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(57) ABSTRACT 

Dynamically con?guring an application program at run-time 
via one or more extension objects. The invention software 
implements a framework with one or more extension objects 
providing functionality to an application program and an 
application manager for integrating the functionality with 
the application program during execution of the application 
program. The framework of the invention also formulates 
and routes application messages between extensible objects 
of one application program and extensible objects of other 
application programs implementing a similar, dynamically 
extensible application program framework. On receipt of 
messages or noti?cations, the framework of the receiving 
application program facilitates the discovery of the intended 
recipient extension object and routes the message accord 
ingly. 
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DYNAMICALLY EXTENSIBLE APPLICATION 
PROGRAM FRAMEWORK INCLUDING MESSAGE 

AND NOTIFICATION ROUTING 

TECHNICAL FIELD 

[0001] The present invention relates to the ?eld of appli 
cation program design. In particular, this invention relates to 
an extensible application program framework in Which 
extension object providers supply extension objects to add 
functionality to or change existing functionality of an appli 
cation program. 

BACKGROUND OF THE INVENTION 

[0002] Object-oriented programming methodologies are 
rapidly replacing the procedure-oriented monolithic appli 
cation development that Was prevalent a decade ago. In 
current application program development frameworks, the 
exposed functionality is static in nature in that a ?xed and 
inherent set of exposed properties and methods are 
employed by the application components. Existing exten 
sion mechanisms require that extensions be provided via 
?xed properties, methods, and general frameWork updates at 
compile or design time. Such current systems fail to provide 
a dynamically upgradeable or otherWise extensible applica 
tion program frameWork encompassing both user interface 
and application logic (i.e., core infrastructure) components. 

[0003] For these reasons, a dynamically extensible appli 
cation program frameWork having messaging and noti?ca 
tion routing is desired to address one or more of these and 
other disadvantages. 

SUMMARY OF THE INVENTION 

[0004] The invention includes softWare implementing a 
frameWork for a dynamically extensible application pro 
gram. In particular, the invention softWare includes one or 
more extension objects providing functionality to the appli 
cation program and an application manager for integrating 
the functionality With the application program during execu 
tion of the application program. 

[0005] Rather than a static con?guration of functionality 
for an application program, the extensible application pro 
gram frameWork of the invention provides for dynamic 
recon?guration of application program functionality, on the 
?y, Without a re-compilation of the application program. The 
extensible application program frameWork of the invention 
enables dynamically extending the inherent functionality 
that is available for a component resident Within the appli 
cation program through extension objects. An extension 
object is proffered by an extension object provider When the 
extension object is ?rst referenced (e.g., the functionality is 
?rst requested). The extension object provider creates an 
appropriate extension object that implements the requested 
functionality. The extension object services all references to 
the extension or other requests for the functionality. Infor 
mation about the extension object provider is registered in a 
database of the application manager When the extension 
object provider is installed. The database is used to resolve 
references to the extended methods and/or properties upon 
execution of the application program. 

[0006] The frameWork of the invention also formulates 
and routes application messages betWeen extensible objects 
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of one application program and extensible objects of other 
application programs implementing a similar, dynamically 
extensible application program frameWork. On receipt of 
messages or noti?cations, the frameWork of the receiving 
application program facilitates the discovery of the intended 
recipient extension object and routes the message accord 
ingly. 

[0007] The frameWork of the invention facilitates multiple 
extensions developed by different parties over time to reuse, 
interoperate and extend existing infrastructure components. 
Further, the frameWork permits the ability to add neW user 
interface (UI) elements as extension objects that proffer 
additional functionality and yet maintain interoperability 
With previously released UI components. The invention 
provides a development methodology for use in any appli 
cation development environment, permits the addition of 
functionality Without replacing or installing the entire appli 
cation program by reusing existing common infrastructure, 
and facilitates a staged release approach Where features are 
enhanced and realiZed over time via extension objects. In 
particular, extension object providers provide extension 
objects that add neW communication channels, provide or 
extend communication protocols, implement secure com 
munication channels by providing authentication and 
encryption features, and provide additional UI features or 
elements. 

[0008] In accordance With one aspect of the invention, a 
system for a dynamically extensible application program 
frameWork includes an application program having func 
tionality and one or more extension objects that modify the 
functionality during execution of the application program. 

[0009] In accordance With another aspect of the invention, 
one or more computer-readable media have computer-ex 
ecutable modules for implementing an extensible applica 
tion program frameWork. The modules include one or more 
extension objects and an application manager module. The 
extension objects provide functionality to an application 
program. The application manager module integrates the 
functionality With the application program during execution 
of the application program. 

[0010] In accordance With yet another aspect of the inven 
tion, a method dynamically con?gures an application pro 
gram. The method includes de?ning one or more extension 
objects to provide functionality to the application program. 
The method also includes integrating the functionality pro 
vided by the one or more extension objects With the appli 
cation program during execution of the application program. 

[0011] In accordance With yet another aspect of the inven 
tion, a system sWitches betWeen multiple vieWs of a Work 
space in a user interface. The system includes at least one 
vieW extension object and a vieW selector object. The vieW 
extension object provides at least one user interface element 
for the user interface. The user interface is associated With 
a dynamically extensible application. The vieW extension 
object corresponds to a vieW selection service object. The 
vieW selector object manages the vieW selection service 
object to transition a vieW for the Workspace. 

[0012] In accordance With yet another aspect of the inven 
tion, a computer-readable medium stores a data structure 
representing a header for a message. The message is encap 
sulated by an extension object in an extension object hier 
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archy of a dynamically extensible application program. The 
data structure includes a type ?eld identifying a class of the 
extension object and a name ?eld identifying the extension 
object. 
[0013] Alternatively, the invention may comprise various 
other methods and apparatuses. 

[0014] Other features Will be in part apparent and in part 
pointed out hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is an exemplary block diagram illustrating 
components of the application framework. 

[0016] FIG. 2 is an exemplary block diagram illustrating 
interaction betWeen the components of the application 
frameWork. 

[0017] FIG. 3 is an exemplary block diagram illustrating 
a hierarchy of extension objects. 

[0018] FIG. 4 is an exemplary block diagram illustrating 
interaction of vieW extension objects With a Workspace. 

