
GA Individuals evaluation is very computational expensive 

Heterogeneous Parallel GA Computing (CPU/GPU)  

 Master (CPU) executes GA Steps  

 Slaves (GPU Cores) evaluate the individuals fitness 

MULTI-GPU CUDA DYNAMIC GRID IMPLEMENTATION 
 Approach based on Rectangular Bounding Box (RBB) 

 At each time-step RBB (active cells) is computed 

 The kernels implementing the CA step are  

dinamically mapped on such RBB  
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In the risk assessment of lava flow context, techniques to slow down and divert lava flows, caused by collisions with protective measures, are now to be considered empirical, exclusively based on past experiences. As a 
consequence, one of the major scientific challenges for volcanologists is to provide efficient and effective solutions. We here present an evolutionary computation-based decision support system for optimizing earth 
barriers construction by morphological evolution, to divert a case study lava flow that is simulated by the numerical Cellular Automata model SCIARA - fv2 at Mt. Etna volcano (Sicily, Italy). The study has produced ex-
tremely positive results, providing insights and scenarios for the area representing, to our knowledge, the first application of morphological evolution for lava flow mitigation. 

Abstract 

 Thematic maps of volcanic hazard are a key tool for emergency 
management 

 No tool or standard methodology provides solutions how to di-
vert lava flows towards lower interest regions 

Mitigation of destructive effects of lava flows: 

 Artificial barriers, water jets, dams 

 Empirical techniques to slow down and divert lava 

 May depend on many factors (model parameters) 

Provide effective and efficient solutions in this context is 
one of the major scientific challenges for volcanologits. 

The object of this research is the definition of a decision 
support system (DSS)  for optimising extension,  

orientation and inclination of volcanic hazard mitigation 
interventions. 

Context and motivations 

The decision support system 

Parallel Implementation 

Case Study: The 2001 Nicolosi 
lava event 
Experiments were carried out 
by varying: 
 Number of barriers 
 Total dimensional constraints 
(m3) to promote a cooperative  
co-evolutionary strategy (CCS) 
  

Conclusions 
Morphological evolution of protective wors by Genetic Algorithms  

INPUT 

SCIARA -fv2 Model states was extended by introducing: 
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GENOTYPE CODING 

The protection work W was represented as a set of Barriers  

  
SELECTION AND MUTATION 

 Rank based selection (20%) 
 gradual evolution 
Coordinate value mutation: 
  
Height value mutation: 
  

The search space depends on |W| and P: 

FITNESS EVALUATION 

Two fitness functions were considered for the genotypes evaluation: 
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In this work, we have presented a novel ap-
proach for devising protective measures to di-
vert lava flows.  
 PGAs, in conjunction with CUDA computing, 

permitted to perform a greater number of 
tests by obtaining a significant speedup fac-

tor of 67 
 Interactive visualization sys-
tem allowed to better analyze results and emergent be-
haviors 
 Solutions provided by DSS were extremely efficient  
(    18  times more efficient than the real case) 
 
The study has produced extremely positive results and 
simulations have demonstrated the GAs can represent a 
valid tool to determine protection works construction in 
order to mitigate the lava flows risk.  

where Z is the set of cells of the CA that specifies the Safety Zone, 
which delimitates the area that has to be protected by the flow 

where P is the set of cells of the CA that specifies the Pro-
tection measures Zone, that specifies the area in which 
the protection works can be located 

Figure 1:  Example of barriers encoding into a GA genoty-
pe. The height of the intermediate points of each barrier is 
obtained by connecting the work protection extremes 
through a linear function. 

Figure 2:  Graphical representation of the ge-
notype mutation phase. Each gene can vary 
within a varation radius [xmax,ymax]. 

Figure 5: Temporal evolution of f3 fitness of best individual 
(black) and of average fitness of whole population (gray).  

Experiments and results 

Figure 6: Elapsed time as a function of simultaneous lava 
events using the dynamic grid impementation strategy on 
different considered GPGPU hardware. 

Figure 7: Best fitness f2 obtained by each algorithm instan-
ce by varing the number of barrier n = {1 (SBA),2,3,4,5}. 

Figure 8: Comparison between earthworks built during the 
2001 Mt. Etna event (in black) and those provided by the 
Genetic Algorihtm (in red) to keep safe the Safety Areas. 

 CPU GTX680 GTX580 GTX480 TESLA C2075 

 26039 301 (10 s) 464 (10 s) 545 (15 s) 787 (10s) 
speedup - 60 43 48 26 

*) Intel Xeon E5472, 3.00 GHz implementing the same CUDA stra-
tegy (elapsed time in seconds) 

Figure 3:  An hypothetical example of GA generation computation. Genotypes are grouped into different clusters. Starting from the third step the figure shows the mapping of the CA transition function for simultaneous lava flow event 
into  a tridimensional CUDA grid of threads.  As it can be seen, computation takes place only for threads that are within the CRBB of active cells. In the multi-GPU implementation each cluster is assigned to the first available GPU. 
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where S and Z respectively identify the areal extent of the 
simulated lava event and the Safety Zone area. 

 

where d(Bi) and h(Bi) represent the length (in me-
ters) and the average height of the i-th barrier 
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weight parameters 
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Figure 4: SCIARA –fv2 3D simulation visualization adopting 
the GA best solution by using 1 barrier (Single Barrier Ap-
proachh) encoded into the genotype.  
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