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(57) ABSTRACT 

A prescriptive architecture for application development is 
provided. In some embodiments, the architecture comprises a 
service, a receiver, a sender, and a transport. The service 
functions to perform the actual business logic, is decorated 
with service deployment metadata; and is operable to com 
municate via types. The receiver is coupled to the service and 
is generated entirely from the service deployment metadata. 
The receiver is operable to receive messages, convert the 
received messages into types, and communicate with the 
service using the types. The sender is coupled to the receiver 
and is generated entirely from the service deployment meta 
data. The sender functions as a proxy for the service to a 
service consumer, and is operable to communicate using 
types with the service consumer. The sender is operable to 
convert the types to messages, and communicate with the 
receiver via messages. The transport functions as a message 
exchange technology that allows the sender and receiver to 
communicate, and is designated by the service deployment 
metadata and implemented as an underlying technology of 
the sender and the receiver. 
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508 - using XYZ.ACA. Services 
510 - AcaService 
512 - ASmxTransport 
514 - WseTransport 
502 - public CalculatorService 

{ 
516 - AcaServiceMethod) 
504 - public int Add (int argl, int arg2) 

{ 
506 - return arg1 + arg2; 

} 
} 

FIG. 5 

508 - using XYZ.ACA.Services; 
510 - AcaService 
512 - ASmxTransport 
514 - WseTransport 
502 - public CalculatorService 

{ 
516 - AcaServiceMethod 
602 - AspectContainer (“CalcContainer”, AspectContainerScope. SendersOnly) 
504 - public int Add (int arg1, int arg2) 

{ 
506 - return arg1 + arg2, 

} 

FIG. 6 
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PRESCRIPTIVE ARCHITECTURE FOR 
APPLICATION DEVELOPMENT 

TECHNICAL FIELD 

0001. The described technology is directed generally to 
application development and, more particularly, to an archi 
tecture for application development. 

BACKGROUND 

0002 There is a current trend in software design toward 
modeling and delivering software logic and applications as 
services. With the growth of the Internet, and in particular, the 
maturing of the World WideWeb (“Web”), application devel 
opers are increasingly delivering these services as Web Ser 
vices. 
0003. As an example, an application developer may need 
to write Some business logic and may want to package up the 
business logic in a way to expose it as a Web service. Typi 
cally, the developer will have to define an interface with the 
necessary input data, and will also have to define the output. 
The developer then writes the business logic that does some 
amount of work using the designed input and which creates 
the output. In addition to writing the business logic, the devel 
oper will also have to write logic for ancillary requirements to 
the business logic, such as auditing, security, error handling, 
caching, etc. 
0004 For example, the service may need to cache the 
output value. In order to properly incorporate this feature into 
the service, the developer will have to (1) check the value of 
the outputs, (2) create a kind of key based on those values, (3) 
match the key with a possible value in the cache and return the 
value if there is a match, otherwise proceed to the service 
logic to create the output value, and (4) add it to the cache 
before returning it back to the caller. The developer wilt need 
to design and implement other attributes of the cache, Such as 
a strategy for expiring an item in the cache, a strategy for 
notification in the instance an item in the cache is expired, etc. 
0005. The developer will need to perform a similar task for 
each of the ancillary requirements. Additionally, because 
Web services typically communicate over a network, the 
developer will need to design and code the communication 
infrastructure for the service. Developing and delivering a 
large number of services in this manner can get tedious, 
especially given the fact that the ancillary requirements and 
the communication infrastructure do not contribute to the 
business logic. Further, the cost and complexity of imple 
menting the Web services is increasingly becoming prohibi 
tive, particularly for Small to medium sized organizations. 
0006. One reason for this is that while the business logic 
generally does not change, the underlying and ancillary tech 
nologies are very likely to change over time. Presently, 
numerous standards that address various aspects of Web Ser 
vices are evolving and/or being developed. Because the Web 
services typically include the ancillary logic, the Web ser 
vices and, particularly, the ancillary logic will have to be 
modified and enhanced as these standards evolve and develop 
in order to take advantage of the standards. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007 FIG. 1 is a block diagram illustrating selected com 
ponents typically incorporated in at least some computer 
systems on which a facility describe below executes. 
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0008 FIG. 2 is a high-level block diagram showing an 
environment in which components generated by the facility 
operate. 
0009 FIG. 3 is a block diagram illustrating selected com 
ponents of the facility, according to one embodiment. 
(0010 FIG. 4 illustrates a flow chart of a method by which 
a service developer utilizes the facility to develop and deploy 
a service, according to Some embodiments. 
0011 FIG. 5 illustrates an example code snippet of a cal 
culator application containing service deployment metadata. 
(0012 FIG. 6 illustrates the example code snippet of FIG.5 
further containing an aspect container attribute. 
0013 FIG. 7 illustrates an example code snippet illustrat 
ing both a class level and a method level aspect container 
deployment. 
(0014 FIG. 8 illustrates a flow chart of a method by which 
the facility compiles the intermediary language assemblies, 
according to some embodiments. 
0015 FIG. 9 is a block diagram illustrating an example 
aspect container. 
0016 FIG. 10 is a display diagram showing a portion of an 
example graphical user interface Suitable for configuring and 
administering frameworks, aspects, and aspect containers. 
(0017 FIG. 11 illustrates a flow chart of a method by which 
the facility generates an aspect container at runtime, accord 
ing to Some embodiments. 
0018 FIG. 12 is a block diagram illustrating aspect con 
tainers attached to both a sender and a receiver, according to 
one embodiment. 

