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Introduction



1.1 What is Virtual Nuclear Reactor?

]
= What is “Virtual Nuclear Reactor?” in broad sense

Whole process being required for nuclear reactor simulation by

computation and analysis.
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1.2 Visualization System based on Virtual Reality

= VR visualization hardware + VR visualization software
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VR Visualization Hardware



2.1 VR Visualization Hardware Components
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2.2 Output Devices
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2.3 Input Devices and Visualization Cluster
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VR Visualization Software



3.1 VR Visualization Software Requirements (1)

High-precision CFD data size has been dramatically increasing for
designing and developing products with CFD simulation.

However, it takes a considerable time to analyze the massive data.

The visualization for analysis is one of the most important, time-
consuming factor.
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3.1 VR Visualization Software Requirements (2)

|
= Massive data manipulation for extracting features that users
want to visualize.
= The effectiveness of parallel algorithm for real time visualization
and rendering

= Time varying data visualization

= Scalability
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3.1 VR Visualization Software Requirements (3)

= |t has to support various types of display environments (including
high-resolution tiled display, immersive VR environments, etc.)
for high-end users

= |t has to support a 3D monitor and a 3D mouse.

= |t has to various types of 3D input devices have to be
supported(IS-900, smart phone, haptic device, etc.)
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3.2 Open Source VR Visualization Software
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GLOVE



4.1 GLOVE

Display Cluster for Tiled Display

GLOVE Remote User Interface GLOVE VR User Interface

$

Computlng Cluster for Parallel Vlsuallzatlon

Interconnection network
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4.2 GLOVE Software Architecture

|
= GLORE is a daemon server and GIVIs operate as clients for
visualization request.

High End User
GLOVE Client

Low End User
GLOVE Client

GIP

GLORE : GLOve Visualization Server

GIVI  : GLOVE Integrated Visualization Interface .

GIP : GLOVE Interface Protocol Ki i %5.‘4‘”7@:85";'-‘.‘%

Ve



4.3 GLOVE Performance Test(1)

Total # of points size / time step # of time steps Total size
135M 12.64GB 98 1.21TB
Total number of nodes 64
CPU Xeon X5450 3.0 GHz
Memory size / node 32GB Total memory size 2TB
Tool Ensight ParaView GLOVE Ensight: ParaView :
(sec) (sec) (sec) GLOVE
Slice 1.5 1.79 1.80 0.83: 0.99:1
Iso—-surface 4.8 10.11 2.12 2.26: 4.76:1
Animation 307 274 2.12 144.8 :129.2: 1
Streamline Pathline
GLOVE 71.02 85.12
Ensight 79.74 3906.91
Ensight/GLOVE 1.12 45.90
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4.3 GLOVE Performance Test(2)

= The user with small datasets do not suffer heavy time loss from
the user with large data sets when GLOVE process their requests
at the same time

Paraview.

Multiple Clients Test
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Iso-Surface Streamline
M Single Client (Coarse) 0.142019 3.541602
B Multiple Clients (Coarse) 0.200831 3.732279
@ Single Client (Tera) 2.265216 5.724244
B Multiple Clients (Tera) 2.388494 6.053449

Seconds

The load balancing test shows GLOVE is more balanced than

Load Balancing Experiment
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4.4 HPC technology in GLOVE (1)

= Massive data manipulation using distributed shared memory and
job distribution for parallel data processing.
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4.4 HPC technology in GLOVE(2)

= Job scheduling and task managing

GIVI

Request

Parallel Visualization Engine

Comm. threads

Manager

Comm. threads

=3 | Job Scheduler

Comm. threads

Request

Job l Task
Request

A

Parallel Task

Worker
Worker
Worker

Manager

based on MPI

Distributed Viz Worker
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4.5 Related Project — Virtual Wind Tunnel(1)

I
» Developing a real-time scientific visualization software that can handle

Goal
CFD simulation results of a full-scale ship model in VR environments

Budget » $2,130,000 (3 years, Aug. 2016~Jul.2019)
funded by NST (National research council of Science & Technology)

4 Visualization

Wind tunnel test
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4.5 Related Project — Virtual Wave Basin(2)

|
Goal » Developing a real-time scientific visualization software that can handle
CFD simulation results of a full-scale ship model in VR environments

Budget » $2,130,000 (3 years, Aug. 2016~Jul.2019)
funded by NST (National research council of Science & Technology)

v Ship Model Test
i

Design Model Test in wave basin facility

* Reduce verification cost
* Speed de@lop@gnt/cydes

Design Mesh Generation Simulation Realistic visualization in VR
environment

CFD Simulation !
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