
Merging Ccaffeine within Web Service Oriented

Architecture

Wei Lu
Extreme! Lab, Computer Science Departement, Indiana University

April 21, 2006

1 Introduction

Command Component Architecture (CCA) [4] is a specification of component
architecture designed for high performance scientific computing. It provides a
way to build and manager large scale scientific software system by composing the
“plug-and-play” components together. Ccaffeine [2] is one of the implementation
frameworks of the CCA specification. It aims to providing high performance
parallelism and allowing single component multiple data programming model.

However to run a scientific computing job in ccaffeine, only ccaffeine usually
is insufficient. For example we may need to stage the data in from a Grid data
manager before the running of the job and after the running to stage the result
out. Also a scientific computing job may need lots of cooperation among differ-
ent remote services which may not be running in the ccaffeine framework. So it
would be desirable to merge the ccaffeine framework within the scientific work-
flow system (e.g. Kepler[3]), thus a ccaffeine framework is able to communicate
and share the resource with the other services in the workflow context.

Our solution is wrapping the ccaffeine framework as a collections of web
services. With the web service interface, it is easy and nature for those WS-
specifications and toolkits which are built over the Web service stack to interop-
erate with the ccaffeine framework, therefore the “outside world” can share the
powerful parallel component computation provided by ccaffeine while ccaffeine
is able to share the huge resource from the “outside world”.

2 Architecture

Ccaffeine provides a command-line front end and a set of scripts, via which
we are able to load the components, instantiate them , connect them and fi-
nally trigger the running by invoking the GoPort of one component, which is
conventically called Driver. The commands will be fanned out to the multiple
processors at background by a Muxer, and be executed parallelly.
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Figure 1: factory service

By the “job”, we mean a set of components connected together to implement
a specific computing task (e.g. the calculation of Pi value). It is not hard to
statically build a web service wrapper for a specific job in case we know the
interface of its components. However it would be desirable to have a general Job-
Factory service which can dynamically generate any job-specific service (called
Job-Proxy service) based on users’ requirement. By the general Job-Factory
service, users can dynamically design and modify how the job is going to work
in term of components composition and then instantiate the design as a job-
specific service. This is much like the run-time web service programming.

2.1 Job-Factory Service

The Job-Factory service basically provides a web-service front-end for the ccaf-
feine framework, and the IPC pipeline facilities is used for communication be-
tween them. However Job-Factory service doesn’t merely do the I/O redirection
as the work in [6]. Since ccaffeine is not aware of the “Job”, it is the Job-
Factory’s responsibility to create, maintain and monitor the Jobs and deploy
the Job on the ccaffeine framework.

Currently the Job-Factory provides two methods

• create the job and

• modify an existing job

To invoke the create method, the user should provide

• gatewayComponentType: the component interface which is going to be
exposed to outside as a Job-Proxy web service;

• composition: the instructions about how the components are connected
together to implement the gatewayComponentType interface
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Since CCA uses the SIDL[7] to describe the interface of the component,
the gatewayComponentType will be the name of interface defined in the SIDL
file. Once Job-Factory service get the gatewayComponentType, it will find the
SIDL definition in its interface definition repository and try its best to convert
the SIDL definition to equivalent WSDL definition, which is going to be the
interface of the created Job-Proxy service.

As for the composition, for sake of simplicity we adopt the ccaffeine “con-
nect” and “disconnect” command syntax directly. The Job-Factory just simply
check the command and forward the command to the ccaffeine framework. For
instance the below script copied from the cca tutorial can be past to the Job-
Factory directly as the argument composition.

connect driversCXXDriver IntegratorPort integratorsMonteCarlo IntegratorPort
connect driversF90Driver IntegratorPort integratorsMonteCarlo IntegratorPort
connect integratorsMonteCarlo FunctionPort functionsPiFunction FunctionPort
connect integratorsMonteCarlo RandomGeneratorPort \

randomgensRandNumGenerator RandomGeneratorPort

(Here for simplicity we assume all the needed components have been loaded and
instantiated. To be practical, We are designing more sophisticate scheme for this
step, for example factory can stage, load and instantiate the needed components
automatically if they are not loaded yet.)

Once the WSDL conversion and ccaffeine command running succeed, which
means the composition of the Job is done, the Job-Factory generates the ID for
the job, launches a new Job-Proxy service, whose interface will be the generated
WSDL file and returns a URL of the WSDL file to the user. Those job related
data, like Job ID, WSDL file, composition structure and driver component, will
be saved in the Job-Factory indexed by the Job ID for later on modification and
management. Once the user get the URL, he can invoke the service or later on
modify the composition of the Job. To modify the composition of the job, user
just need to give the job ID and the new composition script to the Job-Factory,
which in turn looks for the saved records and call the ccaffeine to run the new
composition script. The modification will not affect the interface of the job at
all, but by the power of component system it do change the internal composition
structure hence the implemeantion of the job at run-time and keep the user of
the job service unaware of the change.

2.2 Convert SIDL to WSDL

The automatic conversion of the SIDL definition of the gateway-port type to
the equivalent WSDL definition is the most crucial but challenging part of the
system.

In some sense both SIDL and WSDL are the interface description languages.
They have similar syntax structure to describe the interface of a object or a ser-
vice. The SIDL interface corresponds the WSDL portType, which is renamed
as interface in WSDL 2.0 [?], and the methods in the SIDL interface corre-
sponds the operations in the WSDL portType. Under the superficial similar-
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ity, however, SIDL, which roots in the object oriented CORBA IDL, is fun-
damentally distinct from the WSDL, which is inherently designed for message
passing paradigm. The WSDL focus the message structure on the wire which
server/client agree upon, whereas SIDL is about how the object are accessed
through its interface. As a result, unlike the SIDL interface which is treated as
the interface in Java or the abstract class in C++, the WSDL interface should
be seen as a group of message exchanges in which a Web service is prepared to
participate. Therefore the WSDL interfaces don’t have the inheritance relation-
ship.