DETAILED DESCRIPTION 

(0019. The invention will now be described with respect to 
various embodiments. The following description provides 
specific details for a thorough understanding of and enabling 
description for, these embodiments of the invention. How 
ever, one skilled in the art will understand that the invention 
may be practiced without these details. In other instances, 
well-known structures and functions have not been shown or 
described in detail to avoid unnecessarily obscuring the 
description of the embodiments of the invention. 
0020. The terminology used in the description presented 
below is intended to be interpreted in its broadest reasonable 
manner, even though it is being used in conjunction with a 
detailed description of certain specific embodiments of the 
invention. Certain terms may even be emphasized below: 
however, any terminology intended to be interpreted in any 
restricted manner will be overtly and specifically defined as 
such in this Detailed Description section. 
0021. In general, brief definitions of several terms used 
herein are preceded by the term being enclosed within double 
quotation marks. Such definitions, although brief, will help 
those skilled in the relevant art to more fully appreciate 
aspects of the invention based on the detailed description 
provided herein. Such definitions are further defined by the 
description of the invention as a whole (including the claims) 
and not simply by Such definitions. 
0022. Before describing the details of the current inven 
tion, Some terminology used herein is described. 
0023 The term “aspects' generally refers to functional 
areas that are cross-cutting or apply uniformly across a 
variety of usage instances. Aspects are orthogonal to the 
application code and may include functionality Such as, by 
way of example, auditing, instrumentation, security, caching, 
exception handling, validation, etc. 
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0024. The term “aspect container generally refers to a 
unit of aspect deployment. The aspect container organizes 
and coordinates the aspects, and is used to attach aspects to 
any class or method. In some embodiments, an aspect con 
tainer deployed at, the class level governs all exposed meth 
ods on the class, unless overridden by a method-level aspect 
container—e.g., another aspect container deployed on the 
method. 
0025. The term “assembly’ generally refers to a collection 
of types and resources that are built to work together and form 
a logical unit of functionality. In .NET, an assembly provides 
the common language runtime with the information it needs 
to be aware of type implementations. To the common lan 
guage runtime, a type does not exist outside the context of an 
assembly. 
0026. The term “messages' generally refers to structured 
information exchanged between two services. 
0027. The term “plumbing generally refers to serializing 
data as XML, transporting the data using HTTP, and de 
serializing the XML back to meaningful data. 
0028. The term “receiver generally refers to an incoming 
pipe, and is generated entirely from a service definition. In 
Some embodiments, the receiver is plumbing. 
0029. The term “sender generally refers to an outgoing 
pipe, and is generated entirely from a service definition. In 
Some embodiments, the sender is plumbing. 
0030. The term “services' generally refers to the delivery 
of functionality by exchanging messages over transports. Ser 
vices contain the actual business logic—i.e., the custom 
code—and are responsible for performing business logic, 
interacting with the data, coordinating other services, etc. 
0031. The term “transports' generally refers to message 
exchange or communication technologies that allow services 
to communicate. 
0032. The term “types' generally refers to the data types 
specified by programming languages to store different kinds 
of data. 
0033. Various embodiments of the invention provide a 
software facility for building software applications (“the 
facility’). The facility is comprised of reusable architecture 
components that provide valuable services and assistance to 
developers who are building the applications. For example, 
the facility enables the developer to build applications that 
can be deployed faster, with better quality and increased 
agility. 
0034. Although the various embodiments of the invention 
will be described as a compliment and extension of the 
Microsoft(R.NET Framework, including terminology similar 
to that used in .NET, the description is merely illustrative and 
not limiting. As such, it will be appreciated that the various 
components of the facility, including the various features, can 
be adapted to compliment and extend other application devel 
opment and deployment platforms. In addition, while the 
invention is described herein with respect to the development 
and deployment of services, those skilled in the art will appre 
ciate that the facility can be adapted to facilitate the develop 
ment and deployment of applications and application pro 
grams in general. 
0035. In some embodiments, a service developer that 
wants to package up an application as a service creates the 
actual business logic for the service. The service developer 
then enhances the business logic with service deployment 
metadata to define the service's associated senders and 
receivers. The service developer then utilizes the facility to 
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wholly generate the senders and receivers from the service 
deployment metadata specified in the business logic. Senders 
and receivers typically come in pairs and create an extensible 
architecture to hide details of the underlying transports. The 
senders and receivers thus provide a mechanism to protect the 
applications—i.e., business logic—from rapidly changing 
messaging standards. 
0036) Optionally, the service developer can attach one or 
more aspect containers on the business logic. In one embodi 
ment, an aspect container is used to attach aspects to any class 
or method. The aspect container organizes and coordinates 
the aspects and is used to build a managed chain of respon 
sibility to preamble' and postamble the activities of the 
application—e.g., class or method. In operation, each aspect 
in the aspect container has a chance to exercise itself both 
before and after the call to the class or method. The applica 
tion of the aspect container generates a sequence of aspects, 
where the order of the aspects and their respective internal 
states are retrieved from their respective configuration data. 
0037. In some embodiments, aspect containers may be 
attached to a sender, a receiver, or both the sender and 
receiver. Moreover, aspect containers can be applied mix 
and-match to any service element—i.e., sender or receiver. In 
operation, if a method call has been attributed with an aspect 
container containing an aspect or a chain of aspects, the 
aspect or chain of aspects function to intercept the method 
call the client code is targeting. Once intercepted, the aspect 
orchain of aspects obtains the target method call information, 
and the aspects each execute in sequence. After executing in 
sequence, the real or intercepted method i.e., the transport 
code if attached to the sender, or the actual business logic if 
attached to the receiver—executes, and then each aspect 
executes in reverse sequence. Thus, the aspects provide the 
service developera declarative way to control many facets of 
application behavior, and serve as an effective shield to 
changes in underlying functionality, Such as Web services, 
and to reduce the amount of new custom code required to 
generate the service. Another benefit provided by the aspects 
is that application architecture functionality that is not fun 
damental to the service and service transports can be applied 
at deployment or run-time through configuration. 
0038 Separate from the application development, the ser 
vice developer, service architect, or other knowledgeable per 
son, utilizes the facility to define the aspect containers that are 
made available for attachment to the business logic. In one 
embodiment, each aspect container is different from the oth 
ers only in the name of the aspect container that is provided. 
A configuration file having the same name as the name of the 
aspect container contains the actual definition of the contents 
of the aspect container, and the particular configuration of 
each aspect in the aspect container is expressed in a respective 
aspect configuration file, such as, by way of example, an 
XML file. The aspect container contains logic to read the 
contents of its corresponding configuration file-e.g., as pro 
vided by the name of the aspect container—and to use the 
information in the configuration file to populate itself i.e., 
create an instance of the aspect container containing instances 
of the aspects. 
0039 Having created the actual business logic, decorated 
the business logic with the service deployment metadata, and 
optionally attached one or more aspect containers on the 
business logic, the service developer uses the facility to com 
pile the business logic. As a result of the compile operation 
and depending on the specified service deployment metadata, 
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the facility outputs three assemblies: a service sender; a ser 
Vice receiver; and a contracts assembly containing the custom 
types used by the service. The service developer deploys the 
assemblies into an execution environment for consumption 
and service publishing. For example, the execution environ 
ment may comprise one or more clients and one or more 
