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94.587. ADVANCED TOPICS ON COMPUTER SYSTEMS: METHODOLOGICAL ASPECTS OF MODELLING AND SIMULATION 

Fall 2001

________________________________________________________________________

Assignment 2

Huayi Du
297611

Rujun Hu
258902

Part I
I. Problem Statement

This model is to simulate the pollution process from a chemical factory to a rice field through the water supply.  

The chemical factory locates at upper stream of the ditch.  The polluted water is drained into the ditch and used to irrigate the farmland at lower stream.  

Resided in one cell of the soil, each plant in the field will be infected by the polluted water eventually. According to the pollution degree, the plants are catalyzed into 3 groups: healthy, infected or deadly.

II. Model Description

1. Factory DEVS Model

Everyday the factory generates the polluted water into the ditch.

2. Diffusion Cell-DEVS Model 

The polluted water flow in ditch model was abstracted from the theory of diffusion process (http://www.cs.runet.edu/~dana/ca/examples/diffuse/diffuse.html) 

The pollution process is implemented in two stages.  The first stage determines the amount of material that should go from a cell to its neighbors by dividing the amount in the cell equally among itself and all neighbors.  In the second stage each cell collects the polluting material sent/diffused to it by its neighbors.  There are 2 states of a cell: polluted or clean.
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3.  Field Cell-DEVS Model

The rice field infection model was abstracted from The Hodgepodge Machine (http://www.cs.runet.edu/~dana/ca/examples/hp/hp.html).

In our simulation, the rice field model divides the state of a cell into three categories:

healthy, infected, and dead. All cells are initialized in healthy state but can become infected depending upon the number of neighboring infected and dead cells.

Figure 1
Part II
I. Formal specifications for the models.

A. DEVS model: Factory model

Factory = <S, X , Y, (int, (ext, (, Ta>

X = {Ø}

Y = P-value 

S = {active, passive}

(int :   state = active;

      σ= interval_time

(: send waste to the out port

B. Coupled Cell -DEVS Model 

1. Diffusion Model Specification
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Figure 2.1


Figure 2.2


Figure2.3 

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

Xlist = { (1,4) }

Ylist = { (4,1) }

( = 9

I = <Px, Py> with Px = { <X(1,4), binary> }; Py = { <Y(4,1), binary> }

N = { (-1,-1), (-1,0), (-1,1), (0,-1), (0,0), (0,1) , (1,-1), (1,0), (1,1) }
X  = { 2 }

Y = { 0,1,2 }

f = 8

c = 6 

B = nowrapped

C = { Cij / i ( ([0,7], j ( ([0,5] }

Z:

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

PijY2  -->  PijX2                      
Pi jY2    -->  PijX2  

PijY1  -->  Pij+1X3                     
Pi,j+1Y3   -->  PijX3   

PijY1  -->  Pi+j-1X4                            
Pi-1,j-1Y2  -->  PijX4  

PijY1  -->  Pi+1 jX5                      
Pi-1,jY2   -->  PijX5 

PijY1  -->  Pi+1 j+1X6                           
Pi-1,j+1Y2  -->  PijX6 
Select = { (0,1), (1,1), (1,0), (0,0), (-1,-1), (0,-1)}
2. Ditch Model Test strategies: 
We will set the ditch model’s input as the value of 2 which means poisonous water.  Different input ports will be placed to test the model’s output .  We will also change the input interval and input ports numbers.

3. Field model Specification
[image: image13.wmf] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


Figure 3.1


Figure 3.2
 

Figure 3.3
Field model = <Xlist , Ylist, I, X, Y, (, N, {f,c}, C, B, Z, select>

Xlist = { (0.11) }

Ylist = { ( }

( = 9

I = <Px, Py> with Px = {<X(0,11), binary>} Py = { 0 }

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

X  = { 0,1,2 }

Y = { ( }

f = 15

c = 15 

B = nowrapped

C = {Cij / I ( ([0,14]  j ( { [0,14] }

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) }

4. Field Model Test Strategies

The input value of Field Model will be always set as 2 which means poisonous water.  Different input interval will be tested.

5. External Coupling Definition for Ricefield Model
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M = < X,  Y,  D, {Mi}, {Ii},  {Zij} , select>

X = Y = {Ø}

D = { factory,  ditch,  field}

Ifactory == {Ø}

Iditch = { factory }

Ifield  = { ditch } 

Zij  is defined by :

Zfactory-ditch:  Outfactory =  X( 1,4)ditch

Zditch field:  Y(1,4)ditch =  X(0, 11)field

 Y(1,4)ditch =  X( 0, 12)field

Select = { factory , ditch, field }

6. Test Strategies for Coupled Ricefield Model:

When connecting the above two Cell-DEVS models, if the value of the output port on Ditch model is greater than 0, the input cell on Field model will receive a value of 2.  The input ports on Field model will be set as (0,11).  Then another port of (0,12) will be added later.  The input interval of Ditch model will be changed to view the different output from Field model.

II. Build the models using CD++

1. DEVS model: factory model

The factory model acts like a generator.  It generates and discharges wastewater at a fixed interval.  Its internal transition function should generate an amount of chemicals after an interval time.  Its external function has no associated tasks due to no input port. Its output function sends the chemicals into diffusion model.
2. Cell-DEVS models

a). Diffusion model

When poisonous waste water is drained into one of the cells of ditch model, it spreads out by a simple diffusion process.  The diffusion process is implemented in two stages. The first stage determines the amount of material that should go from a cell to its neighbors by dividing the amount in the cell equally among itself and all neighbors not containing a wall.  In the second stage each cell collects the material sent/diffused to it by its neighbors not containing a wall.

