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ABSTRACT
In the last decade, government organizations and private companies in
Thailand have invested considerably in computing resources. Research
collaborations typically band together based on shared interests and pro-
pose projects to compete for funding. Thus, many institutions frequently
use similar computing resources. A bird’s eye view of high-performance
computer infrastructure in Thailand is important in many ways. To the
best of our knowledge and ability, we gathered information on government
procurements of HPC resources in the past five years, which cover several
organizations and ministries. We list the system specifications and tabu-
late the target application areas for each system. The aggregated number
of cores and storage space for HPC in Thailand, commissioned during the
past five years, is 54,838 cores and 21 PB, respectively. We also describe
the large data transfers using UniNet for HPC applications. The survey
results can be used by academics and decision-makers to build research

Article information:
Keywords: Digital Infrastruc-
ture, GPU Computing, High-
performance Computing

Article history:

Received: January 23, 2023

Revised: April 1, 2022

Accepted: June 3, 2023

Published: June 17, 2023
(Online)

agendas and national development strategies.
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1. INTRODUCTION

Almost every research activity involves the pro-
cessing of information, making digital infrastructure
crucial for research. Not only do the theoretical and
applied sciences heavily rely on computing services,
but with the explosion of social data, the social sci-
ences are also rapidly embracing the analytical ca-
pabilities of big-data services. These services com-
prise computing cycles, storage space, and network
bandwidth. The amount of time required to com-
plete a particular task strongly relates to the com-
plexity and size of problems that can be processed
[1]. High-performance computing (HPC) resources
are, therefore, considered an essential part of the dig-
ital infrastructure for research.

Large-scale computing systems that are housed in
a data center typically offer both computational and
storage capabilities. Five decades of HPC comput-
ing have seen the evolution of mainframes, minicom-
puters, vector computers, supercomputers, massively
parallel computers, and computer clusters. The net-
work infrastructure is responsible for remote access
and the movement of data. Most current-generation

supercomputers are built as computer clusters with
graphic processing units (GPUs) as co-processors in-
terconnected with high-speed networks and storage
systems [2].

The TOPS500 list (www.top500.0rg) [3] compiles a
list of the 500 highest-performing computing systems
based on their ability to solve dense linear equations.
With a performance of 1,102 peta floating point oper-
ations per second (PFlop/s), the Frontier System at
the Department of Energy Oak Ridge National Lab-
oratory in the United States came in first in the most
recent ranking, which was completed in November
2022. The Fugaku supercomputer in Japan [4] came
in second with a performance of 442 PFlop/s, as de-
termined by the HPL benchmark [5]. Most systems in
the TOP500 list have similar characteristics, adapted
from the Beowulf approach [6].

In Thailand, the public and private sectors have
made significant financial investments in HPC re-
sources to meet their needs. The government’s on-
going commitment to supporting HPC infrastructure
has been demonstrated by the most recent establish-
ment of the NSTDA Supercomputer Center (ThaiSC)
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[7]. Based on this effort, ThaiSC’s LANTA, which
at the time held the top spot in ASEAN, was placed
70th in the Top 500 in November 2022 with a Linpack
performance of 8.15 PFlop/s (RMAX).

Research collaborations typically band together
based on shared interests and propose projects to
compete for funding. Thus, many institutions fre-
quently use similar computing resources. A bird’s eye
view of high-performance computer infrastructure in
Thailand is important in many ways. Researchers
can better comprehend the complexity and scalabil-
ity of problems that can be handled without employ-
ing cloud computing services by first assessing the to-
tal computer resources available at the national level.
Second, a directory of HPC resources in the nation
will promote knowledge sharing about the operation
and maintenance of HPC systems as well as the shar-
ing of computing resources.

For this paper, we gathered information on gov-
ernment procurements of HPC resources in the past
five years. We present the characteristics of both the
hardware and software systems and tabulate the tar-
get application areas for each system in this study.
We further group the application areas and address
large data transfers between HPC facilities. The
structure of this paper is as follows. Section 2 pro-
vides an explanation of historical views. Thailand’s
current HPC resources are presented in Section 3.
Section 4 addresses the challenges with data trans-
port between HPC facilities. The opportunities and
challenges of HPC in Thailand are discussed in Sec-
tion 5. Finally, concluding remarks are drawn in Sec-
tion 6.

