user's Service data as a result of the end 
user's interaction with the Service provider, and (3), as 
needed, transfer data between the institution's System and 
the Service provider's System and otherwise Synchronize 
multiple instances of the user's Service data. This approach 
overcomes the “firewall challenge” because the Synchroni 
Zation proceSS can be initiated by a System operating within 
the institution's domain using an approved data transfer 
protocol, such as HTTP, its encrypted variant, HTTPS, or 
any other Suitable data transfer protocol. 

0009. This approach relies on these periodic connections, 
or “polling”, because the institution's firewall prevents the 
Service provider's Systems from Sending “change requests' 
to the institution's Systems exactly when Such change events 
occur. In other words, because the Service provider's Sys 
tems cannot directly communicate changes to the Service 
data when and only when Such changes occur, the institu 
tions systems must instead periodically “check in' with the 
Service provider's Systems to determine if changes have 
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occurred, even if none have. Failure to regularly make a 
periodic check could leave important changes un-synchro 
nized, leading to user confusion or worse. For example, a 
time-critical electronic mail message initiated through the 
Service provider's Systems may go undelivered to one or 
more recipients for an unacceptable period of time, or a 
meeting initiated through the Service provider's Systems 
may not be reflected in the institution's Systems in a timely 
fashion leading to a “double-booking” or other conflict in 
the user's Schedule. 

0.010 The conventional synchronization solution does 
have Some problems, however. Because the Synchronization 
proceSS is initiated by a device or System operating behind 
the institution's firewall and within the institution's domain, 
it is necessary for Such Solutions to employ a "polling” 
approach where the institution's System periodically polls 
the Service provider's System, as noted above. The Selection 
of the polling interval or “synchronization interval' offers 
Significant tradeoffs. This is because each concurrent con 
nection has both a fixed and recurring cost component and 
the shorter the Synchronization interval the greater the peak 
number of concurrent connections will be over a given 
period of time. 

0.011 The selection of how much and the type of data to 
be Synchronized during each Synchronization process also 
presents significant tradeoffs. Like the Synchronization 
operation, data Storage also has fixed and recurring costs, So 
it is not desirable to Store any more data than is needed. Also, 
the amount of Synchronized data is related to the Synchro 
nization interval because it takes a finite amount of time to 
Synchronize one or more data Sets. Thus the larger the size 
of each Synchronized data Set and/or the greater the number 
of Such sets, the longer the required Synchronization inter 
val. Otherwise, the number of concurrent Synchronization 
communication Sessions required to Service every end user 
would approach the number of overall end users, which 
would be cost-prohibitive. 

0012 Still further, the synchronization interval and the 
amount of Synchronized data both impact the end user's 
Satisfaction. The shorter the Synchronization interval, the 
more closely the Synchronization process emulates the 
responsiveness of a direct acceSS model where the Service 
provider is able to access data in real-time directly from the 
institution's applications and Systems. Similarly, the greater 
the quantity of data Synchronized the Synchronization pro 
ceSS, the more closely the Synchronization process emulates 
the responsiveness of the Service provider accessing all 
available data by interfacing directly with institution's appli 
cations and Systems. 

0013 The standard solution to these synchronization 
tradeoffs is to take one of the following approaches: (1) fixed 
Synchronization interval, fixed Synchronization data quan 
tity, (2) fixed synchronization interval, user-defined Synchro 
nization data quantity, (3) user-defined Synchronization 
interval, fixed Synchronization data quantity, or (4) user 
defined Synchronization interval, user-defined Synchroniza 
tion data quantity. Each of these approaches has drawbacks, 
however. For example, the fixed Synchronization interval, 
fixed Synchronization data quantity approach offers predict 
able costs and is simple in that no end-user decision-making 
or configuration is required, but this approach uses an 
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arbitrary Synchronization interval and an arbitrary Synchro 
nization data quantity that may not meet the needs of all end 
USCS. 

0014 With the fixed synchronization interval, user-de 
fined Synchronization data quantity arrangement, the Storage 
costs are not predictable, and the end-user must be involved 
in deciding upon and configuring the Synchronization data 
quantity. Moreover, users will tend to “maximize” the syn 
chronized data quantities, thereby driving up Storage costs. 
With the user-defined synchronization interval, fixed syn 
chronization data quantity approach, the connection costs 
are not predictable, and the end-user must be involved in 
deciding upon and configuring the Synchronization interval. 
Further, users will tend to “minimize' their synchronization 
intervals, thereby driving up concurrent connection costs. 
Lastly, with the user-defined Synchronization interval, user 
defined Synchronization data quantity arrangement, both the 
connection costs and the Storage costs are unpredictable and 
the end-user must be involved in a significant amount of 
decision-making and configuration to determine both the 
Synchronization interval and the Synchronization data quan 
tities. Moreover, users will tend to minimize the synchro 
nization interval and maximize the Synchronized data quan 
tities, driving up both connection costs and the Storage costs. 