Also the WSDL interface can’t be refereed as type of parameters of the
operations, nor as the element type defined in XML schema since we can infer
little structural information merely from the interface. In this sense the WSDL
is more one Contract Definition Language than one general IDL [?].

The message-oriented characteristic makes WSDL be the excellent interface
language for loose-couple service oriented system since only on-wire format is
enforced, eliminating the need for a common type system between client and
server. Meanwhile SIDL is more suitable for the tight-coupled system, especially
those with shared address space (e.g., Ccaffeine), in where a common type
system is easier to maintain.

To convert the SIDL to the WSDL for the gateway-port type, currently
we prohibit the SIDL interface type and its inheritance from the definition of
method parameters. In other word, only primitive type and structure type are
supported in the gateway-port type. With this restriction, it will be direct for
the convection by referring the CORBA Web Service [?]. For instance a simple
example of the SIDL definition and its converted WSDL definition.

interface IntegratorPort extends gov.cca.Port
{

double integrate(in double lowBound, in double upBound, in int count);
}

can be converted the below equivalent WSDL directly.

<wsdl:message name="integrateInput">
<wsdl:part name="lowBound" type="xsd:double"/>
<wsdl:part name="upBound" type="xsd:double"/>
<wsdl:part name="count" type="xsd:integer"/>

</wsdl:message>
<wsdl:message name="integrateOutput">
<wsdl:part name="return" type="xsd:double"/>

</wsdl:message>
<wsdl:portType name="integrator.IntegratorPort_PortType">
<wsdl:operation name="integrate">
<wsdl:input message="integrateInput"/>
<wsdl:output message="integrateOutput"/>

</wsdl:operation>
</wsdl:portType>
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Considering the support structure type in the SIDL is ongoing and SIDL in-
terface is still main role in most SIDL definitions, we can leverage the language-
specific reflection mechanism to alleviate the interface conversion problem some-
how. User should provide the SIDL as well as the declaration file (head file in
C++ or java file) of its implementation class by the reflection mechanism of
C++ or Java [?, ?] we can figure out the structure of the implementation class,
and thus its wire-format in the best effort.

2.3 Job-Proxy service

A Job-Proxy service is a web servicer wrapper specifically for a running job, so
it has its own specific WSDL interface. The Job-Proxy receive and validates
the incoming SOAP message; then extracts the typed argument values from
message and feeds them to the ccaffeine.

CCA defines a special port, called GoPort, whose go() method is the start
entry point of a Job and is analogous with the main() function in C. The com-
ponent implementing the GoPort usually is called Driver. As a result, every job
must have an associated Driver component, and by triggering the Driver com-
ponent (i.e. calling go command in ccaffeine), we begin the running of the job.
However the go() method of GoPort doesn’t have any input arguments, and its
return value is designed be to the indication of success or failure of execution
rather than the meaningful result. So in order to pass the initial arguments
and get back the return value between Job-Proxy and the Driver, we utilizes
the port-property defined in CCA, which is a map of key and its typed value.
For every input argument, the Job-Proxy set the corresponding port-property
of GoPort of the Driver and Driver gets those argument value and begin the
running; the result value will be set as a port-property by Driver again and
fetched by Job-Proxy. (Seems the ParameterPort is a better choice! )

3 Build distributed workflow over the Job-Proxy
service

With the help of the Job-Factory service and Job-Proxy service, user can create
web services for various high performance jobs distributedly. and the web service
interface enables we weave those distributed services together seamlessly by web
service based workflow system(e.g. BPEL[1]).

This architecture provides a reasonable solution to merge the parallel com-
puting within Web Service Oriented Architecture. For those computation in-
tensive tasks, we deploy them in the ccaffeine as a Job-proxy services so that
the parallel computation resource can be shared by remote users or services,
whereas the workflow enable the sharing of the resource and cooperation of
various services in the Grid.
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Figure 2: workflow over the jobs

3.1 Experience with Kepler

Kepler[3] is a workflow system designed for scientific application, it provides
the orchestration over web service, Grid resource and numerous scientific ap-
plications packages. We takes the Kepler as the testbed for the merging idea.
Below is a small demo to show how the ccaffeine Job-Factory and Job-Proxy
are integrated in the Kepler developing environment.
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1. Invoke the Job-Factory service to create the Job, whose task is sim-
ply calculating the value of Pi (we uses the general on-line SOAP client
http://www.mindreef.net/tide/scopeit/start.do)

2. Create a web service actor for the Job-Proxy in Kepler
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3. Run the Job-Proxy in the context of workflow, and get the calculated Pi
value

4. Modify the Job by calling Job-Factory again, now we replace the PiFunc-
tion component with LinearFunction component
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5. Run the modified Job-Proxy again, the calculated value is changed due to
the use of LinearFunction complement

4 Future work

1. It is desirable to have a unified developing environment for both workflow
and ccaffeine composition. We are working a special Keplor Actor for
ccaffeine. By the actor we can specify, modify the composition (even in
GUI) of a Job directly in the Keplor developing environment. This will
eliminate the need of their-part SOAP client

2. Job-Factory might be able to be more powerful for components manager,
data staging and other work to set up and tear down the context of job
running.

3. Every job should have a Driver. However writting a dummy Driver ,
which just pass the argument and result between the Job-Proxy and other
components, will be tedious. We are considering the feasibility of auto-
matically generation of the Driver component for the each Job while the
Job-Factory creats the Job.
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