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Part I  

I. Problem Description 

   This Assignment identify the movement of water between Air and Land. The water elements keep flowing between air, land and river. The Cell – DEVS model simulate the behavior of water. Air and Land are two Cell - DEVS models.

   The water elements can evaporate from the Land, and then they stay in Air. In the other way, after they gather into water drops, they become raindrops and fall into the Land.

   The Air can receive input from Land and send output to Land, and vice versa. The water elements are transmitted through two entities represented by Cell-DEVS. In the Air, the water elements can move from higher level to lower level, finally form into water drops and go into Land. The water in the Land can become vapor and go into Air in undetermined frequency.

II. Model Description

1. Air Cell-DEVS Model

This model simulate the process of the Water element condensation in the air and then gather into water drops. After that fall into the Land. The direction of the water movement is down.

2. Land Cell-DEVS Model 

The water in the Land vaporizes and flow into the Air model was abstract into process of diffusion. The direction of the water elements’ movement is up.

3. Interconnection of Two Cell-DEVS Models

The raindrops can be outputted into Land through specific ports presented by Cell-DEVS. On the other hand, water elements go up into the Air through specific ports as well. The interconnection is accomplished directly between two Cells in Cell-DEVS.


Part II
I. Formal specifications of the models.

Cell -DEVS Model

1. Air Model  (A= Air)

MA = < IA, XA, YA, XlistA, YlistA, A, NA, {mA, nA}, CA, BA, ZA, selectA>

XlistA = { (0,0); (0,1); (0,2); (0,3); (0,4); (0,5; (0,6); (0,7);(0,8);(0,9) };

YlistA = { (9,0); (9,1); (9,2); (9,3); (9,4); (9,5; (9,6); (9,7);(9,8);(9,9) }.

A = 9;

IA = < Px, Py>, with Px = { <X(0,0)..(0,9), > }; Py = {<Y(9,0)..(9,9) > };

NA ={ (-1,-1), (-1,0), (-1,1), (0,-1), (0,0), (0,1) , (1,-1), (1,0), (1,1) }
X = { 1 }

Y = { 9 }

f = 10

c = 10 

B = nowrapped

C = { Cij / i ( ([0,9], j ( ([0,9] }

Z:

PijY1  ->  Pi,j-1X1                        
Pi,j+1Y1 
->  PijX1        

PijY2  ->  Pi+1,j-1X2                        
Pi-1,j+1Y2
->  PijX2  

PijY3  ->  Pi+1,jX3                         
Pi-1,jY3
      ->  PijY3   

PijY4  ->  Pi+1,j+1X4                        
Pi-1,j-1Y4
->  PijY4  

PijY5  ->  Pi,j+1X5                         
Pi,j-1Y5
      ->  PijY5 

PijY6  ->  Pi-1,j+1X6                        
Pi+1,j-1Y6
->  PijY6 

PijY7  ->  Pi-1,jX7                         
Pi+1,jY7
      ->  PijY7 

PijY8  ->  Pi-1,j-1X8                        
Pi+1,j+1Y8
->  PijY8
PijY9  ->  PijY9                           
PijY9
      ->  PijY9
Select = { (-1,0), (-1,-1), (-1,1), (0,1), (0,0), (0,-1), (1,1), (0,1) (1,-1) }

2. Land model
Land model = <Xlist , Ylist, I, X, Y, (, N, {f,c}, C, B, Z, select>

Xlist = { (9,0); (9,1); (9,2); (9,3); (9,4); (9,5; (9,6); (9,7);(9,8);(9,9) }.

Ylist = { (0,0); (0,1); (0,2); (0,3); (0,4); (0,5; (0,6); (0,7);(0,8);(0,9) };

( = 9

I = < Px, Py>, with Px = { <X(0,0)..(0,9), > }; Py = {<Y(9,0)..(9,9) > };

N ={ (-1,-1), (-1,0), (-1,1), (0,-1), (0,0), (0,1) , (1,-1), (1,0), (1,1) }
X = { 9 }

Y = { 1 }

f = 10

c = 10 

B = nowrapped

C = { Cij / i ( ([0,9], j ( ([0,9] }

Z:

