Cell-DEVS Model


Cell-DEVS Model

ANT-Find-Way (reference to <<Modeling Nature>>)

1. Introduction. 

The ants need to move around for food at random direction. When a lot of ants are looking for food source  within a space ,they often meet and choose the different ways.  

I will present random ant walk model, the ant selects random direction to walk .When several ants want to move the same space at the same time, only one of them will occupy the space while others will choose other moving directions. 

2.
The rules:

1) Orienting the ants

The value of the central cell and the values of the four nearest neighbors in the North,East,South, and West directions, respectively.

· An empty cell remains unchanged if no ants face it.

· An empty cell will be occupied if there is one or more than one ants facing it.

2) Ant movement:

(1) The ant moves from the cell it is occupying.

(2) The ant moves to the empty adjacent cell it is facing and randomly chooses a direction to face.

(3) An empty cell that is not faced by an ant on the adjacent site, remains empty.

(4) A cell occupied by an ant who is facing an empty adjacent cell that is also faced by zero or more ants(eg., a right-facing ant that lies to the left of an empty site that is faced by a left-facing ant lying to the right of the empty cell) remains occupied and randomly selects a new associated random number and direction to face, if the ant’s associated number is less than any of the random numbers associated with the other ants facing the same cell. If the ant’s associated number is greater than all of the other random numbers, the cell becomes empty as the ant moves.

(5) Any other ant remains in place and randomly selects a direction to face

(6) An empty cell becomes occupied if it is faced by exactly one ant.

3. Formal Specification of the coupled Cell-DEVS model

I select two planes. Plane 0 represents the ant walk space; plane 1 represents the random number selected by the ant to solve the conflict when several ants face the same cell at the same time.

(1) Plane 0


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

Xlist=Φ

Ylist=Φ
η=13

I=<PX,Py>,with PX={Φ},Py={Φ};

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

,(1,1,0),(2,0,0)}

X=Y={0,1,2,3,4};

m=16; n=16;

B={Φ};

C={Cij/iε[1,16], jε[1,16]}

Z:

PijY1→Pi,j-1X1

Pij+1Y1→PijX1  Pij+2Y1→Pij+1X1  Pij-1Y1→Pij-2X1
PijY2→Pi+1jX2       Pi-1jY2→PijX2  Pi-2jY2→Pi-1jX2  Pi+1jY2→Pi+2jX2
PijY3→Pij+1X3   

Pij-1Y3→PijX3  Pij-2Y2→Pij-1X3  Pij+1Y2→Pij+2Y2

PijY4→Pi-1jX4

Pi+1jY4→PijX4  Pi+2jY4→Pi+1jY4  Pi-1jY4→Pi-2jY4
PijY5→PijX5


PijY5→PijX5  

Select={(-2,0,0),(-1,-1,0),(-1,0,0),(-1,1,0),(0,-2,0),(0,-1,0),(0,0,0),(0,1,0),(0,2,0),(1,-1,0),

(1,0,0),(1,1,0),(2,0,0)}

(2) Plane 1


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

Xlist=Φ

Ylist=Φ
η=13

I=<PX,Py>,with PX={Φ},Py={Φ};

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

,(1,1,1),(2,0,1)}

X=Y={random}; (I select uniform(1,8) to generate random just for easier viewing in the output.drw file)

m=16; n=16;

B={Φ};

C={Cij/iε[1,16], jε[1,16]}

Z:

PijY1→Pi,j-1X1

Pij+1Y1→PijX1  Pij+2Y1→Pij+1X1  Pij-1Y1→Pij-2X1
PijY2→Pi+1jX2       Pi-1jY2→PijX2  Pi-2jY2→Pi-1jX2  Pi+1jY2→Pi+2jX2
PijY3→Pij+1X3   

Pij-1Y3→PijX3  Pij-2Y2→Pij-1X3  Pij+1Y2→Pij+2Y2

PijY4→Pi-1jX4

Pi+1jY4→PijX4  Pi+2jY4→Pi+1jY4  Pi-1jY4→Pi-2jY4
PijY5→PijX5


PijY5→PijX5  

Select={(-2,0,1),(-1,-1,1),(-1,0,1),(-1,1,1),(0,-2,1),(0,-1,1),(0,0,1),(0,1,1),(0,2,1),(1,-1,1),

(1,0,1),(1,1,1),(2,0,1)}

For the model’s specification, please refer to the file – Walk.ma

Value: 

0----------an empty cell



1----------a cell occupied by a north-facing ant



2----------a cell occupied by an east-facing ant



3----------a cell occupied by a south-facing ant



4----------a cell occupied by a west-facing ant






4. FINAL REPORT

According to the rules, I select the different initial values to test different possible situations as follows:.

(1) There is no one more ants facing the same cell

(North:1) (East:2) (South:3) (West:4) 

For situation 1, please run the runwalk1.bat (walk1.ma and walk1.val)

We can see from the OUTPUT1.drw file that the ants find their own ways according to the rules.. Wallk1.val include the initial values of the cells.The ants seldom face the same cell.

The result is correct.

