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v: Lib Hadron Analysis (LHA)

What is LHA?

A new LQCD library for efficient calculations on modern parallel
architectures and on CPUs

What can be done with LHA?
BDA, MDA
Baryon Spectrum
Baryon 3pt Functions
Meson 3pt Functions

Why use LHA?
Standard implementations do not
work efficiently on new architectures

Adaptable to every physical channel within data analysis
Computation per lattice site — SIMD data layout
Parallelization scheme
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Meson 3pt Functions on the Lattice using stochastic Estimators

Ty Ya S4 Ty
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v: Meson 3pt Functions - Operators

Operators

Annihilator: A(x',2}) = dap Fa(x',24)2 T'P Fg(x',2)2
_ Ba o
Creator: C(s, s4) = Opa FB(S,84)5 (74I‘T'y4) Fy(s,s4)

Current: I(y,ys) = dap Fau(y,y4)s TS Fy(y,ya)d (+ derivative Operators)

with F; € {L, S, C} (light, strange, charm).

I-Structure examples:

Scalar: 1,74
Pseudoscalar: ~s, 7475
Vector: v;, Y47Y:

Axial Vector: ;75
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u: Meson 3pt Functions - Wick Contractions

Performing the generic Wick contraction

(A" I(y) C(s)) =

=tr[G(Fa,s,2') I" G(Fg,2',y) I's G(Fy,y,s) I']

= Gab Oap San (I)*P (T5)"° (1) x
X G(FA)S .'L') G(FBa 7y) G(F‘Bay) )

) sa
The stochastic all-to-all propagator
G(FAa Y, x/)gz/ ~
N . Ya
1 B * nao' f
¥ 2 ()(Fa ) (1) () .
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v: Meson 3pt Functions - Stochastic Noise

Vector — Definition®

4 a (Zy ®1Z2)/V2 , @4 = SINK fud/bwd
(1) (%, 34)q € { 0 , otherwise

Vector — Properties

Nﬁ: (m)(:c)g:OJro(\/%)

Is.). Dong and K.-F. Liu, “Stochastic estimation with Z(2) noise,” Phys. Lett. B328 (1994) 130, hep-lat/9308015
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v: Meson 3pt Functions - Open 3pt Function

The 3pt Function becomes Use that:

(A(z') I(y) C(s)) = G(z,y)oy = (%) G*(y, )0 (1) J

— Oab 6ab 5ab (F,)aﬂ (F )ub (F)ﬂa X
X G(Fa,s,2 )2 G(Fg,z',y)8® G(Fp,y,s)"

= Gab 6ab a0 (I")*P (I5)"" (1) x
X [vE G(Fa,a,s)* 2150 [n(a') 10 12 si(Fi, )]t G(Fw,y, )0

= Spectator = Insertion
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v: Meson 3pt Function - Open 3pt Function

At the end we achieve an expression for the mesonic 3pt function

T a

Cfatelwaalaip ol q,y) = NZ SE4r P (pyal) 127" (g, ya)

ac

p>$4 Z 5ab 75 FA,%,S) 75]aa

—ip-x’

Fa«a «18
Siu aﬁ [771‘(33/) ’75]1) e

1Bl (q y,) :Z bab Oab [V si(FB,y)]s G(F»,y,s )bb e’y
Yy

Contracting the spectator and insertion parts
with the correct I'-structure gives the desired
result

What does this mean for computational pur-
poses? A
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v: Meson 3pt Function - Object size

Spectator size (upper bound)

Spectator size =
#£spin - #color - #stoch - #momenta - #src
- fwd /bwd - #flavorcombinations - #noisesmearing =
64-3-100-60-4-2-3-3 =
8.29 - 107 Complex Numbers = 1.30 GB

Insertion size (upper bound)

Insertion size =
F£spin - #color - #stoch - #momenta - #src - #ins
- #derivatives - #flavorcombinations =
64-3-100-60-4-20-(1+4)-9=
4.15-10% Complex Numbers = 64.8 GB
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u: Meson 3pt Functions - Parallelization

Computation of the Spectator part (serial)

Serial loop over Source time slice s4

Ty S4 T4
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u: Meson 3pt Functions - Parallelization

Computation of the Spectator part (serial)

Serial loop over Source time slice s4

[ ]
[ ]

Ty S4 T4
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u: Meson 3pt Functions - Parallelization

Computation of the Spectator part (serial)

Serial loop over Source time slice s4

- ) A
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u: Meson 3pt Functions - Parallelization

Computation of the Spectator part (serial)

Serial loop over Source time slice s4

- ) A
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u: Meson 3pt Functions - Parallelization

Computation of the Spectator part (parallel)

Parallel loop over Source time slice s4

AWAWAWA

/ T4
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u: Meson 3pt Functions - Parallelization

Computation of the Insertion part (parallel)

Serial outer Loop over Source time slice s4
Parallel inner Loop over Current time slice y4
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u: Loop Layo

Reference implementation:

QDP++ library takes care of parallelism over lattice sites
— SIMD vectorization difficult due to its internal data layout.

LibHadronAnalysis:

Reorder loops in order to use two of the spin indices for
auto-vectorization.

for 3 spin indices do for all sites in the local lattice do
for color indices a,b do for 1 spin index do
for all sites in the local lattice do for color indices a,b do
| for 2 spin indices SIMD vect. do
end |
end end
end end
end
end
Algorithm 1: Reference implementation Algorithm 2: LHA implementation
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u: First Timings?

Machine: QPACE 3, Xeon Phi (KNL), Omni-Path, 8 nodes
Lattice Size: 323 x 96
Spec.: sks = G(L,x',s) G(S,a',s) m:(S,2") (0<i<30)
Ins.: 175 = 5,(S,y) G(S,y,s)+ deriv. (0 < i < 30)
Src./Snk.: s =30, ' =16/44
tins tins
60 + ins. 700 ¥ ins.
spec. spec.
600 +
40 +
! 500 |
20 +
R 400 |
0 —t : : 300 —t : .
0 4 8 16 32 0 4 8 16 32
KNL tasks per node KNL tasks per node
Figure 1: Contraction Figure 2: Total time (propagators etc.)

2peter Georg: An in-depth evaluation of the Intel Omni-Path network for LQCD applications. 19/6/2017 17:00
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Computation of mesonic 3pt functions by factorization into
spectator and insertion parts

Highly parallelized

Using smart ordering of operator and site index loops — SIMD
'Open 3pt Function’. Analysis software is also available for the
off-line contractions.
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v: The End

Thank you for your attention