[0019] FIG. 5 is an exemplary block diagram illustrating 
Workspace extension through vieW extension object provid 
ers. 

[0020] FIG. 6 is an exemplary block diagram illustrating 
communication betWeen applications via the extensible 
application frameWork. 

[0021] FIG. 7 is an exemplary block diagram illustrating 
sending a message via the transfer agent. 

[0022] FIG. 8 is an exemplary block diagram illustrating 
receiving a message via the transfer agent. 

[0023] FIG. 9 is an exemplary block diagram illustrating 
operation of protocol adapters. 

[0024] FIG. 10 is a block diagram illustrating one 
example of a suitable computing system environment in 
Which the invention may be implemented. 

[0025] Corresponding reference characters indicate corre 
sponding parts throughout the draWings. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0026] Many application programs are multi-tiered, static, 
and have distinguished structure. To add functionality to 
these application programs, the application programs are 
recompiled and delivered in their entirety to end users of the 
application program. In contrast, for application programs 
implementing the dynamically con?gurable frameWork of 
the invention, functionality can be added, deleted, or other 
Wise modi?ed in each layer of the application program via 
extension objects as illustrated in FIG. 1. With reference to 
FIG. 1, an application program implemented according to a 
frameWork 102 of the invention includes, but is not limited 
to, a Workspace 104, an application manager 106, and one or 
more extension object providers 108 such as extension 
object provider #1 through extension object provider #N, 
Where N is a positive integer value. The application manager 
106 includes, but is not limited to, a database 110, a transfer 
agent 112, an event dispatcher 114, and a vieW selector 
object 116. Each extension object provider 108 includes one 
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or more extension objects 118 such as extension object #1 
through extension object #X, Where X is a positive integer 
value. 

[0027] To add functionality to an application program 
implemented in accordance With the invention, an extension 
object 118 or other component implementing the desired 
functionality is used to upgrade the application program. 
That is, the extension objects 118 modify (e.g., add, delete, 
or replace) the functionality of the application program. The 
extension objects 118 modify the functionality during execu 
tion of the application program. For example, functionality 
embodied Within the extension object 118 may enhance a 
user interface or provide for additional protocol adaptation 
at a later time to extend the application program. Those 
skilled in the art are familiar With implementing and deliv 
ering application programs via computer-readable media or 
via doWnloading over a netWork. If protocols (e.g., commu 
nication protocols) are developed after the application pro 
gram has been implemented and delivered, an extension 
object 118 may be delivered to add a corresponding protocol 
adapter to enable support for the developed protocol. The 
extension objects 118 may be developed by a developer of 
the application program or by third parties. In one exemplary 
embodiment, the extension objects 118 are instantiated 
objects as described in the context of object-oriented pro 
gramming. HoWever, it is contemplated by the inventors that 
extension objects 118 and the frameWork of the invention as 
described herein are applicable in an environment other than 
an object-oriented environment. 

[0028] In addition, it is contemplated by the inventors that 
the invention softWare may include more or less services 
and/or components than those illustrated in FIGS. 1-9. In 
addition, the services and/or components of the invention 
softWare may include more or less functionality than the 
services, components, and functionality described and illus 
trated herein. In addition, those skilled in the art Will note 
that the frameWork 102 and softWare of the invention may 
implement various communications protocols not speci? 
cally limited to the communications protocols described 
herein. Also, the application program frameWork 102 may 
be implemented by different application programs on a 
single computing device to facilitate communication 
betWeen the application programs. Alternatively, the appli 
cation program frameWork 102 may be implemented by 
different application programs executing on different com 
puting devices to facilitate communication betWeen the 
application programs. 

[0029] One embodiment Where such an application pro 
gram frameWork can be used is in case of a peer-to-peer 
application such as instant messaging. In such an applica 
tion, neW functionality such as voice and video communi 
cation, ?le sharing, shared broWsing, shared music listening, 
etc. can be added to the application after the application is 
initially released. Also, neW communications protocols may 
be added to the application either to support neW function 
ality or to enable this functionality betWeen different kinds 
of peers. In an example of the latter, one peer is a user on one 
instant messaging service and the other peer is a user on 
another instant messaging service. Note that this is only one 
example of an application Which could use such an appli 
cation frameWork to extend functionality over time. 

[0030] In one embodiment as illustrated in FIG. 2, com 
ponents of the frameWork 102 include the application man 
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ager 106, one or more extension object providers 108, one 
or more extension objects 118, and one or more Workspaces 
104. In addition, communication betWeen components of the 
framework 102 and betWeen frameworks 102 is imple 
mented via messages. Depending on the type and needs of 
the application program to be implemented, one or more of 
the components illustrated in FIG. 2 are included With the 
application program. In one embodiment, no extension 
objects 118 are included in application programs that are 
shipped initially to the end user. Later, as additional func 
tionality is requested, extension objects 118 implementing 
the requested functionality are shipped to the end user. For 
example, communicative application programs (e.g., appli 
cation programs that communicate With other application 
programs or other computing devices) utiliZe the transfer 
agent 112 Within the application manager, so the transfer 
agent 112 is included With the application manager for those 
communicative application programs. The transfer agent 
112 is not included With the application manager 106 for 
non-communicative application programs. 

[0031] In the illustrated embodiment, the frameWork 102 
includes default extension objects 210 and extension objects 
as UI elements 220. Further details of the application 
program frameWork 102 are described in the folloWing 
sections. 

Application Manager 

[0032] The application manager may include one or more 
of the folloWing: the database 110, the transfer agent 112, the 
event dispatcher 114, the vieW selector object 116, an 
extension object loader 202, a query service 204, and a 
message routing module 206 for routing messages Within a 
particular application program. 

