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1. Subject and Purpose

The purpose of this project is to provide an evaluation of the functionality and usability of existing performance analysis tools (PAT) on a variety of shared-memory HPC systems.  The results of these evaluations will then be analyzed to form a design plan for a comprehensive PAT for use with UPC and SHMEM programs.

The research will be done in conjunction with the work of others in the Unified Parallel C (UPC) Group in the High Performance Computing and Simulation (HCS) Lab at the University of Florida, as part of an existing project.  The project is sponsored by The Department of Defense.

2. Problem Definition

Parallel programs written in UPC and SHMEM are by nature quite complex.  Efficient communication and cooperation is required for the hardware in use to be fully utilized.  To minimize the amount of time resources are left idle, performance analysis tools must employed.  Unfortunately, existing tools do not directly support the analysis of UPC and SHMEM programs.  Thus, existing tools will be evaluated on their effectiveness in analyzing applications written using the programming model the tools do support, MPI.  However, there are numerous differences between UPC/SHMEM and MPI, so it will also be necessary also evaluate the ease with which each tool can be altered or extended for use in optimizing UPC/SHMEM code.

3. Need for Solution

The Department of Defense has contracted the HCS Lab to design a prototype PAT for use in analyzing and optimizing programs written in UPC and SHMEM.  The PAT should be easy to learn, and highly configurable.  Additionally, the PAT should provide useful metrics in an intuitive manner allowing the user to identify causes of performance bottlenecks.  Such a tool would increase programmer productivity, while at the same time allowing for parallel code to achieve a high degree of performance. 

4. Benefits of Solution

Many tools for evaluating parallel programs exist, yet none is widely accepted as the greatest for all purposes.  Each tool has a number of strengths and weaknesses.  The evaluations assembled in this project will be of aid to parallel programmers in choosing the best PAT to assist them in their programming tasks.  Additionally, the analysis of the information gained in this project will provide direction for the design of future performance analysis tools for parallel programming applications.    
5. Background Information

In the arena of high-performance computing there are many problems requiring management and processing of amounts of data and computations.  One method used to handle this scale is the use of multiple computing elements in parallel to model complex systems and compute solutions for challenging tasks.  This technique is known as parallelization [1].   In order to take full advantage of parallelization a programmer has to divide a problem into a number of parts, and then describe how each part will interact in order to solve the greater problem. 

In order to simplify the task of parallelization a programmer will quite often use a parallel programming model.  Two examples of such models are the shared memory model and the message-passing model.  MPI, UPC, and SHMEM are implementations of such models in use today.  MPI, which is the most widely adopted of the three, utilizes the message-passing model for parallel programming.  This model requires the programmer to explicitly define how the processors will communicate as the coded task is executed.  UPC eases the job of the programmer by allowing for the use of the shared memory model of parallel programming [2].  In this model, the programmer uses a shared address space, and the compiler determines what communication is necessary for the code to execute on the programmer’s behalf.  SHMEM is a hybrid of the two in that it requires explicit communication, but also allows shared memory like access by allowing communication to proceed with only one processor’s involvement [3].

Because UPC and SHMEM are still emerging programming models, no tools exist to adequately assist programmers.  However, a great number of tools do exist for analyzing the performance of parallel programs written using MPI.  Because many of the problems exhibited by programs using MPI are somewhat similar to problems exhibited by programs written using UPC/SHEM, evaluation of tools for one will provide useful insight for designing tools for the other.  

6. Scope Statement

The tools that will most likely be evaluated are Kojak, Vampirtrace, SvPablo, Perfometer, Prism, AIMS, and DEEP/MPI.  However, the opportunity to explore these tools is contingent upon successful acquisition of licenses for use, and suitable hardware on which to run them.

Each tool will be evaluated and given a quantitative rating in terms of a set criterion.  These features were determined to be of significant importance by other members of the UPC group: 

	· Available metrics

· Cost 

· Documentation quality 

· Extendibility 

· Filtering and aggregation

· Hardware support

· Heterogeneity support

· Installation

· Interoperability 

· Learning curve 

· Manual overhead 

· 
	· Measurement accuracy 

· Multiple analyses

· Multiple executions 

· Multiple views 

· Performance bottleneck identification 

· Profiling / tracing support

· Response time 

· Searching

· Software support

· Source code correlation

· System stability

· Technical support


7. Methodology

The work of the project will be divided into three parts: planning, evaluation, and analysis.  In the planning phase the testing plan will be devised, and benchmarks will be sought out.  Additionally, the list of candidate tools will be finalized.  In the evaluation phase the testing plan will be executed, allowing approximately two weeks to evaluate the first two PATs, and then one week to evaluate the following three.  In the analysis phase the evaluations will be analyzed, and recommendations made regarding how to use existing tools to design a PAT for UPC/SHMEM.

8. Tasks

1. Testing Plan – Create unified testing plan describing evaluation strategies for the features.  This plan will form the basis for all evaluations

2. PAT Selection - Finalize list of PATs for evaluation.  This process will involve investigating the availability of licenses for evaluation, and the ability to access suitable hardware.  Additionally, the popularity of a given tool will be considered

3. Benchmark Suite - Finalize list of applications to examine with PATs.  These applications should all exhibit characteristics that challenge parallel systems, yet should be well written.

4. Evaluate PATs - Obtain, study, install, run, and evaluate PATs.  Once evaluation has been completed, report results to group during meetings.  After two PATs have been evaluated, report on experience gained in preliminary evaluations. 

6. Analyze Evaluation Data – Analyze evaluations and form useful conclusions based on the comparison of the data obtained.  This data will be used in design of the prototype analysis plan.  

5. Assist in Prototype Design Plan - Assist UPC group in producing a design for construction of a PAT for UPC/SHMEM.  This design will take into account evaluations on existing performance tools, as well as the findings of the layer study conducted by other members of the UPC group.

7. Independent Study Report – Compose report describing the data obtained from evaluations, and summarizing findings.

9. Time and Work Schedule

See attached Gantt Chart.

10. Facilities

I will be utilizing facilities available at The High Performance Computing and Simulation Lab, at The University of Florida.  A number of test-beds are available for use including:

ES80 AlphaServer - Contains four 1GHz processors, 8GB of Rambus memory, ten 36.4GB Ultra-Wide SCSI-3 drives, PCI-X buses, and both Gigabit Ethernet and Quadrics QsNet networking

Lambda Cluster – Contains 16 SMP servers, each composed of dual AMD Operton 240 processors, dual on-board 1 Gb/s Ethernet, 1 GB of DDR PC2700 RAM , 5.3 Gb/s 2D SCI, 10 Gb/s Infiniband

Kappa Cluster – Contains 20 SMP servers, each compused of dual 2.4 GHz Intel Xeon processors, on-board 1 Gb/s Ethernet, 1 GB of DDR PC2100 RAM, 5.3 Gb/s 2D-3D SCI
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