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Abstract mon Component Architecture (CCA)][3] is such a com-
ponent architecture specification supporting component as-
Two problem decomposition schemes, component assensembly for high performance scientific applications.
bly and workflow orchestration, have been widely adopted  Alternatively, decomposing along the temporal dimen-
to architect large scale scientific applications. These two sion results in the workflow assembly scheme, in which the
methodologies, however, approach problem decompositionproblem is resolved according to the temporal ordering be-
from different distinctly perspectives with the result that tween the processing steps. Then the software solution is
most problem solving environments provide only one ap- formed by composing the components using a “pipe” fash-
proach to the exclusion of the other. For example the Ccaf- ion, namely connecting the input with the matched output
feine, a parallel CCA framework, provides the component of components. Kepler [2] is a popular workflow toolkit for
assembly environment only; while Kepler, a widely-used the scientific applications.
scientific workflow toolkit, is designed mainly as the work- ~ Building a large-scale scientific application, by adopt-
flow orchestration environment. Each methodology has sit-ing only one of the schemes usually is insufficient. The
uations, within the same problem domain, where it may two schemes describe the problem decomposition from dif-
be more appropriate than the other, however. Thus, to ferent perspectives with different concerns, thus each have
bring benefits from both methodologies, in this paper we their own advantages and disadvantages. For example we
present a hybrid problem decomposition scheme. By aug-may need to stage-in the data from a Grid data server be-
menting Ccaffeine with the web services interface, we en-fore running a parallel CCA job, and stage-out the result
able Ccaffeine as a special workflow actor in the Kepler after it runs. A workflow system can help the automating of
environment, so that a Kepler user can gain the benefitsthe data staging processing. Hence, a hybrid solution which
of both approaches by applying the two methodologies for can integrate the two problem decomposition schemes to
the subproblems depending on the various performance andorm a unified problem solving environment will be benefi-
resource-sharing requirements. The hybrid scheme will first cial for most scientific application.
use the workflow scheme to decompose the problem based In this paper, we present our prototype solution which in-
on the distribution of the resource; thereafter adopts the tegrates the CCA framework into the Kepler workflow sys-
component assembly scheme to further decompose thostem by using a set of web services to bridge between the two
computationally intensive cores for the high performance systems. The CCA framework we are using is Ccaffeine [1],
solutions. which is a high performance parallel infrastructure for the
composition of CCA components.

1 Introduction 2 Hybrid Decomposition Scheme

In this section we first summarize a number of current
Bachnologies which have been widely adopted by many sci-
tific applications.

Managing the complexity and scale of scientific compu-
tations requires decomposing systems into manageable an
independent units. These systems can be decomposed anrEF
a number of different dimensions, however. Along one di-
mension is the instantiation of the software units that coop- 2-1 Software Components and CCA
erate to perform the computation. Decomposing along this
dimension results in the component assembly paradigm, A software component in this context is an indepen-
whereby units of software functionality are encapsulated dently deployable unit of software, which interacts with the
into independent components with well-defined interfaces. rest of the world only through its well-defined interface,
The problem is thus decomposed based on functionalitieswhile its internal implementation remain opaque from the
and the solution can be built by composing the compo- outside. The complexity of individual components is thus
nents together in a “provide-and-use” fashion. The Com- encapsulated. Based on these interfaces the components can



be composed into complex applications. This situation im- framework
plies programming language independence, and the ability /
to construct complex systems via “plug-and-play”. een cur Socket Stream