[0033] When the frameWork 102 is initialiZed at applica 
tion program startup, the frameWork 102 creates the appli 
cation manager 106. This centraliZed component manages 
requests for speci?c functionality by other components (e.g., 
extension objects 118) that are loaded Within the frameWork 
102. Simultaneously, the application manager 106 services 
requests from extension objects 118 Which are currently 
loaded to obtain the identity to other extension objects 118 
that may be installed later to provide other speci?c func 
tionality. When a request for speci?c functionality is 
received by the application manager 106, the application 
manager 106 queries the database 110 to locate the appro 
priate extension object provider 108, checks the validity of 
the request and of the provider 108, instantiates the appro 
priate extension object 118, obtains the required interfaces, 
and identi?es the instantiated extension object 118 to the 
requesting component. For example, the application man 
ager 106 may return a reference, handle, or pointer of the 
instantiated extension object 118 to the requesting compo 
nent. In one embodiment, extension objects 118 are created 
in response to a request from other extension objects 118 or 
the application manager 106 With the exception of speci?c 
frameWork objects such as those that provide the basic 
functionality of the application manager 106. Certain exten 
sion object providers 108, hoWever, can register to have their 
extension objects 118 be loaded at startup. 

[0034] In addition, as described beloW, the application 
manager 106 facilitates discovery and resolution betWeen 
multiple extension object providers 118 and provides mes 
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sage/event routing Within the application program frame 
Work 102. In particular, previously installed extension 
objects 118 can discover neWly installed extension objects 
118. The application manager 106 also facilitates discovery 
betWeen application programs on the same computing 
device or on different computing devices. For example, an 
application program can discover Whether another applica 
tion program supports a given protocol. In one embodiment, 
extension objects 118 that are speci?cally used for commu 
nication are discovered, resolved, and loaded by the transfer 
agent 112 Within the application manager 106. 

Extension Object Providers 

[0035] In one embodiment, extension object providers 108 
are executables that house one or more extension objects 
118, described in greater detail beloW. Extension object 
providers 108 implement speci?c interfaces through Which 
the version of the extension object provider 108 can be 
veri?ed, certi?cates can be used to check for authenticity 
and validity of the extension object provider 108, and 
instances of the housed extension objects 118 can be instan 
tiated. Those skilled in the art Will appreciate that a single 
executable could provide multiple extension objects 118 
such as illustrated in FIG. 2. When an extension object 118 
is instantiated, the instantiated extension object 118 may 
request functionality that is proffered by other extension 
object providers 108. In such cases, the other extension 
object providers 108 Will also be loaded by the application 
manager 106. 

[0036] Upon installation, extension object providers 108 
register With the database 110 of the application manager 
106. That is, the extension object providers 108 contribute 
registration information such as presence information and 
housed extension objects 118 to the database 110 in the 
application manager 106 to register With the frameWork 102. 
Optional authentication routines can be performed at this 
stage to prevent rogue executables from registering them 
selves With the frameWork 102. For example, the application 
manager 106 may ask the registering extension object pro 
vider 108 for a certi?cate or other credential to verify that 
the registering extension object provider 108 Was obtained 
from an authoriZed or otherWise trusted source. 

Extension Objects 

[0037] Extension objects 118 proffer additional function 
ality or augment existing functionality of the frameWork 
102. The extension objects 118 are not limited or bound to 
any application logic layer. For example, the extension 
objects 118 may include neW functionality added to the 
application or proffer UI elements 220 to existing function 
ality. The UI elements 220 may include an application UI 
222, property pages 224, an instance user list 226 that needs 
to be displayed on the UI, or client area designers 214. The 
application program frameWork 102 services these objects 
220 by routing the appropriate messages to the Workspace 
WindoWs 104. 

[0038] Some extension objects 118 proffer UI Within 
Workspaces 104 as plug-ins. In addition to the interfaces 
implemented by the extension object providers 108 
described above, plug-in extension objects 118 support 
interfaces that are sited Within the Workspace WindoWs 104 
and are able to persist and recreate themselves from instance 
data. 
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[0039] Protocol adapters 208 are one form of extension 
objects 118 that establish and authenticate peer-to-peer 
connections and perform data transfers When a message is to 
be transacted. The protocol adapters 208 listen to commu 
nication port events and may be instantiated When the 
framework 102 is initialiZed or When communication func 
tionality using the speci?c protocol is requested by some 
other extension object. When an event occurs on the bound 
port, the protocol adapters 208 raise an application program 
frameWork event that is routed to the event dispatcher 114 
Within the application manager 106 through the transfer 
agent 112. 

[0040] Referring noW to FIG. 3, in one embodiment of the 
application program frameWork 102, a hierarchical relation 
may exist amongst extension objects 118. In FIG. 3, exten 
sion object A communicates With extension object B While 
extension object B communicates With extension object C. 
In this example, extension object A communicates With 
extension object B and extension object D, but has no direct 
communication With extension object C. In this example, 
extension object A may communicate With extension object 
B to solicit the services of extension object B. The func 
tionality of extension object B is never exposed outside the 
context and hierarchical relationship of extension object A. 
Such hierarchies are utiliZed Within the Workspace WindoW 
104 to provide alternate vieWs and layout of the UI (see 
beloW for details). 

[0041] With further reference to FIG. 2, default extension 
objects 210 are extension objects 118 made available by the 
frameWork 102 to facilitate basic functionality such as 
persistence. Extension object providers 108 can provide 
overriding functionality that supersedes the default exten 
sion objects 220. Exemplary default extension objects 220 
include a persistence object 212, a client area designer 214 
(e.g., a U1 element), a global user list 216, and a generic 
Workspace 218. The generic Workspace 218 is a generic 
WindoW that provides a client area Where UI extension 
objects expose their UI and have selection and context 
sensitive UI interaction. 

[0042] In the extensible application program frameWork 
102 of the invention, the extension object provider 108 and 
the extension object 118 are often cached When ?rst refer 
enced and subsequent references to the extension object 118 
are resolved to the cache. Furthermore, because the run-time 
environment resolves the ?rst reference to an extension 
object 118 to the appropriate extension object provider 108, 
extension objects 118 can be instantiated or otherWise acti 
vated at application program run-time rather than at appli 
cation program compile-time. This permits the deployment 
of application logic components (e.g., objects) as Well as UI 
elements in staged releases Where all components seam 
lessly interact and realiZe the additional functionality 
enabled by the neWly-instantiated components. 