(2) There are two ants facing the same cell

2.1 (North-East:1-2) (3,2,0)=(3,2,1)=2 (Facing East) 
(4,3,0)=(4,3,1)=1 (Facing North)

2.2 (North-South:1-3) (4,6,0)=(4,6,1)=1(Facing North)
(2,6,0)=(2,6,1)=3(Facing South)

2.3 (North-West:1-4) (4,9,0)=(4,9,1)=1(Facing North) 
(3,10,0)=(3,10,1)=4(Facing West)

2.4 (East-South:2-3) (8,2,0)=(8,2,1)=2(Facing East)  
(7,3,0)=(7,3,1)=3(Facing South)

2.5 (East-West:2-4) (8,9,0)=(8,9,1)=2(Facing East)  
(8,11,0)=(8,11,1)=4(Facing West)

2.6 (South-West:3-4) (10,6,0)=(10,6,0)=3(Facing South)  
(11,7,0)=(11,7,1)=4(Facing West)

The above values are stored in the Walk2.val as the initial values.



According to the rules, when the two ants face the same cell at the same time, we compare the random values of cells in plane 0. (Here I set them as same as the ones of their direction for convenience).That is , the initial values of plane 1 is the same as the ones of plane 0) The ant on the cell with the greater value of the cells move to the facing direction; another on the cell with the less one stays put and choose different direction randomly.

So the OUTPUT should be 


*R---Random Integer from 1-4

For situation 2, please run the runwalk2.bat (walk2.ma and walk2.val)

We can see from the OUTPUT2.drw file that the ants find their own ways according to the rules.. Wallk2.val include the initial values of the cells.

The execution result is as same as the figure 2.

(3) There are three ants facing the same cell

(North-East-South:1-2-3)
 (4,6,0)=(4,6,1)=1
(3,5,0)=(3,5,1)=2

(2,6,0)=(2,6,1)=3

(North-East-West:1-2-4)
 (6,9,0)=(6,9,1)=2
(5,10,0)=(5,10,1)=3

(6,11,0)=(6,11,1)=4

(East-South-West:2-3-4)
 (9,6,0)=(9,6,1)=1
(8,5,0)=(8,5,1)=2

(8,7,0)=(8,7,1)=4

(4) There are four ants facing the same cell

(North-East-South-West:-2-3-4)(13,5,0)=(13,5,1)=2; (12,6,0)=(12,6,1)=3; (13,7,0)=(13,7,1)=4



According to the rules, when the multiple ants face the same cell at the same time, we compare the random value of cells in plane 1. (Here I set it as same as the ones of their direction for convenience).That is , the initial values of plane 1 is the same as the ones of plane 1) The ants on the cell with the greatest value of the cells move to the facing direction; others on the cells with the less ones stay put . and choose different direction randomly.

So the OUTPUT should be 



For situation 3 and 4, please run the runwalk34.bat (walk34.ma and walk34.val)

We can see from the OUTPUT34.drw file that the ants find their own ways according to the rules.. Wallk34.val includes the initial values of the cells.

The result is as same as the figure 4.

(5) Further test the different situations(4 ants facing one cell )

This time I choose different initial values of plan 1 for the different cells.(different direction movement)

5.1 when the value of plane 1 of the ant facing East is the greatest.

(3,5,0)=2 ; (2,6,0)=3, (3,7,0)=4 ; (4,6,0)=1

(3,5,1)=8; (2,6,1)=5; (3,7,1)=3  (4,6,1)=3  (3,5,1)=8 Max,so (3,5,0)=2 should be disappeared (the ant move to the centre), others stay put and choose other direction.

5.2 when the value of plane 1 of the ant facing North is the greatest

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

(8,5,1)=5; (9,6,1)=8; (8,7,1)=7; (7,6,1)=6  (9,6,1)=8 Max, so (9,6,0)=1 should be disappeared (the ant move to the centre), others stay put and choose other direction.

5.3 when the value of plane 1 of the ant facing South is the greatest..

(13,5,0)=2; (14,6,0)=1; (13,7,0)=4; (12,6,0)=3

(13,,5,1)=5; (14,6,1)=6; (13,7,1)=3; (12,6,1)=8 (12,6,1)=8 Max, so (12,6,0)=4 should be disappeared (the ant move to the centre), others stay put and choose other direction.

5.4 when the value of plane 1 of the ant facing West is the greatest, this situation has been tested in situation 4.




The OUTPUT should be 



For situation 5, please run the runwalk5.bat (walk5.ma and walk5.val)

We can see from the OUTPUT5.drw file that the ants find their own ways according to the rules.. Wallk5.val includes the initial values of the cells.

The result is as same as the figure 7.

(6) Randomly select a set of initial values to test the correction of simulation

Because the simulation results are right at different situations, now I can set a set of random initial values on the random cells in the Walk.val, and then run the Runwalk.bat to see if the different graphics meet the rules.The exexution result OUTPUT.drw is correct

For running my program,please read the README.txt for the details in my ZIP files.
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Figure 1: Plane 0 of Walk2.val
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Figure 2: Step 1 of output2.draw  (Time:00:00:00:100)


































































































15



























































1



































14





















































4











2





























13



























































3



































12































































































11































































































10



























































1



































9





















































4











2





























8































































































7





























4











2





















































6



































3



























































5



























































1



































4

































































2





























3



























































3



































2































































































1





15





14





13





12





11





10





9





8





7





6





5





4





3





2





1





0





Figure 3: Walk34.val
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Figure 4: Step 1 of OUTPUT34.drw (Time:00:00:00:100)
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Figure 6 Walk5.val





Plane 0





Plane 1





Figure 7 Step 1 of OUTPUT5.drw   (Time:00:00:00:100)








258879                                 Page 1 of 7