2. HISTORICAL PERSPECTIVES

In the late 1980s, computational sciences emerged
as a new field of research. In 1991, the National Elec-
tronics and Computer Technology Center (NECTEC)
established a High Performance Computing Center
(HPCC) to support high-performance computing re-
search in Thailand. In August 1992, Thailand gained
access to the Internet for the first time, which fur-
ther advanced the research. In the early days,
researchers used high-performance workstations as
their workhorses to perform complex computations.
These workstations included DEC Alpha, HP Apollo,
IBM RS6000, and SUN SPARC.

Several small-scale HPC systems were put into
operation in Thailand in the 1990s. The HPCC
acquired CRAY EL98 and an 8-processor SGI
Power Challenge XL. Kasetsart University (KU) and
King Mongkut’s University of Technology Thonburi
(KMUTT) each had small-scale IBM SP2 systems
installed. King Mongkut’s Institute of Technology
Ladkrabang (KMITL) acquired an 8-processor Con-
vex system. In addition, the Thai Meteorological
Department (TMD) procured a sizable 38-processor,
128 Mbytes/node IBM SP2 system for weather fore-

casting. During this time, computational chemistry,
computational physics, and computer science and en-
gineering were the dominant fields of study. The de-
tails of early efforts to address the usage of HPC in
research can be found in [8]. The 1997 EECON pa-
per [8] by Associate Professor Yuen Poovarawan and
the late Assistant Professor Dr. Putchong Uthayopas
concluded with the following statement:

“As Thailand moves toward the year 2000, high-
performance computing will have an increasing role
since it is one of the key enabling technologies that
enable us to explore unknown technological territories
that were not possible before.”

The concept of the BEOWULF cluster [6] was pro-
posed in 1995. In 1997, the SMILE project [9] started
the boom of Beowulf Clusters in Thailand. In 1999,
KU built the 72-node PIRUN Beowulf Cluster [10].
With this facility, the research group from KU pur-
sued system software development, which included
the cluster management SMILE Cluster Management
System (SCMS) toolkit [11] and the batch scheduler
Simple Queue Management System (SQMS) toolkit
[12]. The subsequent versions of these software toolk-
its were integrated to be a part of the NPACI Rocks
cluster distribution.

In the first decade of the new millennium, grid
computing [13] became a new computing paradigm
for creating virtual HPC infrastructure. The global
research community showed ambitious efforts in shar-
ing HPC resources, which streamlined processes of
authentication, single sign-on, job scheduling and
monitoring, data transfer, and security. Thailand
entered the grid computing era with the establish-
ment of the ThaiGrid project in 2001 between KU
and King Mongkut’s University of Technology North
Bangkok (KMUTNB). In the later years, the mem-
bers of the ThaiGrid project included the Asian
Institute of Technology (AIT), Chulalongkorn Uni-
versity (CU), KU, KMIUNB, KMUTT, KMITL,
Mahidol University (MU), Silpakorn University (SU),
TMD, Suranaree University of Technology (SUT),
Chiangmai University (CMU), Khon Kaen Univer-
sity (KKU), Walailak University (WU), and Prince
of Songkla University (PSU).

Similar to grid computing initiatives such as Eu-
roGrid, TeraGrid, CNGrid, and k*Grid, the Thai
National Grid Project [14-17] was launched in
2006-2008 by the Ministry of Information and Com-
munication Technology in Thailand. The project’s
objectives were to implement grid technology and de-
velop a large-scale computing infrastructure. A na-
tional center called the Thai National Grid Center
(TNGC) was established to supervise and manage
the building of national grid infrastructure. Further-
more, a community of research and education insti-
tutes was created to pursue the human resources de-
velopment and research components. The HPC in-
frastructure of the TNGC consisted of two parts, a
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tera-scale cluster and satellite clusters. The teraflops
cluster [15] had 192 computing nodes in the system.
Each computing node consisted of two dual-core Intel
Xeon 3.0 GHz processors with 4 GB of main memory
(32 nodes had 8 GB of main memory). The teraflops
cluster could be accessed using four front-end nodes.
Four high-end file servers provide storage of five ter-
abytes. The satellite clusters included a set of small
compute clusters distributed among 14 participating
institutes. Each satellite cluster had five dual-core
Intel Xeon 2.8 GHz servers with 4 GB of main mem-
ory. In the TNGC project, Globus [13] was adopted
as a standard middleware. A virtual research labo-
ratory initiative, Access Grid, was launched [18] to
allow the members of the TNGC project to collabo-
rate on their research via teleconferencing. A custom
ThaiGrid portal [19] was developed to manage the
TNGC infrastructure.