The Common Component Architecture (CCA) specifi-  (Command Ling
cation [3] is designed to bring the benefit of components to
scientific computing software. The essence of CCA is the framework
so-calledprovides/usedesign pattern. A component offers
its functions to the outside through theovides portwhile
it gets the needed functions from the outside viaukes
port. Thus the components are decoupled by the ports and
can be composed into an application by wiring the matched . Socket Stream /
provides port and uses port together. The port interface of|p eea cuy—oAtMesaze [ Fuctory
a CCA component is described in SIOL [13], which is par-
tially based on the CORBA IDL, with extensions for needs ARNE— \
commonly found in scientific computing, such as multi-
dimensional arrays. By automatically generating glue code ) . .
from SIDL for multiple languages, the Babel language in-  Figure 1. Figure (a) above, illustrates the par-
teroperability tool allow components written in various lan-  allel setting of Ccaffeine with the muxer. Fig-
guages to interoperate through their interface. ure (b) illustrates the structure of the  JobFac-

The Ccaffeine framework [1], is the mainstream CCA  tory and the WS-CCA GUI in the parallel set-
framework implementation designed for the parallel sci-  ting with the queue and multiple muxers.
entific computing. In Ccaffeine each processor runs the
components in parallel, with the components wired in the
exactly same way in each process. Analogously to the
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single-program-multiple-data (SPMD) model, this compo- |M Lo
nent oriented parallel paradigm is also referred as single- gl
component-multiple-data (SCMD). The components in the

same process interact through their CCA ports, while in- Lﬁ
terprocessor communication among parallel instances of g

component may use any available HPC communication lay-
ers (e.g., MPI, PVM).

Ccaffeine provides a drag-drop GUI front-end (Fig- xacbaet
ure[Ja) as well as a set of commands to manipulate th EY e
components. In a parallel environment, as shown in the gy srmy s geomy
Figure[1a, the Ccaffeine framework is running on each par-
ticipating processor, while a central multiplexer (call the
muxe) between the front-end and the back-ground frame-  Figure 2. Figure (a) above shows the compo-
works multiplexes the commands from the front-end to the  sition GUI of Ccaffeine. Figure (b) shows the
background frameworks which are going to execute the  workflow GUI of Kepler.
commands in parallel.
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2.2 Scientific Workflow The composition can be formed by piping the input ports

I : o of an actor to the type-matched output ports provided by
Scientific workflow systems aim at a unified problem- 5nother actor.

solving environment that combine scientific data manage-  cuyrrently Kepler provides a number of domain-oriented
ment, analysis, simulation, and visualization tasks in a ggientific application packages (e.g., biology and geology
workflow fashion. Compared with general workflows, packages) in the form of actors, together with a set of util-
scientific workflows tend to be much more dataflow- jty actors for the web service and the grid services (e.g.,
oriented [[5]. GridFTP).

Kepler [2] is an open-source scientific workflow system
that builds upon the dataflow-oriented PTOLEMY Il sys- 9 3 The Hybrid Approach
tem [7]. In Kepler, users develop workflows by selecting
appropriate components calledtors and wire the actors
together to form the desired workflow graph, as shown in
Figure[2b. Each actor usually fulfills a specific functional-
ity, and accepts the incoming dataflow fromiitput ports
and sends the outgoing dataflow through tlput ports e A CCA component conceptually is a class instance

Although the terms (i.e., component, actor, port, and
connection) used by CCA and Kepler are very similar, their
semantics are subtly different:



which can have multiple public methods, while one Based on the above observation, we posit that to build a
Kepler actor stands for one method for a dedicated large-scale scientific application, a hybrid approach is more
task. promising since it can bring the benefit from both of the
two schemes. Typical scientific applications involve multi-
ple data processing phases, which often are distributed with
the available computation or data resource. Among those
phases there are number of computationally intensive cores,
which are often the classical numerical algorithm and need
the high performance execution environment. The hybrid
e The connection of a provides/uses port pair between scheme will first use the workflow scheme to decompose

two CCA components indicates one component will the problem based on the distribution of the resource; there-

invoke the other in order to complete its execution. after once those computationally intensive sub-problems

From this sense the connection is more like the func- have been identified the component assembly scheme can

tion dependency in the general program language. In be adopted to further decompose them to lead the high per-

contrast, the connection between two actors in a work- formance solutions.

flow usually implies the temporal order relationship of

their processi_ng._ _That means that until the execution 3 Building Web Services for Ccaffeine

of one actor is finished, the data as well as the con-

trol will be transferred to another one via the ports. - . .
Thus here the connection represents the data and con. 1 ne most efficient way to enable the hybrid scheme is to
trol flow. As a result, usually the component assembly build a web services interface for the Ccaffeine because:

is also referred aspatial compositiopwhile the work-
flow assembly asemporal compositiofiL0,[15].

