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Lattice QCD – extremely uniform
 (Perfect) Load Balancing:

Uniform periodic lattices &
identical sublattices per
processor.

 (Complete) Latency hiding:
overlap computation
/communications

 Data Parallel: operations on
Small 3x3 Complex Matrices
per link.

 Critical kernels :  Dirac  Solver
is ~90%  of Flops.

Lattice Dirac operator:



Optimized Dirac Operators,
              InvertersLevel 3

QDP (QCD Data Parallel)
 Lattice Wide Operations,
 Data shifts

Level 2

QMP (QCD Message Passing)
QLA (QCD Linear Algebra)Level 1

     QIO
Binary/ XML
Metadata Files

SciDAC-1 QCD APISciDAC-1 QCD API

C/C++, implemented over MPI, native
QCDOC, M-via GigE   mesh

Optimised for P4 and QCDOC

Exists in C/C++

ILDG collab



Example of QDP++ Interface
Typical for Dirac Operator:

 QDP/C++ code:

 Can improved performance, generalize interface for wider use
in lattice field theory.



Level 3 on QCDOC

MILC  Asqtad  (70% thru put and increasing!) 
          4 racks 483x144  0.09fm  850 lattices at present
          2 racks 403x96 0.06fm goal 850 lattices on QCDOC 
1 rack LHPC DW   (Edwards)
1 rack (14 MB used) 468    283x96x12 DW prop  140Mflops (Negele)
2 racks Thermo (Petreczky)
2 racks DWF (Christ)



   QCDOC/cluster complementarity “principle”
      smaller sublattices   faster/slower
      larger   sublattices   slower/faster

Reality Check:   Production can not always at optimal point

Peter Bolye’s inverter on QCD (invg2 Chroma ) as you
   move from 45 to 85 performance slows by factor of 0.43

I/O is stronger on cluster so some of the LHPC structure
   function work was moved (back) to JLab.

But different machines have different optimal points!



QOP (Optimized  in asm)
Dirac Operator, Inverters, Force etc

QDP (QCD Data Parallel)
Lattice Wide  Operations, Data shifts

QMP
(QCD Message Passing)

QLA
(QCD Linear Algebra)

QIO
Binary / XML files & ILDG

SciDAC-2 QCD APISciDAC-2 QCD API

QMC
(QCD Multi-core interface)

Uniform User Env
Runtime, accounting, grid,

QCD Physics Toolbox
Shared Alg,Building Blocks, Visualization,Performance ToolsLevel 4 Workflow

and Data Analysis tools

Application Codes: 
 MILC    /    CPS    /      Chroma     /    RoleYourOwn

Level 3

Level 2

Level 1



Major SciDAC-2  Challenges

ILDG deadline June 2006
  archive/retrieve/query   lattice configurations

Full use of API by entire community
Documentation, Testing and Distribution
Timely optimization of (new) Level 3 code

Exploitation of Multi-core (SMP)
           Multi-core Intel/AMD, BG/L and beyond
              QMC interface for clusters and QCDOC-2

Common Runtime Env. “Practical Meta-facility”
             File transfer, Batch scripts, Compile targets,
     Libraries, grid access, bug tracking.



Tool Box (shared algorithms / building blocks)
           RHMD, eigenvector solvers, etc

                Visualization and Performance Analysis
                   Rapid prototyping new (multi-scale) algorithms

Porting API new  Machines
                  QMP over Inifinband and BG/L network
                  QLA for Cray XT3 Opteron, 32 bit SSE, etc.

Workflow and Data Analysis
                   Automate campaign to combine lattices, propagators
                   to extract physical parameters. (ITT)

Monitor and control large system
                   Automate fault monitoring and mitigation strategies



Institutions                 Oversight

• BNL/Columbia                  Mawhinney/Chulwoo Jung

• JLab                                  Edwards/Watson

• FNAL/ITT/Vanderbuilt       Holmgren/Simone

• BU/MIT                              Brower/Pochinsky

• DePaul/NorthCarolina       DiPierro/Zhang

• Arizona/Indiana/Utah         DeTar/Gottlieb/Toussaint

Tasks and Milestones of Participating Institutions
(Required reading: Appendix A.3 of SciDAC-2 Proposal)
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More Q&A  @ Software Panel tomorrow
moderated by Don Holmgren (“Project Manager Zombie”)