servers. Here, the sender can be deployed to some or all of the 
clients, and the receiver and the business logic—i.e., the 
service—can be deployed to some or all of the servers. If the 
service developer added functionality to the client i.e., 
sender—side by attaching one or more aspect containers, the 
appropriate configuration file for each aspect container, and 
the configuration files for the aspects specified by the aspect 
container, are also deployed into the execution environment, 
in this instance, the client, in order that the aspect containers 
can be populated and their contents cached on the client 
during execution of the sender. 
0040. Once the service is deployed into the execution envi 
ronment, the service becomes available for consumption. A 
service consumer wanting to consume a specific service ref 
erences the desired service sender in the client code. The 
referenced service sender functions as a proxy for the actual 
service and encapsulates the details of the transport specific 
code. Because the service sender encapsulates the transport 
specific code, the client code is able to simply request an 
instance of the service without having to worry about trans 
port-level details. In other embodiments, a service consumer 
may consume a service without using the provided service 
sender. In this instance, the service consumer needs to format 
the service request in the client code in the message format the 
service expects, which typically requires writing additional 
code specifically for the service technology. In one embodi 
ment, the service request is formatted using standard Service 
Oriented Architecture Protocols (SOAP). 
0041. The various embodiments of the facility and its 
advantages are best understood by referring to FIGS. 1-12. 
The elements of the drawings are not necessarily to scale, 
emphasis instead being placed upon clearly illustrating the 
principles of the invention. Throughout the drawings, like 
numerals are used for like and corresponding parts of the 
various drawings. 
0042 FIG. 1 is a block diagram illustrating selected com 
ponents typically incorporated in at least Some of the com 
puter systems on which the facility executes. These computer 
systems 100 may include one or more central processing units 
(“CPUs) 102 for executing computer programs; a computer 
memory 104 for storing programs and data—including data 
structures—while they are being used; a persistent storage 
device 106, such as a hard drive, for persistently storing 
programs and data; a computer-readable media drive 108, 
such as a CD-ROM drive, for reading programs and data 
stored on a computer-readable medium; and a network con 
nection 110 for connecting the computer system to other 
computer systems, such as via the Internet, to exchange pro 
grams and/or data—including data structures. 
0043. The facility may be described in the general context 
of computer-readable instructions, such as program modules, 
executed by computer systems 100 or other devices. Gener 
ally, program modules include routines, programs, objects, 
components, data structures, etc. that perform particular tasks 
or implement particular abstract data types. Memory 104 and 
persistent storage device 106 are computer-readable media 
that may contain instructions that implement the facility. It 
will be appreciated that memory 104 and persistent storage 
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106 may have various other contents in addition to the instruc 
tions that implement the facility. 
0044. It will be appreciated that computer systems 100 
may include one or more display devices for displaying pro 
gram output, such as video monitors or LCD panels, and one 
or more input devices for receiving user input, such as key 
boards, microphones, or pointing devices Such as a mouse. 
While computer systems 100 configured as described above 
are typically used to support the operation of the facility, it 
will be appreciated that the facility may be implemented 
using devices of various types and configurations, and having 
various components. 
0045. In the discussion that follows, embodiments of facil 
ity are described in conjunction with a variety of illustrative 
examples. It will be appreciated that the embodiments of 
facility may be used in circumstances that diverge signifi 
cantly from these examples in various respects. 
0046 FIG. 2 is a high-level block diagram showing an 
environment 20 in which components generated by the facil 
ity operate. In general terms, environment 20 provides a ser 
vice architecture, which abstracts the infrastructure details of 
individual messaging technologies from the business logic. 
The service architecture infrastructure takes care of generat 
ing the code necessary to enable an application to exchange 
messages, thus enabling service implementers to concentrate 
on delivering business functionality. As depicted, environ 
ment 20 comprises a service 202, a receiver 204, and a sender 
206. In particular, receiver 204 and sender 206 are coupled 
through a network 208. As used herein, the terms “con 
nected “coupled or any variant thereof, means any con 
nection or coupling, either direct or indirect, between two or 
more elements; the coupling of connection between the ele 
ments can be physical, logical, or a combination thereof. 
0047 Service 202 generally functions to deliver function 
ality by exchanging messages over transports, which Support 
asynchronous invocation of services 202. Service 202 con 
tains the actual business logic. As such, service 202 is custom 
code and is responsible for actions such as performing the 
contained business logic, interacting with the data, and coor 
dinating other services. In one embodiment, service 202 is 
decorated with service deployment metadata, which defines 
their associated senders and receivers. For example, a service 
developer adds the metadata to the business logic without 
modifying the actual business logic. The metadata is 
expressed as attributes on elements in the actual source code. 
0048 Receiver 204 generally functions as a transport suit 
able for receiving messages, and also functions to convert the 
received messages into types, and pass the types to its corre 
sponding service 202 for processing. In this regard, receiver 
204 facilitates plumbing. Receiver 204 is generated entirely 
by the facility from the service definition i.e., service 
deployment metadata—specified in a corresponding service 
202. In one embodiment, the facility reads as input the service 
deployment metadata contained in service 202 and generates 
(1) the communications logic necessary to implement the 
message exchange technology to enable receiver 204 to func 
tion as a transport Suitable for receiving messages, (2) the 
logic necessary to convert the messages into types, and (3) the 
logic necessary to pass the types to the appropriate service 
202. Examples of message exchange technologies include 
communication technologies such as in-process transport, 
which exposes the service functionality as an in-memory 
object; Microsoft(R.NET Remoting transport, which exposes 
the service functionality as a server-activated, single call 
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object using .NET Remoting stack; Microsoft(R) ASP.NET 
Web Services (ASMX) transport, which exposes the service 
functionality as an ASP.NET endpoint: Web Service 
Enhancements for Microsoft(R) .NET (WSE) 2.0 transport, 
which exposes the service functionality securely over TCP 
and HTTP; and other readily-available and suitable trans 
ports. A technical advantage is that receiver 204, by being 
wholly generated by the facility, allows the service developer 
to be transport neutral—i.e., the service developer does not 
have to develop the custom communications code. 
0049 Sender 206 generally functions as a proxy for its 
corresponding service 202. As such, sender 206 converts 
types into messages and also functions as a transport mecha 
nism Suitable for sending the messages to its corresponding 
receiver 204. In this regard, sender 206 facilitates plumbing. 
Sender 206 is generated entirely by the facility from the 
service definition—i.e., service deployment metadata— 
specified in its corresponding service 202. In one embodi 
ment, the facility reads as input the service deployment meta 
data contained in service 202 and generates (1) the logic 
necessary to present service 202 as a proxy, (2) the logic 
necessary to convert the types into messages, and (3) the 
communications logic necessary to implement the message 
exchange technology to enable sender 206 to function as a 
transport Suitable for sending messages. 
0050. One technical advantage is that sender 206 makes it 
easy to drop messages into the communications pipe to its 
corresponding receiver 204, and ultimately to service 202. 
Another technical advantage is that sender 202 preserves type 
fidelity across the messaging boundary, if desired. A further 
technical advantage is that sender 206, by being wholly gen 
erated by the facility, allows the service consumer to be trans 
port neutral—i.e., the service consumer does not have to 
develop the custom communications code. 
0051 One skilled in the art will appreciate that senders 
206 are not required to communicate with receivers 204. In 
this instance, services 202 can be consumed by any applica 
tion that Supports and is able to use the messaging technology. 
Stated another way, the application developer will need to 
develop and incorporate the functionality provided by the 
senders—e.g., the code generated by the facility in creating 
the senders—into the application, thus enabling the applica 
tion to communicate via messages with the appropriate 
receivers. 