The ditch has a wall of two sides.  Its border is not wrapped.  For the convenience of computer each cell value, we assume the two ends of it is also a wall.  Walls are represented by a special value of 8.  The model here represent some material that has been released near a rice field connected for irrigating, which is infected by the poison of ditch water.  
A cell’s value represents the content of the poisonous substance and is decided by its the value of its inverse neighbors.  The rule of diffusion in the ditch are :

(1) if cell value = 8(wall), cell value = 8;

(2) The value of the right corner = itself /4 + the right (or left) side value /6  
(3) The value of the second top cell except two corner = (itself + right side or left side  value)/6

(4) The value of the cells next to walls = (itself + upper cell)/4 + all other cell not next to wall/6

(5) Other wise, a cell value = the sum of all inverse cell value divided by 6

[top] 

components : diffusion  

in : in

link :  in in@diffusion

[diffusion] 

type : cell 

dim : (8,6) 

delay : inertial

defaultDelayTime  : 100 

border :  nowrapped

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

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

initialValue : 0

initialrowvalue :  0     888888

initialrowvalue :  1     800008

initialrowvalue :  2     800008

initialrowvalue :  3     800008

initialrowvalue :  4     800008

initialrowvalue :  5     800008

initialrowvalue :  6     800008

initialrowvalue :  7     888888

in : in 

link : in in@diffusion(1,4)

portInTransiton : in@diffusion(1,4)  chemicalIn-rule

localtransition : diffusion-rule 

[chemicalIn-rule]

rule : { portValue(thisPort)} 100 {portValue(thisPort) >0}

[diffusion-rule] 

rule :  8 100 {(0,0) = 8} 

rule : {(0,0)/4+ (0,1)/6 } 100 {(-1,-1)= 8 and (0,-1) = 8 and (-1,0) = 8 and (-1,1) = 8 }

rule : {(0,0)/4+ (0,-1)/6} 100 {(-1,-1)= 8 and (0,1) = 8 and (-1,0) = 8 and (-1,1) = 8 } 

rule : {(0,0)/6 +(0 ,1)/6 } 100 { (-1,-1)=8 and (-1,0) = 8 and (-1,1) = 8 }

rule : {((0,0)/4)+ ((0,-1)/6) + ((-1,-1)/6 )+ ((-1, 0)/4)} 100 { (0,1) = 8 and (-1,1)=8  }

rule : {((0,0)/6)+ ((0,-1)/6) + ((-1,-1)/6 )+ ((-1, 0)/6 )+ ((-1,1)/6 )+ ((0,1)/6)} 100 { (0,0) <8 and (0,1)<8 and (-1,1)<8 and (-1,-1) < 8 and (0, -1) < 8 and (-1, 0)<8}  

rule : {((0,0)/4)+ ((0,1)/6) + ((-1,1)/6 )+ ((-1, 0)/4)} 100 { (0,-1) = 8 and (-1, -1)=8 }

rule : 0 100 { t }

3. Diffusion model execution

Connect diffusion model with factory model.  The factory DEVS model generates a series of outputs to the diffusion model. 

[top] 

components : factory@Generator 

components : diffusion

link : out@factory  in@diffusion

select : factory diffusion 

[factory]

distribution : normal

mean : 2

deviation : 1

[diffusion] 

type : cell 

dim : (8 ,6) 

delay : inertial

defaultDelayTime  : 100 

border :  nowrapped

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

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

initialValue : 0

initialrowvalue :  0     888888

initialrowvalue :  1     800008

initialrowvalue :  2     800008

initialrowvalue :  3     810008

initialrowvalue :  4     800008

initialrowvalue :  5     800008

initialrowvalue :  6     800008

initialrowvalue  : 7    888888

in : in 

out : out

link : in in@diffusion(1,4)

link : output@diffusion(4,1)  out

localtransition : diffusion-rule 

portInTransiton : in@diffusion(1,4)  chemicalIn-rule

zone : chemicalOut-rule  { (4,1) }

[chemicalIn-rule]

rule :  2 100 {portValue(thisPort) >0  }

[diffusion-rule] 

rule :  8 100 {(0,0) = 8} 

rule : {(0,0)/4+ (0,1)/6 } 100 {(-1,-1)= 8 and (0,-1) = 8 and (-1,0) = 8 and (-1,1) = 8 }

rule : {(0,0)/6+(0,1)/6 } 100 {(-1,-1)= 8 and (-1,0) = 8 and (-1,1) = 8 and (0,-1)< 8 and (0,1)< 8 }

rule : {(0,0)/4+ (0,-1)/6} 100 {(-1,-1)= 8 and (0,1) = 8 and (-1,0) = 8 and (-1,1) = 8 } 

rule : {((0,0)/4)+ ((0,-1)/6) + ((-1,-1)/6)+ ((-1,0)/4)} 100 {(0,1) = 8 and (-1,1)= 8 and (-1,0)< 8 }

rule : {((0,0)/6)+ ((0,-1)/6) + ((-1,-1)/6)+ ((-1,0)/6)+ ((-1,1)/6)+ ((0,1)/6)} 100 {(0,0) <8 and (0,1)< 8 and (-1,1)< 8 and (-1,-1) < 8 and(0,-1) < 8 and (-1,0)<8}   

rule : {((0,0)/4)+ ((0,1)/6) + ((-1,1)/6)+ ((-1,0)/4)} 100 { (0,-1) = 8 and (-1, -1)= 8 and (-1,0)<8 }

rule : 0 100 { t }

[chemicalOut-rule]

rule : { send(output, (0,0) )} 200 {(0, 0) >=0}

The output result of diffusion model: (set the simulation time as 0:00:01:500)