By the end of 2008, 21 clusters from 16 sites were
connected on the ThaiGrid, with a total of more
than 1,000 processor cores. Unfortunately, the TNGC
project encountered budgeting challenges and was
discontinued in 2010. However, the lessons learned
from the TNGC project are valuable for designers and
grid practitioners in experiencing large-scale comput-
ing at enterprise or campus levels. Additional con-
temporary HPC resources include the 284-core SILA
cluster at Ramkhamhaeng University, the 256-core
cluster at the National Center for Genetic Engineer-
ing and Biotechnology (BIOTEC), and the 240-core
cluster at the KMUTNB. The National e-Science In-
frastructure Consortium was established in 2011 to
promote the collaborative development of research
infrastructure. A group of universities and research
institutes participated in the consortium. The goal
was to provide the members with HPC services, stor-
age systems for large datasets, scientific applications,
and networking opportunities. The target areas in-
cluded computational science and engineering, com-
puter science and engineering, water resource man-
agement, energy and environment management, cli-
mate change, and high-energy physics. The aggre-
gated resources of the consortium included 3,424 pro-
cessor cores and 1,171 TB of storage.

After two decades, Thailand’s HPC community
has steadily developed with a wide range of applica-
tions, particularly in AI and the biological sciences.
In the country, significant HPC systems have recently
started operating. The following section contains a
list of HPC systems acquired in Thailand over the
past five years.

3. CURRENT STATUS OF HPC COM-
PUTING INFRASTRUCTURE IN THAI-
LAND

We gathered public information about HPC re-
sources that went through government procurement
processes in Thailand. Table 1 lists the organiza-

tions using HPC resources in Thailand in 2022. Al-
though by no means comprehensive, the list, to the
best of our knowledge, includes the majority of HPC
resources that are readily available. The HPC re-
sources are scattered around the country in 13 uni-
versities, 4 research institutes, 3 government agen-
cies, 1 state enterprise (the Electricity Generating
Authority of Thailand (EGAT)), and 1 public com-
pany (the Siam Cement Group (SCG)). Out of these,
the Ministry of Higher Education, Science, Research
and Innovation (MHESI) and the Ministry of Digi-
tal Economy and Society (MDES) are responsible for
operating the majority of the HPC resources. Ta-
ble 2 presents the important characteristics of the
HPC systems. The resources can be classified into
two classes: HPC clusters with GPUs and NVIDIA
DGX servers. The HPC clusters use high-end servers
as their computing nodes. Intel Xeon and AMD pro-
cessors are the most common in this class. On the
other hand, the DGX servers use AMD processors
with 64 processing cores. Some systems have addi-
tional “FAT nodes,” with higher processing capabil-
ity and memory size. Most larger systems in both
classes use InfiniBand as an interconnection, while
smaller systems employ Ethernet. The total number
of cores and aggregated storage space are 54,838 and
21 PB, respectively. The NVIDIA V100 and A100 are
the most common accelerators used, and their total
number is close to one thousand.

ThaiSC’s LANTA has the largest number of pro-
cessing cores (33,024 cores), which can deliver per-
formance at the 8.15 PFlop/s. The details of the
commissioning date, the operating system installed
on each system, and the application area are shown
in Table 3. The LINUX OS family dominates the op-
erating systems for high-performance computer sys-
tems. In most installations, the Slurm cluster man-
agement and job scheduling system has been used.
The application areas can be categorized as follow:

e HPC services: parallel processing, Mes-
sage Passing Interface (MPI), Open Multi-
Processing (OpenMP), batch processing, and
high-performance calculation libraries;

e  Engineering designs: finite element calculation,
ANSYS, CAD/CAM, computational fluid dy-
namics, mechanical modeling and simulation,
Groningen MAchine for Chemical Simulations
(GROMACS);

e  Basic sciences: astronomy, high-energy physics,
multi-physics, molecular dynamics, molecular
modeling, Sybyl-X (molecular modeling and sim-
ulation suite), auto-dock, CERN root, computa-
tional chemistry, and Vienna Ab-initio Simula-
tion Package (VASP);

o  Weather forecast: Weather Research and Fore-
casting Model (WRF), WRF model coupled with
Chemistry (WRF-Chem), and Regional Atmo-
spheric Modeling System (RAMS);
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Table 1: A List of Organizations Operating HPC' Resources in Thailand in 2022.