0052 Between sender 206 and receiver 204, the paradigm 
is message exchange, and the contract is based on transport 
and encoding. On both ends of this pipeline' i.e., between 
the service consumer (not depicted) and sender 206, and 
between receiver 204 and service 202 the paradigm is 
types. A resulting technical advantage is that there is no 
imposition of coding or data transport style into the applica 
tion code. Moreover, while a sender and receiver pair can be 
used to exchange messages, it will be appreciated that the 
sender is not required. For example, any agent that is capable 
of conforming to the schema can send and receive messages 
to and from the receiver. 

0053 Network 208 is a communications link that facili 
tates the transfer of electronic content between, for example, 
the attached computers. In one embodiment, network 208 
includes the Internet. It will be appreciated that network 208 
may be comprised of one or more other types of networks, 
Such as a local area network, a wide area network, a point-to 
point dial-up connection, and the like. It will also be appre 
ciated that network 208 may not be present. For example, 
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sender 206 and receiver 204 may both reside on the same 
computing system and communicate via communication 
mechanisms, such as, interprocess communication, remote 
function call, internal communication buses, etc., typically 
Supported on the computing system. 
0054 FIG. 3 is a block diagram illustrating selected com 
ponents of the facility, according to one embodiment. As 
depicted, the facility includes a service generator 302 and 
framework assemblies 304. Service generator 302 generally 
functions to create the service assemblies that are deployed to 
the environment for consumption and service publishing. In 
one embodiment, service generator 302 receives as input the 
intermediary language assemblies that are generated by com 
piling the business logic, and scans the input assemblies to 
identify the service deployment metadata attributes, and 
based on the attributes, generates the senders, receivers, and 
contracts assemblies corresponding to the business logic—i. 
e., service. Service generator 302 is further discussed below. 
0055. In general terms, framework assemblies 304 enable 
aspect containers at runtime. Frameworkassemblies 304 gen 
erally function as a Suite of applicationarchitectural function 
ality that the applications can re-use. Framework assemblies 
304 include the code, configuration files, tools and resources, 
aspects and their corresponding configuration files, and the 
aspect containers and their corresponding configuration files. 
In some embodiments, frameworkassemblies 304 extend and 
provide hooks into Microsoft(R.NET Framework. As such, in 
some embodiments, framework assemblies 304 may refer to 
all or parts of Microsoft(R) .NET Framework. A technical 
advantage is that framework assemblies 304 enable many key 
behaviors to be defined centrally, outside of the application 
code. This allows service developers the flexibility to focus on 
the application code without having to worry about the sec 
ondary or ancillary tasks, such as, communication, caching, 
logging, security, validation, error reporting, etc. 
0056. In some embodiments, the facility provides a 
graphical user interface and configuration tools to enable a 
user to manage the application or service configuration. For 
example, the user can use the interface and tools to configure 
frameworks, define aspects, and define aspect containers. The 
facility may also provide a graphical user interface and tools 
to enable the user to create custom frameworks and/or aspects 
and to add the created frameworks and/or aspects into frame 
work assemblies 304 for subsequent use. 
0057 The aforementioned components of the facility are 
only illustrative, and the facility may include other compo 
nents and modules not depicted. Furthermore, the function 
ality provided for in the components and modules may be 
combined into fewer components and modules or further 
separated into additional components and modules. 
0058 FIG. 4 illustrates a flow chart of a method 400 by 
which a service developer utilizes the facility to develop and 
deploy a service, according to some embodiments. By way of 
example, a service developer may want to develop a calcula 
tor application that returns the sum of two variables “arg1 
and “arg2' and package the calculator application and expose 
it as a service. Beginning at a start step, the service developer 
develops the logic—e.g., code—for the calculator applica 
tion, at step 402. Strings 502,504 and 506 in FIG.5 illustrate 
an example code Snippet of the calculator application. 
0059. At step 404, the service developer references frame 
work assemblies 304 in the code. By referencing framework 
assemblies 304, the service developer is able to attach aspect 
containers, specify service attributes, and otherwise declara 
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tively add functionality and behavior to the application logic. 
Continuing the calculator application example, String 508 in 
FIG.5 illustrates an example code snippet of a reference to the 
framework assemblies 304. In the example code snippet, 
"XYZ.ACA. Services” is the name of the framework assem 
blies. 
0060. At step 406, the service developer attributes the 
business logic as a service. The attribute serves as an indica 
tion to the facility and, in particular, service generator 302, 
that a service is to be created from the business logic. In one 
embodiment, the attributes, which are metadata, are specified 
in the business logic using square brackets—i.e., specified 
between “” and “I” brackets. Continuing the calculator appli 
cation example, attribute 510 in FIG.5 serves as an indication 
that the calculator application is to be generated as a service. 
0061. At step 408, the service developerspecifies the set of 
transports the service is to be exposed over. The service 
developer may specify one or more transports that are avail 
able in the particular framework assemblies 304 that are ref 
erenced in the code. Continuing the calculator application 
example, attributes 512 and 514 in FIG.5 serve as indications 
of the transports that are to be supported by the calculator 
service. In particular, attributes 512 and 514 are indications 
that the calculator service is to be exposed over AsmxTrans 
port' and “WseTransport, respectively. 
0062. At step 410, the service developer specifies one or 
more classes and/or methods that are to be exposed over the 
set of transports specified in step 408. In the calculator appli 
cation example, the service developer specified that the 
method'Addas indicated by string 504 is to be exposed over 
the ASMX Transport and the WSE Transport. This is indi 
cated by attribute 516 in FIG. 5, which also serves as an 
indication that service generator 302 is to create a sender and 
receiver pair for each specified transport, and a contracts 
assembly for the method Add.” 
0063. One skilled in the art will appreciate that the number 
of transports and methods specified above are only illustra 
tive. For example, the service developer may have specified a 
different number of and/or different methods that are to be 
exposed. Also, the service developer may have specified a 
different number of and/or different transports for the speci 
fied method or methods to be exposed over. The types of 
transports is limited by the transports Supported in the frame 
work assemblies that are referenced by the code, and for each 
specified transport, the facility generates a sender and 
receiver pair. 
0064. At step 412, the service developer may optionally 
attach an aspect container on the exposed class or method. 
The service developer may attach any aspect container that is 
available in the particular framework assemblies 304 that is 
referenced in the code. In one embodiment, the aspect con 
tainer can be attached to the sender that is generated for the 
exposed method, the receiver that is generated for the exposed 
method, or both the sender and the receiver. Continuing the 
calculator application example, attribute 602 in FIG. 6 serves 
as an indication that the aspect container "CalcContainer is 
to be attached to the method Add. Moreover, attribute 602 
further indicates that the scope of attachment for the aspect 
container as senders only, as indicated by AspectContainer 
Scope.SendersOnly.” Thus, attribute 602 attaches the speci 
fied aspect container on the sender that is created for each 
specified transport. Alternatively, the service developer may 
have specified the scope of attachment to be receivers only— 
e.g., “AspectContainerScope. ReceiversOnly' or both 
senders and receivers—e.g., "AspectContainerScope. Both.” 
0065. The aspect container also functions as a unit of reuse 
of aspect sets. Each named aspect represents an instance of 
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aspect configuration, expressing the full functionality of the 
underlying core framework, and is the unit of aspect behavior 
reuse. Moreover, different aspect containers may be attached 
to the sender and the receiver. Stated another way, senders and 
receivers may be governed by different aspect containers. 
Further, senders and receivers, as well as the service, may be 
governed by a plurality of aspect containers. Aspect contain 
ers are further discussed below. 

