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SciDAC: Computational Framework for Unbiased Studies of
Correlated Electron Systems
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Overview : DCA++

 DCA++ — Dynamical Cluster Approximation

* Numerical simulation tool — predict behaviors of co-related quantum materials
(such as superconductivity, magnetism)

 DCA++ — computes many-body Green’s function — material’s properties can be
calculated from this function.

* Iterative self consistent algorithm — two primary kernels

o Coarse graining of single particle Green’s function (reduces complexity of
infinite size lattice problem)

o Quantum Monte Carlo solver

DCA++ Titan - 18600 nodes at16 Pet t k), sustained 1.3 Pet te [Gordon Bell 2009
%OAK RIDGE ran on Titan nodes a etaflop rate (peak), sustaine etaflop rate [Gordon Be ] %OAK RIDGE CompFUSE
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DCA++ : Primary kernels workflow

Initial Green’s Function

& Markov Chain
1. Coarse Graining
(Calculating Green’s Function)
’ Green’s
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Gl Algorithm [Go]
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Green’s
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DCA++ : Quantum Monte Carlo Solver
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Profiling DCA++ on Titan

* Profiler used: HPCToolkit [Visualizer: HPCTraceviewer]

« DCA++ code:

Synthetic dataset (realistic to the science)

Beta: 20

Number of Titan nodes used: 10

Number of MPI ranks used: 10 (1 rank per node)
Iterations: 4 (till convergence)

Last iteration step — performs the 4 point function

© ® ® ® ® @

* Acknowledgment: Dr. John Mellor Crummey & Dr. Laksono Adihanto (Rice U.)
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Profiling DCA++ on Titan (using HPCToolkit)

MPI Ranks + Threads

<=Each color in the trace — procedure calls
< Last iteration — performs 4 point function

< MPI ranks — performs similar computation

[terations [execution time]
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Profiling DCA++ on Titan (using HPCToolkit)

- <UliEdu uuL>
M gomp_thread_start

M dca::parallel::stdthread::fork

M dca::phys::clustermapping::quadrature_integration<dca::func:
M dca::func::function<std::complex<double>, dca::func::dmn_ve

M dca::func::dmn_variadic<dca::func::dmn_variadic<dca::func::d
W dca::func::dmn_variadic<dca::func::dmn_variadic<dca::func::d
M dca::func::check_indices<int&, int, int, Oul, 1ul, 2ul>

| std:min<int>

M std::initializer_list<int>::end

W std::initializer_list<int>::size

OpenMP

<+Top: 8 threads — OpenMP: performs the coarse graining
operation

< C++ standard threads: QMC Solver — with 5
accumulator threads and 3 walker threads.

<+-Bottom: 8 threads — shows the 4 point function

<+ Red bars — mutex locks (single queue for accumulation)

C++ std threads

I
o

W Depth View ‘ Ll summary View’

Mini Map
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Profiling DCA++ on Titan

* Profiler used: ScoreP [Visualizer: VAMPIR] ‘.S&SO’Q‘E

« DCA++ code:

Synthetic dataset (realistic to the science)

Beta: 20

Number of Titan nodes used: 20

Number of MPI ranks used: 20 (1 rank per node)

Iterations: 8 (till convergence)
Last iteration step — performs the 4 point function

©® ® ® ® ® ®

* Acknowledgment: Ronny Brendel (T.U. Dresden / ScoreP ; Currently: NVIDIA)
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Profiling DCA++ on Titan (using ScoreP
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%OAK RIDGE

National Laboratory




Profiling DCA++ on Titan (using ScoreP
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Quantum Monte Carlo Solver (new code)

< Lockless datagstructure for the

Gz accumulator e
[G] @ EEE : Walker 1 . Accu. 1 EEE @J

[G] -x-Thread pool for the CPU
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“Walker — Accumulator” mapping: 1:1
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Profiling DCA++ on Titan (using HPCToolkit)
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Profiling old / improved DCA++ on Summuit

* Profiler used:
NVProf (CUDA Toolkit)

TAU (SciDAC Institute) — Ongoing Collaboration |
HPC Toolkit (Rice University)- Ongoing Collaboration k\ %