BRIEF SUMMARY OF THE INVENTION 

0015 Accordingly, there is a need for synchronization 
techniques that allow a Service provider to obtain more 
efficient Synchronization parameters for Synchronizing its 
Service data between Service data Stored in an institutional 
data Store associated with a user. Various examples of the 
present invention advantageously offer a Synchronization 
method and device that adaptively adjusts Synchronization 
parameters, Such as the Synchronization interval and quan 
tity of Synchronized data, on a per-end-user basis in response 
to actual end-user behavior. In particular, heavy users of 
Service data are rewarded with improved Synchronization 
parameters, Such as a combination of Shorter Synchroniza 
tion intervals and increased Synchronization data quantities, 
which provides closer to “direct access' performance. Light 
users of Service, on the other hand, are assigned lower cost 
Synchronization parameters, Such as longer Synchronization 
intervals and/or decreased Synchronization data quantities. 
0016. The various embodiments of the invention thus 
allow Synchronization resources that would otherwise be 
wasted on light users to be conserved and allocated to heavy 
users. According to the invention, the Synchronization 
parameters continually change as user behavior changes, 
Such as when a light user begins to use Service more heavily, 
So as to constantly optimize the resources employed by the 
Service provider on both an individual and aggregate basis. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 FIG. 1 shows one example of a programmable 
computer that may be used to implement various embodi 
ments of the invention. 

0018 FIG. 2 shows a network employing a synchroni 
Zation device according to one embodiment of the invention. 
0019 FIG. 3 illustrates a synchronization device accord 
ing to one embodiment of the invention. 
0020 FIG. 4 illustrates one example of a bell curve 
according to which a Synchronization amount may be 



US 2004/0024910 A1 

increased or decreased in response to an increased or 
decreased use of Service data, respectively. 

DETAILED DESCRIPTION OF EXAMPLES OF 
THE INVENTION 

0021 AS is well known in the art, telecommunication 
Service data used to provide telecommunication Services, 
Such as wireleSS telephone Service, electronic mail, Voice 
mail and the like, is conventionally Stored and manipulated 
by programmable computers. This type of computer can be 
embodied by, for example, an electronic mail account Server, 
a wireless application protocol (WAP) gateway device, or a 
Voice mail Services Server. Further, this type of computer can 
be used to implement an adaptive Synchronization device 
according to various embodiments of the invention. 
0022 FIG. 1 shows one example of Such a program 
mable computer System 101 capable of Synchronizing Ser 
Vice data between a telecommunication Service provider and 
a data Store associated with an end user of the Service 
provider's telecommunication Services. The computer SyS 
tem 101 includes a processing unit 103, a system memory 
105, and a system bus 107 that couples various system 
components, including the System memory 105, to the 
processing unit 103. The system memory 105 may include 
a read-only memory (ROM) 109 and a random access 
memory (RAM) 111. 
0023) A basic input/output system 113 (BIOS), contain 
ing the routines that help to transfer information between 
elements within the computer System 101, Such as during 
startup, may be stored in the read-only memory (ROM) 109. 
If the computer system 101 is embodied by a personal 
computer, it may further include a hard disk drive 115 for 
reading from and writing to a hard disk (not shown), a 
magnetic disk drive 117 for reading from or writing to a 
removable magnetic disk (not shown), or an optical disk 
drive 119 for reading from or writing to a removable optical 
disk (not shown) such as a CD-ROM or other optical media. 
0024. A number of program modules may be stored on 
the ROM 109, the hard disk drive 115, the magnetic disk 
drive 117, and the optical disk drive 119. A user may enter 
commands and information into the computer System 101 
through an input device 123, Such as a keyboard, a pointing 
device, a touch Screen, a microphone, a joystick or any other 
Suitable interface device. Of course, the computer System 
101 may employ a variety of different input devices 123, as 
is known in the art. An output device 125, Such as a monitor 
or other type of display device, is also included to convey 
information from the computer system 101 to the user. As 
will be appreciated by those of ordinary skill in the art, a 
variety of output devices 125, Such as Speakers and printers, 
may alternately or additionally be included in the computer 
system 101. 
0.025 In order to access both the computing systems 
employed by one or more Service providers and one or more 
data Stores associated with an end user, the computer System 
101 preferably is capable of operating in a networked 
environment using logical connections to one or more 
remote computers, Such as the remote computer 127. The 
computer system 101 may be connectable to the remote 
computer 127 through a local area network (LAN) 129 or a 
wide area network (WAN) 131, such as the Internet. When 
used in a networking environment, the computer System 101 
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may be connected to the network through an interface 133, 
Such as a wireleSS transceiver, a modem, an Ethernet con 
nection, or any other such interface. While the interface 133 
is illustrated as an internal interface in FIG. 1, it may 
alternately be an external interface as is well known in the 
art. Of course, it will be appreciated that the network 
connections shown in this figure are exemplary, and other 
means of establishing a communications link with other 
computers to access an electronic mail account may be used. 