0066. In one embodiment, the aspect container attribute— 
i.e., AspectContainer ("CalcContainer, AspectContainer 
Scope.SendersOnly) in the calculator application example 
above is the central abstraction. The named aspect con 
tainer contains one or more named aspects. It is the unit of 
aspect deployment and it is deployed at the class or method 
level. Aspect containers deployed at the class level govern all 
exposed methods on the class, unless overridden by a method 
level aspect container. 
0067 FIG. 7 illustrates an example code snippet illustrat 
ing both a class level and a method level aspect container 
deployment. Attribute 702 precedes string 704, which defines 
the class “MyClass.” As such, attribute 702 serves as an 
indication that the aspect container “Container1 is a class 
level aspect container, and is to govern all the exposed meth 
ods in the class “MyClass, unless overridden by an aspect 
container directly deployed on an exposed method in the 
class. Attribute 706 serves as an indication that the aspect 
container “Container2 is to be attached to the method “Get 
My Data, which is an exposed method in the class 
“MyClass.” Thus, aspect container “Container2 is a method 
level aspect container, which overrides or takes precedent 
over the class level aspect container “Container1.” As a result, 
class level aspect container “Container1' is to be attached to 
all exposed methods in the class “MyClass’ except method 
“GetMyData.” 
0068 Referring again to method 400, at step 414, the 
service developer compiles the business logic, which 
includes the attributes for the services and aspects, into inter 
mediary language assemblies, such as, by way of example, 
libraries, dynamic link libraries, assemblies, object files, etc. 
At step 416, the service developer uses the facility to generate 
the service senders and receivers and a contracts assembly 
from the intermediary language assemblies. 
0069 FIG. 8 illustrates a flow chart of a method 800 by 
which the facility compiles the intermediary language assem 
blies, according to Some embodiments. In particular, service 
generator 302 utilizes framework assemblies 304 to generate 
the service senders and receivers and the contracts assembly. 
During a start step, the intermediary language assemblies 
generated from the business logic is input to service generator 
3O2. 

0070. At step 802, service generator 302 scans through the 
assemblies looking for classes that have been designated as 
services. Continuing the calculator application example, Ser 
Vice generator 302 Scans through the assemblies looking for 
classes that have been designated as ACAService. Then, for 
each of the service classes (step 804), service generator 302 
performs steps 806 to 812. At step 806, service generator 302 
builds an internal model of the class by reflecting over its 
structure and capturing all the details of the interfaces of the 
service methods. The model eliminates the noise or unnec 
essary details that are unimportant or not necessary for Ser 
Vice generator 302 to create the senders, receivers, and con 
tracts. For example, a class may include three methods, 
method 1 method 2, and method 3, of which only method 2 is 
designated as a method to be exposed as a service. In this 
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instance, the model will include method 2, but not methods 1 
and 3. In one embodiment, service generator 302 builds the 
model in internal memory. 
0071. At step 808, service generator 302 incorporates the 
specified aspect containers—e.g., AspectContainer—into 
the internal model. At step 810, service generator 302 incor 
porates the specified transport designations—e.g., Trans 
port—into the internal model. Continuing the aforemen 
tioned calculator application example, service generator 302 
incorporates AspectContainer ("CalcContainer, Aspect 
ContainerScope.SendersOnly) and AsmxTransport and 
WseTransport into the internal model. 
0072 At step 812, service generator 302 generates the 
unified communications and aspect interception infrastruc 
ture used to deploy the business logic to the appropriate 
service channels—i.e., transports. The aspect interception 
infrastructure ensures that the attached aspects are called and 
processed prior to the business logic being processed as well 
as after the business logic is processed. In one embodiment, 
the aspect interception infrastructure is implemented as code 
that is included in the sender and/or receiver to which the 
aspects are attached. Continuing the calculator application 
example, service generator 302 produces the following: 

0073. An ASMX Sender, which is enhanced with the 
aspect interception mechanism for the “CalcContainer 
AspectContainer. The ASMX Sender is used to invoke 
the service functionality over the ASMX transport. It 
calls the ASMX Receiver. 

10074 An ASMX Receiver, which is used to receive the 
message from the ASMX Sender. It forwards the call on 
to the actual business logic—i.e., the calculator applica 
tion method Add. 

0075. A WSE Sender, which is enhanced with the 
aspect interception mechanism for the “CalcContainer 
AspectContainer. The WSE Sender is used to invoke the 
service functionality over the WSE transport. It calls the 
WSE Receiver. 

0076 A WSE Receiver, which is used to receive the 
message from the WSE Sender. It forwards the call on to 
the actual business logic—i.e., the calculator application 
method Add. 

0.077 
0078. A contracts assembly, which specifies the data 
types for the data used in the actual business logic—i.e., 
the calculator application method Add.” 