* Versions of DCA++ code (compare and contrast):
[Both codes are now publicly available: https://github.com/CompFUSE/DCA]

» Old Code [pre SciDAC] - version 1.0.0
o New Code [March 10t , 2019] — Ongoing
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https://github.com/CompFUSE/DCA

Input Parameters [large case]

Beta: 50

Initial self-energy= “T= 0.02/dca sp.hdf5”
Iterations: 2

Do-finite-gmc: true (coarse graining is ON) — Turned off for production run
Measurements: 1020

Cluster size: 24

Initial configuration size: 3300

Walkers: 7 (=h/w threads mapped)
Accumulator: 5

Shared Walker / Accumulator: false

G4: ON (last iteration )

* Summit: 1 node :: 6 MPI ranks :: 1 rank/rs :: 1 rank/gpu :: smtl :: 7 h/w threads /rs
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DCA++ Profile [ Old Code ]
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[ T O
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I ! N T T U 1
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|IIIIII|IIIIIIIIII|I|IIIIIIIIIIII|II|I
EIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
TR ERETAR v

- 5" 2.5% void dca::li...

L5 2.4% void trsm_L...

ST — 11+ QMC Time with G4: 1.6 hrs
Analysis GPU Detai [T CPU Detai &2 OpenACC OpenMP Console Settings = it
B LR
0 e — ) vl o GPU utilization: 0.2% (walkers)
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DCA++ Profile [ New Code ]

100 s 150 s 200 s 250s 300s 350s 400 s

[+| Process "main_dca input_bet...
[=] [0] Tesla V100-SXM2-16GB
[=| Context 1 (CUDA)

1 1
=S MemCpy (HtoD)
LA A LT R

L 5F MemCpy (DtoH) |

- 57 MemCpy (DtoD) | AN OO T

10 OO 0 I||IIII|||III||I

T
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Analysis [ GPU Detai [ CPU Detai 52 [T7] OpenACC OpenMP Console [ Settings
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Event %

<+ Using 8 execution queues on the GPU
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DCA++ at scale on Summut (INCITE)

"o New Code (with 1/O) < Strong scaling : production run
—m— New Code (only QMC kernel) + Cluster size: 6 ([6 0] [0 6])
10° || —&— Old Code ‘ < 80M Measurements
® * 1 MPI Process / GPU
% ~ 3000 Measurements / rank
102 -

% 46% GPU utilization

< Entire Summit (4600 nodes)

< Old Code - 9.65 hrs.
<+ New ‘Improved’ Code — 6.5 mins.

Time to solution (minutes)

Pt

)
—
[

< Sustained performance: 43 PFLOPS
100 500 1000 2000 4600 & Pegk performance: 73.5 PFLOPS

No. of Nodes
< Peak power: 9IMW [for 4600 nodes]
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Quantum Monte Carlo Solver (new code)

G] @

[G]

Green’s [\ @
Function O
M?]/@ -

[G]
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Challenges:
GN1
G2’
. Walker 1 Accu. 1 | *Number-o-f-@ ound by
the number of accumulators
Walker 2 permr Gne
dlKker CCuU. . J
<+ Memo cumulatox: 3GB
GZ”,
Walker 3 Accu.3 oFLargef cluste&gize - ne
more walker
Gz,”’ EE .@
Accu.4 . : I .
Walker 4 e o Private copy of G4’ Matrijx is
stored on eagh Accumuldtor
Both Walkers and Accumulators run on the GPU S

“Walker — Accumulator” mapping: 1:1



Ongoing efforts : SciDAC

 Single-band Hubbard model —> 2 / 3 — band Hubbard Model
« Memory challenges for accumulators

« Use of mixed precision (half-, single- and double precision) [Tensor cores]

e (Collaboration with TAU:

o TAU/CUDA initialization and CPU/GPU timestamp sync. on Power9 + NVIDIA (Summit)
o Updated CUDA support — multi-GPU nodes

o TAU data organization — for GPU streams

o Continuous Integration — performance database ( past / future developments )

* Autocorrelation time based on system size and number of measurements

o Time it takes for two measurements to be decorrelated and hence not biased configurations
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