0026 FIG. 2 illustrates a network 201 of devices that 
include an adaptive synchronization device 203. The net 
work 201 also includes a variety of service provider (or 
service carrier) infrastructure sytems 205. As is known in the 
art, these service provider infrastructuresytems 205 are used 
to provide telecommunication Services to a variety of tele 
communication devices 207 employed by an end user 209. 
For example, the Service provider infrastructure System 
205A may be a wireleSS application protocol gateway that 
communicates with a wireleSS telecommunication device, 
Such as a wireleSS telephone or personal information man 
ager, using the wireless mark-up language (WML), the 
hand-held device mark-up language (HDML), or another 
Suitable communication language. 
0027 Similarly, the service provider infrastructure sys 
tem 205B may be a packet data gateway for transmitting and 
receiving information to, e.g., a mobile personal information 
manager Such as a Palm or a Pocket PC-based computing 
device. The packet data gateway 205B may communicate 
with the mobile personal information management device 
207B using any Suitable communication method, Such as a 
binary Synchronization proceSS or an extensible mark-up 
language (XML). Still further, as shown in FIG. 2, the 
service provider infrastructure system 205C may be a voice 
Services platform for transmitting Voice messages to and 
receiving voice messages from a wireleSS telephone 207C. 
In addition, the network 201 may include one or more 
Service provider Service data Stores 211. AS known in the art, 
these Service data Stores 211 (e.g., Internet electronic mail 
Servers) store Service data used by Service carriers to provide 
telecommunication Services, Such as electronic mail Ser 
vices, to the end user 209. 

0028 Referring back to FIG. 2, the adaptive synchroni 
zation device 203 is included in a Subnetwork 213 associated 
with the end user 209. For example, the subnetwork 213 may 
be a network maintained by the end user's employer or any 
other institution with which the end user is associated, Such 
as a School, research center, or the like. The Subnetwork 213 
includes a data Store 215 that Stores data associated with the 
end user 209. Thus, the data store 215 may store data used 
by a Microsoft Exchange(R) server or a Lotus Domino (R) 
Server that contains contact information associated with the 
end user 209. If the end user 209 is a sales representative for 
an employer that maintains Subnetwork 213, then the data 
Store 215 may, e.g., include the name, telephone number, 
electronic mail address, and other address information relat 
ing to Sales prospects of the employer. The Subnetwork 213 
may also include a firewall 217 to protect the Subnetwork 
213 from unauthorized access. Such firewalls are well 
known in the art, and thus will not be described here in 
detail. 

0029. As will be explained in detail below, the adaptive 
synchronization device 203 synchronizes the end user's 
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Service data stored in the data store 215 on one side of the 
firewall 217 with Service data for the end user 209 stored in 
a Synchronization Service data Store 219 maintained on an 
opposite side of firewall 217. As seen in FIG. 2, the 
Synchronization Service data Store 219 provides Service data 
to the service provider infrastructure systems 205 and the 
Service provider data Stores 211. Using this arrangement, the 
Service providers can employ Service data Stored behind the 
firewall 217 in data store 215 without having to actually 
penetrate the firewall 217. Instead, the service provider 
infrastructure systems 205 and the service provider data 
Stores 211 can directly access the Service data from the 
synchronization service data store 219. 

0030 FIG. 3 illustrates the adaptive synchronization 
device 203 in more detail. AS Seen in this figure, the adaptive 
synchronization device 203 includes a control unit 301, an 
input unit 303, and an output unit 305. The adaptive syn 
chronization device 203 also includes a Synchronization 
proceSS unit 307, a user Service data acceSS detection unit 
309, and a synchronization adaptation unit 311. The control 
unit 301 operates to control the exchange of information 
between each of the other control units 303-311. 

0.031 AS will be appreciated by those of ordinary skill in 
the art, one or more components of the adaptive Synchro 
nization device 203 can be embodied using software imple 
mented on a computer System, Such as the computer System 
101 described with regard to FIG. 1 above. For example, the 
input unit 303, the output unit 305, the synchronization 
proceSS unit 307, the user Service data acceSS detection unit 
309, and the synchronization adaptation unit 311 can each be 
embodied by software subroutines. The control unit 301 may 
then be a control Software routine that calls the various 
Software subroutines embodying the different units 303-311. 
Of course, those of ordinary skill in the art will appreciate 
that one or more of the units 301-311 may also be embodied 
by electronic circuitry. 

