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National Laboratory

Natural Parallelism

G1 Update

G2 Update
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%%ﬁiﬂng DCA++ Requirements
- HPC
— Algorithmic Performance
Version 1 — Scalability
— Efficiency DA
* Functionality
— State of the art

— Continual Development
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DCA++ Version 2:  ¥rior

MARDIR Naioma Labory
%ﬁifﬁgi Controlling the Cost of

Increased Functionality

SW Complexity
=> Cost to extend

refactoring

/\%/

V2

V1

Functionality
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%ﬁ‘ﬁﬁi DCA++ Timeline
e i

>DCA++ V1 Gordon Bell Runs

» Demonstrates
HPC capabilities

<€

11/2006

Automated
Comparison
Testing

__ & A / / \\ \ >
> € >

Symmetry 10/2007 »>DCA++ V2
Package

» Complete independent
rewrite of DCA++ V1

» Fully generic, object-oriented design
» Basis for envisioned extensions
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DCA++  cCategory

DCA ++ V2
LOC and Dependencies

Number Lines of Code

Functions 23 170
Operators 29 562
Generic Classes 171 23,185
Regular Classes 34 2,005
Total 25,922
Symmetry
Package
JSON 9
Parser
PSIMAG
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97% Object Oriented
89% Generic

functions

operators

Templated Classes

Regular Classes
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WTE  LOOKING FOR A FEW
=FUTURE GOOD CONCEPTS

It's not enough to just use
templated classes.

« Cognitive Engineering. . '\g
« Separation of concerns

David Hilbert: ... It IS @n error to believe
that rigor...is the enemy of simplicity.”

-4 ° Say what you mean,
wimmmemmmemeas [N1€AN WHAt you say.

Photo by timbomb
http://www.progr ing4scientists.com/2009/01/
he-joys-of-literate-programmin
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m“mpi SW Development Practice

Continually manage
cognitive workload

Use SWAT teams .
Don't repeat yourself (DRY)
More than just modular

Just in time abstraction “
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Changing Precision

Double -> Float

Bath

Single Band
2D Hubbard Model

Self Energy <:D
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mj' E Changing Precision

tf'l[tﬁ

* More than just modular

FieldType = float
* MonteCarlolntegration<FieldType>
* Automatically causes:
dgemm -> sgemm
dgemyv -> sgemv

5/1/2009 CUG 2009 Compute the Future 13



OAK
RIDGE

National Laboratory

ﬁg&E Changing Parallel Processing

pthread / CUDA

/ up to 103 Markov
chains

PTI AllReduce
MPI Broadcast

Problem of interest:
~102 - 10° disorder
configurations

MPI AllReduce
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=FfUTURE Separation of concerns

Ain.C
Main.cpp =

. caCalculation Main.c
DcaCalculation PP

Hifde | <MpiProcessing> elEllreTs: DcaCalculation
\/"\/ <MpiCartesian>

SerialProcessing.h

MpiProcessing.h DcaCalculation.h

1 MpiCartesian.h

Template<...> class
| DcaCalculation
Template<...> class

— MpiProcessing -
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UTE  Changing the Algorithms to-
FUTURE Suite the Architecture

/ NoBlasOperatons.h
H H FH pthread / CUDA
5393 Eﬂ g;@a/ N —— CudaOperations.h |
Y% N7/ |up to 103 Markov
74 %4/ chains
MPI AllReduce BlasOperations.h
//// MPI Broadcast
a
d

Y, Template<...> class
Problem of interest: BIasOperatlons
~102 - 103 disorder \/_
configurations

MPI AllReduce
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Now we are working on a
long list of enhancements:

Ixtﬁ

F\!pmn

ZFUTUR
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g lay]

* Improved Update Algorithms
« Multi-dimensional Configurations

* Symmetry reduced combinatorial
generation of disorder configuratons

* Multi-phase processing
* Continuous Time Monte Carlo
* Multi-band Models
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