PijY1  ->  Pi,j-1X1                        
Pi,j+1Y1 
->  PijX1        

PijY2  ->  Pi+1,j-1X2                        
Pi-1,j+1Y2
->  PijX2  

PijY3  ->  Pi+1,jX3                         
Pi-1,jY3
      ->  PijY3   

PijY4  ->  Pi+1,j+1X4                        
Pi-1,j-1Y4
->  PijY4  

PijY5  ->  Pi,j+1X5                         
Pi,j-1Y5
      ->  PijY5 

PijY6  ->  Pi-1,j+1X6                        
Pi+1,j-1Y6
->  PijY6 

PijY7  ->  Pi-1,jX7                         
Pi+1,jY7
      ->  PijY7 

PijY8  ->  Pi-1,j-1X8                        
Pi+1,j+1Y8
->  PijY8
PijY9  ->  PijY9                           
PijY9
      ->  PijY9
Select = { (-1,0), (-1,-1), (-1,1), (0,1), (0,0), (0,-1), (1,1), (0,1) (1,-1) }

II. Models implementation with CD++
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1. Air model: 

This model simulate the process of the water element (the states are presented with the value of 1) condensation in the air and then gather into water drops (the states are presented by the value of 9). The water elements are accumulated in the air, combining with the input from the land model. When it goes to value 9, it changes to the state of water, then drop down to the lower level of the cell space, and further output to the land cell space.

The rule to simulate this process is as the following:

1/ if cell value is less than 9, when it gets the input, it adds 1 with its own value.

2/ if cell value is equal 9, it clears to zero.

3/ if cell’s above neighbor is zero, it goes to 9. ( To achieve the movement of water drop)

4/ if cell value is greater than 9, it will keep with 9.

5/ otherwise, keep their states.

The implementation is in the following code:

[air]

type : cell

width : 10

height : 10

delay : transport

defaultDelayTime : 100

border : nowrapped

neighbors : air(-1,-1) air(-1,0) air(-1,1)

neighbors : air(0,-1) air(0,0) air(0,1)

neighbors : air(1,-1) air(1,0) air(1,1)

localtransition : air-rule

initialvalue : 0 

initialrowvalue :  0      0000000000

initialrowvalue :  1      0000005000

initialrowvalue :  2      0000000090

initialrowvalue :  3      0000100000

initialrowvalue :  4      9000002000

initialrowvalue :  5      0010030000

initialrowvalue :  6      0000901000

initialrowvalue :  7      0000000000

initialrowvalue :  8      0700006000

initialrowvalue :  9      0000000011

in : in0

in : in1

in : in2

in : in3

in : in4

in : in5

in : in6

in : in7

in : in8

in : in9

out : out0 out1 out2 out3 out4 out5 out6 out7 out8 out9

link : in0 in@air(0,0)

link : in1 in@air(0,1)

link : in2 in@air(0,2)

link : in3 in@air(0,3)

link : in4 in@air(0,4)

link : in5 in@air(0,5)

link : in6 in@air(0,6)

link : in7 in@air(0,7)

link : in8 in@air(0,8)

link : in9 in@air(0,9)

link : out@air(9,0) out0

link : out@air(9,1) out1

link : out@air(9,2) out2

link : out@air(9,3) out3

link : out@air(9,4) out4

link : out@air(9,5) out5

link : out@air(9,6) out6

link : out@air(9,7) out7

link : out@air(9,8) out8

link : out@air(9,9) out9

localtransition : air-rule 

portInTransition : in@air(0,0) specialRule-air

portInTransition : in@air(0,1) specialRule-air

portInTransition : in@air(0,2) specialRule-air

portInTransition : in@air(0,3) specialRule-air

portInTransition : in@air(0,4) specialRule-air

portInTransition : in@air(0,5) specialRule-air

portInTransition : in@air(0,6) specialRule-air

portInTransition : in@air(0,7) specialRule-air

portInTransition : in@air(0,8) specialRule-air

portInTransition : in@air(0,9) specialRule-air

[specialRule-air]

rule : { (0,0) + 1 } 100 { (0,0) <9 } 

rule : 9 100 { t }

[air-rule]

rule : { (-1,0) } 100 { (-1,0) =9 }

rule : 0 100 { (0,0) =9 }

rule : { (0,0) } 100 { t }

2. Land Cell-DEVS Model 

The water in the Land vaporizes stays at the bottom level of the soil. The state value is 9. Under certain condition, it will evaporate to the upper ground and then enter the air. To simulate the process of evaporation, we use the following rules:

1/ if above neighbor is 0, and the moisture is not big ( in this model, no more than 6 neighbor is nonzero, then self value minus 1.