0.032 The input unit 303 receives information provided 
from outside of the adaptive synchronization device 203. 
For example, the input unit 303 may receive messages from 
the synchronization service data store 219 or receive service 
data from the data store 315. Similarly, the output unit 305 
transmits information to devices outside of the adaptive 
synchronization device 203. Thus, the output unit 203 may 
transmit control messages to the Synchronization Service 
data Store 219, transmit request messages requesting infor 
mation from the data store 315, and transmit service data 
received by the input unit 303 from the data store 315 to the 
synchronization service data store 219. The operation of the 
input unit 303 and output unit 305 are known in the art, and 
thus will not be discussed in here detail. 

0033. The synchronization unit 307 controls the synchro 
nization of data between the data store 215 and the synchro 
nization service data store 219. That is, the synchronization 
unit 307 operates to ensure that a user's service data stored 
in the synchronization service data store 219 is synchronized 
with the user's service data stored in the data store 215. 
Thus, if the data store 215 contains new user service data (or 
a new deletion of the user's Service data) that is not stored 
in the synchronization service data store 219, then the 
synchronization unit 307 updates the synchronization ser 
vice data store 219 to include the new data (or new deletion 
of data) during a Synchronization process. Similarly, if the 

Feb. 5, 2004 

Synchronization Service data Store 219 contains new user 
Service data (or a new deletion of the user's Service data) 
added by the user's use of the service provider's telecom 
munication Services that is not stored in the data Store 215, 
then the synchronization unit 307 updates the data store 215 
to include the new data (or new deletion of data) during a 
Synchronization process. 

0034. Accordingly, the synchronization unit 307 may 
instruct the output unit 305 to transmit a request for the 
service data to the data store 215, instruct the input unit 303 
to receive the requested Service data from the data Store 215, 
and then instruct the output unit 305 to forward the received 
Service data to the Synchronization Service data Store 219. 
Alternately, the synchronization unit 307 may control a 
Synchronization process that operates outside of the adaptive 
Synchronization device 203 (e.g., a Synchronization process 
involving direct communication between the data store 215 
and the Synchronization Service data Store 219, or involving 
another intermediary device between the data store 215 and 
the synchronization service data store 219). 
0035) The user service data retrieval detection unit 309 
detects the retrieval of Service data for the end user 209 from 
the synchronization service data store 219. More particu 
larly, the user service data retrieval detection unit 309 
detects the retrieval of Service data for a user by a Service 
provider infrastructure system 205 or a service provider 
Service data Store 211. According to Some embodiments of 
the invention, the user Service data retrieval detection unit 
309 detects and records the occurrence of each retrieval of 
Service data associated with the end user 209 from the 
synchronization service data store 219. With alternate 
embodiments of the invention, the user Service data retrieval 
detection unit 309 detects and records the quantity of 
retrieved Service data each time that Service data associated 
with the end user 209 is retrieved from the synchronization 
service data store 219. According to still other embodiments 
of the invention, the user Service data retrieval detection unit 
309 detects and records both the occurrence of each retrieval 
of Service data associated with the end user 209 and the, 
quantity of Service data retrieved. 
0036) The synchronization adaptation unit 311 then 
employs the information obtained by the user Service data 
retrieval detection unit 309 to determine the retrieval amount 
of the user's Service data from the Synchronization Service 
data store 219, and whether the retrieval amount has 
increased or decreased. It should be noted that the Synchro 
nization adaptation unit 311 may determine the retrieval 
amount in a variety of ways. For example, with Some 
embodiments of the invention, the Synchronization adapta 
tion unit 311 determines the retrieval amount based upon the 
frequency of retrieval of the user's Service data in the 
synchronization service data store 219. 