Those differences root in the distinct perspectives of ) ) ) o )
the two decomposition schemes. The composition by the ¢ With the web services interface, Ccaffeine itself in-

e Both of them use gort to represent the interaction
interface. However a CCA port essentially is an inter-
face set containing multiple method signatures, while
the Kepler port stands for the structural type of the in-
coming or outgoing data-flow channels.

e Kepler has already provided a handy web services ac-
tor to support general web services;

Component assembly focuses on thehat to Compose” Stantly shares all the benefit of the web SerViceS,
rather than théhow to compose? which is encapsulated in such as the interoperability as well as the rich set of
the component implementation. Conversely, the workflow web/grid service resources.

assembly is mainly concerned abdtiow to compose’
which is described in the workflow language or visual no-
tations. The workflow actor itself is merely aware of its
input/output flows without any idea of how to interact with
other actors.

The different perspectives leads the merit of the two
schemes. For example, due to their inherent complexity, it
is much harder to describe scientific algorithms, especially till be impl tbv th fis ¢
those parallel ones, in the workflow language or visual nota- >t € Impiement by the soTtware component.
tion, than to use the general programming languages. Even Another ﬁe&ghn 'SSUS raised f_romfthe wforkr:‘lowc sef-
if we were able to describe it as a workflow, the fairly intri- ][nf"mt']f: IS t atkt eh W(Iad bserwﬁe mtgfr_ ace ho th e . cal-
cate network of the workflow would be hard to understand, 'c¢€ [FaMEWOrks should be task-specific rather than frame-
design, and maintain. Another concern working against theWC.)rkS orllented. . That means merely exposing the Ccaf-
use of workflow assembly for HPC is the performance issue. [€IN€ BuildService [4] port, which provides an interface
Most scientific workflow systems usually have a centralized for component mar_npulatlon, as a web service makes little
workflow engine which manages the running of the actors sense for a scientific workflow.
by following the data/control flow. The indirection between X
the actors cause the extra communication, and thus signifi-3-1 Architecture
cant overhead. In contrast, in the component assembly, par-
ticularly the CCA, the relationship between the components  Based on the design, we first introduce flod concept,
is the simple caller-callee and the communication betweenwhich is a specific task performed by a group of wired Ccaf-
the components is direct and could even be in the same adfeine components. For example, the calculation of the value
dress space as Ccaffeine has. However since the componermf Pi could be considered a job. Each job should have a spe-
needs to take care of all its interactions with other com- cific and meaningful interface, as well as its own facade ser-
ponents by itself, the system tends to be tightly-coupled, vice, called thelobProxyservice, which provides the corre-
whereas with the workflow, it is easier to deploy and main- sponding web service interface.
tain in a loose-coupled distributed system, due to the sim-  As the service is not instantiable, a factory service is
pler running context, namely only input and output,of each needed to maintain the life cycle of the JobProxy service,
actor. namely the creation, modification, and destruction. Also

The difference between a service and a component is de-
batable, it, however, is the conventional wisdom that the in-
terface granularity of a service should be more coarse than
the one of the component. Like the Facéde [9], the web ser-
vice with a coarse-grained interface serves as the external
view of the system and hides the internal complexity and
detail, while internally the functionality of the system can
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certainly enables more flexibilities, such as the scheduling
of the job on the multiple frameworks.