2/ if the lower neighbor is nonzero, it adds 1

3/ if the lower right neighbor is nonzero and the right side neighbor is nonzero, it adds 1.

4/otherwise, keep its own value.

Using the above rule to make the water element evaporate to the up side, or go the left-up side if it exists water element above. 

When the water elements go to the top level( that’s the margin between the air and land) it will be output to the air cell space.

The implementation is in the following code:

[land]

type : cell

width : 10

height : 10

delay : transport

defaultDelayTime : 100

border : nowrapped

neighbors : land(-1,-1) land(-1,0) land(-1,1)

neighbors : land(0,-1) land(0,0) land(0,1)

neighbors : land(1,-1) land(1,0) land(1,1)

localtransition : land-rule

initialvalue : 0 

initialrowvalue :  0      0000000000

initialrowvalue :  1      0000000000

initialrowvalue :  2      0010000100

initialrowvalue :  3      1000000000

initialrowvalue :  4      0001000100

initialrowvalue :  5      0001000000

initialrowvalue :  6      0000000000

initialrowvalue :  7      0000000000

initialrowvalue :  8      0000000000

initialrowvalue :  9      0900900080

in : in0

in : in1

in : in2

in : in3

in : in4

in : in5

in : in6

in : in7

in : in8

in : in9

out : out0

out : out1

out : out2

out : out3

out : out4

out : out5

out : out6

out : out7

out : out8

out : out9

link : in0 in@land(9,0)

link : in1 in@land(9,1)

link : in2 in@land(9,2)

link : in3 in@land(9,3)

link : in4 in@land(9,4)

link : in5 in@land(9,5)

link : in6 in@land(9,6)

link : in7 in@land(9,7)

link : in8 in@land(9,8)

link : in9 in@land(9,9)

link : out@land(0,0) out0

link : out@land(0,1) out1

link : out@land(0,2) out2

link : out@land(0,3) out3

link : out@land(0,4) out4

link : out@land(0,5) out5

link : out@land(0,6) out6

link : out@land(0,7) out7

link : out@land(0,8) out8

link : out@land(0,9) out9

localtransition : land-rule 

portInTransition : in@land(9,0) specialRule

portInTransition : in@land(9,1) specialRule

portInTransition : in@land(9,2) specialRule

portInTransition : in@land(9,3) specialRule

portInTransition : in@land(9,4) specialRule

portInTransition : in@land(9,5) specialRule

portInTransition : in@land(9,6) specialRule

portInTransition : in@land(9,7) specialRule

portInTransition : in@land(9,8) specialRule

portInTransition : in@land(9,9) specialRule

[land-rule]

rule : { (0,0) - 1 } 100 { (0,0) != 0 and truecount < 6 }

rule : 1 100 { (0,0) = 0 and (1,0) >= 1 and (cellpos(0) != 9 ) }

rule : 1 100 { (0,0) = 0 and (1,1) >= 1 and (0,1) = 1 and (cellpos(0) != 9 )} 

rule : 0 100 { t }

[specialRule]

rule : 9 100 { t } 

3.Top Model
[top]

components : air 

components : land

link : out0@air in0@land

link : out1@air in1@land

link : out2@air in2@land

link : out3@air in3@land

link : out4@air in4@land

link : out5@air in5@land

link : out6@air in6@land

link : out7@air in7@land

link : out8@air in8@land

link : out9@air in9@land

link : out0@land in0@air

link : out1@land in1@air

link : out2@land in2@air

link : out3@land in3@air

link : out4@land in4@air

link : out5@land in5@air

link : out6@land in6@air

link : out7@land in7@air

link : out8@land in8@air

link : out9@land in9@air

select : air land

III. Output and Drawlog

1.The output result of Air model: (set the simulation time as 0:00:15:000)

Time: 00:00:00:000

 0 0 0 0 0 0 0 0 0 0

 0 0 0 0 0 0 5 0 0 0

 0 0 0 0 0 0 0 0 9 0

 0 0 0 0 1 0 0 0 0 0

 9 0 0 0 0 0 2 0 0 0

 0 0 1 0 0 3 0 0 0 0

 0 0 0 0 9 0 1 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 7 0 0 0 0 6 0 0 0

