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HPCI'COVID-19 Urgent Call
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F1-55EERK (L 2—HAEHEEE) (1/2)
* |wase, Futamura, Imakura, Sakurai, Ono, Efficient and scalable

calculation of complex band structure using Sakurai-Sugiura method,
Technical Paper, SC17, 2017

 Fujita, Ichimura, Horikoshi, Meadows, Nakajima, Yamaguchi, Koyama,
Inoue, Naruse, Katsushima, Hori, Lalith, Accelerating time-history
nonlinear implicit unstructured low-order finite-element method with
concentrated computation, HPC Asia 2018, 2018, Best Paper Award

« Scamps, Simenel, Impact of pear-shaped fission fragments on mass-
asymmetric fission in actinides, Nature 564, 382—-385, 2018
— https://www.ccs.tsukuba.ac.jp/release20181220/

» Kreutzer, Ernst, Bishop, Fehske, Hager, Nakajima, Wellein, Chebyshev

Filter Diagonalization on Modern Manycore Processors and GPGPUSs,
ISC-HPC 2018, 2018, Hans Meuer Award (Best Paper) Finalist
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Ef- B BRE (L A— R ENEE) (212)

Hirokawa, Boku, Uemoto, Sato, Yabana, Performance Optimization and
Evaluation of Scalable Optoelectronics Application on Large Scale KNL
Cluster, ISC-HPC 2018, 2018

— https://doi.org/10.1007/978-3-319-92040-5_11

Nakajima, Gerofi, Ishikawa, Horikoshi, Parallel Multigrid Methods on
Manycore Clusters with IHK/McKernel, ScalA19@SC19, 2019

Wen Kai, Optimal collective coordinate in nuclear collective dynamics,
ANPhA/AAPPS-DNP Award for Young Scientist 2019

— https://www.ccs.tsukuba.ac.jp/award-20190827/

Nonaka, Hanawa, Shoiji, Analysis of Cooling Water Temperature Impact on
Computing Performance and Energy Consumption, IEEE Cluster 2020

Miki, Mori, Kawaguchi, Destruction of the central black hole gas reservoir
through head-on galaxy collisions, Nature Astronomy 5, 478-484, 2021
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Efficient and scalable calculation of complex band structure using Sakurai-Sugiura method (lwase, Futamura,
Imakura, Sakurai, Ono)
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Complex band structures (CBSs) are useful to
characterize the static and dynamical electronic
properties of materials. Despite the intensive
developments, the first-principles calculation of CBS for
over several hundred atoms are still computationally
demanding. We here propose an efficient and scalable
computational method to calculate CBSs. The basic
idea is to express the Kohn-Sham equation of the real-
space grid scheme as a quadratic eigenvalue problem
and compute only the solutions which are necessary to
construct the CBS by Sakurai-Sugiura method. The
serial performance of the proposed method shows a
significant advantage in both run-time and memory
usage compared to the conventional method.
Furthermore, owing to the hierarchical parallelism in
Sakurai-Sugiura method and the domain-decomposition
technique for real-space grids, we can achieve an
excellent scalability in the CBS calculation of a boron
and nitrogen doped carbon nanotube consisting of more
than 10,000 atoms using 2,048 nodes (139,264 cores)
of Oakforest-PACS.



KiEME#ES 31— 3> (Best Paper Award, HPC Asia 2018)

Accelerating time-history nonlinear implicit unstructured low-order finite-element method with concentrated computation
(Fujita, Ichimura, Horikoshi, Meadows, Nakajima, Yamaguchi, Koyama, Inoue, Naruse, Katsushima, Hori, Lalith)

® Finite Element Method Kernel in previous solver Kernel in new solver: less random access contiguous

* Nonlinear Dynamic Solid Mechanics, Tet. Elements (2nd Order) Elem ent # Sorfiguonsihn memow Element#o  Inmemory

* Mixed Precision, EBE-Operations | (i.e., SIMD efficient)
* K computer = OFP with Intel Xeon Phi (Knights Landing) ! 4 [ ! E! ! N

* Lower B/F 0.50=>0.16 (MCDRAM), Wider SIMD 128=512bit |
¢ GAMERA (SC14 Gordon Bell Finalist) Elementm

Element #1
i) : : . . TN .
* multi-Grid method, Adaptive conjugate gradient method, Multi- *> it 1 "? i*3 :]ﬁ; i E E i

precision arithmetic, Element-by-element method, pRedictor with =

Adams-Bashforth method : u, Futuretlme steps
® GHYDRA (Proposed Method) ® Performance Current time step ; 4 Ut les
* Great-HYDRA, HYbird tempo-spatial-arithmetic multi-griD solver * 83.7% Weak Scaling Efficiency on OFP (128=8,192nodes)
with concentrated computAtion * GHYDRA is faster on OFP, although memory bandwidth is smaller
* Predict solution of future time steps by solving several time steps (K: 5.3 PB/s, OFP: 4.0 PB/s)
together (Linear: HPC Asia 2018, Nonlinear: IPDPS 2018) * Application
* Higher Density of Computation with Continuous Memory Access * 11,321,249,889 elements, 49,064,764,344 DOF