0037. Further, if the synchronization adaptation unit 311 
determines the retrieval amount of the user's Service data 
based upon the frequency at which the Service data has been 
retrieved, the frequency value may also be determined in a 
variety of ways. For example, the Synchronization adapta 
tion unit 311 can determine the service data retrieval fre 
quency based Solely upon the two most recent retrievals of 
the user's Service data from the Synchronization Service data 
store 219. Thus, if the service provider infrastructure system 
205A made a first request for service data for the user at 1:00 
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A.M., the service provider infrastructure system 205B made 
a second request for service data for the user at 1:30 A.M. 
and the service provider infrastructure system 205C made a 
third request for service data for the user at 1:45 A.M., then 
the synchronization adaptation unit 311 would determine the 
frequency of access to the user's Service data to be once 
every 15 minutes. 
0.038 Alternately, the synchronization adaptation unit 
311 could determine the retrieval frequency by averaging 
together the intervals between a predetermined number of 
retrievals requested from the Synchronization Service data 
store 219. Thus, if the synchronization adaptation unit 311 
determines the retrieval frequency by averaging together the 
intervals between the three most recent retrieval requests for 
Service data for a user, then Synchronization adaptation unit 
311 would determine a retrieval frequency of 22.5 minutes 
by averaging the interval between the first request and the 
Second request (i.e., 30 minutes) with the interval between 
the Second request and the third request (i.e., 15 minutes). 
Still further, the synchronization adaptation unit 311 could 
determine the retrieval frequency based upon the number of 
requests for Service data for a user received during a 
predetermined time period, e.g., each hour. With this 
embodiment, for the above example the Synchronization 
adaptation unit 311 would determine the retrieval frequency 
to be every twenty minutes (i.e., the average of three 
retrieval requests within 60 minutes). 
0039. In alternate embodiments of the invention, the 
Synchronization adaptation unit 311 may determine the 
retrieval amount of the user's Service data based upon the 
quantity of Service data retrieved from the Synchronization 
service data store 219. As before, the quantity of retrieved 
Service data can be measured in a variety of ways. Thus, the 
quantity value can be defined by using individually retrieved 
record fields of the Service data, based upon a Specified 
window of time over which the retrieved service data was 
accumulated, or by using the number of records retrieved 
from the synchronization service data store 219. 

0040 For example, if the retrieved service data for the 
user is electronic mail messages, the value of the quantity of 
retrieved Service data could be determined based upon the 
number of retrieved electronic mail file folders. With alter 
nate embodiments of the invention, the value of the quantity 
of retrieved service data could be determined based upon the 
Specific period of time (e.g., five days) over which the 
retrieved messages were received. For Still other embodi 
ments of the invention, the value of the quantity of retrieved 
Service data could be determined based Simply upon the 
number of retrieved messages (e.g., 50 electronic mail 
messages). AS will be appreciated by those of ordinary skill 
in the art, the particular method for determining the quantity 
of the retrieved Service data for a user can be determined 
according to any technique Suitable to the desired applica 
tion of the invention. 

0041. In still other embodiments of the invention, the 
Synchronization adaptation unit 311 may determine the 
retrieval amount based on Selection events initiated by the 
user. For example, if a user unsuccessfully attempts to Select 
data, Such as an e-mail message or appointment that falls 
outside of the currently Synchronized amount (e.g., where 
Such an amount is initially determined by, for example, a 
date range relative to the then-current date), then the Syn 
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chronization adaptation unit 311 may immediately adjust the 
applicable data amount for the user to ensure that a Subse 
quent request for the data will be Successful. When doing So, 
the Synchronization adaptation unit 311 may also commu 
nicate to the user that the adjustment has been made and 
when, based on the then-current interval, the user should 
reattempt the request. Other various embodiments of the 
invention may even adjust the data amount on a predictive 
basis before an unsuccessful data request actually occurs. 
For example, if the user has made multiple requests for data 
in a short period of time where such data fall close to the 
then-current “boundary' for that particular data type, then 
the Synchronization adaptation unit 311 may pro-actively 
adjust the boundary on the assumption that a Spike in activity 
near a “boundary is an indicator that a request for data 
beyond the “boundary” is more likely to occur. The syn 
chronization adaptation unit 311 may then readjust the data 
amount if this activity pattern Subsides. 
0042. According to still other embodiments of the inven 
tion, the Synchronization adaptation unit 311 may determine 
the amount of retrieved Service data for the user based upon 
both the frequency of retrieval requests and the quantity of 
data obtained during each retrieval. Thus, the Synchroniza 
tion adaptation unit 311 may determine both a retrieval 
frequency value and a retrieved Service data quantity value. 
Alternately, the Synchronization adaptation unit 311 may 
determine a single retrieval amount value using both a 
determined retrieval frequency and a determined of quantity 
of retrieved Service data. For example, the Synchronization 
adaptation unit 311 may multiply a determined retrieval 
frequency by a first constant, multiply a determined retrieval 
quantity by a Second constant, and then add the two resulting 
values to obtain a single Service data retrieval amount value. 
Again, as will appreciated by those of ordinary skill in the 
art, the particular method for determining a retrieval amount 
of retrieved Service data for a user can be determined by 
using any Suitable technique appropriate to the desired 
application of the invention. 
0043. As previously noted, the synchronization adapta 
tion unit 311 also determines whether the determined 
retrieval amount of retrieved Service data for a user is an 
increase or a decrease over the previously determined 
retrieval amount of retrieved service data for the user. Thus, 
if the synchronization adaptation unit 311 determines the 
retrieval amount to be the retrieval frequency based upon the 
interval between the most recent two retrieval requests, then 
for the above example (using the first, Second and third 
requests) the Synchronization adaptation unit 311 will deter 
mine a first retrieval frequency of one per thirty minutes, and 
a second retrieval frequency of one per fifteen minutes. With 
this example, the Synchronization adaptation unit 311 would 
then determine that the Second retrieval frequency, and thus 
the retrieval amount, has increased over the first retrieval 
frequency. 

