Emerging Technologies Project Plan:

Cluster Technologies

Background

NOTUR (The Norwegian High Performance Computing Consortium) has a subprogram entitled “Emerging Technologies” (ET) that has now been split into two smaller programs: “Cluster Technologies” centered at NTNU and The University of Tromsø (UiT), and “Grid Technologies” centered at The University of Oslo (UiO) and The University of Bergen (UiB). This project plan describes what will be accomplished within the subprogram “Cluster Technologies”.

Cluster technologies are here defined as the technologies that enable a group of independent computers (e.g. PCs, work stations, SMPs) to work together as single distributed memory systems. Since traditional special-purpose hardware for compute servers is generally considered much more expensive than building and scaling up cluster systems that use general purpose parts (with comparable amounts of memory and CPU power), cluster systems may be attractive as potential compute servers for future high performance (HPC) applications.

Goal

The goal of this project is to analyze cluster technologies’ suitability for HPC in the context of NOTUR. The results will provide a foundation for decisions regarding future HPC programs.
Project Description

This project will profile and analyze some of the most interesting NOTUR applications to see how well they may port to future compute-oriented clusters. We will look at various kinds of clusters (e.g. PCs, work stations, SMPs) and how usable each may be as dedicated application servers, potential display servers, etc, compared to a more traditional  supercomputer system with high-bandwidth interconnects and a single system image (supercomputing systems that have shared-memory addressing). 

General issues to consider:

· Why clusters vs. powerful desktop vs. large SMP

· What are the total costs associated with clusters?

· 32-bit vs. 64-bit architectures

Evaluation of new algorithms and methods with respect to future compute resources as well as numerical testing of generic operations, will be included. We will also look at cluster related tools, including furthering our current work on execution monitoring for clusters. Security, stability and operational cost issues will also be discussed.
Based on our findings, we will seek cooperation with relevant cluster activities in Norway and elsewhere where appropriate regarding, for instance, exchange of computer resources to get more diverse test beds. Ties to the Grid Technology program will also be established.
Organization

This project is a collaboration between researchers and Computer Center personnel at NTNU and The University of Tromsø (UiT). 

The project leader is Anne C. Elster (Department of Computer and Information Science, NTNU). Main collaborators include Otto Anshus and Tore Larsen (Department of Computer Science, UiT), Tor Johansen (Computing Center, UiT), Torbjørn Hallgren (Department of Computer and Information Science, NTNU) and Einar Rønquist (Department of Mathematical Sciences, NTNU). Computing Center staff and students at NTNU and UiT will also be involved. 
The project leader will report to the project leader of NOTUR.

Activities

This project will include the following activities:
A1 Profiling and tuning of selected applications
By looking at how well selected HPC application which currently run on large SMPs port to current clusters, we will be able to make a prediction of how well future clusters may replace top-of-the line SMP compute facilities.
A1.1 Physics and Chemistry (Protomol and PICs codes)
Paul Sack, a former undergraduate student of  Elster at The University of Texas at Austin, ported a physics code to a cluster this this past summer as part of the precursor to this project. (His work was financed through the the Computing Center at NTNU). His contribution led to a report that highlights some of the difficulties associated with porting such code to cluster systems. 

This activity will be an extension of this work. Elster and her students are currently looking at porting Protomol, a molecular dynamics code currently running on our HPC systems, parallelized by colleagues in Bergen. They are also looking at a PIC (Particle-in-Cell) code, an electrostatic code that Elster wrote for an SMP machine that is now being repwritten using MPI. These applications were selected due to their interest in the application community and access to code authors, Depending on our findings and available funds/students, other applications may also be considered.
This activity is ongoing and will continue for the duration of the project. The final report will include results from these efforts, including a comparison with Paul Sack’s work.

A preliminary report will be presented at NOTUR 2003 to be held in Oslo May 14-15, 2003.
Primary participants: Anne C. Elster and her students (Computer Science/NTNU)
Budget: NOK 100.000 for summer student support.

A1.2a Profiling and user analysis of Amber, Dalton and Gaussian
UiT staff have and/or will be porting the following applications from their current SMP system (Athelon) to their Itanium cluster as part of their current efforts on their cluster:

· Amber -- a well-known molecular dynamics code

· Dalton -- a Norwegian competitor to Gaussian (see also A1.2b)
· Gaussian -- a much-used SMP application that currently scales only to 4 processors
This activity includes:

· Gathering early-user benchmarks that compare previous and current SMP runs with Itanium cluster runs. 
· User profiles – how are these codes used (no. of processors, lengths of runs etc)?

· Comparisons with results from HPC systems at UiB, NTNU, DNMI and Linkøping where feasible
This activity will commence in early 2003 as soon as the above application codes have been ported and continue throughout the project period. A preliminary report will be presented at NOTUR 2003. The final report will include more in-depth analyses, including a total cost analysis of running a cluster system vs, a large SMP.