 0 0 0 0 0 0 0 0 1 1

Time: 00:00:00:100

 0 0 0 0 0 0 0 0 0 0

 0 0 0 0 0 0 5 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 0 0 0 1 0 0 0 9 0

 0 0 0 0 0 0 2 0 0 0

 9 0 1 0 0 3 0 0 0 0

 0 0 0 0 0 0 1 0 0 0

 0 0 0 0 9 0 0 0 0 0

 0 7 0 0 0 0 6 0 0 0

 0 0 0 0 0 0 0 0 1 1

Time: 00:00:00:200

 0 0 0 0 0 0 0 0 0 0

 0 0 0 0 0 0 5 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 0 0 0 1 0 0 0 0 0

 0 0 0 0 0 0 2 0 9 0

 0 0 1 0 0 3 0 0 0 0

 9 0 0 0 0 0 1 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 7 0 0 9 0 6 0 0 0

 0 0 0 0 0 0 0 0 1 1

Time: 00:00:00:300

 0 0 0 0 0 0 0 0 0 0

 0 0 0 0 0 0 5 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 0 0 0 1 0 0 0 0 0

 0 0 0 0 0 0 2 0 0 0

 0 0 1 0 0 3 0 0 9 0

 0 0 0 0 0 0 1 0 0 0

 9 0 0 0 0 0 0 0 0 0

 0 7 0 0 0 0 6 0 0 0

 0 0 0 0 9 0 0 0 1 1

Time: 00:00:00:400

 0 0 0 0 0 0 0 0 0 0

 0 0 0 0 0 0 5 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 0 0 0 1 0 0 0 0 0

 0 0 0 0 0 0 2 0 0 0

 0 0 1 0 0 3 0 0 0 0

 0 0 0 0 0 0 1 0 9 0

 0 0 0 0 0 0 0 0 0 0

 9 7 0 0 0 0 6 0 0 0

 0 0 0 0 0 0 0 0 1 1

Time: 00:00:00:500

 0 0 0 1 0 0 0 0 0 0

 0 0 0 0 0 0 5 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 0 0 0 1 0 0 0 0 0

 0 0 0 0 0 0 2 0 0 0

 0 0 1 0 0 3 0 0 0 0

 0 0 0 0 0 0 1 0 0 0

 0 0 0 0 0 0 0 0 9 0

 0 7 0 0 0 0 6 0 0 0

 9 0 0 0 0 0 0 0 1 1

Time: 00:00:00:600

 0 0 0 2 0 0 0 0 0 0

 0 0 0 0 0 0 5 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 0 0 0 1 0 0 0 0 0

 0 0 0 0 0 0 2 0 0 0

 0 0 1 0 0 3 0 0 0 0

 0 0 0 0 0 0 1 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 7 0 0 0 0 6 0 9 0

 0 0 0 0 0 0 0 0 1 1

Time: 00:00:00:700

 0 0 0 2 0 0 0 0 0 0

 0 0 0 0 0 0 5 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 0 0 0 1 0 0 0 0 0

 0 0 0 0 0 0 2 0 0 0

 0 0 1 0 0 3 0 0 0 0

 0 0 0 0 0 0 1 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 7 0 0 0 0 6 0 0 0

 0 0 0 0 0 0 0 0 9 1

Time: 00:00:00:800

 0 0 0 2 0 0 0 0 0 0

 0 0 0 0 0 0 5 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 0 0 0 1 0 0 0 0 0

 0 0 0 0 0 0 2 0 0 0

 0 0 1 0 0 3 0 0 0 0

 0 0 0 0 0 0 1 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 7 0 0 0 0 6 0 0 0

 0 0 0 0 0 0 0 0 0 1

Time: 00:00:01:100

 0 0 0 3 0 0 0 0 0 0

 0 0 0 0 0 0 5 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 0 0 0 1 0 0 0 0 0

 0 0 0 0 0 0 2 0 0 0

 0 0 1 0 0 3 0 0 0 0

 0 0 0 0 0 0 1 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 7 0 0 0 0 6 0 0 0

 0 0 0 0 0 0 0 0 0 1

Time: 00:00:01:200

 0 0 0 4 0 0 0 0 0 0

 0 0 0 0 0 0 5 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 0 0 0 1 0 0 0 0 0

 0 0 0 0 0 0 2 0 0 0

 0 0 1 0 0 3 0 0 0 0

 0 0 0 0 0 0 1 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 7 0 0 0 0 6 0 0 0