[0043] In operation, extension objects 118 proffer their 
services to the application manager 106. For example, an 
extension object 118 providing chat functionality provides 
other services (e.g., secondary functionality) such as voice 
chat UI vieWs. The secondary functionality becomes avail 
able to all other extension objects 118 through the applica 
tion manager 106 after the extension object 118 proffers the 
secondary functionality to the application manager 106. In 
addition, extension objects 118 inform the application man 
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ager 106 of needed support, and the application manager 106 
checks the database 110 to determine Whether such support 
exists via one or more other previously-loaded extension 
objects 118. The application manager 106 provides, to the 
requesting extension object 118, a pointer to the extension 
object 118 having the requested functionality. 
[0044] For example, an extension object 118 or another 
similar application program on the same machine or a peer 
machine may ask the application manager 106, via the query 
service 204, Whether the application program supports voice 
chat. The application manager 106 loads and initialiZes the 
voice chat extension object and provides the interface for the 
chat service to the requesting extension object 118. It is 
contemplated that a ?rst application program may ask the 
application manager 106 of a second application program 
Whether the second application program has chat capability. 
The ?rst application program communicates With the second 
application program via the chat extension object of the 
second application program. In such a manner, the applica 
tion manager 106 of the second application program acts as 
a broker to provide the service. The application manager 106 
of the second application program may need to load and 
initialiZe the previously installed chat extension object to 
render the object functional. In this example, a graceful 
degradation of end user experience occurs When different 
peers may or may not have speci?c extension objects 
installed due to different versions of programs or due to 
other reasons. 

Workspaces 
[0045] The Workspace 104 is a top-level WindoW that is 
created by the application manager 106 and maintained by 
the application program frameWork 102. The frameWork 
102 routes UI messages betWeen the Workspace WindoWs 
104 and the plug-in extension objects 118 that proffer and 
site their UI Within the Workspace WindoWs (e.g., the exten 
sion objects UI elements 220). There could be more than one 
type of Workspace 104 in a given application program and 
each Workspace 104 is uniquely identi?able by a unique 
Workspace identi?er. For example, each Workspace 104 may 
be associated With a unique identi?er such as WorkSpaceID, 
Which may be a 128-bit globally unique identi?er (GUID). 

[0046] When a Workspace WindoW 104 is closed, the 
Workspace state is persisted along With the plug-in extension 
object identities and instance data. On creation of a Work 
space 104 With a speci?c Workspace identi?er, the frame 
Work 102 utiliZes the persisted data (if any) to reconstruct 
the UI layout and state. As With other extension objects 118, 
the UI plug-in extension objects are created and initialiZed 
on demand. 

[0047] Within the context of a Workspace WindoW 104, 
extension object providers 108 are contextually referred to 
as vieW extension object providers 402, as illustrated in 
FIG. 4. The vieW extension object providers 402 divide the 
client area of a given Workspace 104 and site or otherWise 
locate plug-ins in the regions that are managed by the vieW 
extension object providers 402. The vieW extension object 
providers 402 and instantiated vieW extension objects 404 
facilitate alternate layouts Within a Workspace WindoW 402. 
As shoWn in the example of FIG. 4, a user list extension 
object 406, a tab control bar extension object 408, and other 
Workspace elements 410 are sited in regions of the Work 
space WindoW 104 that are managed by a vieW extension 
object provider 402. 
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[0048] There can be multiple Workspaces 104 for a given 
application program. For example, there can be a ?rst 
Workspace for communication betWeen a ?rst extension 
object (or application program) and a second extension 
object in addition to a second Workspace for communication 
betWeen the ?rst extension object and a third extension 
object. The ?rst Workspace is completely independent of the 
second Workspace. For example, there may be one Work 
space for a user A to communicate With a user B using chat 
and another, separate Workspace for the user A to commu 
nicate With a user C using voice and chat. In this example, 
there is a separate chat WindoW in each of the Workspaces. 
In addition, there can be more than one vieW extension 
object provider 108 associated With a given Workspace 104. 
This Will provide multiple selectable vieWs for a given 
Workspace 104. This concept is further described beloW. 

[0049] In one embodiment, the Workspace WindoW 104 is 
associated With another peer, a group of peers, or a device. 
For example, user A may have Workspace 104 opened and 
associated With a peer such as user B. The Workspace 104 

has a unique identi?er such as WS_USERA_USERB. In this 
example, an extension object 118 (e.g., a plug-in) that 
supports chat functionality is available Within the Workspace 
104. When the Workspace 104 is closed on user A’s 
machine, the data pertaining to the chat extension object and 
associated With Workspace WS_USERA_USERB is per 
sisted on user A’s machine. When the Workspace 104 is later 
created With the identity WS_USERA_USERB, the chat 
extension object is re-instantiated and initialiZed With the 
association to user B. Similarly, the data pertaining to the 
chat extension object and associated With Workspace 
WS_USERA_USERB is persisted and reloaded on user B’s 
machine. Through a communication channel established 
betWeen the peer machines of user A and user B, data 
including Workspace identities are synchroniZed on initial 
Workspace creation. Subsequent communications on Work 
space WS_USERA_USERB carry this identifying signature. 