Line : 121 - Time: 00:00:00:000

            0       1       2       3       4       5 

    +------------------------------------------------+

   0|  8.0000  8.0000  8.0000  8.0000  8.0000  8.0000|

   1|  8.0000  0.0000  0.0000  0.0000  0.0000  8.0000|

   2|  8.0000  0.0000  0.0000  0.0000  0.0000  8.0000|

   3|  8.0000  1.0000  0.0000  0.0000  0.0000  8.0000|

   4|  8.0000  0.0000  0.0000  0.0000  0.0000  8.0000|

   5|  8.0000  0.0000  0.0000  0.0000  0.0000  8.0000|

   6|  8.0000  0.0000  0.0000  0.0000  0.0000  8.0000|

   7|  8.0000  8.0000  8.0000  8.0000  8.0000  8.0000|

    +------------------------------------------------+

Line : 181 - Time: 00:00:00:100

            0       1       2       3       4       5 

    +------------------------------------------------+

   0|  8.0000  8.0000  8.0000  8.0000  8.0000  8.0000|

   1|  8.0000  0.0000  0.0000  0.0000  2.0000  8.0000|

   2|  8.0000  0.0000  0.0000  0.0000  0.0000  8.0000|

   3|  8.0000  0.2500  0.1667  0.0000  0.0000  8.0000|

   4|  8.0000  0.0000  0.1667  0.0000  0.0000  8.0000|

   5|  8.0000  0.0000  0.0000  0.0000  0.0000  8.0000|

   6|  8.0000  0.0000  0.0000  0.0000  0.0000  8.0000|

   7|  8.0000  8.0000  8.0000  8.0000  8.0000  8.0000|

    +------------------------------------------------+

Line : 289 - Time: 00:00:00:200

            0       1       2       3       4       5 

    +------------------------------------------------+

   0|  8.0000  8.0000  8.0000  8.0000  8.0000  8.0000|

   1|  8.0000  0.0000  0.0000  0.3333  0.5000  8.0000|

   2|  8.0000  0.0000  0.0000  0.3333  0.5000  8.0000|

   3|  8.0000  0.0903  0.0694  0.0278  0.0000  8.0000|

   4|  8.0000  0.0000  0.0972  0.0556  0.0000  8.0000|

   5|  8.0000  0.0278  0.0278  0.0278  0.0000  8.0000|

   6|  8.0000  0.0000  0.0000  0.0000  0.0000  8.0000|

   7|  8.0000  8.0000  8.0000  8.0000  8.0000  8.0000|

    +------------------------------------------------+

Line : 436 - Time: 00:00:00:300

            0       1       2       3       4       5 

    +------------------------------------------------+

   0|  8.0000  8.0000  8.0000  8.0000  8.0000  8.0000|

   1|  8.0000  0.0000  0.0556  0.1389  0.1806  8.0000|

   2|  8.0000  0.0000  0.1111  0.2778  0.3611  8.0000|

   3|  8.0000  0.0341  0.0868  0.1551  0.1852  8.0000|

   4|  8.0000  0.0000  0.0567  0.0417  0.0139  8.0000|

   5|  8.0000  0.0278  0.0393  0.0347  0.0139  8.0000|

   6|  8.0000  0.0116  0.0139  0.0093  0.0046  8.0000|

   7|  8.0000  8.0000  8.0000  8.0000  8.0000  8.0000|

    +------------------------------------------------+

Line : 604 - Time: 00:00:00:400

            0       1       2       3       4       5 

    +------------------------------------------------+

   0|  8.0000  8.0000  8.0000  8.0000  8.0000  8.0000|

   1|  8.0000  0.0093  0.0324  0.0532  0.0683  8.0000|

   2|  8.0000  0.0278  0.0972  0.1875  0.2049  8.0000|

   3|  8.0000  0.0415  0.1108  0.1962  0.2087  8.0000|

   4|  8.0000  0.0000  0.0624  0.0899  0.0826  8.0000|

   5|  8.0000  0.0230  0.0334  0.0334  0.0197  8.0000|

   6|  8.0000  0.0187  0.0228  0.0193  0.0120  8.0000|

   7|  8.0000  8.0000  8.0000  8.0000  8.0000  8.0000|

    +------------------------------------------------+

Line : 763 - Time: 00:00:00:500

            0       1       2       3       4       5 

    +------------------------------------------------+

   0|  8.0000  8.0000  8.0000  8.0000  8.0000  8.0000|

   1|  8.0000  0.0077  0.0143  0.0203  2.0000  8.0000|

   2|  8.0000  0.0309  0.0679  0.1072  0.1084  8.0000|

   3|  8.0000  0.0520  0.1102  0.1675  0.1673  8.0000|

   4|  8.0000  0.0000  0.0835  0.1251  0.1205  8.0000|

   5|  8.0000  0.0217  0.0403  0.0536  0.0461  8.0000|

   6|  8.0000  0.0198  0.0251  0.0234  0.0167  8.0000|

   7|  8.0000  8.0000  8.0000  8.0000  8.0000  8.0000|

    +------------------------------------------------+

Line : 922 - Time: 00:00:00:600

            0       1       2       3       4       5 

    +------------------------------------------------+

   0|  8.0000  8.0000  8.0000  8.0000  8.0000  8.0000|

   1|  8.0000  0.0043  0.0058  0.3367  0.5034  8.0000|

   2|  8.0000  0.0233  0.0414  0.3864  0.5483  8.0000|

   3|  8.0000  0.0504  0.0893  0.1214  0.1147  8.0000|

   4|  8.0000  0.0000  0.0897  0.1290  0.1207  8.0000|

