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Background and Motivation

O Tsunami disasters may cause many fatalities and extensive damage of

infrastructures. To quickly understand their disaster situations, we have

developed a real-time tsunami inundation forecast system [1].

« The system consists of three components: Tsunami source modeling, Tsunami

iInundation simulation, Mapping and delivery.
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« The Cabinet Office of Japan began using the forecast system [2]. The system can
predict damage situations for Japanese coastal regions (costal length: 8,000 km)
at the resolution of a 30-meter grid size within 30 minutes. The system contains
550 nodes of NEC supercomputer SX-ACE, and the tsunami inundation simulation

has been executed in less than five minutes.
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OAs downsizing the system and reducing the processing time are required
for local governments and industries, we are developing a vector-scalar
hybrid MPI code for the tsunami inundation simulation on SX-Aurora

TSUBASA [3], which consists of two Xeon processors and a vector engine

(called a workstation type).
O We evaluate the performance of the vector-scalar hybrid MPI code on the
workstation type for examining the possibility of the real-time tsunami

inundation forecast system using the Kochi prefecture domain.

Tsunami inundation Simulation
O The tsunami inundation simulation is based on the TUNAMI code[1].
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« Numerical scheme: Staggered leap-frog difference method

« Polygonally nested grid system [2]: Four nested grid domains
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Supercomputer SX-Aurora TSUBASA
OSX-Aurora TSUBASA is the latest NEC vector supercomputer.

« It consists of one or more card-type vector engines (VEs) and a vector host (VH).

« VE contains a vector processor that is mainly used for the execution of simulations.

 VH is a standard x86 Linux server that is mainly used to control VEs.
ONEC MPI/Vector-Scalar Hybrid MPI environment

« The environment supports MPI communications between VE and VH.
« Both VE and VH can be used as a single system image.
O Conditions for applying the Vector-Scalar Hybrid MPI

« Computing loads should be proportionately allocated to VH and VEs depending on
their performances.

« MPI communication between VH and VEs is not a significant overhead.

Specifications of the workstation type

System
No.of No. of Perf. Mem. Perf. LLC capacity
CPUs  cores bandwidth
VH Xeon 6148 2 40 2.8 Tflop/s 256 GB/s  0.07 Tflop/s 27.5 MB
VE 20B 1 8 2.4 Tflop/s 1.35 TB/s 0.3 Tflop/s 16 MB

______ version options _____

Compiler Intel ifort 19.0.4.243 -0O3 —ipo -vec-threshold0 -xCORE-AVX512
NEC nfort 2.1.28 -O3 -finline-functions -msched-block
MPI lib. NEC MPI Version 2.6.0

Implementation of a vector-scalar hybrid MPI
OThe code is parallelized by the one-dimensional domain decomposition

method for keeping a longer vector length. [subroutine nimnt2

- The outermost loop is parallelized and the do j=jsta,jend ! Parallelized
_ _ _ do i=ista,iend ! Vectorized
iInnermost loop is vectorized. call xmmt ! Inlined

end do

« Each nested grid domain is independently end do

divided into subdomains, and each subdomain | end subroutine nlmnt?

IS assigned to an MPI process. Sample of program structure

inundation
simulation on SX-Aurora TSUBASA for the vector-scalar hybrid MPI.

(1) The computational performances

OWe perform two preliminary evaluations of the tsunami

- To determine the number of grid points per g izz 197.4

core in the hybrid MPI parallelization g 150
- The single core of VE calculates the code in g 100 108

one-fourth the execution time of VH. g >0 . 10.6 8.7
« The execution time of the 40 cores on VH is .0 VH VE VH VE

1 core 1core 40 cores 8cores

1.2 times longer than that of the 8 cores on
VE. The case of eight cores cannot achieve Execution times on VH and VE

high parallel performance due to an imbalance of computational load.

(2) The MPI communication

« To clarify the impact of MPI communication on the vector-scalar hybrid MPI code.
The performance of four cases is evaluated by using the Pingpong benchmark. The

data are transferred @ within one VE, @ within one Xeon processor, ® between two

Xeon processors, and @ between one Xeon processor and one VE.
 The cases of “Xeon”, “Xeon-Xeon”, and
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vector-scalar hybrid code.

OImplementation method MPI communication times

« To keep load among VE and VH, four time more task are assigned to a core of VE.
« To minimize the MPI communication time, neighboring domains are assigned into

the same processors as much as possible.

Evaluation on the vector-scalar hybrid code

OThe vector-scalar hybrid code is evaluated on the workstation type from
18 MPI processes (8 cores from VE and 10 cores from VH) to 48 MPI

processes (8 cores from VE and 40 cores from VH).

O The vector-scalar hybrid code achieves the shortest time of 4.5 min. with
a hybrid of 8 VE cores and 40 VH cores. 12

« The vector-scalar hybrid code achieves
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Conclusions and Future Work

OWe have developed the vector-scalar hybrid MPI coed for the tsunami
inundation simulation, and achieved the execution time of less than 4.5

minutes in the Kochi prefecture domain. The workstation type with the

vector-scalar hybrid code can be utilized as the real-time tsunami

inundation forecast system for a prefecture’s
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processes can also run on VH. We are currently
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developing the forecast system on

workstation type of SX-Aurora TSUBASA.
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