
Real-time Interactive (Remote) Simulation

Clients

Cloud Computer

LFN : Long Fat-pipe Network

We can buy speed, but we can not buy time.

Remote Steering Device

Network

Supercomputer

Ease coast：～300ms

Domestic：～40ms
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Real-time Interaction via Haptics
Real-time Interaction by Sense of Touching (Haptics)

Novint Falcon

Steer simulation in real-time | Feel invisible phenomena via touching | 3D space | Real-time Input && output

A medical palpation model

A real-time GPU-based coupled fluid-structure simulation

19

Nature feeling: 

continuously smoothly changing in time and strength

t∆𝑇 = 1𝑚𝑠, 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑝𝑒𝑟𝑖𝑜𝑑

t∆𝑇 = 2𝑚𝑠, 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑝𝑒𝑟𝑖𝑜𝑑

t∆𝑇 = 1𝑚𝑠 𝑏𝑦 𝑎𝑣𝑒𝑟𝑎𝑔𝑒,
𝑢𝑛𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑝𝑒𝑟𝑖𝑜𝑑

𝒅𝒇

𝒅𝒕

Parallel processing realize 1ms constant period control.

Palpation model applicable to the elastic tube with fluid flow inside it, 
providing various analysis scheme of simulation.

(constant period control)

Fast computing!
1ms refreshing!

In situ simulation and visualization with haptic interface.



Silk Road: Distributed Collaborative Simulation Framework
High Resolution for Each Area | Real-time interaction from men or machines (IOT) | Collaboration

Users
(Man or machine)

I need real-time interaction!
I need high-resolution simulation!

Regional server

Yes, sir! I have tried my best!
But… I have no way to know 

boundary condition!
A framework to realize distributed collaborative simulation

Regional 

Server #1

Regional 

Server #2

Central Server

Now I can see the influence 
happened at outer space!

𝑉𝑎𝑙𝑢𝑒𝑚𝑎𝑥

𝑉𝑎𝑙𝑢𝑒𝑚𝑖𝑛

A distributed collaborative simulation model

Bi-directional refinement of on-going simulation by exchanging adequate amount 
of simulation results occasionally without inducing unacceptable network delay.



Three QUADS: An Interconnection Network for Interactive Simulations
Low Diameter of 2 | Fault tolerance and path diversity | Embeddability of topologies | Medium-scale

Sensable Simulation System (with GPUs)

Simultaneous and interactive execution of  simulation and visualization

Node assignment to switches in 
Three Quads (64 nodes case)

Diameter = 2 | Fault-tolerance | Path diversity 

“Three”  stands for 
The existence of 

three independent sub-networks.
SW-X, SW-Y, and SW-Z

“Quads” stands for  
The coverage of each GbE
is a nodes inside a rectangular area
in one of the X-Y,Y-Z, or Z-X planes. 

Realize co-existence of different kinds of communications 
for simulation and visualization

Any two nodes can communicate with each other

in 2 hops.

(By the redundancy in Three Quads and the appropriate 
scheduling of communications )

High cost performance (Against expensive switch)

Execution time of each node on Three Quads with HD program

Execution time of each node on Three Quads with FD program