Organization Abbrivation Organization Abbrivation

Burapha University (under the Genomic BUU National Astronomical Research Institute of NARIT

Thailand Project, NBT) Thailand

Chitralada Technology Institute CDTI National Biobank of Thailand NBT

Chulalongkorn University Technology CU National e-Science Infrastructure KRYPTON Center
Consortium

CMKL University (KMITL) CMKL NSTDA Supercomputer Center (ThaiSC) LANTA,

TARA

Electricity Generating Authority of EGAT Prince of Songkla University PSU

Thailand

Faculty of Medicine, Siriraj Hospital, SIRIRACH Siam Cement Group (SCG) SCG

Mahidol University

Faculty of Medicine, Chulalongkorn Med-CU Suranaree University of Technology SUT

University

Hydro-Informatics Institute HIT Synchrotron Light Research Institute SLRI

Kasetsart University KU-WATA II  Thai Meteorological Department TMD

Kasetsart University, Sriracha Campus Poseidon Al Thammasat University TU

King Mongkut University of Technology ~KMUTT Vidyasirimedhi Institute of Science and VISTEC

Thonburi Technology

Khon Kaen University KKU

Total of 23 organizations, 24 systems

Table 2: Characteristics of HPC Resources in Thailand

HPC g of i of GPUs Memory,/ Total Total Interconnections
Resource nodes cores Node Memory Storage
BUU 1 224 N/A 3 TB 3 TB 1 PB 100 Gbps InfiniBand
CDTI 7 224 2 x T4 NVDIA 128 GB 896 GB 56 TB 10 Gbps Ethernet
CU 2 256 6 x T4, 16 x A100 NVIDIA 1TB 2TB 300 TB 200 Gbps InfiniBand
CMKL 6 768 48 x A100 NVIDIA, 1 x Phi 1 TB 6 TB 500 TB 200 Gbps InfiniBand
EGAT 13 1,008 1 x Xeon Phi 448 GB 6,080 GB 200 TB 100 Gbps InfiniBand
704 GB
SIRIRACH 2 256 16 x A100 NVIDIA 1TB 2TB 500 TB 200 Gbps InfiniBand
Med-CU 9 1,456 12 x A100 NVIDIA 256 GB 13 TB 2 PB 100 Gbps InfiniBand
512 GB
1TB
HIT 24 864 6 x V100, 3 x A100 NVIDIA 384 GB 9,216 GB 1.1 PB 100 Gbps InfiniBand
KMUTT 14 272 8 x V100 32GB 384GB 48TB 56 Gbps InfiniBand
KU-WATA
1I 12 240 N/A 256 GB 3,072 GB 46 TB 2x10 Gbps Ethernet
Poseidon AT 1 40 8 xV100 NVIDIA 512 GB 512 GB 120 TB 100 Gbps InfiniBand
KKU 7 396 4x V100, 8 x A100 NVIDIA 1 TB 3328 GB 50 TB 10 Gbps Ethernet,
200 Gbps InfiniBand
NARIT 38 1,600 12 x V100 NVIDIA 512GB 11 TB 90 TB 100 Gbps InfiniBand
NBT 4 640 16 x A100 NVIDIA 3 TB 8 TB 3.3 PB 100 Gbps InfiniBand
1TB
KRYPTON 5 1,008 N/A 768 GB 3,840 GB 200 TB 100 Gbps InfiniBand
LANTA 160 20,480  Computing Nodes 256 GB 104.4 TB 10 PB 200 Gbps InfiniBand
176 11,264  GPU 704 x A100 NVIDIA 512 GB
10 1,280 FAT Nodes 4 TB
TARA 68 4,320 28 x V100 NVIDIA 192 GB 36 TB 776 TB 100 Gbps InfiniBand
3TB
PSU 2 256 16 x A100 NVIDIA 1TB 2TB 550 TB 200 Gbps InfiniBand
SCG 26 1,144 1 x V100 NVIDIA 192 GB 5TB 50 TB 56 Gbps InfiniBand
SUT 8 256 N/A 96 GB 768 GB 10 TB 56 Gbps InfiniBand
SLRI 18 168 N/A 48 GB 792 GB 90 TB 100 Gbps InfiniBand
16 x K80 NVIDIA, 8 x Xeon
TMD 172 5,504 Phi 128 GB 22 TB 120 TB 100 Gbps Intel OPA
TU 6 96 6 x Geforce 1060Ti NVIDIA 64 GB 384 GB 10 TB 1 Gbps Ethernet
78 x V100, 2 x A100
VISTEC 24 800 NVIDIA 384 GB 6,144 GB 78 TB 100 Gbps InfiniBand
768 GB 3,072 GB
1TB 2,048 GB