 0 0 0 0 0 0 0 0 0 1

Time: 00:00:01:300

 0 0 0 5 0 0 0 0 0 0

 0 0 0 0 0 0 5 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 0 0 0 1 0 0 0 0 0

 0 0 0 0 0 0 2 0 0 0

 0 0 1 0 0 3 0 0 0 0

 0 0 0 0 0 0 1 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 7 0 0 0 0 6 0 0 0

 0 0 0 0 0 0 0 0 0 1

Time: 00:00:01:400

 0 0 0 6 0 0 0 0 0 0

 0 0 0 0 0 0 5 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 0 0 0 1 0 0 0 0 0

 0 0 0 0 0 0 2 0 0 0

 0 0 1 0 0 3 0 0 0 0

 0 0 0 0 0 0 1 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 7 0 0 0 0 6 0 0 0

 0 0 0 0 0 0 0 0 0 1

Time: 00:00:01:500

 0 0 0 7 0 0 0 0 0 0

 0 0 0 0 0 0 5 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 0 0 0 1 0 0 0 0 0

 0 0 0 0 0 0 2 0 0 0

 0 0 1 0 0 3 0 0 0 0

 0 0 0 0 0 0 1 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 7 0 0 0 0 6 0 0 0

 0 0 0 0 0 0 0 0 0 1

Time: 00:00:01:600

 0 0 0 8 0 0 0 0 0 0

 0 0 0 0 0 0 5 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 0 0 0 1 0 0 0 0 0

 0 0 0 0 0 0 2 0 0 0

 0 0 1 0 0 3 0 0 0 0

 0 0 0 0 0 0 1 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 7 0 0 0 0 6 0 0 0

 0 0 0 0 0 0 0 0 0 1

Time: 00:00:01:700

 0 0 0 9 0 0 0 0 0 0

 0 0 0 0 0 0 5 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 0 0 0 1 0 0 0 0 0

 0 0 0 0 0 0 2 0 0 0

 0 0 1 0 0 3 0 0 0 0

 0 0 0 0 0 0 1 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 7 0 0 0 0 6 0 0 0

 0 0 0 0 0 0 0 0 0 1

Time: 00:00:01:800

 0 0 0 0 0 0 0 0 0 0

 0 0 0 9 0 0 5 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 0 0 0 1 0 0 0 0 0

 0 0 0 0 0 0 2 0 0 0

 0 0 1 0 0 3 0 0 0 0

 0 0 0 0 0 0 1 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 7 0 0 0 0 6 0 0 0

 0 0 0 0 0 0 0 0 0 1

Time: 00:00:01:900

 0 0 0 1 0 0 0 0 0 0

 0 0 0 0 0 0 5 0 0 0

 0 0 0 9 0 0 0 0 0 0

 0 0 0 0 1 0 0 0 0 0

 0 0 0 0 0 0 2 0 0 0

 0 0 1 0 0 3 0 0 0 0

 0 0 0 0 0 0 1 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 7 0 0 0 0 6 0 0 0

 0 0 0 0 0 0 0 0 0 1

Time: 00:00:02:000

 0 0 0 2 0 0 0 0 0 0

 0 0 0 0 0 0 5 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 0 0 9 1 0 0 0 0 0

 0 0 0 0 0 0 2 0 0 0

 0 0 1 0 0 3 0 0 0 0

 0 0 0 0 0 0 1 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 7 0 0 0 0 6 0 0 0

 0 0 0 0 0 0 0 0 0 1

Time: 00:00:02:100

 0 0 0 3 0 0 0 0 0 0

 0 0 0 0 0 0 5 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 0 0 0 1 0 0 0 0 0

 0 0 0 9 0 0 2 0 0 0

 0 0 1 0 0 3 0 0 0 0

 0 0 0 0 0 0 1 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 7 0 0 0 0 6 0 0 0

 0 0 0 0 0 0 0 0 0 1

        …….