0079 Referring again to method 400, at step 418, the 
service developer deploys the code into an execution envi 
ronment. The senders and the contracts produced by service 
generator 302 are typically deployed for consumption on 
clients, while the receivers and the service are deployed on 
servers coupled to the clients. Furthermore, if a sender is 
enhanced with aspects through the attachment of an aspect 
container, the appropriate framework assembly—e.g., frame 
work assemblies 304 including any necessary configura 
tion information for the aspect container and the aspects, are 
also deployed with the client. Once deployed, the services are 
ready for consumption by service consumers. Continuing the 
calculator application example, the ASMX Sender, the WSE 
Sender, the contracts assembly, the aspect container "Calc 
Container, and the framework assembly "XYZ.ACA. Ser 
vices, including the necessary configuration files for the 
aspect container “CalcContainer” and the configuration files 
for the aspects contained in “CalcContainer.” may be 
deployed on one or more clients for consumption by service 
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consumers, while the ASMX Receiver, the WSE Receiver, 
and the service may be deployed on one or more servers 
coupled to these clients. 
0080. One skilled in the art will appreciate that, for this 
and other methods and processes disclosed herein, the func 
tions performed in the exemplary flow charts may be imple 
mented in differing order. Furthermore, the steps outlined in 
the flow charts are only exemplary, and Some of the steps may 
be optional, combined into fewer steps, or expanded into 
additional steps without detracting from the essence of the 
invention. 
I0081 FIG. 9 is a block diagram illustrating an example 
aspect container. As depicted, an aspect container 902 is 
coupled to an aspect container configuration 904 and a plu 
rality of aspects 906. Aspect container 902 generally func 
tions to create an instance of the plurality of aspects 906 as 
specified in aspect container configuration 904. Aspect con 
tainer configuration 904 generally functions as a repository 
for the information used by aspect container902 to generate 
an instance of the aspects. For example and as depicted in 
FIG.9, aspect container 904 may include a list of the aspects, 
“Aspect 1 through Aspect N. in sequence. Each aspect 
contains the logic to perform a function that typically apply 
uniformly across a variety of usage instances, such as, by way 
of example, auditing (e.g., capturing a log of the service 
activity), instrumentation (e.g., capturing the service perfor 
mance information), security (e.g., applying authorization 
policies), caching (e.g., defining the caching behavior of the 
services), exception handling (e.g., performing a defined 
behavior in the event of service failure or exception), and 
validation (e.g., defining the validity of data and applying the 
validation rules). One skilled in the art will appreciate that an 
aspect container can create an instance of Zero, one or more 
aspects as specified by its aspect configuration file. 
I0082 In one embodiment, an aspect container is different 
from the other aspect containers only in name. Other than 
reading in or inputting the contents of a different aspect 
container configuration file, as indicated by the name of a 
particular aspect container, all aspect containers execute or 
perform the same logic to create the instances of the aspects as 
specified by the input configuration file. In this manner, 
aspect containers organize and coordinate the aspects, and 
build a managed chain of aspects to preamble and post 
amble the application or business logic—e.g., class or 
method. 
I0083. As depicted in FIG.9, the plurality of aspects 906 
includes a chain of n aspects, “Aspect 1 through Aspect N.” 
The order of the aspects in the chain and each aspect's internal 
state is retrieved from a respective configuration file (not 
depicted). In operation, each aspect in the chain of aspects has 
a chance to execute both before and after the call to the class 
or method. For example, if the plurality of aspects 906 is 
attached to a sender, the n aspects—i.e., "Aspect 1' through 
“Aspect N' execute in sequence before a call to the service 
is made utilizing the transport incorporated in the sender. 
Upon return from the service, Aspect N” through Aspect 1 
executes in reverse sequence. Alternatively, if the plurality of 
aspects 906 is attached to a receiver, Aspect 1 through 
“Aspect N” executes in sequence before a call to the service. 
Upon return from the service, Aspect N” through Aspect 1 
executes in reverse sequence before returning to the sender 
that originally invoked the service. 
I0084. In some embodiments, the facility provides a 
graphical user interface and tools for configuring frame 
works, aspects, and aspect containers. In one embodiment, 
frameworks that are provided in framework assemblies, such 
as framework assemblies 304, need to be configured prior to 
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their use. Assuming that framework assemblies 304 provides 
a caching framework, a service developer may need to define 
characteristics of the caching framework, such as a caching 
storage type (e.g., database), instance name (e.g. applications 
can have multiple instances), memory threshold (e.g., the 
number of items in cache), polling interval (e.g., how often to 
poll the cache of expired items), Scavenging range (e.g., how 
many items to remove from cache in case a specified thresh 
old has been reached), etc. In like manner, the service devel 
oper can define the characteristics for the other frameworks, 
Such as an auditing framework, an instrumentation frame 
work, a security framework, an exception handling frame 
work, a validation framework, and any other provided frame 
work by specifying the general characteristics appropriate for 
the particular framework. 
0085 Similarly, aspects and aspect containers also need to 
be configured prior to their use. Assuming that the service 
developer wants to define a caching aspect, the service devel 
oper may need to (1) define an aspect, (2) specify the aspect's 
type as a caching aspect, and (3) define the necessary settings 
for this type of caching aspect, Such as a cache instance that is 
to be used, an expiration strategy, a purging priority in the 
instance the cache becomes too large, etc. In one embodi 
ment, the facility maintains the configuration information for 
the aspect in a configuration file associated with the config 
ured aspect. In like manner, the service developer can config 
ure other aspects. Having configured one or more aspects, the 
service developer can define an aspect container and add 
aspects into the aspect container. In one embodiment, the 
name of the aspect container needs to match the container 
name used in the application or business code. Referring 
again to the calculator application example, the service devel 
oper needs to name the aspect container as "CalcContainer.” 
I0086 FIG.10 is a display diagram showing a portion of an 
example graphical user interface Suitable for configuring and 
administering frameworks, aspects, and aspect containers. A 
window 1002 displays configuration information regarding 
the caching framework and allows a user to modify the con 
figuration information by selecting a displayed characteristic 
using a pointing device Such as a mouse, and providing the 
necessary information. Window 1002 may provide the user 
the ability to enter the information by selecting one or more 
items from a drop-down or pop-up window. A window 1004 
displays the aspects and aspect containers defined in an appli 
cation “Calculator in an expandable tree structure. In this 
example, as depicted, the available aspects are “Client 
Cache.” “Audit,” and Admin Role Check.' and two aspect 
containers, “CalcContainer” and “SecurityCheck.” are con 
figured. The aspect container “CalcContainer contains the 
aspects Audit' and “Client Cache' in that sequence, and the 
aspect container “SecurityCheck’ contains the aspect 
Admin Role Check. Window 1004 allows the user the abil 

ity to select aspects and aspect containers in order to add 
aspects into and remove aspects out of aspect containers. For 
example, the user can add an aspect to an aspect container by 
using a pointing device. Such as a mouse, and selecting an 
aspect or multiple aspects and manipulating the selected 
aspects to place the selected aspects into the aspect container. 
The user can likewise remove an aspect or multiple aspects by 
selecting the aspects and removing the aspects out of the 
aspect container. Window 1004 also displays the configura 
tion information for an aspect or aspect container in response 
to its user selecting the aspect or aspect container. For 
example, the configuration information may be displayed in 
window 1002 or another window—e.g., a pop-up window. 
0087. Once an aspect container is added to the code, the 
specification of the particular aspects associated with that 
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container may be accomplished through a graphical user 
interface, such as the user interface illustrated in FIG. 10. A 
technical advantage to externalizing the application of par 
ticular aspects to a named aspect container is that there is an 
unprecedented level of control over the full suite of aspect 
behaviors. For example, what was once a laborious and often 
inconsistently implemented coding task is now a matter of 
policy, which can be controlled by architects and/or admin 
istrators. 

