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Abstract

Many Japanese research and administrative institutions, including universities, the National Research
Institute for Earth Science and Disaster Resilience (NIED), and the Japan Meteorological Agency (JMA),
collect and catalog seismic observations. Although each institution independently collects these data,
practically all seismic data are distributed among Japanese research institutions and the JMA through a
data exchange network in real-time using the WIN system. The Earthquake Research Institute (ERI) of
the University of Tokyo has collected waveform data since September 19, 1989. ERI stores seismic data
with a volume of about 320 TB. Continuous waveform data are increasing every minute by about 60 MB.
Recent progress in information technology makes it possible to have all long-term continuous waveform
data online for various analyses. However, it is still difficult for individual institutions to use all available
data because of the high costs of implementing and maintaining both a large data storage server and a
data-analyzing server for such a large volume of data. Therefore, the most efficient solution is to establish a
nationwide shared storage and analysis system that is large enough to store all available data online for a
continuous data analysis system, which is open to all research institutions. We have developed and
installed a petabyte-scale seismic data analyzing system at ERI to create a Joint Usage/Research Center.
This system mainly consists of four Linux computers and one storage system with a capacity of 1 PB. This
system provides researchers with tools and data, and produces leading-edge scientific results.
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Table 1. Categories of data stored.

Category Description
A Telemetered Data were transferred using the satellite network
continuous data system and JDXnet after April 1, 2004. Some data

via data exchange | are missing because of packet losses. Hi-net data

network were bit-shifted before October 1, 2007.

B Temporary Temporary observations were carried out by groups
observational within universities and other institutes. Because
data from these data were usually stored on tape or optical
universities media, our system prevents their loss due to

deterioration of the original storage media.
Permission from each observational group is
required to use these data.

C Closed data All data before April 1, 2002 are closed. Permission

from each observational group is required to use
these data.
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Fig. 2. Tllustration of petabyte-scale large continuous seis-
mic data analyzing system installed at ERIL. Telemetered
data were collected from JDXnet, tapes, and HDDs, and
stored in the large storage. Researchers remotely log into
analyzing servers.
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Table 2. Hardware specifications.

Items Numbers | Specifications

Analyzing servers 4

Large storage 1

Data receiving server 1

Fast storage 1

Network switch 1

Newtech 1U server

Intel Xeon E5-2660v2 (2.2 GHz) x 2, 128 GB
memory, 3 TB HDD (system disk)

Newtech storage with file server connected by 8
Gbps fiber channels

Effective: 1 PB (Physical: 52 TB x 24)

Newtech 1U server

Intel Xeon E5-2660v2 x 2 (2.2 GHz), 128 GB
memory, 3 TB HDD (system disk)

Panasas ActiveStor14

PanFS 48 TB (parallel access to file system)
Dell N4064

10 GBase-T 48 ports

Table 3. Software specifications.

0S CentOS 6.6

Applications

User management | NIS
File sharing NFS

WIN system, GMT, SAC, Seismic Un*x, GNU Science Library,
Intel Compiler, Other standard tools installed with OS
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Fig. 3. Example of application web form of the system.
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Fig. 4. Example of earthquake detection using Matched
Filter method. Grey lines and red lines show continuous
waveform and template waveform, respectively. The inset
map indicates all seismic stations used for this earthquake
detection. The red star and the blue lines indicate the
epicenter of the template earthquake and active faults,
respectively.
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Table 4. Comparison of Cloud Services and On-premise Services.

Cloud Services

On-premises

Cloud A Cloud B Services
Redundancy © O O
Replication at three | RAID equivalent. RAID 6.
domestic data
centers.
Extensibility O A O

Easy to expand size
of storage but will

Difficult because the
storage configuration

Easy but involves
costs for new

increase is designed for only expansion storage.
maintenance costs. our use.
Stability © O
Not affected by power cuts, earthquakes, or | Not affected by
other damaging events because the system is | power cuts of a few
installed at the data center and is backed up | days due to
regularly. Constant Voltage
Constant
Frequency (CVCF)
power supply.
However,
generator failures
or long power cuts
will result in
system failure.
Applications O ©
Standard computer environments are pre- Special

installed, but special applications for seismic
analysis have to be installed by users.

environment only
for seismic
analysis is

installed.
Troubleshooting | © O
By the respective cloud-service company. By our
administrator.
Continuity O O

Service continues as long as the service is
provided by the cloud-service company.

Service continues
until the end of the
life of the facility.

Maintenance A

fee High. Costs are
measured by usage,
such as amount of
stored data, packets
of communication,
CPU time, etc.

Trial ealculations for
costs result in equal
to or higher costs

than that of Cloud B.

A

High. Costs are
constant, but five
times higher than
costs of on-premise
system.

O

Medium. The total
of the initial cost
and five years’
maintenance fee is
half of the cost of
Cloud B.
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