Extending Workspaces through VieW Extension 
Object Providers 

[0050] As illustrated in the example of FIG. 5, a Work 
space WindoW 104 operates With at least one vieW extension 
object provider 402, at least one vieW extension object 404, 
and at least one UI element 504. One or more vieW extension 
objects 404 manage UI elements 504 and their placement 
Within the Workspace WindoW 104. AvieW extension object 
404 includes one or more UI elements 504 and is responsible 
for providing a particular look and feel, placement, state 
management, message routing, and persistence. UI elements 
504 provide speci?c UI pieces to the Workspace through 
vieW extension objects 404. For example, the User List, Tab 
Control Bar, and other WorkSpace UI element areas of FIG. 
4 are vieW extension objects 404 that may be provided by a 
single vieW extension object provider 402. This enables the 
vieW extension object providers 402 to proffer different UI 
vieW extension objects 404 and UI elements 504. Hence, a 
given Workspace 104 can support multiple vieWs. The 
relationship betWeen the Workspace 104 and the associated 
vieW extension provider 402 is determined the persisted 
Workspace instance data (or defaults as determined by the 
database 110 in the application manager 106). The relation 
ship betWeen multiple vieW extension providers 402 is 
determined by the database 110 in the application manager 
106. 
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[0051] As outlined in FIG. 5, When one or many vieW 
extension providers 402 provide multiple vieWs for a given 
Workspace 104, the application program frameWork 102 
enables a common mechanism and UI to manage the selec 
tion of these alternate vieWs. When more than one vieW is 
available for a given Workspace 104, the application pro 
gram frameWork 102 enables a vieW selector object 116 or 
other vieW selection context manager to sWitch betWeen 
vieWs. To facilitate this, each vieW extension object provider 
402 that provides vieW extension objects 404 registers their 
availability With the vieW selector object 116 through vieW 
selection service objects 502. Each vieW extension object 
404 has a corresponding vieW selection service object 502, 
Which is registered With the application program frameWork 
vieW selector object 116. This data is stored in the applica 
tion manager database 110 to resolve associations. When the 
frameWork 102 detects the possibility of using multiple 
vieWs Within a given Workspace 104, the frameWork 102 
displays a vieW selector UI and calls the appropriate vieW 
selection service object 502 to transition the vieW (activa 
tion/de-activation) and restore state. The Workspace frame 
WindoW 104 informs individual vieWs via message routing 
(both application message and default WindoWs messages) 
and command routing (e.g., user commands) to resiZe, 
move, or adjust as necessary in response to events such as 
user selections and inputs. In a chat application program 
example, When a ?rst user on one end of the chat changes 
vieWs (e.g., changes the background color), that change 
occurs for a second user on the other end of the chat. That 
is, the application manager 106 associated With the chat 
extension object of the ?rst user informs the application 
manager 106 associated With the chat extension object of the 
second user of the vieW change. The application manager 
106 sends an application message to the chat extension 
object of the second user to change the currently active 
vieWs. 

[0052] In one embodiment, the vieW selector object 116 is 
associated With the application manager. It is contemplated 
by the inventors that the vieW selector object 116 may be 
separate from the application manager 106. 

Events, Messages, and Noti?cations 

[0053] Extension objects 118 register With the application 
manager 106 to receive messages. Extension objects 118 can 
broadcast messages through the application manager 106 by 
using functionality exposed by the application manager 106. 
For example, a softWare routine such as BroadcastMessages 
is available from the application manager 106. The broad 
cast messages are sent to all objects that have registered 
themselves to receive the messages of a given type. 

[0054] In a distributed application program environment, 
messages and noti?cations could be originated and targeted 
to extension objects 118 that have not yet been instantiated 
if the extension objects 118 have registered themselves in 
the application database 110 to receive such messages even 
if they have not been instantiated. The invention softWare 
constructs, routes and handles these messages Within the 
application program frameWork 102 as herein described. 

[0055] The various plug-ins or extension objects 118 can 
use the communication channel provided by the frameWork 
102 to communicate With a similar application program on 
the peer machine. This communication channel is itself an 
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extension object 118 proffered by extension object providers 
108, thereby allowing new types of communication channels 
with their own connection and authentication protocols to be 
added later as needed. The extension objects 118 using a 
communication channel provided by the framework 102 
de?ne their own message types based on the kind of func 
tionality the extension objects 118 add to the application 
program. 

[0056] As illustrated in FIG. 6, application A 602 and 
application B 604 communicate via a peer-to-peer connec 
tion across network 605. An application UI 608 receives a 
message or other input from a user for delivery to a user of 
application B 604. The application UI 608 communicates the 
message or input to an application manager 606 of applica 
tion A 602. Application manager A 602 sends the message to 
application B 604 via the application framework of appli 
cation A 602. An application manager 610 of application B 
604 receives the message via the application framework of 
application B 604. Application manager 610 communicates 
the message to an application UI 612 of application B 604 
for display to the user of application B 604. 

[0057] For example, a chat extension object de?nes the 
structure of a chat message and includes logic on how chat 
messages are generated and how these messages are 
received, parsed, and rendered. When a user sends a chat 
message, the chat extension object generates a chat message 
and sends it to the workspace (e.g., application UI 608) 
under which the chat extension object is housed. The work 
space provides its own workspace speci?c identi?cation 
headers (e.g., Workspace ID such as WS_USERA_USERB) 
and routes the message to the extension object (e.g., protocol 
adapter) that provides the communication channel via the 
application manager (e.g., application manager 606) and the 
transfer agent. When the message is received by the peer’s 
application program (e.g., application program B 604), the 
extension object (e.g., protocol adapter) that provides the 
communication channel routes the message to the appropri 
ate workspace (e.g., application UI 612) via the application 
manager (e.g., application manager 610) and the transfer 
agent. The workspace parses the workspace-speci?c infor 
mation and routes the message to the chat extension object 
on the peer’s machine that parses and renders the chat 
message. 

[0058] Since the extension objects 118 are hierarchical, 
each extension object 118 de?nes its own message type. 
These messages are wrapped with appropriate message 
headers by the parent extension objects and forwarded to the 
peer application program where the appropriate portion of 
the message will be read and interpreted by the appropriate 
extension objects 118. As such, different types of extension 
objects 118 can be created over time that can reuse an 
existing communication infrastructure for sending and 
receiving messages speci?c to the extension objects 118. 

[0059] Each extension object 118 can choose to encrypt its 
messages in such a way that only an instance of that 
extension object 118 on the peer application program can 
decrypt the encrypted message using a key known only to 
that extension object 118. As such, security can be added to 
an existing communication channel for features that require 
secure communications. For example, the communication 
channel provided by an extension object 118 can be used for 
both transmitting chat messages and for ?le transfers. Chat 
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messages may not require secure communication whereas 
the ?le transfer messages may require security. The ?le 
transfer extension object may encrypt the ?le transfer mes 
sages and use the same communication channel used for 
sending unencrypted chat messages. 

[0060] An error condition is generated when a particular 
extension object 118 is unavailable on a layer of the routing 
hierarchy at the destination peer machine that parallels that 
of the sender. In this case, the layer where the routing fails 
may instantiate a default handler that ?ts the category of the 
intended recipient extension object type or return the error 
code through the messaging chain to the sender. 