2. The output result of Land model:
Time: 00:00:00:000

 0 0 0 0 0 0 0 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 0 1 0 0 0 0 1 0 0

 1 0 0 0 0 0 0 0 0 0

 0 0 0 1 0 0 0 1 0 0

 0 0 0 1 0 0 0 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 9 0 0 9 0 0 0 8 0

Time: 00:00:00:100

 0 0 0 0 0 0 0 0 0 0

 0 0 1 0 0 0 0 1 0 0

 1 0 0 0 0 0 0 0 0 0

 0 0 0 1 0 0 0 1 0 0

 0 0 1 0 0 0 0 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 1 0 0 1 0 0 0 1 0

 0 8 0 0 8 0 0 0 7 0

Time: 00:00:00:200

 0 0 1 0 0 0 0 1 0 0

 1 0 0 0 0 0 0 0 0 0

 0 0 0 1 0 0 0 1 0 0

 0 0 1 0 0 0 0 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 1 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 0 7 0 0 7 0 0 0 6 0

Time: 00:00:00:300

 1 0 0 0 0 0 0 0 0 0

 0 0 0 1 0 0 0 1 0 0

 0 0 1 0 0 0 0 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 1 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 0 1 0 0 1 0 0 0 1 0

 0 6 0 0 6 0 0 0 5 0

Time: 00:00:00:400

 0 0 0 1 0 0 0 1 0 0

 0 0 1 0 0 0 0 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 1 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 0 1 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 0 5 0 0 5 0 0 0 4 0

Time: 00:00:00:500

 0 0 1 0 0 0 0 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 1 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 0 1 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 0 1 0 0 1 0 0 0 1 0

 0 4 0 0 4 0 0 0 3 0

Time: 00:00:00:600

 0 0 0 0 0 0 0 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 1 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 0 1 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 0 1 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 9 3 0 0 3 0 0 0 2 0

Time: 00:00:00:700

 0 0 0 0 0 0 0 0 0 0

 0 0 0 0 0 0 0 0 0 0

 0 1 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 0 1 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 0 1 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 0 1 0 0 1 0 0 0 1 0

 8 2 0 0 2 0 0 0 1 0

Time: 00:00:00:800

 0 0 0 0 0 0 0 0 0 0

 0 1 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 0 1 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 0 1 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 0 1 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 7 1 0 0 1 0 0 0 0 0

Time: 00:00:00:900

 0 1 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 0 1 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 0 1 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 0 1 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 0 1 0 0 1 0 0 0 1 0

 6 0 0 0 0 0 0 0 8 0

Time: 00:00:01:000

 1 0 0 1 0 0 0 1 0 0

 0 1 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 0 1 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 0 1 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 0 1 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 5 0 0 0 3 0 0 0 7 0

Time: 00:00:01:100

 0 1 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 0 1 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 0 1 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 0 1 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 0 0 0 0 1 0 0 0 1 0

 4 0 0 0 2 0 0 0 6 0

Time: 00:00:01:200

 1 0 0 1 0 0 0 1 0 0

 0 1 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 0 1 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 0 1 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 0 0 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 3 0 0 0 1 0 0 0 5 0

Time: 00:00:01:300

 0 1 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 0 1 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 0 1 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 0 0 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 0 0 0 0 1 0 0 0 1 0

 2 0 0 0 0 0 0 0 4 0

Time: 00:00:01:400

 1 0 0 1 0 0 0 1 0 0

 0 1 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 0 1 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 0 0 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 0 0 0 0 1 0 0 0 1 0

 1 0 0 1 0 0 0 1 0 0

 1 0 0 0 0 0 0 0 3 0

        …….

 IV. Analysis of output and Validation

From the output of the air model, we find that: from the initial state, the water elements float into the air. Some heavier ones go down to the land. At time stamp 00:00:00:500, the cell Air(0,3) gets a input from the land cell space. The cell keep the value until the next input. Every time it gets a input, it will add 1. This ‘water element” is getting more and more ‘heavier’. When it reaches value 9, the state of water drop, at Time: 00:00:01:700, it starts to drop down. For the water drop down to the bottom, they are outputted to the land.

The output of land model shows the evaporation process. In the initial state, the water in the bottom level yields the ‘water element’, which value is 1, to the upside; meanwhile, it decreases itself by 1. At Time: 00:00:00:600, the first ‘rain drop’ input goes into the land. This testifies the connectivity between the air and land cell space. And the ‘water elements’ going up form the output from the land to the air model. 

From the above outcome, we can find the successful interaction with two cell models. The water drop/water element form the dynamic circulation in the system. 

Reference:   

http:// www.cell-auto.com:
[Water simulation cellular automata] - in [Texture Garden]  
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