Total 815 54,838 157 x V100, 825 x A100 251.64 TB 21,194 TB
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Table 3: Operating Systems and Applications used in the 2022 HPC Resources in Thailand.

HPC Commission Operating Applications
Resource Date System
BUU 2021 CentOS Genome processing
CDTI 2022 CentOS AI, ML, TensorFlow, Big-Data
CU 2021 Ubuntu AI, ML, TensorFlow
CMKL 2020 Ubuntu AT, ML, TensorFlow, NLP, AT for health, AT for food, and AI for tourism
EGAT 2017 CentOS Weather forecast, RAMS, calculated wind speeds for air pollution monitoring
SIRIRACH 2021 Ubuntu AI, ML, TensorFlow, Clara Parabricks, genome sequencing
Med-CU 2018-2022 CentOS, AI, ML, TensorFlow, OMICS, genome sequencing
Ubuntu
HIIT 2020 CentOS Weather forecast, WRF, rainfall forecasting, and water prediction for
water management
KMUTT 2019 CentOS AI, ML, Robotics
KU-WATA 2019 CentOS Computational fluid dynamics, molecular dynamics, mechanical modeling &
II simulation, OpenHPC 1.3, Open MPI, SGE, OpenOnDemand, CAD/CAM,
ANSYS
Poseidon 2020 Ubuntu AI, ML, TensorFlow, ANSYS, Slurm, Jupyter, GlusterF'S
Al
KKU 2021 Ubuntu AI, ML, TensorFlow, GROMACS, VASP, Gaussian, Jupyter
NARIT 2019 CentOS Astronomy
KRYPTON CentOS Life sciences, gaussian, Autodock, Sybyl-X
LANTA 2022 Cray OS Life sciences, chemistry, WRF-Chem
(SuSe base)
TARA 2019 CentOS Life sciences, chemistry, WRF-Chem
PSU 2021 Ubuntu AI, ML, TensorFlow, image/video detection, smart city
NBT 2019 CentOS, Life sciences, genome processing, clara parabricks, variant annotations,
RHEL
SCG 2019 CentOS Multi-physics, ANSYS, finite element calculation
SUT 2011 CentOS High-energy physics, CERN root
SLRI 2019 CentOS Synchrotron applications, Vienna Ab initio simulation package
TMD 2017 CentOS Weather forecast, WRF, rainfall forecasting
TU 2018 CentOS Computational chemistry, molecular docking (drug discovery)
VISTEC 2018 CentOS Al for health sciences, molecular dynamics, chemistry

e  Artificial Intelligence (AI): Machine Learning
(ML), Natural Language Processing (NLP), and
TensorFlow;

e  Lifesciences: genome processing, Clara Parabricks,

and molecular docking.

Figure 1 shows the number of processing cores and
storage space, classified by application areas. The
diameter of the dots reflects the relative number of
cores to 54,838 cores. Not including HPC Services,
the life sciences area has more systems deployed in
different organizations. It is also observed that HPC
resource allocation is dominated by resources from
the LANTA system which spans over HPC services,
basic sciences, life sciences, and weather forecast.

4. TRANSFER OF LARGE DATA FOR HPC
APPLICATIONS

A certain class of applications involves transfer-
ring data between facilities. Large amounts of data
come from science instruments, IoT devices, and so-
cial media. In recent years, new datasets have origi-
nated and expanded at a rapid rate, such as data from
SLRI, TMD, and NBT. The processes of collecting,
staging, processing, and visualizing these data require
high-speed networks. At the national and interna-
tional levels, REN programs are driven by a number
of government initiatives, including Internet2, ESnet,
DFN, JGN, MYREN, APAN, GE ANT, and TEIN.
In Thailand, the Royal Thai Government has funded
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Fig.1: The Number of Systems classified by the Ap-

plication Areas.

this endeavor under the UniNet project.

