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Overview

The scalability of parallel
applications on large distributed
memory platforms is  often
impacted by expensive global
communication and
synchronization operations. The
communication overhead of many
applications can be reduced by
exploiting coarse grained
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parallelism. Many approaches based on parallel tasks have been proposed to
tackle this problem, but usually the interaction between parallel tasks is

restricted to input-output relations.

The programming model of Communicationg Multiprocessor-Tasks (CM-tasks)
extends previous models based on parallel tasks by additionally supporting
an interaction between parallel tasks during their execution. This allows a
more flexible structuring of parallel applications and enables the use of
optimized communication patterns for data exchanges.

In particular, the CM-task programming model

e supports the exploitation of task parallelism (between CM-tasks) and
data parallelism (within CM-tasks) at the same time;

e provides two possibilities for the interaction of the CM-tasks of program:
input-output relations (P-relations) and communication relations

(C-relations);

¢ allows a flexible mapping of the CM-tasks onto the execution resources
of a parallel platform by leaving the flexibility to execute independent
CM-tasks concurrently or one after another;

e includes software support in form of the CM-task compiler framework to



generate efficient implementations starting with a user-provided

specification program.

CM-task Compiler Framework

Application Developer

cation Flatform
Program Descriplion

Farallel Modules
{ Basic CM-1asks)

Cata
Re-distribution

Sialic I
e (@c;;g;};] |

Daﬂs Caode
Distribsution Genaration
Phasa Phasa

Ch-task Compiler
CM-task Compiler Framework

The CM-task compiler framework
supports the application developer
in creating efficient
implementations of CM-task
programs. The framework requires
the user to provide a platform-
independent specification
program, a machine description
and implementations of the
parallel modules in form of parallel
functions, e.g. as a C+MPI
function. The core of the
framework is the CM-task compiler
that translates the user-provided
specification program and
machine description into an
executable coordination program

using several transformation steps. Additionally, the framework includes
runtime libraries to support the execution of the coordination program

produced.

The platform-independent specification program includes

e the definition of the interfaces of the user-provided parallel functions;
e cost estimates for the parallel functions depending on the number of

executing processors;

e description of the structure of the application, i.e., the interactions

between the CM-tasks used.

The machine description file defines

e the number of processors of the parallel target platform;
e the computational performance of the processors;
e the communication performance of the interconnection network.

The coordination program produced includes

e an underlying schedule that is adapted to a specific parallel platform;



e management code for the creation of the processor groups and the
execution of CM-tasks on these processor groups;

e data re-distribution operations to guarantee a correct data flow
between CM-tasks;

e dynamic load balancing to adapt the sizes of the processor groups to
the computational work performed (optional).
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