Understanding the building blocks of

4effegon Lab

matter by solving Quantum

Chromodynamics

David Richards
Jefferson Lab

Who we are

Why we are
Exploiting new architectures for LQCD

Algorithms for NP calculations
A sampling of Science

SciDAC-3 Pl Meeting, Rockville, Maryland
July 26th, 2013

Thomas Jefferson National Accelerator Facility @ 1&" JSA
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Lattice QCD for NP: Science
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Lattice QCD for NP: Computation

Software + Algorithms
SciDAC

vt Dacovery dussgh Advanced Computing

Leadership-class

+ FaStm ath Clusters + GPUS + MIC

Multigrid with HYPRE for Lattice QCD, Andrew Pochinsky
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QDP++ and Chroma on GPUs

AlIM: put all of application code on GPU
QDP-JIT - Just-in-time

- QDP-JIT/C is production ready.

- QDP-JIT/PTX is fully featured, requires some small integration with
QUDA

- Have performed full 2+1 flavor Gauge Generation on Blue Waters with
both variants

- JIT/PTX has used Chroma’s internal solvers, JIT/C has used QUDA
solvers

- Paper Submitted to SC’13.

* Prognosis: Excellent, Tasks will be complete by End of Year

Porting Lattice QCD Calculations to Novel
Architectures: Balint Joo, Frank Winter
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GPUs and Heterogenous Architectures

Solver performance

® 2010: QUDA parallelized (SC °10 Paper)

® 2011: 256 GPUs on Edge cluster (SC 11
Paper)

® 2012: 768 GPUs on TitanDev (ACSS ’12
Contribution, Invited APS Contribution)

® 2013: On BlueWaters (NVIDIA GTC
Contribution)
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Strong Scaling, QUDA+Chroma+QDP-JIT(PTX)
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Gauge Generation: HMC - |

Aim: to put the whole of the

H MC COde SO as tO eXp|O|t the Anisotropic Clover HMC. V=48x48x48x512, physical pion mass attempt, NCSA BlueWaters
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oo L GPU G CPU ’

3—£1 QDP-JIT (PTX)
- $&—© QDP-JIT (PTX) + QUDA |1

Strong scaling for
anisotropic clover HMC - 12000
key for spectroscopy
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Gauge Generation: HMC - li

Current production V=40x40x40x256, m_~ 230 MeV, Anisotropic clover
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Intel Xeon-Phi

Collaboration with Intel Parallel Labs

Preconditioned Wilson CG, on Intel(R) Xeon(tm) and Intel(R) Xeon Phi (tm) processors, in Single Precision
from B. Joo, D. Kalamkar, K. Vaidyanathan, M. Smelyanskiy, K. Pamnany, V. Lee, P. Dubey, W. Watson lIl,
ISC 2013, LNCS 7905, pp. 40-54, 2013
KNC 5110P: 60 cores @ 1.053 GHz, MPSS 2.1.4346-16(Gold)

KNC B1PRQ-7110P: 61 cores @ 1.1 GHz, B1 stepping, MPSS 2.1.3552-1, 7936 MB GDDR@2.75 GHz
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Uncompressed | Compressed | Uncompressed | Compressed | Uncompressed &= Compressed

Intel® Xeon® E5-2680 (SNB-EP) Intel® Xeon Phi™ (KNC) 5110P Intel® Xeon Phi™ (KNC)
B1PRQ-7110P

BV=24x24x24x128 ™ V=32x32x32x128 “V=40x40x40x96 ™ V=48x48x24x64 " V=32x40x24x96

* Exploit e.g. Stampede
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Typical LQCD Workflow

S ] Few big jobs
I Few big files

TIELTTL
b T ‘?E:Z
o] *Z-"

Generate the

configurations
® [ eadership level

Analyze
» Typically mid-range
level

IMPORTANT FOR NP

= Extract Many small jobs

=1

! O mal

B ! _ @ Extract information from Many big files
8 e measured observables /O movement
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Correlation functions: Distillation

Eigenvectors of

 Use the new “distillation” method. )
J Laplacian

o ObserVe L"’E 1——A)“ Zf(\ *(2)

« Truncate sum at sufficient i to capture relevant physics modes — we use
64: set “weights” f to be unity

« Meson correlation function ‘/
Cul(t,t") = (0] d(t"\TB(tu(t)a(t)TA(t)d(t)|0)
T N
« Decompose using “distillation” operator as
M. Peardon et al., PRD80,054506 Cy(t,t) = Tr(¢? (@)1 (t, z‘)‘b[’ i, ¢),)
(2009)
where
‘I’.'.L;'] = p*0) [F 75 ) @ (¢)
Perambulators > i) = Y AM Ht )Y (t). GPUs