As a proof-of-concept work, the interface of the JobFac-
tory service is designed simply to provide

2
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S e ML J_i' e create() : create the job and its proxy service,
. o SIDL ¢ modify() : modify the composition for an existing job,
WSDL Lﬁ. i .
e destroy(): destroy the job and stop its related proxy
service.
Figure 3. The procedure of invoking  JobFactory

To create the job and its proxy service, the user is required
to provide at least two parameters to the JobFactory service,
gateway-portand composition script The gateway-port
refers to a meaningful port type which will be to exposed to
outside. CCA defines a special port, called GoPort, whose
go() method is regarded as the start entry point to trigger
the running of wired components as the:in() function

in C. The component implementing the GoPort usually is
calledDriver. However just as thewain() function thego()
method of GoPort doesn't have a specific method signature
and its return value just indicate is the success or failure of
execution. Hence to create the job-specific JobProxy ser-
vice we have to explicitly specify a gateway port interface,
which provides the meaningful, task-specific interface and
will be connected by the Driver as the use port. Since CCA
the factory will be general to create any JobProxy service uses the SIDL to describe the port interface, the JobFac-
dynamically based on the user’s request. We call the fac-tory service will search its local SIDL definition repository
tory service theJobFactoryservice, which essentially is the  for the given gateway-port, and will try the best to convert
facade of the background Ccaffeine frameworks, and hidesthe SIDL definition to equivalent WSDL definition. The
the complexity of the Ccaffeine framework, components another parameters, composition script, describes how the
and jobs from the user. components are assembled through their provide/use ports

As shown in the Figurig]3, the usage from the users’ per-to perform the job. For the sake of simplicity, we use the
spective contains two explicit phases: creating the JobProxyCcaffeine scripts directly. It would be more web service
service followed by the invocation to it, For convenience friendly to use XML schema to describe the composition
this set of services is called CCA-Services. scripts in XML syntax.

Once the WSDL conversion and Ccaffeine commands
running succeed, the JobFactory generates a unique ID for
the job, launches the specific JobProxy service, and returns
a URL of the generated WSDL file as well as the job ID to

service to create the JobProxy (1) user sends
the job creation request to the JobFactory;
(2) JobFactory deploys the job by forwarding
the composition scripts to muxer; (3) Ccaf-
feine framework executes the scripts paral-
lely; (4) the gateway-port SIDL is converted to
the equivlent WSDL,; (5) JobFactory creates
the JobProxy service; (6) the user invokes the
JobProxy service through the WSDL; and (7)
the JobProxy run the components by calling
“go” on Driver.

3.2 JobFactory Service

The JobFactory service basically can be viewed as a we
service front-end for the Ccaffeine frameworks. As shown
in the Figurd ]Lb, it builds a socket connection with a Ccaf-
feine muxer which is connecting parallel Ccaffeine frame-

works. Whenever the JobFactory receives the SOAP reques

messages from the user, it parses the command scripts fro

the SOAP message, and forward to the muxer, which in

turn multiplex the command to the parallel Ccaffeine frame-

works. The command scripts is going to be executed in

parallel by the Ccaffeine frameworks, and the result will be

Bhe user. Those properties of the job (i.e., job ID, WSDL
file and composition structure) will be book-kept in the lo-
cal repository for the job management. For instance, user
can modify the composition of the job by providing the job
ID and new composition to the JobFactory. As long as the
Mhodification will not affect the gateway-port interface, the
internal composition structure of the JobProxy service can
be changed transparently at run-time by the power of “plug-
and-play” of the component assembly.

collected and sent back to the user in a SOAP response mes-

sage.
However the JobFactory doesn’t merely do the 1/O redi-
rection to the framework as the work inJ11]. Since Ccaf-

.3 JobProxy service

The JobProxy service receives and validates the incom-

feine is not aware of the concept of job, it is the responsi- ing SOAP message against the specific WSDL, and then
bility of JobFactory to create, deploy, maintain and destroy extracts the typed argument values from message and feeds
the job and related service. The extra job management layethem to the Ccaffeine frameworks via the muxer.