Primary participants: Tor Johansen and staff/students (Computing Center/UiT)

Budget: NOK 150.000 for staff and/or student support
A1.2b Optimization and tool-analysis of a commercial application

This activity includes using state-of-art optimization techniques for a port of an popular application to a compute cluster. We have tentative selected Dalton for this effort since we should be able to work directly with this Norwegian vendor. Dalton is also a competitor to Gaussian, a very popular user application at all Norwegian HPC sites.

This activity will commence in spring 2003 with main results being made available by NOTUR 2003.

Participants: Otto J. Anshus and post doc/students (Computer Science/UiT )
Budget: NOK 150.000 for post doc/students.

A2. Execution monitoring

This activity extends the current work of  the Distributed Systems Group at UiT on execution monitoring and tools for clusters. These efforts will include a special focus on applicability to future NOTUR activities.  A survey of current technologies in the field will be included. The activity will also include an analysis of what may be necessary for using this technology as a compute server for a display wall.
This activity will commence late spring 2003 and finish by October 1, 2003

Paricipants: Tore Larsen, Otto Anshus and students (Computer Science/UiT)

Budget:  NOK 100.000 for student support.
A3. Visualization servers, etc.

This activity will look at how suitable a specialized cluster may be as a compute engine for visualization and other related applications.

This activity will commence in January 2003 and run throughout the project.

Participants: Torbjørn Hallgren and his students and colleagues (Comp. Science/NTNU)

Budget: NOK 100.000 for student support

A4. Impact of future numerical algorithms and methods

This activity will evaluate the impact of future HPC technologies on some selected numerical algorithms and computational strategies. Examples will include an evaluation of higher order methods for the numerical solution of partial differential equations. A recently proposed novel computational approach based on parallelization in time of numerical algorithms will also be evaluated. Some of the activity will include numerical tests of generic operations.
This activity will commence summer 2003 and continue throughout the project,

Partcipants: Einar Rønquist (Mathematical Sciences/NTNU) and his students.

Budget: NOK 100.000 for student support.

A5. Interface with NOTUR ET – Grid Project
This activity will focus on collaborating efforts with the ET-Grid project. We will here look at how our results impact current Grid efforts. In particular, a look at heterogeneous clusters will be included since many of the performance issues with such clusters will relate strongly to applications spread over a computational grid.
Participants: Anne C. Elster and colleagues, staff and students associated with this project 

Budget: NOK 50.000

A6. Project administration

This activity includes all administration and coordination of the project, including status report and the final report.
This activity will commence immediately and continue throughout the project.

Participant: Anne C. Elster (Computer Science/NTNU)

Schedule, milestones and budget

This project started organizing in late fall 2002. It will run through January 2004. Most of the projects with later deadlines have summer students involved.
NOTE: The budget figures listed next to each activity below are estimates that may vary some depending on resources available and efforts required.

	Activity
	Milestones
	Deadlines
	Budget

	A1.1 Analysis and port of Physics & Chemistry codes
	Profile two or more applications on clusters
	May 2003

Dec. 2003
	NOK 100.000

	A1.2a Profiling & user analysis of selected commercial applications 
	Profile & user statistics on Amber, Dalton & Gaussian
	May 2003

Dec. 2003
	NOK 150.000

	A1.2b Optimization & tool analysis of a commercial application  (e.g. Dalton)
	Application optimized for clusters using advanced comp. science techniques 
	May 2003
	NOK 150.000

	A2 Execution monitoring
	Survey & extension of current work with focus on HPC clusters
	Oct. 2003
	NOK 100.000

	A3 Visualization servers & other cluster application 
	Evaluation & prototype
	Dec. 2003
	NOK 100.000

	A4. Impact of future numerical algorithms & methods
	Survey & analysis
Numerical operations tests 
	Dec. 2003
	NOK 100.000

	A5. Interface with Grid Project
	Analysis of heterogeneous clusters/ collaborations
	Dec 2003
	NOK  50.000

	A6. Project administration
	Final report
	Jan. 2004
	NOK  50.000


Budget summary
	
	2002
	2003
	Sum

	Work 1)
	
	NOK 750.000
	NOK   750.000

	Travel 2) (*)
	NOK 10.000
	NOK 190.000
	NOK   200.000

	Project admin, 3)
	
	NOK   50.000
	NOK     50.000

	Total
	NOK 10.000
	NOK 990.000
	NOK 1.000.000


1) Work related to activities A1 –A5.

2) Conference/ seminar participation and travel related to project work. 
3) Work related to activity A6.

“Self costs” (egeninnsats) are not reflected in this budget. Their extent will be specified in the final report. 
(*) Since this project has more participants than the Grid project, a larger travel budget is given, However, since paid work will here primarily be done by students, the higher travel costs are off-set by lower work costs.