0044) In addition to determining the retrieval amount of 
retrieved service data for a user and whether this retrieval 
amount is an increase or a decrease over the previously 
determined retrieval amount, the Synchronization adaptation 
unit 311 also determines the synchronization amount for 
Synchronizing Service data between the data Store 215 and 
the synchronization service data store 219. More particu 
larly, the Synchronization adaptation unit 311 determines the 
Synchronization amount based upon the whether the deter 
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mined retrieval amount has increased or decreased over 
previously determined retrieval amounts. 

0.045. As used herein, the term synchronization amount 
includes any Synchronization parameter that, when 
increased, improves the operation of the Synchronization 
process. (e.g., the quantity of data Synchronized during a 
Synchronization process). The term Synchronization amount 
includes the inverse of any Synchronization parameter that, 
when decreased, improves the operation of the Synchroni 
zation process (e.g., the inverse of the interval between 
Synchronization processes, or the Synchronization fre 
quency). 

0046) Thus synchronization adaptation unit 311 can 
determine the Synchronization amount according to a variety 
of techniques. For Some embodiments of the invention, the 
Synchronization adaptation unit 311 determines the Synchro 
nization amount to be the frequency at which the user's 
service data stored in the data store 215 is synchronized with 
the user's Service data Stored in the Synchronization Service 
data store 219. According to still other embodiments of the 
invention, the Synchronization amount is the quantity of 
service data synchronized between the data store 215 and the 
Synchronization Service data Store 219 during a Synchroni 
zation process. With still further embodiments of the inven 
tion, the Synchronization amount includes both the quantity 
of service data synchronized between the data store 215 and 
the Synchronization Service data Store 219 and the frequency 
of Synchronization. Of course, the Synchronization amount 
may also be or include other Synchronization parameters (or 
their inverses) as desirable for the particular application of 
the invention. 

0047. It should be noted that the synchronization adap 
tation unit 311 can determine the Synchronization amount 
based upon an increase or decrease of any type of deter 
mined retrieval amount. Thus, the Synchronization adapta 
tion unit 311 can use an increase or decrease in a retrieval 
amount that includes both the retrieval frequency and the 
quantity of retrieved Service data to determine a Synchroni 
Zation amount that includes both the frequency of Synchro 
nization and the quantity of Synchronized Service data. With 
this example, the Synchronization adaptation unit 311 can 
increase the Synchronization frequency when the retrieval 
frequency increases, and decrease the Synchronization fre 
quency when the retrieval frequency decreases. Similarly, 
the Synchronization adaptation unit 311 can increase the 
quantity of Synchronized Service data when the quantity of 
retrieved Service data increases, and decrease the quantity of 
Synchronized Service data when the quantity of retrieved 
Service data decreases. 

0048. With still other embodiments of the invention, the 
Synchronization adaptation unit 311 can use an increase or 
decrease in a retrieval amount that includes both the retrieval 
frequency and the quantity of retrieved Service data to 
determine a Synchronization amount that includes only the 
frequency of Synchronization, or only the quantity of Syn 
chronized Service data. In alternate embodiments of inven 
tion, the Synchronization adaptation unit 311 can use an 
increase or decrease in a retrieval amount that includes only 
the retrieval frequency or only the quantity of retrieved 
Service data to determine a Synchronization amount that 
includes both the frequency of Synchronization and the 
quantity of Synchronized Service data. AS will be appreciated 
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by those of ordinary skill in the art upon a review of this 
application, an increase or decrease in any combination of 
types of retrieval amount Values can be used to determine an 
increase or decrease in any combination of types of Syn 
chronization amount Values, as appropriate for the desired 
application of the invention. 

0049. It should also be noted that the synchronization 
adaptation unit 311 can determine the Specific increase or 
decrease in the Synchronization amount according to a 
variety of techniques. According to Some embodiments of 
the invention, for example, the Synchronization adaptation 
unit 311 increases the Synchronization amount based upon 
an increase in the retrieval amount according to the lower 
half of a bell curve, Such as the halfbell curve shown in FIG. 
4. 