   5|  8.0000  0.0261  0.0540  0.0782  0.0714  8.0000|

   6|  8.0000  0.0213  0.0306  0.0342  0.0285  8.0000|

   7|  8.0000  8.0000  8.0000  8.0000  8.0000  8.0000|

    +------------------------------------------------+

Line : 1081 - Time: 00:00:00:700

            0       1       2       3       4       5 

    +------------------------------------------------+

   0|  8.0000  8.0000  8.0000  8.0000  8.0000  8.0000|

   1|  8.0000  0.0020  0.0571  0.1400  0.1820  8.0000|

   2|  8.0000  0.0148  0.1330  0.3036  0.3834  8.0000|

   3|  8.0000  0.0402  0.1187  0.2169  0.2504  8.0000|

   4|  8.0000  0.0000  0.0800  0.1108  0.1006  8.0000|

   5|  8.0000  0.0305  0.0628  0.0905  0.0826  8.0000|

   6|  8.0000  0.0259  0.0407  0.0495  0.0437  8.0000|

   7|  8.0000  8.0000  8.0000  8.0000  8.0000  8.0000|

    +------------------------------------------------+

Line : 1240 - Time: 00:00:00:800

            0       1       2       3       4       5 

    +------------------------------------------------+

   0|  8.0000  8.0000  8.0000  8.0000  8.0000  8.0000|

   1|  8.0000  0.0100  0.0329  0.0537  0.0688  8.0000|

   2|  8.0000  0.0359  0.1084  0.1998  0.2153  8.0000|

   3|  8.0000  0.0557  0.1379  0.2343  0.2452  8.0000|

   4|  8.0000  0.0000  0.0944  0.1462  0.1424  8.0000|

   5|  8.0000  0.0314  0.0624  0.0879  0.0794  8.0000|

   6|  8.0000  0.0314  0.0500  0.0616  0.0549  8.0000|

   7|  8.0000  8.0000  8.0000  8.0000  8.0000  8.0000|

    +------------------------------------------------+

Line : 1408 - Time: 00:00:00:900

            0       1       2       3       4       5 

    +------------------------------------------------+

   0|  8.0000  8.0000  8.0000  8.0000  8.0000  8.0000|

   1|  8.0000  0.0080  0.0144  0.0204  0.0261  8.0000|

   2|  8.0000  0.0350  0.0734  0.1132  0.1133  8.0000|

   3|  8.0000  0.0639  0.1287  0.1902  0.1875  8.0000|

   4|  8.0000  0.0000  0.1114  0.1667  0.1603  8.0000|

   5|  8.0000  0.0340  0.0704  0.1021  0.0944  8.0000|

   6|  8.0000  0.0344  0.0541  0.0660  0.0585  8.0000|

   7|  8.0000  8.0000  8.0000  8.0000  8.0000  8.0000|

    +------------------------------------------------+

Line : 1567 - Time: 00:00:01:000

            0       1       2       3       4       5 

    +------------------------------------------------+

   0|  8.0000  8.0000  8.0000  8.0000  8.0000  8.0000|

   1|  8.0000  0.0044  0.0058  0.0078  2.0000  8.0000|

   2|  8.0000  0.0254  0.0441  0.0601  0.0571  8.0000|

   3|  8.0000  0.0584  0.1007  0.1344  0.1258  8.0000|

   4|  8.0000  0.0000  0.1102  0.1575  0.1464  8.0000|

   5|  8.0000  0.0388  0.0808  0.1176  0.1085  8.0000|

   6|  8.0000  0.0379  0.0602  0.0743  0.0663  8.0000|

   7|  8.0000  8.0000  8.0000  8.0000  8.0000  8.0000|

    +------------------------------------------------+

Line : 1726 - Time: 00:00:01:100

            0       1       2       3       4       5 

    +------------------------------------------------+

   0|  8.0000  8.0000  8.0000  8.0000  8.0000  8.0000|

   1|  8.0000  0.0021  0.0023  0.3346  0.5013  8.0000|

   2|  8.0000  0.0158  0.0246  0.3625  0.5256  8.0000|

   3|  8.0000  0.0451  0.0705  0.0870  0.0781  8.0000|

   4|  8.0000  0.0000  0.0935  0.1292  0.1167  8.0000|

   5|  8.0000  0.0415  0.0841  0.1202  0.1096  8.0000|

   6|  8.0000  0.0427  0.0683  0.0846  0.0757  8.0000|

   7|  8.0000  8.0000  8.0000  8.0000  8.0000  8.0000|

    +------------------------------------------------+

Line : 1885 - Time: 00:00:01:200

            0       1       2       3       4       5 

    +------------------------------------------------+

   0|  8.0000  8.0000  8.0000  8.0000  8.0000  8.0000|

   1|  8.0000  0.0009  0.0562  0.1393  0.1811  8.0000|

   2|  8.0000  0.0089  0.1236  0.2918  0.3729  8.0000|

   3|  8.0000  0.0311  0.1009  0.1914  0.2259  8.0000|

   4|  8.0000  0.0000  0.0709  0.0958  0.0847  8.0000|

   5|  8.0000  0.0400  0.0781  0.1089  0.0981  8.0000|

   6|  8.0000  0.0464  0.0736  0.0904  0.0804  8.0000|

   7|  8.0000  8.0000  8.0000  8.0000  8.0000  8.0000|

    +------------------------------------------------+

Line : 2044 - Time: 00:00:01:300

            0       1       2       3       4       5 

    +------------------------------------------------+

   0|  8.0000  8.0000  8.0000  8.0000  8.0000  8.0000|

