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Abstract

• This paper presents a ow-communication 
overhead and high-performance data 
parallelism implementation of the 
Everglades Landscape Fire Model in a 
network of workstations.

• Checkpointing and rollback techniques are 
used

• Asynchronous communication is dominant 
and synchronous communication is 
intermittent.



Introduction

• What is ELFM?
The Everglades landscape is a vast    
freshwater marsh in South Florida and is 
one of the largest subtropical wetlands in 
the world.

• Features used in this approach
- Now
- Network Computing

• Why not LAN?



Introduction

• In order to speedup the simulation process, 
ELFM has been parallelized using Express 
under several platforms such as UNIX 
workstations, CM-5 superomputers, and 
Macintosh transputers.

• Speedup is reduced because of interprocess
communication and overhead. 

• To enhance the performance, this paper makes 
use of checkpointing and rollback techniques.



Current status of ELFM

• Basic assumption is that it is a spatial model with 
mostly nearest neighbour interactions except fire 
spotting i.e. a fire jumps from one area to the 
other.

• Each cell is homogenous so same computation 
and communication structure is used.

• Time step of fire spreading and spotting 
simulation is in minutes and the fuel level is 
updated every hour. 

• Process synchronization is performed on a daily 
basis.



Current status of ELFM
Basic algorithm

While (time in year not reaching the end of year) {

While (time in day not reaching the end of day in a year) {

While (time in hour not reaching the end of a day) {

update fuel moisture hourly between rains;

daily rainfall and lightning simulation;

wind speed and directions simulation;

if (fire ignites a cell) {

change the simulation time step from hours to minutes;

check adjacent cells to see if there is enough heat to ignite the fuel

and time needed to spread to the adjacent cells;

while (fire is burning)  {

check the adjacent cells to see if fire is going  

spread to the adjacent cells;

add newly ignited fires;

possible fire spotting simulation;

}

}

}

}

}



Current status of ELFM

• If fire does not spread to another sub 
domain, there is no need for data 
exchange.

• Early version of the ELFM uses 
pessimistic approach. Data exchange is 
done at each step thus increasing the 
overhead.

• Processor synchronization is done only 
when data exchange is needed.



Checkpointing and rollback

• A global state is a collection of local 
states, one from each processor in the 
NOWs.

• Checkpointing method is used to 
determine the global state.

• During each processor execution, each 
processor periodically checkpoint its state 
by storing its execution state information 
into a stable storage.
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The proposed approach

• This section introduces low-
communication overhead model based on 
checkpointing and rollback mechanisms.

• Analysis of simulation time, relevant 
communication functions provided by MPI 
and use of checkpointing and rollback for 
parallelizing ELFM.



The proposed approach

Basic idea-
• The length of synchronous computation 

varies with time based on the duration of 
fire spreading and spotting.

• The longer the checkpoint interval, the 
less the simulation time.

• This paper chooses the checkpoint 
interval to gain a maximum possible 
speedup.



The proposed approach

• MPI_Allgather and MPI_Allreduce are 
used.

• For analysis CPU time is used.
• Data parallelism is employed.
• Division of data domain into sub domains.
• Cell edge strips for communication.
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The proposed approach

• Checkpointing interval is measured in 
days

• Asynchronous data transfer- NFS



Results and Conclusion

• This was implemented using MPICH.
• Comparison among parallel ELFM using   

Express, with checkpointing, and 
checkpointing with rollback.

• Parallel ELFM approach used in this paper 
takes just a quarter memory that the serial  
version uses.
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