Each job has an associated Driver component, fromthe inheritance reIationsHﬂ)Conversely, just like most ob-
which the execution of the components begins. Since Go-ject oriented language SIDL is about how an object is ac-
Port doesn't have meaningful parameters, in order to passessed through its interface. A SIDL interface basically is a
the initial arguments and get back the return value from the set of method signatures, and it can be refereed within any
Driver we utilizes the port property, which is a map of key other SIDL type with the polymorphism. That also means
and value and can be treated as the context of the executiothere is no way for us to know the structural information
of the Driver. For every input argument the JobProxy set of an interface definition since it can have multiple differ-
the corresponding port-property of the GoPort of the Driver, ent implementations. Moreover to be purely object-oriented
which gets those arguments from the port properties beforethe current SIDL specification doesn’t support the structure
its running. Once the execution is done Driver passes theconstruct, which is supported by the CORBA IDL.
result back to JobProxy by setting a special port-property.  Thus, to summarize, the key challenge to the conversion
Then JobProxy packed the result within a SOAP responsebecomes how to map the reference of a SIDL interface to

message back to the user. the counterpart in the WSDL. We could solve this problem
by creating a web service for each referred interface and
3.4 From SIDL to WSDL using the URL of the created web service as the reference

to the interface. However having a high performance al-
. o ] gorithm invoke an interface via the web service during the
Web Service Definition Language (WSDL)[8] is the execution will generated unacceptable performance penalty.
standard interface description language for the web service gjpce only the gateway-port interface needed to be con-
and internally it uses the XML Scherha[18] as its type sys- verted, a more practical solution is prohibiting the SIDL
tem. Both SIDL and WSDL are belong to the interface de- jnterface type from being the method parameter type in
scription languages. They have the similar set of the prim- the gateway-port interface. In other word our current re-
itive data types. SIDL also defined the generic array type, striction is that only the primitive data types are allowed
which can be simply described by the sequence construct the gateway-port interface. To supported more compli-
of the XML Schema in WSDL. Both of them have simi- cated data types, we suggest that SIDL introduce the struc-
Typd]includes multiple operations. Therefore it would be xML Schema definition has been proposed in the specifi-
straightforward to map a SIDL interface definition to the cation of CORBA WSDL/SOAP Interworking [16]. Thus
WSDL portType definition by following the rules: with the support of the structure construct, the conversion
, , from SIDL to WSDL will be quite straightforward by ex-
e Each SIDL interface is mapped to the WSDL portType tending the CORBA WSDL/SOAP Interworking specifica-

tion
e Each method in the SIDL interface is mapped to the

operation in the WSDL portType . i
4 Orchestrating CCA-Service
e For each method, its input parameters will be grouped

and to be mapped to an invocation message; its result  The web service interface enables the orchestration of
value will be mapped to a response message; and ahe CCA services with any other web/grid services seam-
fault message will be generated for potential excep- |essly by the web service enabled workflow tool (e.g., Ke-
tions. pler) or the web service workflow protocols, like WS-

, _ , BPEL [12].

However, from the perspective of the object oriented  yepjer provides a general web service actor which can
model, SIDL is fundamentally distinct from the WSDL. The ' ¢ configured dynamically to be a specific actor for a given
WSDL, inherently designed for message passing paradigmyysp_ file [14]. Then it is straightforward to introduce the
and the distributed system , focuses the message Structur§qproxy service into the Kepler environment due to its web
on the wire which server/client agree upon. Any data type genyice interface. It, however, still needs the user to cre-
in the WSDL has to be defined in the XML Schema so that o6 the JobProxy service by calling the JobFactory service
it can be referred by the WSDL interface to describe the {5 The separated procedures will be fairly inconvenient
structure of the exchanged XML message. A WSDL in- or the users due to the different toolkits to use and the un-
terface |tself basically is not a data type, instead it _Woulql necessary detail, such as job ID, the URL of the JobProxy
better be viewed as a group of message exchanges in whiclgyice, etc. It will be desired to have an unified develop-
a Web service is prepared to participatel [17]. Consequentlying environment for both component assembly and work-
a WSDL interface can't be refereed as a data type, neither
as a operations parameter type, nor as an element type in  2ysdi 2.0 supports the extension, but it is not a real inheritance, since
the XML schema. Also the WSDL interfaces don’t have no polymorphism is allowed