   1|  8.0000  0.0096  0.0326  0.0534  0.0685  8.0000|

   2|  8.0000  0.0324  0.1035  0.1942  0.2104  8.0000|

   3|  8.0000  0.0474  0.1246  0.2177  0.2302  8.0000|

   4|  8.0000  0.0000  0.0817  0.1283  0.1255  8.0000|

   5|  8.0000  0.0348  0.0656  0.0894  0.0798  8.0000|

   6|  8.0000  0.0469  0.0729  0.0882  0.0778  8.0000|

   7|  8.0000  8.0000  8.0000  8.0000  8.0000  8.0000|

    +------------------------------------------------+

Line : 2212 - Time: 00:00:01:400

            0       1       2       3       4       5 

    +------------------------------------------------+

   0|  8.0000  8.0000  8.0000  8.0000  8.0000  8.0000|

   1|  8.0000  0.0078  0.0143  0.0203  0.0260  8.0000|

   2|  8.0000  0.0332  0.0709  0.1104  0.1110  8.0000|

   3|  8.0000  0.0580  0.1200  0.1801  0.1788  8.0000|

   4|  8.0000  0.0000  0.1000  0.1514  0.1466  8.0000|

   5|  8.0000  0.0333  0.0666  0.0951  0.0876  8.0000|

   6|  8.0000  0.0435  0.0663  0.0790  0.0690  8.0000|

   7|  8.0000  8.0000  8.0000  8.0000  8.0000  8.0000|

    +------------------------------------------------+

Line : 2346 - Time: 00:00:01:500

            0       1       2       3       4       5 

    +------------------------------------------------+

   0|  8.0000  8.0000  8.0000  8.0000  8.0000  8.0000|

   1|  8.0000  0.0043  0.0058  0.0077  2.0000  8.0000|

   2|  8.0000  0.0245  0.0428  0.0588  0.0560  8.0000|

   3|  8.0000  0.0546  0.0954  0.1285  0.1209  8.0000|

   4|  8.0000  0.0000  0.1016  0.1461  0.1366  8.0000|

   5|  8.0000  0.0361  0.0744  0.1079  0.0996  8.0000|

   6|  8.0000  0.0413  0.0640  0.0773  0.0682  8.0000|

   7|  8.0000  8.0000  8.0000  8.0000  8.0000  8.0000|

    +------------------------------------------------+

4. Field model
The field model divides the state of a cell into three categories: healthy, infected, and ill.  A healthy cell can become infected depending upon the number of neighbours infected and ill cells.  Infected cells are possible to become both healthy or ill depending upon the number of neighbors ill/healthy cells.  The field health represents if a cell is healthy (0), infected (1), or the ill (2).   

A cell’s value represents the infection state of the cell and is decided by the state of its neighbors.  The rule of field model is:
(1) If the cell value = 0 (healthy), it will become 1 (infected) if there’s any ill cell (2) or more than 1 infected cell in the neighborhood;
(2) If the cell value = 1 (infected), it will turn to 2 (ill) if there is any ill cell (2) or more than 3 infected cell in the neighborhood;

(3) If the cell is already ill (2), it can become infected (1) if there are more than 1 healthy cell (0) or more than 7 infected cell in the neighborhood;
(4) If the cell is infected (1), it still can turns to be healthy if there are more than 2 healthy neighbors or more less than 3 infected neighbors;
(5) In any other cases, the cell will remain its current state.

[top] 

components : factory@Generator 

components : field

link : out@factory   in@field

select : factory field 

[factory]

distribution : normal

mean : 2

deviation : 1

[field]

type : cell

dim : (15, 15)

delay : inertial

defaultDelayTime  : 100

border :  nowrapped

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

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

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

initialvalue : 0

initialrowvalue :  0      000000000000000

initialrowvalue :  1      000000000000000

initialrowvalue :  2      000000000000000

initialrowvalue :  3      000000000000000

in : in

link : in in@field(0,11)

portInTransiton : in@field(0,11)  chemicalIn-rule2

localtransition : field-rule

[chemicalIn-rule2]

rule :  2 100 {portValue(thisPort) >0}

[field-rule]

rule : 1 100 { (0,0) = 0 and (stateCount(2) > 0 or statecount(1) > 1) }

rule : 2 100 { (0,0) = 1 and (stateCount(2) > 0 and stateCount(1)> 3)}

rule : 1 100 { (0,0) = 2 and (stateCount(0) > 1 or stateCount(1) >7)}

rule : 0 100 { (0,0) = 1 and (stateCount(0) > 2 or stateCount(1) < 3)}

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

5. Field model execution

Connect field Cell-DEVS model with factory model.  The factory DEVS model provides the input to the field Cell-DEVS model every 500ms.  