The UniNet network has started providing net-
work services for higher education and research or-
ganizations since 1996. The backbone bandwidth
has evolved from T1, OC3, OC12, OC48, 10 Gbps
Ethernets to 100 Gbps Ethernet. Figure 2 shows
the UniNet network topology that covers higher ed-
ucation and research institutes. The names of the
provinces and the link bandwidth between them are
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shown. Multiple 10 Gbps links can be connected be-
tween HPC centers using UniNet services.

One reason that the high throughput requirements
cannot be met is because of the best-effort service
model of the Internet. A series of network and secu-
rity devices along network paths creates bottlenecks
that hamper fast data movement between two end-
points. Several techniques have been proposed to al-
leviate this problem, such as using overlay networks,
dedicated links, L2-VPN, and QoS mechanisms.

The demilitarized zone (DMZ) concept has been
adopted as the network pattern to provide a secu-
rity isolation zone for Internet services and, later, for
high-performance network services for researchers. In
[21], six institutes participated in the UniNet DMZ
project.

The software-defined networks could be used as
overlay networks to link HPC facilities where oper-
ators have more control over performance and secu-
rity for different requirements. An effective through-
put of 700900 Mbps between two research institutes
was achieved, which is about one order of magnitude
higher than network throughput in a campus envi-
ronment. In [22], a transfer rate of up to 7.2 Gbps
via the UniNet links using multi-stream parallel data
transfer was demonstrated.

In the current production environment (April
2022), the NBT reported data transfer results be-
tween BUU and NSTDA (173 km), as shown in Figure
3. The parallel sessions of rsync were used to trans-
fer human genome data from the sequencing center
(BUU) to the genome data bank at NBT, NSTDA, for
data processing. NBT is responsible for providing the
Genomics Thailand ecosystem [23], which processes
and sequences 200 Thai WGS per week. A total of
24 TB of data is transferred per week at a transfer
rate of 4-6 Gbps. With this rate, it takes around 2.5
hours to transfer 5 TB of data. This result shows
the potential for moving big data using Thailand’s
research and education network, the UniNet.

5. CHALLENGES AND OPPORTUNITIES

In this paper, not only did we collect data on HPC
infrastructure, but we also conducted interviews and
questionnaires with HPC experts in the country to
obtain their perspectives on challenges and opportu-
nities. We classify challenges and possibilities based
on three factors: requirements, operations, and hu-
man resource development (HRD).

5.1 CREATING NEEDS

As observed in Section 3, HPC resources can be
divided into three distinct categories: small clusters,
application-specific resources, and large-scale HPC
facilities. Small clusters in universities support the
responsibilities of research and education. To scale
for larger problems, researchers can either request

ThaiSC resources or subscribe to public cloud ser-
vices, which means that Thai researchers now have
greater access to computational resources than they
did in the past. To maintain a sustainable HPC in-
frastructure, however, a certain level of economy of
scale must be achieved, with the community fostering
new demands for HPC in various fields. Legacy HPC
applications include scientific and engineering simula-
tions, such as molecular dynamics, biology, chemistry,
material sciences, finite element computation, and
weather forecasting. Publicizing the value of HPC
as a tool for decision-making requires an emphasis
on applications that could help with problem-solving
with a societal impact and enhancing the quality of
life. To move forward, the community must collab-
orate on the development of requirements and use
cases for new application areas, such as supporting
digital services in clean air and water, smart cities,
digital government, city planning, disaster planning
and safety, digital twins, finance, logistics, medical
sciences, and genomic medicine. Consequently, gen-
erating demand for HPC services is one of the main
challenges that will help bring in new opportunities
for sustaining HPC infrastructure.

The ThaiSc is the third significant HPC initia-
tive in Thailand, following NECTEC’s HPCC (1992)
and ThaiGrid (2001). The results of the interviews
show the HPC community’s high regard for ThaiSc,
particularly its ranking in the Top500, an impor-
tant achievement in the development of HPC infras-
tructure. ThaiSc focuses on founding structures to
provide a sustainable funding mechanism, which in-
cludes infrastructure ecosystem management mod-
els, close collaboration between funding agencies, re-
source providers, and users, and the promotion of
HPC activities.