I0088 Another technical advantage is that aspects and 
aspect containers allow developers to be shielded from those 
ever changing business requirements. For example, the busi 
ness logic does not care that it is being audited or that the 
return value for a particular method needs to be cached and 
persisted to a database to Survive reboots. The business logic 
developer does not need to write this code anymore since the 
functionality can now be added outside of the actual code 
through external configuration. 
I0089. Still another technical advantage is that aspects and 
aspect containers enable applications to be built or developed 
much faster since a significant amount of application func 
tionality can be simply expressed though configuration 
instead of through hand-coding. This also adds quality to the 
applications because many tasks that once depended on cus 
tom code to manipulate aspect-like frameworks, such as 
authorization, is now implemented through tested and proven 
aspects. Further, aspects and aspect containers increase the 
agility of the applications because many important facets of 
application behavior are externalized and configurable at or 
after deployment time. 
(0090 FIG. 11 illustrates a flow chart of a method 1100 by 
which the facility generates an aspect container at runtime, 
according to Some embodiments. By way of example, an 
aspect container may have been deployed into an execution 
environment as part of a service sender or a service receiver. 
When the code i.e., sender or receiver is deployed, each 
aspect container instance is different from the others only in 
the name of the container that is provided, and the actual 
definition of the contents of the container and the particular 
configuration of each aspect in each container is expressed 
externally in a file, such as an XML file. Then, when each 
aspect container is initially invoked by the generated inter 
ception mechanism, the aspect container, at step 1102, checks 
to determine if it is populated and cached in memory. If the 
aspect container determines that it had not previously popu 
lated itself i.e., created an instance of itself and cached the 
instance in memory, then, at step 1104, the aspect container 
reads in the configuration information from its corresponding 
configuration file and uses the configuration information to 
populate itself. 
(0091 Steps 1106 through 1114 illustrate one embodiment 
of a method by which the aspect container populates itself. At 
step 1106, the aspect container identifies the aspects that need 
to be created. For each aspect that needs to be created, the 
aspect container performs steps 1108 to 1112. At step 1108, 
the aspect container uses contents—i.e., aspect definitions, 
etc.—of the framework assemblies and creates an instance of 
the aspect and places it in the container—e.g., within itself. At 
step 1110, the aspect container configures the aspect instance 
according to the configuration information and details con 
tained in the aspect's configuration fife. At step 1112, the 
aspect container chains the aspect instances together in a 
sequence. The aspect container retrieves the sequence infor 
mation from its configuration file. Once the aspect container 
finishes populating itself, the aspect container caches its con 
tents—i.e., the created instances of the aspects—in memory. 
By caching itself in memory, the aspect container provides 
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efficiency in Subsequent calls. For example, the aspect con 
tainer does not have to populate itself if its instance is cached 
in memory. 
0092. If, at step 1102, the aspect container determines that 

it had previously populated and cached itself, or Subsequent 
to populating itself, the aspect container executes each aspect 
in sequence, at Step 1116. At step 1118, the method—e.g., the 
actual service business functionality—is executed. in one 
embodiment, the last aspect in the chain of aspects executes 
and then initiates a call to the method. Subsequent to the 
method executing, the aspect container executes the chain of 
aspects in reverse sequence, at step 1120. 
0093 FIG. 12 is a block diagram illustrating aspect con 
tainers attached to a sender and a receiver. In particular, a 
sender “Sender 1 is deployed on a client, and a receiver 
“Receiver 1 and a service “Service 1 are deployed on a 
server. An aspect container"Aspect Container S1 is attached 
to “Sender 1. and “Aspect Container S1 is comprised of a 
chain of three aspects, “Aspect 1.” “Aspect 2. and Aspect3.” 
Thus, when initially invoked, “Aspect Container S1’ popu 
lates itself by reading in its configuration contained in, for 
example, "Container S1 Configuration' and creating an 
instance of the chain of aspects. Aspect Container S1 also 
configures each aspect instance in the chain with its particular 
details contained in, for example, "Aspect 1 Configuration.” 
“Aspect 2 Configuration, and Aspect 3 Configuration.” 
Subsequent to populating itself, control passes through 
“Aspect Container S1, which executes Aspect 1.” Aspect 
2. and Aspect 3 in sequence, then executes the actual 
service functionality, “Service 1. via a call to “Receiver 1.” 
Upon receiving a response from “Service 1” via “Receiver 1.” 
“Aspect Container S1 executes each aspect in reverse 
sequence—e.g., “Aspect 3’then Aspect 2 then Aspect 1.” 
In one embodiment, the configuration files—e.g., "Container 
S1 Configuration.” Aspect 1 Configuration.” “Aspect 2 Con 
figuration, and "Aspect 3 Configuration'—are deployed on 
the client. 

0094. On the server, an aspect container “Aspect Con 
tainer R1 is attached to 

0095 “Receiver 1,” and “Aspect Container R1 is com 
prised of a chain of two aspects, “Aspect 1 and Aspect 4. 
Thus, when initially invoked, for example, by receiving a 
message from “Sender 1. “Aspect Container R1 populates 
itself by reading in its configuration contained in, for 
example, "Container R1 Configuration' and creating an 
instance of the chain of aspects. Aspect Container R1 also 
configures each aspect instance in the chain with its particular 
details contained in, for example, "Aspect 1 Configuration” 
and "Aspect 4 Configuration. Subsequent to populating 
itself, control passes through Aspect Container R1, which 
executes “Aspect 1 and “Aspect 4 in sequence, then 
executes the actual service functionality, “Service 1. Upon 
receiving a response from “Service 1.” “Aspect Container 
R1' executes each aspect in reverse sequence—i.e., "Aspect 
4' then Aspect 1.” In one embodiment, the configuration 
files—i.e., “Container R1 Configuration.” “Aspect 1 Con 
figuration, and "Aspect 4 Configuration'—are deployed on 
the server as part of the framework assemblies, “Framework.” 
0096. Unless the context clearly requires otherwise, 
throughout the description and the claims, the words "com 
prise.” “comprising.” and the like are to be construed in an 
inclusive sense, as opposed to an exclusive or exhaustive 
sense; that is to say, in the sense of “including, but not limited 
to. The word “coupled, as generally used herein, refers to 
two or more elements that may be either directly connected, 
or connected by way of one or more intermediate elements. 
Additionally, the words “herein.” “above,” “below,” and 
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words of similar import, when used in this application, shall 
refer to this application as a whole and not to any particular 
portions of this application. Where the context permits, words 
in the above Detailed Description using the singular or plural 
number may also include the plural or singular number 
respectively. The word 'or' in reference to a list of two or 
more items, that word covers all of the following interpreta 
tions of the word: any of the items in the list, all of the items 
in the list, and any combination of the items in the list. 
(0097. The above detailed description of embodiments of 
the invention is not intended to be exhaustive or to limit the 
invention to the precise form disclosed above. While specific 
embodiments of, and examples for, the invention are 
described above for illustrative purposes, various equivalent 
modifications are possible within the scope of the invention, 
as those skilled in the relevant art will recognize. For 
example, while processes or blocks are presented in a given 
order, alternative embodiments may perform routines having 
steps, or employ systems having blocks, in a different order, 
and some processes or blocks may be deleted, moved, added, 
subdivided, combined, and/or modified. Each of these pro 
cesses or blocks may be implemented in a variety of different 
ways. Also, while processes or blocks are at times shown as 
being performed in series, these processes or blocks may 
instead be performed in parallel, or may be performed at 
different times. 
0098. The teachings of the invention provided herein can 
be applied to other systems, not necessarily the system 
described above. The elements and acts of the various 
embodiments described above can be combined to provide 
further embodiments. 
0099 All of the above patents and applications and other 
references, including any that may be listed in accompanying 
filing papers, are incorporated herein by reference. Aspects of 
the invention can be modified, if necessary, to employ the 
systems, functions, and concepts of the various references 
described above to provide yet further embodiments of the 
invention. 