Following is the execution result by 0:00:01:000 simulation time:
Line : 470 - Time: 00:00:00:000

     012345678901234 

    +---------------+

   0|               |

   1|               |

   2|               |

   3|               |

   4|               |

   5|               |

   6|               |

   7|               |

   8|               |

   9|               |

  10|               |

  11|               |

  12|               |

  13|               |

  14|               |

    +---------------+

Line : 494 - Time: 00:00:00:100

     012345678901234 

    +---------------+

   0|           2   |

   1|               |

   2|               |

   3|               |

   4|               |

   5|               |

   6|               |

   7|               |

   8|               |

   9|               |

  10|               |

  11|               |

  12|               |

  13|               |

  14|               |

    +---------------+

Line : 550 - Time: 00:00:00:200

     012345678901234 

    +---------------+

   0|          111  |

   1|          111  |

   2|               |

   3|               |

   4|               |

   5|               |

   6|               |

   7|               |

   8|               |

   9|               |

  10|               |

  11|               |

  12|               |

  13|               |

  14|               |

    +---------------+

Line : 646 - Time: 00:00:00:300

     012345678901234 

    +---------------+

   0|         11111 |

   1|         1   1 |

   2|          111  |

   3|               |

   4|               |

   5|               |

   6|               |

   7|               |

   8|               |

   9|               |

  10|               |

  11|               |

  12|               |

  13|               |

  14|               |

    +---------------+

Line : 802 - Time: 00:00:00:400

     012345678901234 

    +---------------+

   0|        1 1 1 1|

   1|        1 111 1|

   2|         1   1 |

   3|          111  |

   4|               |

   5|               |

   6|               |

   7|               |

   8|               |

   9|               |

  10|               |

  11|               |

  12|               |

  13|               |

  14|               |

    +---------------+

Line : 1003 - Time: 00:00:00:500

     012345678901234 

    +---------------+

   0|       1 1 2 1 |

   1|       1 1   1 |

   2|        1 111 1|

   3|         1   1 |

   4|          111  |

   5|               |

   6|               |

   7|               |

   8|               |

   9|               |

  10|               |

  11|               |

  12|               |

  13|               |

  14|               |

    +---------------+

Line : 1256 - Time: 00:00:00:600

     012345678901234 

    +---------------+

   0|      1 1 111 1|

   1|      1 1 111 1|

   2|       1 1   1 |

   3|        1 111 1|

   4|         1   1 |

   5|          111  |

   6|               |

   7|               |

   8|               |

   9|               |

  10|               |

  11|               |

  12|               |

  13|               |

  14|               |

    +---------------+

Line : 1564 - Time: 00:00:00:700

     012345678901234 

    +---------------+

   0|     1 1 11111 |

   1|     1 1 1   1 |

   2|      1 1 111 1|

   3|       1 1   1 |

   4|        1 111 1|

   5|         1   1 |

   6|          111  |

   7|               |

   8|               |

   9|               |

  10|               |

  11|               |

  12|               |

  13|               |

  14|               |

    +---------------+

Line : 1941 - Time: 00:00:00:800

     012345678901234 

    +---------------+

   0|    1 1 1 1 1 1|

   1|    1 1 1 111 1|

   2|     1 1 1   1 |

   3|      1 1 111 1|

   4|       1 1   1 |

   5|        1 111 1|

   6|         1   1 |

   7|          111  |

   8|               |

   9|               |

  10|               |

  11|               |

  12|               |

  13|               |

  14|               |

    +---------------+

Line : 2401 - Time: 00:00:00:900

     012345678901234 

    +---------------+

   0|   1 1 1 1 1 1 |

   1|   1 1 1 1   1 |

   2|    1 1 1 111 1|

   3|     1 1 1   1 |

   4|      1 1 111 1|

   5|       1 1   1 |

   6|        1 111 1|

   7|         1   1 |

   8|          111  |

   9|               |

  10|               |

  11|               |

  12|               |

  13|               |

  14|               |

    +---------------+

Line : 2819 - Time: 00:00:01:000

     012345678901234 

    +---------------+

   0|  1 1 1 1 121 1|

   1|  1 1 1 1 111 1|

   2|   1 1 1 1   1 |

   3|    1 1 1 111 1|

   4|     1 1 1   1 |

   5|      1 1 111 1|

   6|       1 1   1 |

   7|        1 111 1|

   8|         1   1 |

   9|          111  |

  10|               |

  11|               |

  12|               |

  13|               |

  14|               |

    +---------------+

6. Execute DEVS model coupled by factory + diffusion + field

Connect the two Cell-DEVS model and the DEVS model together.  

Figure 4
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ditch

factory

field

A

B

C


[top] 

components : factory@Generator 

components : diffusion

components : field

link : out@factory  in@diffusion

link : out@diffusion in@field

select : factory diffusion field 

[factory]

distribution : normal

mean : 2

deviation : 1

[diffusion] 

type : cell 

dim : (8 ,6) 

delay : inertial

defaultDelayTime  : 100 

border :  nowrapped

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

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

initialValue : 0

initialrowvalue :  0     888888

initialrowvalue :  1     811008

initialrowvalue :  2     800008

initialrowvalue :  3     810008

initialrowvalue :  4     800008

initialrowvalue :  5     800008

initialrowvalue :  6     800008

initialrowvalue  : 7    888888

in : in 

out : out

link : in in@diffusion(1,4)

