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Emerging HPC Environments
Goal: To ensure that the CCA can be used effectively on emerging HPC architectures

Focus
• Support for applications running on heterogeneous architectures
• Multiple-Component-Multiple-Data (MCMD) CCA model that enables componentization of applications

based on multiple levels of parallelism, especially on massively parallel systems
• Fault tolerance support in CCA applications on large scale systems

Architectures
• HPC computers that combine specialized hardware accelerators with general purpose processors
• Example accelerators: Field Programmable Gate Array (FPGA), IBM Cell, Clearspeed, etc
• Example systems: IBM Roadrunner, Cray XD1, and the upcoming Cascade
• Systems with massive numbers of processors

Advantages
• CCA helps to build reusable hardware-accelerated components
• Encapsulate common scientific algorithms
• Help manage complexities in composing and managing codes with multiple levels of parallelism

Example

We are working with the bioinformatics/proteomics application
Polygraph to analyze data generated from mass spectrometers at
the Environmental Molecular Sciences Laboratory at PNNL.

• CCA helps to modularize and manage complexities of the code
running on hybrid architectures

• FPGA used to compute “spectral fingerprints”
• High-performance implementation of the CCA event service will be
used to link components on general-purpose CPU and FPGA

Behavioral annotations in a SIDL file

package vector version 1.0 {
   class Utils { …

      static double norm(in array<double> u,
                         in double tol, in int badLevel)
         throws                                  /* Exceptions */
            sidl.PreViolation, NegativeValueException,
            sidl.PostViolation;

         require                             /* Preconditions */
            not_null : u != null;
            u_is_1d : dimen(u) == 1;
            non_negative_tolerance : tol >= 0.0;

         ensure                           /* Postconditions */
            no_side_effects : is pure;
            non_negative_result : result >= 0.0;
            nearEqual(result, 0.0, tol) iff isZero(u, tol);
   … }
}
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Software Quality and Verification
Goal:  To improve the quality of software built from components by extending component

interface definitions with annotations for composition-time verification and behavioral semantic
annotations for runtime enforcement

Focus
• Identify domain-specific behavioral and quality-of-service features that can be checked at

composition- and run-time
• Support the annotation of those features in concise, human-readable, machine-processable

specifications

Advantages
• Executable annotations improve testing, debugging, and runtime monitoring of software quality
• Annotations explicitly document interfaces, thereby aiding communication between component

developers and usersBehavioral Contract Enforcement [CBSE ’07]
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Motivator: Molecular Structure Determination
Using CCA Quantum Chemistry Components

Computational Quality of Service (CQoS)
Goal:  To enable computational scientists to compose, substitute, and reconfigure software so that trade-offs can be made

dynamically at runtime among performance, precision, underlying models, and reliability when choosing among available
component implementations

Motivating Applications
• Parallel mesh partitioning in combustion simulations (with H. Najm et al. via CFRFS)
• Resource management in quantum chemistry (with M. Gordon et al.)
• Efficient solution of linear systems arising in accelerator and fusion simulations (with J. Cary et al. via FACETS and with P.

Spentzouris et al. via COMPASS)

Focus
• Developing measurement and analysis infrastructure, which combines performance information and models from historical

and runtime databases along with interactive analysis, including statistical analysis and machine learning technology
• Developing control infrastructure, which encompasses decision-making components that evaluate progress based on

domain-specific heuristics and metrics, along with services for dynamic component replacement
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The Common Component Architecture
Component technology was developed to help manage the complexity of modern large-scale software
systems. The CCA approach is specifically designed for the needs of high-performance scientific
computing.  It offers a variety of benefits for the geographically distributed collaborative development of
large, complex, multi-language parallel applications, and is being used by an increasing number of
application groups in a broad range of scientific domains.  The recently-released bocca component
development tool represents a major milestone in the usability of the CCA environment for a broader
audience of software developers.

In addition to the direct benefits of component-based software development, environments like the CCA
can be leveraged to bring additional capabilities to software developers which may not be readily available
within traditional programming environments. The SciDAC-2 TASCS project is exploring three such “value
added” capabilities, in collaboration with a number of partner projects.

Bocca: A Tool for Managing CCA Projects
Bocca is a new system for creating, managing, and deploying CCA-based component applications which
dramatically simplifies the process of creating and maintaining multilanguage high-performance applications.
Bocca is a purely command-line development environment implemented in Python. With bocca, application
developers can create multilanguage applications consisting of interfaces, ports, classes, and components.
It also provides an automated build system for applications containing components in C, C++, Fortran, Python,
and Java.

A simple sequence of commands (right) produces the two component example application (below). Bocca
generates all of the glue code and build system files necessary, allowing the user to devote their time to the
scientific content of the components.

$ bocca create project myProject
The project was created successfully in ./myProject
$ cd myProject

$ bocca create port myPort
Updating makefiles (for myProject.myPort)...

$bocca edit myPort

$ bocca create component Worker --provides=myPort
Updating the cxx implementation of component myProject.Worker ...

$ bocca edit --implementation Worker

$ bocca create component Driver --uses=myPort --go=GO
Updating the cxx implementation of component myProject.Driver ...

$ bocca edit --implementation Driver

$ ./configure
$ make
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