Message Sending 
[0061] As described above, a message can be routed 
through the hierarchy of extension objects 118. FIG. 7 
illustrates encapsulating and sending a message via a trans 
fer agent, such as transfer agent 112. At each level in the 
hierarchy, the message data is encapsulated with an envelope 
speci?c to the extension object 118 at that level in the 
hierarchy. Each envelope identi?es a schema and content of 
the extension object 118. The extension object 118 and the 
associated extension object provider 108 determine organi 
Zation within the envelope. An exemplary nested envelope 
structure at level K in the hierarchy includes a layout with 
an extension object type, an extension object identity at level 
K, and data for level K. The extension object type and the 
extension object identity may each be represented as a 
globally unique identi?er (GUID). The data for level K may 
include envelopes from any subordinate levels K-X in the 
hierarchy where K and X are positive integer values. 
Encryption may occur at any and all levels in the hierarchy. 

[0062] FIG. 7 illustrates a general extension object hier 
archy and data encapsulated within each extension object 
level envelope. A user action 702 produces UI element 
speci?c data 706 in a UI element 704. The UI element 704 
encapsulates the UI elementspeci?c data 706 into an enve 
lope. For example, the encapsulation with headers may be 
represented as: 

E(UI Data)=E(UI element type (GUID), UI element ID 
(GUID), data(UI element-speci?c data)) (1) 

[0063] In (1), UI element type identi?es the type of UI 
element 704, UI element ID identi?es the speci?c UI ele 
ment 704, and data(UI element-speci?c data) represents the 
UI element-speci?c data 706. 

[0064] Once the workspace extension object 710 receives 
data as a nested envelope (1) from an extension object 
subordinate in the hierarchy of extension objects (e.g., UI 
element 704), the workspace extension object 710 encapsu 
lates the received data within its own envelope that is 
stamped with workspace-speci?c data 714 such as its work 
space type and identity. The workspace extension object 710 
operates on the received envelope (1) via an event handler 
712. For example, the encapsulation by the workspace 
extension object 710 may be represented as: 

E(workspace type (GUID), workspace ID (GUID), 
data(E(UI Data))) (2) 

[0065] In (2), workspace type identi?es the type of work 
space extension object 710, workspace ID uniquely identi 
?es workspace extension object 710, and data(E(UI Data)) 
represents the encapsulated data received from the UI ele 
ment 704. 
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[0066] Based on the protocol used or recommended by the 
Workspace, the Workspace extension object 710 interrogates 
the transfer agent 718 for a suitable protocol adapter. Since 
the communicating Workspaces maintain an association 
betWeen peers (e.g., betWeen user A and user B in the above 
example), the identity and destination of the intended recipi 
ent is knoWn. The transfer agent 718 transmits the outbound 
message using the appropriate communications protocol 
adapters. 

[0067] In one embodiment, the invention softWare utiliZes 
a transmission control protocol/Internet protocol (TCP/IP) 
as the transport and other protocols for authentication. In the 
instant messaging embodiment of the invention, netWork 
addresses are determined by user association and application 
programming interface (APIs) calls in an instant messaging 
server. 

Message Receiving 

[0068] As illustrated in FIG. 8, connections and messages 
inbound from an application program are received by the 
protocol adapter extension objects of the receiving applica 
tion program that strip the data speci?c to the protocol 
adapter (e.g., to perform peer authentication) and send the 
message to the transfer agent 802. Once the data has been 
received, the transfer agent 802 raises an application event 
through the event dispatcher 804 of the application manager 
of the receiving application program. The event dispatcher 
804 strips the ?rst envelope and reads a ?rst portion of the 
data including the Workspace type and Workspace identi?er. 
UtiliZing this data, the associated Workspace 806 is located 
if available, or created if unavailable. Asecond portion of the 
received data (e. g., the remaining portion) is delivered to the 
identi?ed Workspace 806. For example, a softWare routine 
delivers the received envelope to the identi?ed Workspace 
806. The Workspace 806 then strips the Workspace speci?c 
data from the message envelope (e.g., another ?rst portion) 
and reads in the data (e.g., another second portion) intended 
for the extension objects (e.g., UI element 810) contained 
Within the Workspace 806. The extension object type and 
identi?er that is stored in each envelope (e.g., as the ?rst 
portion) is utiliZed by the Workspace 806 to locate or create 
the extension object (e.g., UI element 810). This process 
repeats until all received envelopes are stripped and data 
(e.g., the second portion) distributed to the appropriate 
extension objects. If a hierarchy of extension objects exists, 
each receiving level of extension object strips the data 
encapsulated for that level. Incoming messages may include 
extension object identi?ers to indicate the recipient exten 
sion objects. The extension object identi?ers may cause the 
application manager to load the extension objects. In the 
example of FIG. 8, UI element 810 displays the received 
message as a UI response 812 to the user. 

Extending the Communications Framework through 
Extension Providers 

[0069] A communication channel betWeen application 
programs running on peer machines can be implemented 
through extension object providers 108 so that additional 
extension objects 118 can be added at a later stage to 
implement different means of establishing connections, dif 
ferent means of authentication and different mechanisms for 
data transfer. As discussed above, such extension objects 118 
are referred to as protocol adapters 208. Protocol adapters 
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208 extend the design to handle different methods of estab 
lishing and authenticating connections, different protocols of 
data transfer, and to alloW extension object providers 108 
that add UI functionality to determine their oWn transaction 
procedure to exchange functionality speci?c messages. For 
example, the transaction procedure for messages to alloW 
peers to draW on a shared Whiteboard Would be different 
from the procedure for ?le sharing messages. 

[0070] As shoWn in the FIG. 9, the transfer agent 112 is 
the central frameWork object that handles all peer-to-peer 
communication. The transfer agent 112 employs protocol 
adapters for creating and authenticating connections as Well 
as for performing data input and output. For example, When 
a message created by an extension provider 108 in a Work 
space 104 is received by the transfer agent 112 to be sent to 
a speci?c user, the transfer agent 112 determines that the 
user is a buddy on a speci?c instant messaging (IM) server 
such as IM server A 903, IM server B 905, or IM server C 
907. The transfer agent 112 uses the appropriate extension 
object that can establish a peer-to-peer connection to the 
peer on the speci?c IM server. For example, if the user is a 
buddy on IM server A 903, then IM A connection provider 
902 is used as the protocol adapter for sending the message 
the user. Similarly, if the user is a buddy on IM server B 905, 
then IM B connection provider 904 is used as the protocol 
adapter for sending the message the user. Further, if the user 
is a buddy on IM server C 907, then IM C connection 
provider 906 is used as the protocol adapter for sending the 
message the user. 