This is a Capacity-computing task: solver with many RHS

Thomas Jefferson National Accelerator Facili -
Jefferon Lab % @ A



All-Mode Averaging - |

Chulwoo Jung, BNL

i):g O (approx).g

Ne =i f(\) :
LB :

O(rest) = O(exact) — O(approx)

O(imp) = O(rest) +

Generate preset number of low modes via “ \ E
.. . F\ :

Implicitly restarted lanczos or EigCG and de- N\

flate low modes. l Acut S |

Approx. high modes with CG with relatively - 1 TS———

large (~ 10~%) stopping condition or poly- ERa— 5 Y _-'r,/\

nomial approx.
From T. lzubuchi

T. Blum, T. lzubichi, E. Shintani, arXiv: 1208.4349
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All-Mode Averaging - I

Electromagnetic form factor of the proton

Without AMA : 150 configs x 4 sources
1§ = 600 measurements 10M core hours (gor-
i don@SDSC)
i AMA: 39 configs x 112 sloppy (5 x 1073,
0.8 i Mobius L;=16) (4 exact) ~ 4400 measure-
ments, 3.9M core hours

exact(68% )+Lanczos(%12)+sloppy(%20)
0.6 ® Calculanons with  AMA, 160 days

O Calculanons without AMA, 430 days El’fOf bal' X 2 - 27 ~/ \/ W - a” AMA

measurements nearly independent.
Even with inefficiency from exact measure-

ion — 10 . 4400 _,
ments, cost reduction 39 ¥ 600 19.7

FP'Q)

1 M | M
04— 1 02 03 04

Q? [GeVY)

Andreas Strathopolous - AM/CS at William and Mary -
development of methods for multiple right-hand sides
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Wick Contraction Methods

Nuclear Physics calculations involve many contractions...

Quarks to Quarks Quarks to Hadrons
K. Orginos, W. Detmold

PA GE

P> B

P1

221mos Jurod sFurs

single point source

AN

- N terms M terms
M terms N terms

Naive Cost: n.ng!ng! x NM nyngin,!
unglng!

Cost: M- Nopes==m
Actual Cost: p3n3n3 x MN

-
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.geffegon Lab i @ &A



Momentum-dependent Phase Shifts

negative parity positive parity exotics
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GluweX/Hall D Detector

m lattice QCD

Jozef J. Dudek.'™* Robert G. Edwards,"" and Christopher E. Thomas™

Breit — Wigner
mp = 863.5(19)(6) MeV
g =4.83(13)(2)

9 PR
I'p = =——5 =10.1(6)(1) MeV
5= 6 m% (6)(1) Me
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Hadron Structure

Momentum fraction of quarks
in proton

0.10%

BORPT
¢ 32045 coarse

LHPC e
04 1o 0.15 .20 0.25

Goloskokov & Krodl. EP) CSY (09) 819 m, [GeV]
HERMES JHEP 0806 (08) o
(model based)

Dichl et al.. EPI CYW (05) ]

Guidal et a1, PR D72 (05) 053013
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Three- and Four-body systems
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Binding energies at physica| PHYSICAL REVIEW D 87, 034506 (2013)
strange-quark mass Light nuclei and hypernuclei from quantum chromodynamics

in the limit of SU(3) flavor symmetry

S.R. Beane.' E. Chang.” S. D. Cohen,” W. Detmold.** H. W. Lin.* T.C. Luu.® K. Orginos.**
A. Parrefio,” M. J. Savage,” and A. Walker-Loud”®
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Chiral Transition Temperature
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— locate pseudo-critical temperature
from chiral susceptibility

A ()

amy
Xl.,disc -+ Xl.con

— peak location defines pseudo-critical
temperature

Xm.i(T)

continuum extrapolation of
pseudo-critical temperatures at physical
light and strange quark masses for two
different lattice discretization schemes

T. = (154 + 9) MeV

A. Bazavov et al [hotQCD Collaboration]
Phys. Rev. D 85, 054503 (2012)
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OUTLOOK

 Effective use of JIT to exploit accelerated
architectures is basis of work with SUPER to
develop domain specific compiler for LQCD. Apply
lessons to other domain-specific frameworks
* Effective exploitation of Xeon-Phi
e Collaboration with FASTMATH for multi-grid
methods
e Lattice QCD for nuclear physics characterised by
heavy capacity requirements as well as capability
requirement

- Methods for multiple RHS

Wick-contraction methods

e Exciting Physics
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