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Project Activities:

Task 1: Target Applications. Development of Detailed FE Models/ Algorithms

 Study of the design of finite element methods and algorithms and their behavior on different chip and memory
architectures.

» Theoretical studies on the methods to delineate classes of algorithms that are better suited to current generation
commodity-off-the-shelf processors.

« Investigations on how the methodology and algorithms "suggest” the architecture and chip specifics might be
significantly improved. Of particular interest are schemes that also lend themselves to parallel scalable HPC
computations using Beowulf clusters or similar distributed and distributed-shared parallel computing systems.

* Preliminary numerical studies to investigate the improvements obtained with increased processor performance
subject to memory bandwidth constraints and cache structure. Of particular note are the experiments on an
SMP chip system recently obtained from Intel. In fall semester we obtained, viaagrant from Intel, 32 Pentium
Il processors and supporting boards. Using support from other contracts we constructed a new Beowulf cluster
for subsequent performance studies.

 Carried out some simple single-node studies to determine peak performance of the matrix-vector product kernel
for our applications code on a number of different architectures. Following this, the performance of the 16-
node Beowulf system was investigated and compared with that of a previous cluster of 16 Intel PIl Processors, a
16 node Alpha cluster, and the CPlant clusters at Sandia, as well as our experience with SMP on SGI Origin
systems. Despite the significant difference in floating-point performance, cache size, and cache speed available
on these architectures, the single largest factor that influenced a gorithm performance was found to be memory
bandwidth. In fact, some of the results indicate that performance on newer Intel-based PCsisrelatively
independent of CPU clock rate. Dramatic increases in future performance are likely to come from an increase
in memory bandwidth rather than a higher CPU clock speed.

 Scaled speed-up studies are being carried out on the 16 node, 32-processor Pentium I11 Xeon (550 Mhz) cluster
in the CFD Lab. Linear scaling was observed when using one processor per machine (up to 16 processors)
where the machine achieves a peak performance rate of 1.59 GigaFlops. The performance results were slightly
improved by using the Myrinet interconnect instead of the Fast Ethernet. Scaling beyond 16 processors was
observed at a much reduced rate due to memory bandwidth contention between the two processors. The
performance of all 32 processors increased to only 1.92 GigaFlops, and the per-processsor performance was
nearly cut in half.

The element-by-element bi-conjugate gradient algorithm used in the code is limited by the memory bandwidth
due to the low reuse of datain the processor cache. Therefore the addition of a second processor to the memory



bus was not seen to improve the scaling of the code. In fact, in scaled speed-up tests the performance was seen
to change from linear in the number of processors to nearly constant above the 16 processor threshold,
bolstering the idea that the memory bandwidth is the limiting factor for these types of solvers. This
performance study demonstrates one of the key issues in our project concerning the unintentional limitations
imposed by processor architectures on applications.

Task 2: System Software: Development of Algorithm Templates. Design of Specification Language.

» Study on suitable level of abstraction and granularity of decomposition to be used for specifying target data
dominated, computation intensive applications (e.g., finite element methods). Development of preliminary
specification language for describing data streaming requirements such applications.

Task 3. System Software, System Design: Study and Development of Retargetable Compilation
Algorithms

* Development of preliminary novel techniques/algorithms for compiler direct (software based) cache
management as well as compiler directed (software based) management of on-chip main memory partitions.

» Development of novel binding algorithms to be incorporated in optimizing compilers for high ILP clustered
VLIW/EPIC machines.

* Development of advanced software pipelining (loop transformation) algorithms to be incorporated in
optimizing compilersfor high ILP clustered VLIW/EPIC machines (on-going).

» Development of preliminary compiler algorithms to implement on the novel SSA-PS code transformation
(aggressive compiler directed speculative execution for high ILP clustered VLIW/EPIC machines)

Task 4. System Design: Definition of Parameterized S-CMP Architecture. Analysis of Cost-
Performance Tradeoffs.

» Defining architectural support (novel memory management subsystem) required by our compiler direct
(software based) cache management technique, as well as our compiler directed management of on-chip main
memory partitions (see task 3).

» Novel design space exploration algorithms to identify specialized cluster configurations tuned to the needs

« Defining micro-architectural support to predicated switching code (minor extension to support provided in EPIC
machines to standard predication and speculative execution).

Task 5: Target Applications. Advanced FE Studies

» The applications problem is coupled transport simulation for fluid flow and heat transfer - acentral problemin
computational fluid dynamics. We have been enhancing the methodology and solver strategies of an existing
grand challenge HPC code we developed under prior NASA support. This has put usin aposition to accelerate
the work on this NSF project. The solver work has been the center of our recent effort.

» We have implemented a class of Krylov subspace iterative solvers with due attention to distributed parallel
solution. The computational kernel requires repeated matrix-vector products and thisis a key focal point of our
"architecture” studies.

Task 6: Validation



» Development of a"representative” applications code for benchmarking and testing ideas and for performance
studies. In this context we have also acquired the performance measurement software PAPI from Jack
Dongarras group at the University of Tennessee to expedite our work and pinpoint performance bottlenecksin
the algorithms. PAPI is aportable library the provides a uniform interface to the hardware performance
counters that are difficult to get access to otherwise. It allows one to measure performance behavior, including
floating point instruction counts, with very little overhead.

* Preliminary algorithms for compiler direct (software based) cache management as well as compiler directed
management of on-chip main memory partitions are currently being experimentally validated using a set of
micro-benchmarks.

» Advanced binding algorithms have been thoroughly validated with representative benchmarks.
» Design space exploration a gorithms have been thoroughly validated with representative benchmarks.

 Preliminary agorithms for the SSA-PS code transformation were experimentally validated and contrasted with
state of the art techniques for compiler directed speculative execution using a set of micro-benchmarks.

Project Findings:
No definitive findings as yet (in core research).

Training and Development

The project/grant has directly funded one research associate and four graduate students, and provided research
topics for three additional graduate students. Viktor Lapinskii has completed his Ph.D. in Fall 2001.
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Web-site
A link has been established on the CFD Lab and this contains information related to this project.

Other specific Products:
Softwar e implementations of:
Binding algorithms for Clustered VLIW/EPIC Processors — module to be incorporated in a retargetable compiler

Design space exploration algorithms for Clustered V LIW/EPIC Processors

Software pipelining algorithms for Clustered VLIW/EPIC Processors - module to be incorporated in a
retargetable compiler

Contributions (within discipline:, other disciplines, etc...)

None as yet (too early)

Objectives and Scope:

- not changed from the original proposal



