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Abstract: This paper presents a distributed system for large-scale interactive simulation platform, which is
applicable to online games with huge play fields and simulations of urban mobility traffic prediction, etc. Our
proposed platform is a distributed system in which a simulation server is composed of multiple nodes con-
nected in a grid network. Each node calculates the time evolution of its own simulation space, and provides
and updates data according to the request from the client. In addition, each node hierarchizes the stored
data, and diffuse them to neighbor nodes, creating a data distribution suitable for visualizing the simulation
space on this node network. These mechanisms enable large-scale interactive simulations that have not been
realized. We implemented our distributed system and evaluated its performance by running up to 100 com-
putation nodes. Our results show that it can be scaled out linearly expanding the simulation space. The
load tendency under the condition that many clients access the simulation space was modeled together with
the conventional method, and the comparative verification including the experiment was performed.
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Fig. 1 Concept for a interactive simulation platform.
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*1 https://www.minecraft.net/
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Fig. 2 Overview of our simulation platform.
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[ Tilemap generated by node itself.
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[ Tilemap received from other nodes. [Node-id] - [LOD]

Node A Node B Node C Node D Node E Node F
[B-0c-dp-dE-ofF-d |A-oEEc-0p-dE-F-o| |A-dB-9ERdD-dEe-dF-0| |A-ole-dlc-oERiE-olF-0 (A-0B-dlc-dp-ofEF-a] A-0/B-olc-dp-dE-o[E
[S1B-1c-Ap-ie-1lF-1| [A-1ERC-Ap-1E-1lF-1| |A1[e-ifERlD-AE[F-i| |A-1-1c-iERIEF-1| |A-e-1ic-{o-1ER]F-1| |A-e-c-ip-E-iE
[B-2c-4p-dE-2F 4| |a-2Ec-2p-dE-2F-2| |h-2B-2EEID-dE-2F-2) |A-2e-2lc-2BEE-2F-2)| (A-2B-2c-2p-2EEF-2| (a-2B-2c-dp-2E-2[&
[8-3c-3p-3E-3F-3| |a-3[EECc-3p-3E-3F-3) |r-3B-3[EED-3E-3F-3| |A-3B-3c-3EEIE-3F-3| [A-3B-3c-3p-3EEF-3) |A-3e-3c-3p-dE-3[E
A4 c-4p-4E-4F-4\-{n-4/B-4[ElD4E-4F-4|.-|p-4B-4c4ERIE-4F4|-]r-4B-4C-4p-4=]F4

[ ~c [ c6 | | 56 JMEEM oo | [[co JHEEM £ || [[os IECH 76 |
A7 [l ¢ | | &7 JIEEAl o7 | |7 JIEEE = || (o7 |IEEl 77 |
| ~s [ ce | | 58 [IEEM o | [[ce [HEEM £ || [[os [HEEH Fe |
Ao [IEEH co | | B9 JIEEM oo | [[co JREEM Eo || (oo IEEH 7o |

9 T—yuMosl. Bz, J— FAZEM 1 KO0 THt S AT 2R TR L 72
Fig. 9 An example of data distributions.

7IJLT1) XL 1 Main thread of node

Require: n <« list of neighbor nodes

m <— INITIALIZE_OWN_TILEMAP
while true do
m < UPDATE_OWN_TILEMAP(m)
7 +— RECEIVE_TILEMAP_FROM_NEIGHBORS
p < UPDATE_TILE_PYRAMID(m, )
for all tile € p do
d, « diffusion radius of tile
dp, < hop count of tile
if d, > d;, then
dp, =dp +1
set hop count of tile to dj,
for all neighbor € n do
send tile to neighbor
end for
end if
end for
SLEEP (interval)
end while

& 1 LOD L#cfEos
Table 1 An example of LOD and diffusion radius.

LOD %A VE  fE#cEsE LOD Y sE R
0 1 26 214
1 22 25 213
2 24 24 212
3 26 23 211
4 28 22 210
5 210 2 29
6 212 1 28
7 214 1 27
8 216 1 26
9 218 1 —

Rty AN~y TTF—=952ETHETNY TRHICA
5. FEFMIE— FTEEL TV AEAIZIE, EED ./ —F
MPHDT— 7 ZERRIC» b ST, BEEEFEE —&
MR CTETT L. B 10 122 DO8EE — FOZE) % 1R
2o ORYT. MHE— FTlE, ZfoNS—F13v 3=
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[ Caliculation

10 [fE— FEFRAYE-F
Fig. 10 Sync mode and async mode.
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Fig. 11 Evaluation environment.

*2 Amazon Web Services, Elastic Compute Cloud
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12 CAETNMICL-oTHEI SN D Y I 2 b— 3 V22
Fig. 12 A virtual world driven by the CA model.
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Fig. 13 Load fluctuations according to the increase in the

number of nodes.
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Fig. 14 Simple model of central server method.
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Fig. 15 Prediction of tile send and receive fluctuations accord-

ing to the increase in the number of requests.
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Fig. 16 Network traffic fluctuations according to the increase

in the number of requests.
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