link : output@diffusion(4,1)  out

localtransition : diffusion-rule 

portInTransiton : in@diffusion(1,4)  chemicalIn-rule

zone : chemicalOut-rule  { (4,1) }

[chemicalIn-rule]

rule :  2 100 {portValue(thisPort) >0  }

[diffusion-rule] 

rule :  8 100 {(0,0) = 8} 

rule : {(0,0)/4+ (0,1)/6 } 100 {(-1,-1)= 8 and (0,-1) = 8 and (-1,0) = 8 and (-1,1) = 8 }

rule : {(0,0)/6+(0,1)/6 } 100 {(-1,-1)= 8 and (-1,0) = 8 and (-1,1) = 8 and (0,-1)< 8 and (0,1)< 8 }

rule : {(0,0)/4+ (0,-1)/6} 100 {(-1,-1)= 8 and (0,1) = 8 and (-1,0) = 8 and (-1,1) = 8 } 

rule : {((0,0)/4)+ ((0,-1)/6) + ((-1,-1)/6)+ ((-1,0)/4)} 100 {(0,1) = 8 and (-1,1)= 8 and (-1,0)< 8 }

rule : {((0,0)/6)+ ((0,-1)/6) + ((-1,-1)/6)+ ((-1,0)/6)+ ((-1,1)/6)+ ((0,1)/6)} 100 {(0,0) <8 and (0,1)< 8 and (-1,1)< 8 and (-1,-1) < 8 and(0,-1) < 8 and (-1,0)<8}   

rule : {((0,0)/4)+ ((0,1)/6) + ((-1,1)/6)+ ((-1,0)/4)} 100 { (0,-1) = 8 and (-1, -1)= 8 and (-1,0)<8 }

rule : 0 100 { t }

[chemicalOut-rule]

rule : { send(output, 2) } 200 {(0, 0) >=0}

[field]

type : cell

dim : (15, 15)

delay : inertial

defaultDelayTime  : 100

border :  nowrapped

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

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

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

initialvalue : 0

initialrowvalue :  0      000000000000000

initialrowvalue :  1      000000000000000

initialrowvalue :  2      000000000000000

initialrowvalue :  3      000000000000000

in : in

link : in input@field(0,11)

portInTransiton : in@field(0,11)  chemicalIn-rule2

localtransition : field-rule

[chemicalIn-rule2]

rule :  1 100 {portValue(thisPort) >0 and portValue(thisPort) <0.1}

rule :  2 100 {portValue(thisPort) > =0.1}

rule :  0 100 {t}

[field-rule]

