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  SS   MS 
 WCSI MHA DGI  MDGI 

CPU(E5472)  1150.00  1150.00  544.60   21760  
GTX 470 33.95  28.70  13.58   507.18  
GTX 580 23.35  19.30  9.45   441.34  
Tesla C2075 38.75  34.75  16.08   662.24  
GTX 680 22.44  20.16  10.80    283.88  

 Case Study (Nicolosi lava real event 2001) 

 CA Space: 819 x 382 (SS) - 200 x 382 (MS)  

 Vents: 1 (SS)  - grid of 120 hypotetical vents (MS) 

 Calculation Steps:  35000 (Emission rate) (SS-MS)  

 Single Simulation - GTX 580 - DGI (58x speedup) 

 Multi-Simulation - GTX 680 - MDGI  (77x speedup) 

 

  Simultaneous simulations strategy (MS) 

 Multisimulator Dynamic Grid Implementation  

 One thread-one active CA cell  

 Common RBB based 

 Three-dimensional dynamic kernel grid  

 z-dim corresponding to the lava sim 

Scoket Communication 

Signal/Slot Communication 

3D/2D  Graphics Engine  
 Implemented in C++ and VTK and in-

tegrated in Qt interface for generic 
Cellular Automata visualization 

 Coordinates the rendering process 
and manages lights, cameras and sce-
ne tridimensional objects 

Multi-GPU Cuda CA  

 Provides a double CUDA Sciara - fv2 implementation layer: 

CUDA SCIARA - fv2 simulator  

 Single simulation (Modellation Analysis, Data Analisys) 

CUDA SCIARA - fv2 multisimulator  

 Large number of simultaneous simulations (Risk Maps, Genetics Algorithms) 

Simulating  lava flows using CUDA 
  Single simulation strategies (SS) 

 Whole Cellular Space Implementation  

 One thread-one CA cell 

 Two-dimensional static kernel grid  

 Memory Hybrid Approach  

 Global/Shared Memory  

 Dynamic Grid Implementation  

 One thread-one CA active cell  

 Two-dimensional dynamic kernel 
grid  

 Rectangular bounding box (RBB) based 

System Overview 
SCIARA - fv2 model 

SCIARA - fv2 is the latest release of the SCIARA Cellular Automata (CA) lava 
flows  family: 
 

SCIARA-fv2= < R, L, X, Q, P, τ, γ > 
 

 R is the set of points defining the bi-dimensional cellular space 

 L   specifies the lava source cells (i.e. craters/vents) 

 X identifies the pattern of cells that influence the cell state change 

 Q = Qz × Qh × QT × Qf
8 is the finite set of states 

 P is the finite set of global parameters (invariant in time and space) 

 τ : Q9 → Q is the deterministic cell transition function 

 γ : Qh × N → Qh specifies the emitted lava thickness from the source cells  

Results 

Conclusions 

 MCAFramework provides a scalable 
and modular architecture  

 Interaction between the GUI and the 
3D/2D Engine Module is guaranteed 
by Qt’s Signal/Slot communication 
mechanism 

 The Graphics Engine module estab-
lishes a connection with the SCIARA 
model via socket protocol 

We present a preliminary release of MCAFramework, an extensible system for the analysis and interactive visualization of lava flows simulations. The core of the system is SCIARA - fv2. It is the latest release of the SCIARA Cellular Automata family, and resides in a 
remote multi-GPU node which provides a multilayered GPU implementation in order to compute single or multiple simultaneous simulations. Experiment results are interactively visualized in real-time by means of a 3D graphics engine implemented in C++ and VTK 
and integrated in Qt GUI. 

Modellation Tools 

  3D models: structures with topology and geometry (triangle strip mesh) 

 2D models: color mapping strategy 

 Contour, textures mapping, generics models  

 Visualization Tools 

 Double visualization system: 

 3D View: prospective phenomena simulation visualization 

 2D View: ortogonal phenomena simulation visualization 

Real-Time Interaction Tools 

 Scene Interactor Style: cam management (zoom, rotation, pan) 

 Cell picking: cell selection, cell state viewing and editing  

 Simulation execution control (play, stop, pause) 

This work was partially funded by the European Commission - European Social Fund 
(ESF) and by the Regione Calabria (Italy).  

We have presented MCAFramework, an efficient Visualization System for Cellular 
Automata Lava Flows Simulation. A modular system architecture solution was 
adopted for guarantee a clear separation between the interactive GUI process 
(client) and computation process (server). Starting from the problem of acceler-
ating the real-time visualization of complex phenomena, we implemented several 
approaches for single and multiple simultaneous running of lava flow simulations 
using CUDA and GPGPU. The achieved results compared to CPU-based implementa-
tions, in terms of parallel speedup (77x), were very significant. Thanks to CUDA the 
System can run the combined rendering and simulations at interactive frame rates. 