0050. As seen in this figure, the degree to which the 
Synchronization amount is increased significantly as the 
value of the retrieval amount increases from Zero to a 
threshold value X. Then, as the value of the retrieval amount 
continues to increase from the threshold value X to a 
maximum, the degree to which the Synchronization amount 
is increased declines to Zero. For example, a “light’ end user 
whose telecommunication use requires his or her Service 
provider to have a relatively low service data retrieval 
amount for the user's Service data may have an initial 
Synchronization interval of 45 minutes. AS the user's Service 
data retrieval amount increased, the Synchronization adap 
tation unit 311 might then cut the synchronization by a third 
to 15 minutes, and then, with a still increased retrieval 
amount, again by a third, to a five-minute Synchronization 
interval. 

0051) Advantageously, this arrangement accounts for 
abrupt changes in user behavior. One Such change in behav 
ior that is particularly risky is the “trade show effect,” or 
light users who on occasion quickly become heavy users for 
Short periods of time (the risk being that they have a poor 
user experience because the Synchronization parameters 
have adjusted to be very high). For example, an end user 
who is a product manager for his or her employer may 
generally be a light user (i.e., who requires his or her Service 
provider to infrequently retrieve his or her Service data from 
the synchronization service data store 291), but relies rather 
heavily on the Service provider's telecommunication Ser 
vices when on the road for trade shows. While at the trade 
shows, the user will experience evident Service data Syn 
chronization deficiencies only initially, because, according 
to the invention, the Service data Synchronization amount 
increases the more the telecommunication Services are used. 

0052 According to some embodiments of the invention, 
the Synchronization adaptation unit 311 will also decrease 
the Synchronization amount according to a rate correspond 
ing to one half of a bell curve. Thus, even if the carrier 
chooses to cut the Synchronization amount (e.g., the Syn 
chronization interval) dramatically after an end user's first 
usage of the Service data (thereby quickly improving the 
user's experience), its costs will not significantly increase 
because the Synchronization amount will readjust to become 
Smaller as the user Stops using the device. Only that short 
interval of time will have entailed high costs to the provider, 
and the total cost over time is much lower than if, e.g., the 
frequency of Synchronization were constant. It should be 
noted that the bell curve may be that same as the bell curve 
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governing the increase rate. Alternately, the Synchronization 
adaptation unit 311 may provide a hysteresis effect by 
employing a different bell curve than the rate of Synchroni 
Zation amount increase, or by decreasing the Synchroniza 
tion amount according to a different rate pattern altogether 
0053. The present invention has been described above by 
way of Specific exemplary embodiments, and the many 
features and advantages of the present invention are appar 
ent from the written description. Thus, it is intended that the 
appended claims cover all Such features and advantages of 
the invention. Further, because numerous modifications and 
changes will readily occur to those skilled in the art, the 
Specification is not intended to limit the invention to the 
exact construction and operation as illustrated and 
described. For example, the invention may include any one 
or more elements from the apparatus and methods described 
herein in any combination or Subcombination. Accordingly, 
there are any number of alternative combinations for defin 
ing the invention, which incorporate one or more elements 
from the specification (including the drawings, claims, and 
Summary of the invention) in any combinations or Subcom 
binations. Hence, all Suitable modifications and equivalents 
may be considered as falling within the Scope of the 
appended claims. 
What is claimed is: 

1. A method of Synchronizing Service data for a user, 
comprising: 

detecting an increase in frequency of use of Service data 
by a Service provider on behalf of the user; and 

when an increase in frequency of use of Service data by a 
service provider on behalf of the user has been 
detected, increasing a frequency of Synchronization of 
Service data between the Service provider and a data 
Storage device associated with the user. 

2. The method of Synchronizing Service data for a user 
recited in claim 1, further including: 

detecting a decrease in frequency of use of Service data by 
a Service provider on behalf of the user; and 

when a decrease in frequency of use of Service data by a 
service provider on behalf of the user has been 
detected, decreasing a frequency of Synchronization of 
Service data between the Service provider and a data 
Storage device associated with the user. 

3. The method of Synchronizing Service data for a user 
recited in claim 2, wherein the frequency of Synchronization 
of Service data is decreased by an increasing amount for each 
decrease in frequency of use of Service data below a thresh 
old value and decreased by an decreasing amount for each 
decrease in frequency of use of Service data above the 
threshold value. 

4. The method of Synchronizing Service data for a user 
recited in claim 1, wherein the frequency of Synchronization 
of Service data is increased by an increasing amount for each 
increase in frequency of use of Service data below a thresh 
old value and increased by a decreasing amount for each 
increase in frequency of use of Service data above the 
threshold value. 

5. The method of synchronizing service data for a user 
recited in claim 1, further including: 
when an increase in frequency of use of Service data by a 

service provider on behalf of the user has been 
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detected, increasing a quantity of Service data Synchro 
nized during Synchronization of Service data between 
the Service provider and a data Storage device associ 
ated with the user. 