[0071] When the connection is established, the transfer 
agent 112 identi?es the type of connection and loads the 
appropriate protocol adapter extension object to handle the 
data transfer. For example, if the transfer agent 112 deter 
mines the connection to be a transmission control protocol/ 
Internet protocol (TCP/IP) socket connection (e.g., commu 
nicating With an external socket API 910), the transfer agent 
112 loads the appropriate extension object (e.g., socket UI 
908) for handling data input and output on socket connec 
tions and uses it to handle the data transfer. The protocol 
used for the exchange of data is de?ned in the message body 
that Was generated by the extension object provider 108 that 
provided the speci?c functionality Within the Workspace 
104. 

[0072] If functionality is to be added later for the appli 
cation program to communicate With users on another 
speci?c IM server, an extension object provider 108 could 
provide functionality through protocol adapters to establish 
connections to an application program on a peer machine if 
the peers are on the other speci?c IM server. Similarly, if the 
type of connection is an HTTP netWork connection, a 
different protocol adapter (e.g., HTTP IO 912) could be 
instantiated (e.g., plugged in) to handle the data input and 
output to communicate With an external HTTP API 914. 

[0073] The database 110 in the application manager 106 
stores information on the registered extension object pro 
viders 108 for peer-to-peer communication. For example, 
such information associates the appropriate protocol adapt 
ers to be used for transferring messages via speci?c proto 
cols. Optionally, When extension object providers 108 that 
provide a speci?c functionality create messages, the exten 
sion object providers 108 can specify recommended, regis 
tered, communication protocol adapters to be used for 
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transferring those messages. Such recommended protocol 
adapters supersede any default protocol adapter used for 
communication or authentication. 

Exemplary Operating Environment 

[0074] FIG. 10 shoWs one example of a general purpose 
computing device in the form of a computer 130. In one 
embodiment of the invention, a computer such as the com 
puter 130 is suitable for use in the other ?gures illustrated 
and described herein. Computer 130 has one or more pro 
cessors or processing units 132 and a system memory 134. 
In the illustrated embodiment, a system bus 136 couples 
various system components including the system memory 
134 to the processors 132. The bus 136 represents one or 
more of any of several types of bus structures, including a 
memory bus or memory controller, a peripheral bus, an 
accelerated graphics port, and a processor or local bus using 
any of a variety of bus architectures. By Way of example, 
and not limitation, such architectures include Industry Stan 
dard Architecture (ISA) bus, Micro Channel Architecture 
(MCA) bus, Enhanced ISA (EISA) bus, Video Electronics 
Standards Association (VESA) local bus, and Peripheral 
Component Interconnect (PCI) bus also knoWn as MeZZa 
nine bus. 

[0075] The computer 130 typically has at least some form 
of computer readable media. Computer readable media, 
Which include both volatile and nonvolatile media, remov 
able and non-removable media, may be any available 
medium that can be accessed by computer 130. By Way of 
example and not limitation, computer readable media com 
prise computer storage media and communication media. 
Computer storage media include volatile and nonvolatile, 
removable and non-removable media implemented in any 
method or technology for storage of information such as 
computer readable instructions, data structures, program 
modules or other data. For example, computer storage media 
include RAM, ROM, EEPROM, ?ash memory or other 
memory technology, CD-ROM, digital versatile disks 
(DVD) or other optical disk storage, magnetic cassettes, 
magnetic tape, magnetic disk storage or other magnetic 
storage devices, or any other medium that can be used to 
store the desired information and that can accessed by 
computer 130. Communication media typically embody 
computer readable instructions, data structures, program 
modules, or other data in a modulated data signal such as a 
carrier Wave or other transport mechanism and include any 
information delivery media. Those skilled in the art are 
familiar With the modulated data signal, Which has one or 
more of its characteristics set or changed in such a manner 
as to encode information in the signal. Wired media, such as 
a Wired netWork or direct-Wired connection, and Wireless 
media, such as acoustic, RF, infrared, and other Wireless 
media, are examples of communication media. Combina 
tions of the any of the above are also included Within the 
scope of computer readable media. 

[0076] The system memory 134 includes computer stor 
age media in the form of removable and/or non-removable, 
volatile and/or nonvolatile memory. In the illustrated 
embodiment, system memory 134 includes read only 
memory (ROM) 138 and random access memory (RAM) 
140. Abasic input/output system 142 (BIOS), containing the 
basic routines that help to transfer information betWeen 
elements Within computer 130, such as during start-up, is 
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typically stored in ROM 138. RAM 140 typically contains 
data and/or program modules that are immediately acces 
sible to and/or presently being operated on by processing 
unit 132. By Way of example, and not limitation, FIG. 10 
illustrates operating system 144, application programs 146, 
other program modules 148, and program data 150. 

[0077] The computer 130 may also include other remov 
able/non-removable, volatile/nonvolatile computer storage 
media. For example, FIG. 10 illustrates a hard disk drive 
154 that reads from or Writes to non-removable, nonvolatile 
magnetic media. FIG. 10 also shoWs a magnetic disk drive 
156 that reads from or Writes to a removable, nonvolatile 
magnetic disk 158, and an optical disk drive 160 that reads 
from or Writes to a removable, nonvolatile optical disk 162 
such as a CD-ROM or other optical media. Other removable/ 
non-removable, volatile/nonvolatile computer storage media 
that can be used in the exemplary operating environment 
include, but are not limited to, magnetic tape cassettes, ?ash 
memory cards, digital versatile disks, digital video tape, 
solid state RAM, solid state ROM, and the like. The hard 
disk drive 144, and magnetic disk drive 156 and optical disk 
drive 160 are typically connected to the system bus 136 by 
a non-volatile memory interface, such as interface 166. 

[0078] The drives or other mass storage devices and their 
associated computer storage media discussed above and 
illustrated in FIG. 10, provide storage of computer readable 
instructions, data structures, program modules and other 
data for the computer 130. In FIG. 10, for example, hard 
disk drive 154 is illustrated as storing operating system 170, 
application programs 172, other program modules 174, and 
program data 176. Note that these components can either be 
the same as or different from operating system 144, appli 
cation programs 146, other program modules 148, and 
program data 150. Operating system 170, application pro 
grams 172, other program modules 174, and program data 
176 are given different numbers here to illustrate that, at a 
minimum, they are different copies. 

