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Part 1
System Description
For this assignment, clouds in satellite images will be simulated with Cell-DEVS. The goal is to simulate the cloud behavior in 2-dimentions by the rules that are presented in the paper [1].  Such rules are as follows.
1. The whole space is divided into squared cells.

2. Each cell may contain a number of particles with an upper limit M.

3. The cell’s neighborhood is made by the 8 surrounding cells in the plane.

4. All particles in a cell will move to neighboring cells. 

5. The number of particle in a cell moves to each neighboring cell with a given probability.

6. A cell has no additional place if it has already M particles in it.

7. There can be more than one source of particles somewhere in the space.

The number of particles in a cell reflects the degree of cloud coverage in that cell. The more particles in a cell, the darker it shows in color. In this way, we are able to simulate the cloud behaviors by the rules with Cell-DEVS.
Part 2
Formal Specification
The cloud is defined as a cell coupled model. Its formal specification corresponding to one of the model file (cloud1.ma) is as follows.

GCC = < Xlist, Ylist, I, X, Y, η, {m, n}, N, C, B, Z, select >

Xlist = { (15, 3); (15, 5); (17, 3); (17, 5)}

Ylist = { Φ }

 η = 5

I = < Px, Py > with Px = { <X(15, 3), 20>, <X(15, 5), 20>, <X(17, 3), 20>, <X(17, 5), 20>}; Py = { Φ };

X = { i / i є Z }

Y = { i / i є Z }

C = { Cij / i є [1, 30], j  є [1, 20] }

B = { Φ }
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select = { (-1,-1), (-1,0), (0, -1), (0, 0), (1, -1), (1, 0) } 
Note that, for this model, we have four sources of particles, each of which always contains the maximum number of particles. To see the effect of wind on the cloud behavior, only five neighbors are used as the sources of input cells so that the particles can move from left to right instead of spreading in all directions.


Part 3
Implementing and Testing
The rules defined in the models take following constraints into account:

· A cell can only have the number of particles up to 20 particles (M = 20).
· If the number of particles in one cell is less than 20, than after one delay, it moves fixed percentage of particles to the neighboring cells (for cloud1.ma, 70%).

· If the number of a cell reaches 20, then after the next delay, it moves 100 percentages of particles to the neighboring cells.

For each cell (0, 0), 40% of particles comes from the cell (0, -1), 30% from the cell (-1, -1), 10% from the cell (-1, 0) and 20% from the cell (1,-1). The distribution of the percentages reflects the wind direction. 
Examples of such rules are as follows:

rule : { 20 } 1000 { (0, -1) >19.5 and (-1, -1) <19.5 and (-1, 0) <19.5 and (1, -1) <19.5 and (0.3 * (0, 0) + 0.4* (0, -1) + 0.7 * (0.3 * (-1, -1) + 0.1 * (-1,0) + 0.2 * (1, -1) ) ) > 20 } 

rule : { 0.3 * (0, 0) + 0.4* (0, -1) + 0.7 * (0.3 * (-1, -1) + 0.1 * (-1,0) + 0.2 * (1, -1) ) } 1000 { (0, -1) >19.5 and (-1, -1) <19.5 and (-1, 0) <19.5 and (1, -1) <19.5} 

Each of the sources of particles is represented as a zone following a same special rule.
To test, three different models with different numbers of sources of particles and the percentages of particles moving to neighboring cells have been developed. The testing results have been verified showing that the models work properly.  

cloud1.ma 

There are four sources of particles with 70% of particles moving to neighbor cells if the cell contains particles of less than 20. Results shows that a cell can only contains 20 particles at most, in consistent with the specifications.

cloud2.ma 

There are only two sources of particles with regard to the cloud1.ma. The purpose of this model is to see the different behaviors with different number of sources of particles.

cloud3.ma

The moving percentage is set to 90% with regard to cloud2.ma. The purpose of this model is to see how the effect of moving percentage on the cloud behaviors. 
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