* GAMERA=GHYDRA: 1.72x on K, 5.02x on OFP (Oakfirest-PACS) * 1.72 PFLOPS (16.2% of peak) for K computer (full system) [§
4006 ) Ideal scaling 1200 )
SICEI0ATS +GAMERA@K GAMERA@K WK-7
~—GHYDRA@K > - 885
2048 | SK-1 167.3‘\;\\,15895 +GHYDRA%OFP 1000 AL mss 7ars ss 88 oy
: - (11%)  (105%) ‘“’4%) (105%) (100%) (101%) —+
- - : P e
. S 800 | B =
“ 1024 | 50- 1\ 8525 8255 s P e wK7 S RullK
£ éS%gé'a S470's 428 g Wi 464s  470s 4785 479s Bs 201/ computer
i £ | 50y /
E 512 6463 = 0s ™ = s 3 600 ?25555%) (202%)  (19.8%) (200%) (197%) (189%) “58"’)./
a 355 GiB s - &
@© 5 < 4
w256 TSN B s aass B 400 e
N:!me (s) 188 GiB - W ﬁﬁ?m’—m; " Full OFP
128 emory usage 19175 SK-5134s 200 1 3% (152%)  (14.8%) (150%) (14.0%) (138%) (134%)_ g
9.9 GIB 505:121s (15.6%) =_Efficiency to
6 56 GiB GHYDRA@OFP peak DP
} ; 0.
4096 8192 16384 32768 65536 131,072 1.00E+00 4.00E+00 1 60E+10 6.40E+10 FLOPS

Number of CPU cores Degrees-of-freedom
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“Impact of pear-shaped fission fragments on mass-asymmetric
fission in actinides”

Nature volume 564, pages 382-385 (2018)

Guillaume Scamps & Cédric Simenel
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y y % 2 TS,
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KB EF 32— 3> (Best Paper Finalist, ISC 2018)

Chebyshev Filter Diagonalization on Modern Manycore Processors and GPGPUs (Kreutzer, Ernst, Bishop,
Fehske, Hager, Nakajima, Wellein)

Chebyshev Filter Diagonalization on Modern Manycore Processors and GPGPUs (Kreutzer, Ernst, Bishop, Fehske, Hager, Nakajima, Wellein)

ISC-HPC 2018 Hans Meuer Award Finalist Algorithm 1 Application of the ChebFD polynomial filter to block vectors. ﬂ/l ‘ BIDCkVECtorsofsize |
I U =tyyeneylin, & define block vetTor
® Filter Dlagonallzatlon . . . W 44 ::' et oo /| ‘ Sparse matrx multiple |
* Computations of All Eigen-Pairs of Large Sparse Matrix deEiee : :;‘ fa s f’ﬂ}’;u . e s vector multiplication
™ ChEbFD Scheme 5 ;{ -m?x J(|'11|U+g5 W > baxpy () +bscal()
for p=3ton, do 3
O Apply Chebyshev polynomial filter to search vectors &"giekemel & I?.'T':v;f,].p . @ OpnmlsﬂcCtJrr;;z ﬁlntenlet:/
O Orthogonalize filtered vectors, Compute Ritz-pairs and restart if necessary 4 :{: - (}3 L” 1 IS B =) e
® Summary X e XbapeW
* ChebFD polynomial filter for Intel KNL and Nvidia GPGPUs Ay
* High Flop-rates for sparse matrix problems & large block vectors
* Subspace blocking allows for:
O Easy & efficient usage of slow memories via transparent access and : = = 00 fas
O Pipelining of communication and computation across subspaces |11l KNLIR Bt em j3="| RO 1mf)|fr|n;|$ag|ﬁ]b| in
* Weak scaling: Approx. 0.5 PFLOPD on 2,048 nodes of OFP & ' L ks nnae
PisDaint 00 j wg ¢ Nvidia:  CUDA+

Performance [GFLOPS]

Perfonmance [GFLOPA]

* Full scale OFP system: 1.5+ PFLOPS for 100 inner eigenpairs of
sparse matrix with 16 billion rows

e isw
i) P
g 8

| | LU Bottleneck analysis:
Y i e i T e * Intel KNL: Core execution

°

600 i

= 500} for b=0tn,/n—1 do

(measured: 780 GB/s)

|
=)
=

£ 3000 |

Performance [GFLOPSS
n &

1:
¥
| it | { 3
. . | | | z i : = S K N
PizDaint O : [ Datmiayout >
410° ¥ s 16 o 2 % CHEBFD.OP(H Uy, W, X))
Commurieation Seareh Spoce diension n, E e
patternchanges
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Oakforest-PACS% W -t REH

KIFEKNLZ SR RICBIFRRS—F TNV - FF7 P IL I FAZIR - TPTV5—avn
HEeRELH & UFHE

“Performance Optimization and Evaluation of Scalable Optoelectronics Application on Large Scale KNL Cluster”
ISC High Performance 2018, pp 205-225
Yuta Hirokawa, Taisuke Boku, Mitsuharu Uemoto, Shunsuke A. Sato & Kazuhiro Yabana

o (a) Weak scaling A {b) Strong scaling gD (c) Hamiltonian perf.