3To our best knowledge, the introduction of structure into SIDL is being
1the portType is renamed as interface in WSDL 2.0 planned.
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Figure 4. a (above): CCA-Service actor and the Ccaffeine GUI from the original socket-stream based to
its parameters; b: Building Workflow over the be the SOAP-message based. Thus every gesture done by

the GUI user will be first buffered locally, and eventually
sent to the Ccaffeine framework as a SOAP message in a
batch-mode. The message based composition GUI is em-
bedded within the CCA-Service actor as its configuration
. o ) window, also calledableauin the term of PTOLEMY [[6].
flow composition within the Kepler, and hide any unneces- aos shown in the Figurg]5, the CCA GUI become visible
sary procedures and information from the users. With thatpy right-clicking on the CCA-Service actor and selecting
motivation, we create a special Kepler actor for the Ccaf- «| g0k Inside” from the resulting pop-up menu. Addition-
feine service, CCA-Service actor. The CCA-Service ac- g|ly, benefiting from the component system the user still
tor has four configuration parameters (Figure 4a): the URL can change the internal component assembly of the CCA-
of the WSDL of the JobFactory service, the composition service actor after creation as long as the gateway-port type
script, the gateway-port type, and the name of the dele-yeeps same. And the GUI definitely makes the modification
gated method. Once the user completes the configurationmch easier.

the CCA-Service actor sends SOAP request to the JobFac-  ajg py the CCA-Service actor and the embedded CCA
tory service at the specified URL, which in turn creates the GUI, now the user is able to visually compose the system
job and JobProxy service based on the gateway-port tyPefrom the perspectives of both temporal composition and
and composition script and return the URL of the JobProxy gpatial composition in the Kepler environment. Different
WSDL back to the CCA-Service actor. With the JObProxy rom the work of [15], in which temporal and spatial com-
WSDL, then the CCA-Service actor simply acts as the gen- positions are treated as two different views of one same
eral web service actor does, namely dynamical creating thesystem but at same level, our solution provides a hierarchi-
ports of the actor based the interface/operation/type infor- 5| style to build the large scale scientific workflow. That
mation defined in the WSDL. At this moment the general s \yorkflow assembly is the basic decomposition scheme,

CCA-Service actor has been transformed to a job-specifichased on which the component assembly will be adopted
actor which can perform the job in the remote Ccaffeine oy the performance sensitive actors.

frameworks. And all the above steps are transparent to the
user.

Also writing the lengthy Ccaffeine composition script is
difficult and error prone for Kepler users, particularly when
lacking of the framework context information. To facili- In this paper, we introduce two common problem decom-
tate the writing/editing of the composition script, we modify position schemes for scientific applications: component as-

CCA-Service actors in Kepler

5 Conclusion



sembly and workflow assembly. They each have their own
merits, arising from their own distinct perspectives to de-
composition. In this paper, we provide a novel hybrid so-
lution, which uses Kepler workflow to arrange the temporal
ordering of computations, but CCA to organize the func-
tional units of the parallel computation. The hybridization
hinges on the web services interface which we have pro-
vided to Ccaffeine. The factory pattern enables the dynamic
creation of the job specific web service for the Ccaffeine
and the CCA-Service actor, which hides the underlying web
service interactions, enables the use of CCA components in
Kepler transparently. One challenge is the conversion of
SIDL to WSDL, since they are inherently designed around
different models. For a practical solution, we suggest that
SIDL introduce the structure construct.
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