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TITLE: Scalable and Portable Fortran90D-High Performance Fortran for 


Parallel Computers


OBJECTIVE


Design and develop a language and programming environment for high level data-parallel support of current and future parallel computers. Research key features of parallel applications which can be exploited by combination of compiler with an extensive runtime library. Build on a familiar existing language in a fashion that lessons can be extended to other languages. Construct a prototype compiler, Fortran90D, to demonstrate effectiveness of the approach and lead industry forum to agree on a standard HPF. Investigate and develop runtime support for irregular problems, heterogeneous target machines and scalable parallel I/O.


APPROACH


The overall approach is to build on Fortran90 as the array syntax and intrinsics are naturally parallelized efficiently. Analysis of applications defined the initial language, Fortran90D, which then evolved to an industry standard HPF. Then we developed a prototype compiler and interpreter for that language, and created a benchmark test suite to test both the language features as well as the compiler performance. Fortran90D now refers to a superset of HPF which includes extensions to handle irregular applications, scalable I/O and heterogeneous target machines.


We use Fortran90D compiler as a platform for investigating techniques for optimizing compilation of the base HPF language as well as the feasibility of the extensions. Language enhancements are driven by systematic study of application characteristics, and their parallelization on various platforms.  The compiler is used also as a testbed for common runtime support for HPF, HPC++ and parallel ADA. We are researching an HPF interpreter to define a High Performance Intermediate Representation (such as High Performance extensions to ANDF) which may become a component of future language and platform independent HPCC programming environments.


The basic design of the compiler departs from traditional parallelizing compiler efforts in the sense that our compiler exploits explicit parallelism, depends heavily on an optimized runtime system and emphasizes portability on various platforms.


PROGRESS 


Syracuse University developed a prototype of HPF compiler (Fortran 90D) and interpreter. The compiler has been ported into several platforms, including the Intel iPSC/860, nCUBE2 and networks of Suns and IBM RS/6000 workstations.


The compiler has been released to many organizations including Maryland University where it became a testbed for the runtime libraries developed by the group led by J. Saltz. Other organizations installing our compiler include the NASA Lewis Research Center, JPL, University of Illinois, Southampton University, IBM and CALTECH.


The technology developed at Syracuse is now being transferred to Portland Group, Inc. (PGI), an independent software vendor. PGI is developing a commercial HPF compiler targeted to both a network of workstations and Intel Paragon under an agreement with Syracuse University. PGI directly used Syracuse’s runtime library.


Syracuse University actively participated in the development of HPF standard, in order to transfer the Fortran90D technology and further the industry standards for portable programming. Syracuse University is developing test suites for validation and benchmarking of HPF compilers, and it is participating in the PARKBENCH initiative to define a standard benchmarking methodology and a benchmark suite for evaluation of parallel software and systems. We are evaluating the initial HPF compilers from DEC and PGI. Fortran90D will continue to be a testbed for new language features and library features which if validated and prove useful are expected to be adopted in the later versions of HPF.


Syracuse University set up and is now leading ARPA’s working group on runtime support to define requirements for a common (language independent) compiler runtime system to support both data- and task-parallelism for shared- and distributed-memory systems.


RECENT ACCOMPLISHMENTS


High Performance Fortran definition


Development of a compilation methodology for HPF published in a series of papers


Developed a beta version of the HPF/Fortran 90D compiler, including extensions for support certain irregular problems, and created a prototype HPF interpreter


Agreement with Portland Group to transfer technology developed in this project as basis of their commercial HPF compiler. 


Developed intrinsic library for PGI compiler


50 Benchmark application codes developed in various dialects of Fortran to test performance of computers, features of languages and performance of compilers. The benchmark codes has been adopted by International Public Benchmark Suite for Distributed Memory Systems PARKBENCH.


Development of Low Level HPF Compiler benchmarks to evaluate compilers, included in PARKBENCH and HPF Benchmark suites.


Analysis of application characteristics to formulate directions of HPF extension now discussed by the HPF-II forum.  


Formation of Parallel Compiler Runtime Consortium and creation of a document that describes requirements of the common language independent runtime support.


Design and Development of runtime primitives to support parallel I/O in the HPF/Fortran 90D compiler


 


FY 95 PLANS


Continuation of HPF evaluation and developing benchmark applications.


Participation in HPF-II forum 


Collaboration with PGI towards implementation of a HPF compiler for networks of shared-memory multiprocessor workstations


Investigation and prototype implementation of compiler for heterogeneous systems (e.g., a network of workstations+SIMD+MIMD machines).


Collaboration with other ARPA supported groups for development of language independent runtime support library..


TECHNOLOGY TRANSITION:


Portland Group Inc.:  PGI is developing a commercial HPF compiler


under an agreement with Syracuse University


High Performance Fortran: an informal industry standard for data


parallel Fortran


InfoMall: Parallel computing industrial  outreach program funded by New York State will accelerate introduction of HPF/Fortran90D into industry
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