The recent projects supported by ThaiSC, such as
those related to the COVID-19 pandemic and PM2.5
pollution forecasting, have demonstrated the signifi-
cance of HPC as one of our national infrastructures,
as well as the importance of HRDs, such as the provi-
sion of resources for the super Al engineer project and
the ThaiSC pioneer program. The Genomics Thai-
land Project is another noteworthy HPC endeavor
that demonstrates the potential for using genomic
data in diagnosis. In the near future, healthcare
providers may rely on genomic data, making HPC
infrastructure an essential national infrastructure.

5.2 OPERATING INFRASTRUCTURE

The second difficulty involves infrastructure oper-
ations. Fluctuating HPC workload demands result in
low utilization. In terms of return on investment, low-
utilization systems will receive less budgetary sup-
port, while the average service time of computing re-
sources is approximately seven years.

The cloud economy is far larger than the computer
industry. In recent years, differences between on-
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UniNet Nodes
Ayutthaya
Bang Khen, Bangkok
Bang Mod, Bangkok
Bang Sue, Bangkok
Chonburi
Chiang Mai
Chiang Rai
Khon Kaen
Kamphaeng Phet
Nakhon Pathom
Nakhon Ratchasima
Nakhon Sawan
Phetchaburi
Phuket
Phangnga
Phitsanulok
Pathum Thani
Phathumwan, Bangkok
Phayati, Bangkok
Songkla
Sakon Nakhon
Salaya Nakhon, Pathom
Surat Thani
Suphan Buri
Ubon Ratchathani
Udon Thani

Fig.2: The UniNet Backbone Network Operates at 100 Gbps. The Bandwidth of 50 Gbps Covers all Major

Cities in the Country.

Data
Sources

Burapha
University

National
Biobank
of Thailand
Ka_setsa}ﬁ Thammasart NSTDA
University University

Fig.3: The Network Path between Two Research Facilities to Demonstrate Large-Scale Data Transfer using

the UniNet.

premises HPC and cloud services have become nar-
rower [28]. Cloud-based services have begun enter-
ing the HPC sector. In addition to on-demand ac-
cess to a cloud provider’s computing resources, HPC
applications can benefit from a new form of appli-
cation, namely cloud-native applications. In terms
of scalability, service diversity, and cost, the cloud
offers greater flexibility in creating HPC infrastruc-
ture computational environments. All main cloud
providers, including Amazon Web Services, Microsoft
Azure, and Google, now offer HPC services as stan-
dard cloud services. AWS provides a variety of ser-
vices that can be utilized in HPC applications, such as
EC2, Elastic Fabric Adaptor, AWS Parallel Cluster,
Amazon FSx for Lustre, and AWS Batch. In native
HPC cloud deployment, organizations may consider
moving their existing HPC workload into the cloud
environment. The hybrid HPC cloud environment
provides the organization with augmented resources
to accommodate the increase in HPC workload de-
mands.

In the future, as the global trend [2] persists, the

majority of HPC resources will adopt the cloud com-
puting paradigm. To acquire next-generation HPC
facilities, the Thailand HPC community must collab-
orate closely with cloud providers, even though it is
becoming apparent that cloud services for HPC are
not inexpensive.

Private sectors are more concerned with the low
utilization of on-premise HPC resources, so subscrip-
tion HPC cloud platforms (public cloud services with
GPU, distributed file systems, and InfiniBand) have
become attractive. Unfortunately, for government
organizations, procurement directives have not yet
taken cloud services into account in the same man-
ner as utilities (such as water and electricity). Due
to this, it is presently difficult to manage the pay-
per-use model with government funding. However,
government organizations have worked toward more
flexible subscription procurement models.

Small HPC clusters installed on-site provide vari-
ous benefits for educational and proof-of-concept ap-
plications. Research organizations that own such sys-
tems must devote resources—both financial and hu-
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man—to the upkeep of a sophisticated computational
environment. Some research groups have to maintain
their HPC asset over concentrating on research as it
consumes a large portion of their resources.