[0079] A user may enter commands and information into 
computer 130 through input devices or user interface selec 
tion devices such as a keyboard 180 and a pointing device 
182 (e.g., a mouse, trackball, pen, or touch pad). Other input 
devices (not shoWn) may include a microphone, joystick, 
game pad, satellite dish, scanner, or the like. These and other 
input devices are connected to processing unit 132 through 
a user input interface 184 that is coupled to system bus 136, 
but may be connected by other interface and bus structures, 
such as a parallel port, game port, or a Universal Serial Bus 
(USB). Amonitor 188 or other type of display device is also 
connected to system bus 136 via an interface, such as a video 
interface 190. In addition to the monitor 188, computers 
often include other peripheral output devices (not shoWn) 
such as a printer and speakers, Which may be connected 
through an output peripheral interface (not shoWn). 

[0080] The computer 130 may operate in a netWorked 
environment using logical connections to one or more 
remote computers, such as a remote computer 194. The 
remote computer 194 may be a 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 computer 130. The 
logical connections depicted in FIG. 10 include a local area 
netWork (LAN) 196 and a Wide area netWork 198, 
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but may also include other networks. Such networking 
environments are commonplace in of?ces, enterprise-wide 
computer networks, intranets, and global computer networks 
(e.g., the Internet). 
[0081] When used in a local area networking environment, 
computer 130 is connected to the LAN 196 through a 
network interface or adapter 186. When used in a wide area 
networking environment, computer 130 typically includes a 
modem 178 or other means for establishing communications 
over the WAN 198, such as the Internet. The modem 178, 
which may be internal or external, is connected to system 
bus 136 via the user input interface 194, or other appropriate 
mechanism. In a networked environment, program modules 
depicted relative to computer 130, or portions thereof, may 
be stored in a remote memory storage device (not shown). 
By way of example, and not limitation, FIG. 10 illustrates 
remote application programs 192 as residing on the memory 
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. 

[0082] Generally, the data processors of computer 130 are 
programmed by means of instructions stored at different 
times in the various computer-readable storage media of the 
computer. Programs and operating systems are typically 
distributed, for example, on ?oppy disks or CD-ROMs. 
From there, they are installed or loaded into the secondary 
memory of a computer. At execution, they are loaded at least 
partially into the computer’s primary electronic memory. 
The invention described herein includes these and other 
various types of computer-readable storage media when 
such media contain instructions or programs for implement 
ing the steps described below in conjunction with a micro 
processor or other data processor. The invention also 
includes the computer itself when programmed according to 
the methods and techniques described herein. 

[0083] For purposes of illustration, programs and other 
executable program components, such as the operating sys 
tem, are illustrated herein as discrete blocks. It is recogniZed, 
however, that such programs and components reside at 
various times in different storage components of the com 
puter, and are executed by the data processor(s) of the 
computer. 
[0084] Although described in connection with an exem 
plary computing system environment, including computer 
130, the invention is operational with numerous other gen 
eral purpose or special purpose computing system environ 
ments or con?gurations. The computing system environ 
ment is not intended to suggest any limitation as to the scope 
of use or functionality of the invention. Moreover, the 
computing system environment should not be interpreted as 
having any dependency or requirement relating to any one or 
combination of components illustrated in the exemplary 
operating environment. Examples of well known computing 
systems, environments, and/or con?gurations that may be 
suitable for use with the invention include, but are not 
limited to, personal computers, server computers, hand-held 
or laptop devices, multiprocessor systems, microprocessor 
based systems, set top boxes, programmable consumer elec 
tronics, network PCs, minicomputers, mainframe comput 
ers, distributed computing environments that include any of 
the above systems or devices, and the like. 

[0085] The invention may be described in the general 
context of computer-executable instructions, such as pro 
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gram modules, executed by one or more computers or other 
devices. Generally, program modules include, but are not 
limited to, routines, programs, objects, components, and 
data structures that perform particular tasks or implement 
particular abstract data types. 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 computer storage media including 
memory storage devices. 

[0086] In operation, computer 130 executes computer 
executable instructions such as those illustrated in FIGS. 6-9 
to dynamically con?gure an application program by inte 
grating functionality provided by one or more extension 
objects with the application program during execution of the 
application program. 

EXAMPLES 

[0087] The following examples illustrate the invention. In 
one embodiment, the application programs implementing 
the application program framework 102 of the invention are 
communication-centric peer-to-peer application programs. 
An application program on one machine communicates and 
exchanges data with a similar application program on 
another machine. The framework 102 provides a common 
channel of communication that is leveraged by all extension 
object providers 108 that extend the application program 
functionality. Though this embodiment is speci?c to a peer 
to-peer application program, the application program frame 
work 102, discovery of extension object providers 108, and 
message formulation and routing are applicable to any type 
of application program. 

[0088] In another example, customers that design and 
manufacture audio digital signal processing devices with 
audio effect processing capabilities such as three dimen 
sional process acceleration, mixing, digital encoding/decod 
ing, or object acceleration could implement the application 
program framework 102 of the invention for audio drivers to 
expose hardware features as individually controllable exten 
sion objects 118 in an operating system environment. With 
more and more feature-rich audio devices equipped with 
powerful digital signal processing capabilities, the operating 
system audio stack implemented according to the invention 
allows a third-party audio driver to expose these capabilities 
to users in a coordinated way so that these capabilities are 
available to all application programs on a computing device. 
An audio stack according to the invention allows a third 
party to separate its render function from other processing 
units (e.g., mixing). In addition, an audio stack according to 
the invention allows a third-party driver to partition hard 
ware features into individual extension objects 118. The 
application program framework 102 of the invention pro 
vides more ?exibility in the logical hardware feature parti 
tions. 

[0089] When introducing elements of the present inven 
tion or the embodiment(s) thereof, the articles “a,”“an, 
”“the,” and “said” are intended to mean that there are one or 
more of the elements. The terms “comprising,”“including,” 
and “having” are intended to be inclusive and mean that 
there may be additional elements other than the listed 
elements. 