= 5 —a— Graphit
RS o . . st 2 400 - & 512 W - Si:i:of:ﬁ
Intel DX =—237 7B+ vH KNL (Knights Landing) % #& EHl a—e—w—w -y £ & 2048
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REEFAM % 1T - 7=, T e e g
S2F LD 99.8% IS T 2 EA 8,192 / — R & FEAK. - | s o X m|
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» . eontainied in Lintog Only performance sens itive
Parallel Multigrid Methods on Manycore
Clusters with IHK/McKernel (Nakajima, = -
Gerofi, Ishikawa, Horikoshi) 1/ [ vwommeum [J ]

=

| ) |
|
De[cgator\' “McKernel | i

* Lightweight Multi-Kernel OS for HPC by
RIKEN R-CCS [Gerofi et al. IPDPS 2016]

* McKernel implements only a small set of
performance sensitive system calls and the
rest of the OS services are delegated to

Linux: (Linux+McKernel) =

« Same binary on pure Linux can be used [ -

» Lower Noise/Communication Overhead ¢ ™ by McKernel
than the Pure Linux Environment § R J—— 0

« Significant improvement of MGCG solver TN Shcehiec
(20%) on OFP with 131,072-cores Vo

* to be installed on Fugaku, Odyssey, OBCX Core #



Analysis of Cooling Water Temperature Impact on

Computing Performance and Energy Consumption
J. Nonaka (Riken R-CCS), T. Hanawa (U.Tokyo & JCAHPC), F. Shoji (Riken R-CCS)

IEEE Cluster 2020

» “Warm” / “Hot” water cooling

» One of the standard techniques to improve energy efficiency
of modern HPC and Data Centers

Pros (Benefits) Possible Cons

» Cooling facility » Performance degradation
* Less use of chillers « Power consumption

Cooling
Facility
12°C |:>
( Cooling
9°C 18°C Distribution Unit Compute Node

Rear door cooling




Impact of the temperature (9°C = 18°C)

Performance (Flops) Energy consumption (J)
Performance Variation [1020 Nodes] (9°C to 18°C) Energy Consumption [1020 Nodes] (9°C to 18°C)
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» The number of nodes with lower performance significantly increased
« Small impact on the energy consumption of the compute nodes
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https://www.cc.u-tokyo.ac.jp/events/jcahpc/

34

-_

© 00 N OO O b W N

11

2016409H30H
201611 A02H
2017402H17H
2017408 H29H
2017%10A12H
2018%10A17H
2019405H15H
2019%10A11H
2020%10A15H

2021405H25H

20224 05H27H

IntellZ &k 5i8&E

741 F vy alBid5Fa—rJ7IL(IME)

Intela> /A1 ZF 21—k 7L (F%PCCC-WS)

Mike Herouxi& =+ (Sandia) &, #{E7 /LT X LBEEWS
F1EIOFPHEAMRES

F2EOFPHERAMRES

McKernelFa—KJ7JL

EIEOFPH;ERAME=

FEAROFPH;ERAMRE ST NELBREE LR —/\—OVEa—T12 7 |
(COVID19B8 &R 7E) (A>3 1>)

(Wisteria/BDEC-01:Z FBftREE =

[JCAHPC kXM —F :Oakforest-PACSD FEIZHBED | (AF4A4)
(OFPERKRTREVVRIDIL)
[HYDESOFP ML EENDIFEB TRV = KEFDIE] (AF1>)



Oakforest-PACSIZ kAT

LB AR

N

HERFIIAL—aY

- FURK: I8, ERRS, EX #hBk-FEHESE, 202K, #MEEE
- ERERIAR LSO LR ER

— 2019-20204 E (XNational Flagship System&L T & ENZR =7
HPCFvL 2o

JCAHPCt=F—(11[q])

TN)SZEM)TILEA LT E

— HE-HARMEE, UTILESML, HLOWAZMIILDOHE(COHEZITFSANOER)
COVID-19(2020%)

McKernel: B&£<JLFH—=JLOS

— BEEFEAIZIEELST, SE-OBCX-OdysseyZEA5|EHLVTIT<

35



JCAHPCEL TOHIZEEED

« FRK-BKAE2—DHHBERIEEL E4xc DO E B TIEEk LG H R R
RNREFBIN TS,
- FURK=>ERKRELSHELES
« JCAHPCEL TOMRFBENII OO ERETHOI-
e 2022F EXOFP-I1ZEEE(ZH LV =JHPCN (B KRR A H EFI -
HEIFRNR) HERARREZ2H IR TIRE, RIRSN 1=,
- KIRET7 TV r—2a> O E el ERMT V5L —4xt i Fi% (jh220036)
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