6. The method of Synchronizing Service data for a user 
recited in claim 5, wherein the quantity of Service data 
Synchronized during Synchronization of Service data is 
increased by an increasing amount for each increase in 
frequency of use of Service data below a threshold value and 
increased by a decreasing amount for each increase in 
frequency of use of Service data above the threshold value. 

7. The method of synchronizing service data for a user 
recited in claim 5, further including: 

detecting a decrease in frequency of use of Service data by 
a Service provider on behalf of the user; and 

when a decrease in frequency of use of Service data by a 
service provider on behalf of the user has been 
detected, decreasing a quantity of Service data Synchro 
nized during Synchronization of Service data between 
the Service provider and a data Storage device associ 
ated with the user. 

8. The method of synchronizing service data for a user 
recited in claim 7, wherein the quantity of Service data 
Synchronized during Synchronization of Service data is 
decreased by an increasing amount for each decrease in 
frequency of use of Service data below a threshold value and 
decreased by an decreasing amount for each decrease in 
frequency of use of Service data above the threshold value. 

9. The method of synchronizing service data for a user 
recited in claim 1, wherein the data Storage device associated 
with the user is an institutional database maintained by an 
institution associated with the user. 

10. The method of synchronizing service data for a user 
recited in claim 9, wherein the data Storage device associated 
with the user is a corporate data Store maintained by an 
employer of the user. 

11. The method of Synchronizing Service data for a user 
recited in claim 9, wherein the data store is a Microsoft 
Exchange(R) database or a Lotus Notes(R database. 

12. A method of Synchronizing Service data for a user, 
comprising: 

detecting an increase in a quantity of Service data used by 
a Service provider on behalf of the user; and 

when an increase in a quantity of Service data used by a 
service provider on behalf of the user has been 
detected, increasing a quantity of Service data Synchro 
nized during Synchronization of Service data between 
the Service provider and a data Storage device associ 
ated with the user. 

13. The method of synchronizing service data for a user 
recited in claim 12, further including: 

detecting a decrease in a quantity of Service data used by 
a Service provider on behalf of the user; and 

when a decrease in a quantity of Service data used by a 
service provider on behalf of the user has been 
detected, decreasing a quantity of Service data Synchro 
nized during Synchronization of Service data between 
the Service provider and a data Storage device associ 
ated with the user. 

14. The method of Synchronizing Service data for a user 
recited in claim 13, wherein the quantity of Service data 
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Synchronized during Synchronization of Service data is 
decreased by an increasing amount for each decrease in 
quantity of Service data used by the Service provider below 
a threshold value and decreased by an decreasing amount for 
each decrease in quantity of Service data used by the Service 
provider above the threshold value. 

15. The method of synchronizing service data for a user 
recited in claim 12, wherein the quantity of Service data 
Synchronized during Synchronization of Service data is 
increased by an increasing amount for each increase in 
quantity of Service data used by the Service provider below 
a threshold value and increased by a decreasing amount for 
each increase in quantity of Service data used by the Service 
provider above the threshold value. 

16. The method of synchronizing service data for a user 
recited in claim 12, further including: 
when an increase in quantity of Service data used by the 

service provider on behalf of the user has been 
detected, increasing a frequency of Synchronization of 
Service data between the Service provider and a data 
Storage device associated with the user. 

17. The method of synchronizing service data for a user 
recited in claim 16, wherein the frequency of Synchroniza 
tion of Service data is increased by an increasing amount for 
each increase in quantity of Service data used by the Service 
provider below a threshold value and increased by a decreas 
ing amount for each increase in quantity of Service data used 
by the service provider above the threshold value. 

18. The method of synchronizing service data for a user 
recited in claim 16, further including: 
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detecting a decrease in quantity of Service data used by the 
service provider on behalf of the user; and 

when a decrease in quantity of Service data used by the 
service provider on behalf of the user has been 
detected, decreasing a frequency of Synchronization of 
Service data between the Service provider and a data 
Storage device associated with the user. 

19. The method of synchronizing service data for a user 
recited in claim 18, wherein the frequency of Synchroniza 
tion of Service data is decreased by an increasing amount for 
each decrease in quantity of Service data used by the Service 
provider below a threshold value and decreased by an 
decreasing amount for each decrease in quantity of Service 
data used by the service provider above the threshold value. 

20. The method of synchronizing service data for a user 
recited in claim 12, wherein the data Storage device associ 
ated with the user is an institutional data Store maintained by 
an institution associated with the user. 

21. The method of Synchronizing Service data for a user 
recited in claim 20, wherein the data Storage device associ 
ated with the user is a corporate data Store maintained by an 
employer of the user. 

22. The method of Synchronizing Service data for a user 
recited in claim 20, wherein the data store is a Microsoft 
Exchange(R) data Store, a MicroSoft Outlook data Store, a 
Lotus Domino data store or a Lotus Notes(E) data store. 