rule : 1 100 { (0,0) = 0 and (stateCount(2) > 0 or statecount(1) > 1) }

rule : 2 100 { (0,0) = 1 and (stateCount(2) > 0 and  stateCount(1)> 3)}

rule : 1 100 { (0,0) = 2 and (stateCount(0) > 1 or stateCount(1) >7)}

rule : 0 100 { (0,0) = 1 and (stateCount(0) > 2 or stateCount(1) < 3)}

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

7. The execution result of the coupled DEVS model

Simulation time: 0:00:01:500

Line : 470 - Time: 00:00:00:000

     012345678901234 

    +---------------+

   0|               |

   1|               |

   2|               |

   3|               |

   4|               |

   5|               |

   6|               |

   7|               |

   8|               |

   9|               |

  10|               |

  11|               |

  12|               |

  13|               |

  14|               |

    +---------------+

Line : 494 - Time: 00:00:00:100

     012345678901234 

    +---------------+

   0|           2   |

   1|               |

   2|               |

   3|               |

   4|               |

   5|               |

   6|               |

   7|               |

   8|               |

   9|               |

  10|               |

  11|               |

  12|               |

  13|               |

  14|               |

    +---------------+

Line : 550 - Time: 00:00:00:200

     012345678901234 

    +---------------+

   0|          111  |

   1|          111  |

   2|               |

   3|               |

   4|               |

   5|               |

   6|               |

   7|               |

   8|               |

   9|               |

  10|               |

  11|               |

  12|               |

  13|               |

  14|               |

    +---------------+

Line : 646 - Time: 00:00:00:300

     012345678901234 

    +---------------+

   0|         11111 |

   1|         1   1 |

   2|          111  |

   3|               |

   4|               |

   5|               |

   6|               |

   7|               |

   8|               |

   9|               |

  10|               |

  11|               |

  12|               |

  13|               |

  14|               |

    +---------------+

Line : 802 - Time: 00:00:00:400

     012345678901234 

    +---------------+

   0|        1 1 1 1|

   1|        1 111 1|

   2|         1   1 |

   3|          111  |

   4|               |

   5|               |

   6|               |

   7|               |

   8|               |

   9|               |

  10|               |

  11|               |

  12|               |

  13|               |

  14|               |

    +---------------+

Line : 1003 - Time: 00:00:00:500

     012345678901234 

    +---------------+

   0|       1 1 2 1 |

   1|       1 1   1 |

   2|        1 111 1|

   3|         1   1 |

   4|          111  |

   5|               |

   6|               |

   7|               |

   8|               |

   9|               |

  10|               |

  11|               |

  12|               |

  13|               |

  14|               |

    +---------------+

Line : 1256 - Time: 00:00:00:600

     012345678901234 

    +---------------+

   0|      1 1 111 1|

   1|      1 1 111 1|

   2|       1 1   1 |

   3|        1 111 1|

   4|         1   1 |

   5|          111  |

   6|               |

   7|               |

   8|               |

   9|               |

  10|               |

  11|               |

  12|               |

  13|               |

  14|               |

    +---------------+

Line : 1564 - Time: 00:00:00:700

     012345678901234 

    +---------------+

   0|     1 1 11111 |

   1|     1 1 1   1 |

   2|      1 1 111 1|

   3|       1 1   1 |

   4|        1 111 1|

   5|         1   1 |

   6|          111  |

   7|               |

   8|               |

   9|               |

  10|               |

  11|               |

  12|               |

  13|               |

  14|               |

    +---------------+

Line : 1941 - Time: 00:00:00:800

     012345678901234 

    +---------------+

   0|    1 1 1 1 1 1|

   1|    1 1 1 111 1|

   2|     1 1 1   1 |

   3|      1 1 111 1|

   4|       1 1   1 |

   5|        1 111 1|

   6|         1   1 |

   7|          111  |

   8|               |

   9|               |

  10|               |

  11|               |

  12|               |

  13|               |

  14|               |

    +---------------+

Line : 2401 - Time: 00:00:00:900

     012345678901234 

    +---------------+

   0|   1 1 1 1 1 1 |

   1|   1 1 1 1   1 |

   2|    1 1 1 111 1|

   3|     1 1 1   1 |

   4|      1 1 111 1|

   5|       1 1   1 |

   6|        1 111 1|

   7|         1   1 |

   8|          111  |

   9|               |

  10|               |

  11|               |

  12|               |

  13|               |

  14|               |

    +---------------+

Line : 2819 - Time: 00:00:01:000

     012345678901234 

    +---------------+

   0|  1 1 1 1 121 1|

   1|  1 1 1 1 111 1|

   2|   1 1 1 1   1 |

   3|    1 1 1 111 1|

   4|     1 1 1   1 |

   5|      1 1 111 1|

   6|       1 1   1 |

   7|        1 111 1|

   8|         1   1 |

   9|          111  |

  10|               |

  11|               |

  12|               |

  13|               |

  14|               |

    +---------------+

III. Using the course website drawing applet to visualize the outputs.

Ditch model:

output vaule = { 0, (0.001,2), 8 }

range: 0~10, 

intervals is designed as:

0.0,0.0010

0.0010,0.01

0.01,0.1

0.1,0.2

0.2,0.3

0.3,0.4

0.4,0.8

0.8,1.5

1.5,3.0

3.0,10.0

ditch border cells (value 8): dark brown color 

clean water cells (value 0): white color 

contaminated cells (value 0.001~2): from light blue to deep blue

Field model:

output vaule = { 0,1,2 }, 

range: 0~2,5, intervals: 0.25

healthy cells: value 0: white color 

infected cells: value 1: pink color 

dead cells: value 2: red color
III. Run simulation examples, showing the reaction of the model to different inputs

We have designed several different test schemes as follows:

Test1: 

Add one more input port on field model

The revised field model now has two input ports: in1@field(0,11) and a new port in2@field(0,12)

Both in1@field(0,7) and in2@field (0,12)are connected with the ditch model via output@diffussion(4,1)

Others specifications remain unchanged:

factory model outputs a value to the ditch model every 100 ms

factory model outputs to ditch(1.4)

ditch size is 8 x 6

field size is 15 x 15
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Test2: 
Change the input ports position on field model

The field model's input positions are changed from {(0,11), (3,15)} to {(0,11), (0,12)}

Others specifications remain unchanged:

factory model outputs a value to ditch every 100 ms

factory model outputs to ditch(1.4)

ditch size is 8 x 6

field size is 15 x 15
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Test3a: 
Change the output frequency of the factory

factory model outputs a value to ditch every 500 ms

Others specifications remain unchanged:

factory model outputs to ditch(1.4)

field model accept inputs via ports (0,11) and (0,12)

ditch size is 8 x 6

field size is 15 x 15

Test3b: 
Change the output frequency of the factory model

factory model outputs a value to ditch every 1000 ms

Others specifications remain unchanged:

factory model outputs to ditch(1.4)

field model accept inputs via ports (0,11) and (0,12)

ditch size is 8 x 6

field size is 15 x 15

Test4: expand the ditch's length

The diffusion model's size is revised from (8 x 6) to (20 x 6)

Others specifications remain unchanged:

factory model outputs a value to ditch every 100 ms

factory model outputs to ditch(1.4)

field model accept inputs via ports (0,11) and (0,12)

field size is 15 x 15

2. Conclusions

The waster water containing poisonous chemicals will be diffused along the ditch gradually. If reaching the output port cell, it diffuses into the rice field .

The plants in the rice field are be infected. Its infected degree is depended on the infected degrees of its neighbors.

There are several critical elements that may effect the performance of field Cell DEVS model which behavior represents the contaminated degree for the rice field near the chemical factory.  These elements include:

a). The numbers input port from the ditch into the field. The more input ports , the  more deeply the plans will be infected.

b). The distance of between the input port  and factory: the farther the distance is, the thinner the chemical density in the water supply will be, and the less the rice field will be infected.

c). The discharge frequency of the contaminator: The higher the frequency the factory discharges with, the more chemical water will be and the more the plants will be infected. If the field is continuously polluted by the chemical water, all the rice plants will be been infected  or even dead..

d). The capacity of the ditch.  Due to the chemical density’s diffusion attribution, the wider and longer ditch will decrease the pollution degree to the rice field. 
Future Work

The different degree and different amount of poisonous chemicals from the factory will be considered and tested. 
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