Different computational resources are needed for
different applications. For instance, although bioin-
formatics applications need a lot of memory and
scratch storage space, simulation programs operate
effectively in a massively parallel environment (with
many cores). Diverse requirements must be recog-
nized, and infrastructure must be managed appro-
priately. The Personal Data Protection Act (PDPA)
presents new regulations for operating HPC. As part
of the Genomics Thailand project, a set of rules and
processes necessary to abide by the PDPA law and
handle sensitive data have been set up.

The HPC community must create an effective
mechanism to transfer huge amounts of data if
data mobility is unavoidable. Data Transfer Nodes
(DTNs), SDWAN, SDN [24], and overlay networks
are a few examples of functions that could be incor-
porated as part of the HPC infrastructure basic ser-
vices. The method of application deployment in dig-
ital business has altered as a result of virtualization
and container technologies [25-27]. These technolo-
gies are embraced by HPC communities as well. This
strategy can be strengthened to utilize HPC resources
better.

5.3 HUMAN RESOURCE DEVELOPMENT

Maintaining high availability of HPC resources re-
quire expertise and experiences that lead to opportu-
nities in the third challenge, HRD. There are quite
a few universities that offer courses on HPC, such
as courses in parallel and distributed computing and
big data. Some of the HPC topics are covered in
other courses, such as computer organization, oper-
ating systems, and cloud computing. According to
our questionnaires, there are approximately 50 re-
searchers and faculties, 150 students who study big
data and data sciences each year, 450 students who
study HPC each year, and 300 students who partic-
ipate in workshops, tutorials, and competitions each
year in Thailand HPC community.

Human resources for maintaining and adminis-
tering base HPC resources, applications, and inter-
faces fall into three broad categories. First, a po-
sition with job descriptions involving hardware and
software systems, high-performance libraries, paral-
lel file systems, storage, data center facilities, service
offerings, performance tuning, bottleneck identifica-
tion, job submission, workload scheduling, response
to changes in requirements, and activities related to
cyber security guidelines, experts for base HPC re-
sources must have solid backgrounds in computer sys-
tems. Although these responsibilities are commonly
found in IT departments, there is HPC-specific ex-
pertise that requires specialized knowledge and expe-

rience.

The demand for HPC administrative personnel is
relatively small compared to the total number of IT
personnel. Career opportunities in this field are lim-
ited. Although automation solutions can help to
streamline some aspects of maintaining HPC systems,
it is vital to identify critical knowledge areas in ad-
ministering HPC systems and to manage community
capabilities properly. The HPC administrators re-
sponsible for resource maintenance have shared their
knowledge and experiences with a loosely affiliated
group of interests. Efforts should be made to cultivate
new generations of HPC administrators. Presently, at
least five system integrators in the private sector in
Thailand demonstrate high proficiency in implement-
ing HPC systems, indicating the country potential for
future growth.

The second category of human resources empha-
sizes the development of new HPC applications. This
group is crucial as they will develop new applications
and tools for high-performance computing. The third
group covers the development of web application in-
terfaces, APIs, and visualization. The WWW appli-
cations and API services will improve the utilization
of HPC resources by connecting users, data, and ser-
vices.

We need to concentrate more on developing the
latter two skill sets to increase the use of high-
performance computing in Thailand. There should
be a balance between HRD and HPC initiatives be-
cause a steep learning curve requires a certain amount
of time to master all the difficulties involved.

6. CONCLUSION AND FUTURE WORK

A high-performance computing landscape in Thai-
land aids in understanding the current status of sci-
entific and technological development. In this paper,
we present the developments in HPC in the past 25
years and provide information on the existing HPC
resources in Thailand. We list the organizations that
process these resources and tabulate a set of system
specifications and applications.

We report approximately 54,838 processing cores
and 21 PB of storage available for HPC applica-
tions in Thailand in 2022. We discuss the network
for transferring big data and describe issues, direc-
tions, and trends for developing HPC infrastructure
in the future. Researchers and policymakers can ben-
efit from the presented survey results for planning re-
search projects and national development plans.

The computation sciences and engineering fields
in Thailand have grown over the past decades and
expanded to several disciplines. In the future, social
data will become an important input data source in
new HPC applications, for example, health sciences.
Therefore, the HPC community has to move forward
and roll out procedures and standards to work with
sensitive data.
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