*) relative to the same RBB-based algorithm on single processor  
    (Intel Xeon E5472, 3.00 GHz)  

Elapsed time in seconds 

GPU MDGI ALGORTITHM 
1 𝑛𝑛𝑐𝑐 ←
2 𝑛𝑛𝑡𝑡 ← 𝑛𝑛
3 𝑛𝑛𝑠𝑠 ← 𝑥𝑥   

4 𝒘𝒘𝒉𝒉𝒊𝒊𝒍𝒍𝒆𝒆 𝑛𝑛𝑐𝑐 < 𝑛𝑛𝑡𝑡 do 

5 𝑐𝑐𝑜𝑜𝑛𝑛𝑓𝑓𝑖𝑖𝑔𝑔𝑢𝑢𝑟𝑟𝑒𝑒𝐶𝐶𝐴𝐴 𝐶𝐶𝐴𝐴𝑐𝑐𝑢𝑢𝑟𝑟 𝑛𝑛𝑠𝑠   

6         𝐶𝐶𝐴𝐴𝑡𝑡𝑖𝑖𝑚𝑚𝑒𝑒 ←  

7         𝒘𝒘𝒉𝒉𝒊𝒊𝒍𝒍𝒆𝒆 𝑛𝑛𝑜𝑜𝑡𝑡𝑇𝑇𝑒𝑒𝑟𝑟𝑚𝑚𝑖𝑖𝑛𝑛𝑎𝑎𝑡𝑡𝑒𝑒𝑑𝑑 𝐶𝐶𝐴𝐴𝑡𝑡𝑖𝑖𝑚𝑚𝑒𝑒 𝒅𝒅𝒐𝒐  

8                grid ← updateDynamicGrid (∆𝐶𝐶𝑅𝑅𝐵𝐵𝐵𝐵);  

9                vent <<<1,  𝑛𝑛𝑠𝑠 >>> (𝐶𝐶𝐴𝐴𝑐𝑐𝑢𝑢𝑟𝑟 𝐶𝐶𝐴𝐴𝑛𝑛𝑒𝑒𝑥𝑥𝑡𝑡 𝑒𝑒𝑚𝑚𝑖𝑖𝑡𝑡𝑡𝑡𝑒𝑒𝑑𝑑𝐿𝐿𝑎𝑎𝑣𝑣𝑎𝑎  

10                transitionFunctionInParallel <<<grid,  𝑛𝑛𝑠𝑠 >>> 𝐶𝐶𝐴𝐴𝑐𝑐𝑢𝑢𝑟𝑟 𝐶𝐶𝐴𝐴𝑛𝑛𝑒𝑒𝑥𝑥𝑡𝑡  

11                updateNextfromCurrent<<<grid,  𝑛𝑛𝑠𝑠 >>> (𝐶𝐶𝐴𝐴𝑐𝑐𝑢𝑢𝑟𝑟 𝐶𝐶𝐴𝐴𝑛𝑛𝑒𝑒𝑥𝑥𝑡𝑡 ); 

12                update∆𝐶𝐶𝑅𝑅𝐵𝐵𝐵𝐵<<<grid,  𝑛𝑛𝑠𝑠 >>> 𝐶𝐶𝐴𝐴𝑐𝑐𝑢𝑢𝑟𝑟   

13                𝐶𝐶𝐴𝐴𝑡𝑡𝑖𝑖𝑚𝑚𝑒𝑒 ← 𝐶𝐶𝐴𝐴𝑡𝑡𝑖𝑖𝑚𝑚𝑒𝑒  

14 𝑛𝑛𝑐𝑐 ← 𝑛𝑛𝑐𝑐  𝑛𝑛𝑠𝑠 ; 

 

Active cells 

Inactive cells 

RBB 

Computing threads 

Inactive threads 

Grid blocks 

CA Grids of threads 
WCSI/MHA DGI 

CA Grids of threads 
MDGI 

Active cells 

Inactive cells 

Common RBB 

Computing threads 

Inactive threads 

Grid blocks 

0

10

20

30

40

50

60

70

GTX680 (kepler) GTX580 (Fermi) GTX470 (Fermi) Tesla c2075 (Tesla)

Speedup SS

WCSI

MHA

DGI

* 

0

250

500

750

1000

0 10 20 30 40 50 60

El
ap

se
d 

tim
e[

s]

Number of simultaneous simulations

MDGI ALGORITHM

GTX 680
GTX 480
GTX 580
Tesla 2075