0100. These and other changes can be made to the inven 
tion in light of the above Detailed Description. White the 
above description details certain embodiments of the inven 
tion and describes the best mode contemplated, no matter 
how detailed the above appears in text, the invention can be 
practiced in many ways. Details of the architecture may vary 
considerably in its implementation details, white still being 
encompassed by the invention disclosed herein. As noted 
above, particular terminology used when describing certain 
features or aspects of the invention should not be taken to 
imply that the terminology is being redefined herein to be 
restricted to any specific characteristics, features, or aspects 
of the invention with which that terminology is associated. In 
general, the terms used in the following claims should not be 
construed to limit the invention to the specific embodiments 
disclosed in the specification, unless the above Detailed 
Description section explicitly defines Such terms. Accord 
ingly, the actual scope of the invention encompasses not only 
the disclosed embodiments, but also all equivalent ways of 
practicing or implementing the invention under the claims. 
0101 While certain aspects of the invention are presented 
below in certain claim forms, the inventors contemplate the 
various aspects of the invention in any number of claim forms. 
For example, while only one aspect of the invention is recited 
as embodied in a computer-readable medium, other aspects 
may likewise be embodied in a computer-readable medium. 
Accordingly, the inventors reserve the right to add additional 
claims after filing the application to pursue such additional 
claim forms for other aspects of the invention. 
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1. A computer-implemented method for generating a uni 
fied communications infrastructure from an intermediary lan 
guage assemblies of a business logic decorated with service 
deployment metadata, the method comprising: 

receiving as input an intermediary language assemblies 
generated from a business logic decorated with service 
deployment metadata; 

identifying one or more classes designated as services in 
the intermediary language assemblies, and for each 
identified service class: 

identifying one or more methods in the service class that 
are to be exposed as services in the intermediary lan 
guage assemblies: 

identifying one or more transport designations in the inter 
mediary language assemblies, each transport designa 
tion indicating a message exchange technology the ser 
Vice classes are to be exposed over; and 

generating a unified communications infrastructure for the 
business logic, the unified communications infrastruc 
ture comprising a service corresponding to each method 
that is to be exposed as a service, a contracts assembly 
specifying custom types used by the service, and a 
Sender and receiver pair for each service and transport 
designation, 

such that each sender is operable to invoke the service by 
transmitting a message over its underlying transport by call 
ing its corresponding receiver, each receiver operable to 
receive the message from its corresponding sender and for 
ward the call on to the service, and each sender and receiver 
pair hides the details of the underlying transport for the sender 
and receiver pair. 

2. The method of claim 1, wherein the service classes are 
specified by the service deployment metadata in the business 
logic. 

3. The method of claim 1, wherein the transport designa 
tions are specified by the service deployment metadata in the 
business logic. 

4. The method of claim 1, wherein the sender is wholly 
generated from the service deployment metadata. 

5. The method of claim 1, wherein the receiver is wholly 
generated from the service deployment metadata. 

6. The method of claim 1, wherein the message exchange 
technology Supports asynchronous invocation of the service. 

7. The method of claim 1 further comprising, for each 
identified service class, generating an internal model of the 
service class, the internal model comprising the identified 
methods that are to be exposed as services. 

8. The method of claim 7 further comprising, for each 
identified service class, generating an internal model of the 
service class, incorporating the transport designations into 
the internal model. 

9. The method of claim 7, wherein the unified communi 
cations infrastructure is generated using the internal model of 
the class. 

10. A computer-readable storage medium whose contents 
cause a computer to: 

receive as input intermediary language assemblies gener 
ated as a result of a compile operation on actual business 
logic enhanced with service deployment metadata; 
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scan through the intermediary language assemblies to 
identify classes designated as services, and for each 
identified service class: 
identify one or more methods that are to be exposed as 

services in the intermediary language assemblies; 
identify one or more transport designations specified in 

the intermediary language assemblies, each transport 
designation indicating a transport the service class is 
to be exposed over, wherein the transport is a message 
exchange technology; and 

generate a communications infrastructure for the busi 
ness logic, the unified communications infrastructure 
comprising a service corresponding to each method 
that is to be exposed in the class, a contracts assembly 
specifying custom types used by the service, and a 
sender and receiverpair for each service and transport 
designation, 

such that each sender is operable to invoke the service by 
transmitting a message over its underlying transport by call 
ing its corresponding receiver, each receiver operable to 
receive the message from its corresponding sender and for 
ward the call on to the service, and each sender and receiver 
pair hides the details of the underlying transport for the sender 
and receiver pair. 

11. The computer-readable storage medium of claim 10, 
wherein the service classes are designated using the service 
deployment metadata in the business logic. 

12. The computer-readable storage medium of claim 10, 
wherein the transport designations are specified using the 
service deployment metadata in the business logic. 

13. The computer-readable storage medium of claim 10, 
wherein the sender is generated entirely from the service 
deployment metadata. 

14. The computer-readable storage medium of claim 10, 
wherein the receiver is generated entirely from the service 
deployment metadata. 

15. The computer-readable storage medium of claim 10, 
wherein the message exchange technology includes an in 
process transport. 

16. The computer-readable storage medium of claim 10, 
wherein the message exchange technology includes a .NET 
Remoting transport. 

17. The computer-readable storage medium of claim 10, 
wherein the message exchange technology includes a web 
services transport. 

18. The computer-readable storage medium of claim 10, 
wherein the message exchange technology includes a .NET 
transport. 

19. The computer-readable storage medium of claim 10 
further comprising content that cause the computer to, for 
each identified service class, generate an internal model of the 
class. 

20. The computer-readable storage medium of claim 19 
further comprising content that cause the computer to incor 
porate the identified transport designations into the internal 
model of the class. 

21-42. (canceled) 


