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   Model name: A simple PCS simulation
 I am going to use personal communication service (PCS) network simulation to illustrate CELL-DEVS functionality. A PCS network provides low-power and high-quality wire-less access for PCS subscribers or mobile phones. The service area of a PCS network is populated with a number of radio ports. Every radio port covers a sub-area or cell. The port  is allocated a number of channels (time slots, frequencies, spreading codes or a combination of these). A mobile phone occupies a channel for an incoming/outgoing call. If all channels are busy in the radio port, the call is blocked.

This example used PDVS(Parallel Discrete Event Simulation) formalism and OMNeT++ tool to implement the model. I will use Cell-DEVS formalism and CD++ tool to implement it instead. And I am going to show that CELL-DEVS formalism could effectively speeds up the process of PCS network simulation too.

The modeling and simulation of PCS network is quite complicated and time consuming. So in this assignment, I will just realize a simple one, blocked situation is a cross street. A more complete M&S may be done in a project.

Assumptions:

1. All the streets are One-way.

2. People who use mobile phones move in the same speed.

3. In this cross way area(black line rectangle, consisting of four cells), only three channels available. If more than three mobile phone enter this area, blocked will occur.

4. In every cell, only one call is allowed. But this kind of blocking is not analyzed in this assignment.











                 A double cross ways


    represent an antenna, it has three channels, covering only four cells around (the thick black rectangle). 

Part II and PartIII

This PCS is represented by a 10 by 10 Cell-DEVS.  Each cellular models is linked to four different DEVS models, which  generates calls at the input port (5,9), (6,0), (0,5), (9,6). This model definition follow the DEVS and Cell-DEVS specification for coupled models, which is a coupled model with five components, a PCS cell-DEVS model and mobilePhone1-4 DEVS models(Generator).

1. Specification for model PCS

A11
A12
A13

A21
A22
A23

A31
A32
A33

Result                                                           Input values

        1                                          a23 =1 or a21=2 or a12=3 or a32=4

        0                                          a23=1 and  a22>0 and a32>0 and a33>0

                                                   OR a21=2 and  a11>0 and a12>0 and a22>0

                                                   OR a12=3 and a13>0 and a23>0 and a22>0

                                                   OR a32=4 and   a11>0 and a21>0 and a22>0  

The specification  for model pcs represents the movement of mobile phone in the one way streets.  The fist rule of specification represents the input of the new phone call into a cell, no matter the cell empty or not. If it’s not empty, the westbound or eastbound  are priority. The second rule represents the phone calls will be blocked when there are three call just ahead it around the cross way area.

2. Formal specification for PCS model
PCS=< X, Y, I,  Xlist, Ylist, (, N,  {m,n},C, Z, select>

 where

Xlist={(5,9), (6,0), (0,5), (9,6)};

Ylist={(};

I={(};

(=9;

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

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

Y={(};

m=n=10;

B={(};

Z 

PijY1 -> Pij-1X1

PijY2 -> Pi+1j-1X2

PijY3 -> Pi+1jX3

PijY4 -> Pi+1j+1X4

PijY5 -> Pij+1X5

PijY6 -> Pi-1j+1X6

PijY7 -> Pi-1jX7

PijY8 -> Pi-1j-1X8

PijY9 -> PijX9

Connection of the outputs ports of celli,j

1=represent the call in the street 1, moving  toward west

PijX1 <- Pij+1X1

PijX2 <- Pi-1j+1X2

PijX3 <- Pi-1jX3

PijX4 <- Pi-1j-1X4

PijX5 <- Pij-1X5

PijX6 <- Pi+1j-1X6

PijX7 <- Pi+1jX7

PijX8 <- Pi+1j+1X8

PijX9 <- PijX9

Connection of the input ports of celli,j (using the inverse neighborhood)

C={Cij/([1,9], j([1,9]};
s ={1,2,3,4} if the a call in the cell;

     1=represent the call in the street 1, moving  toward west

     2=represent the call in the street 2, moving  toward east

     3=represent the call in the street 3, moving  toward south

     4=represent the call in the street 4, moving  toward north

s=0  otherwise.

Initial value: s=0;

select ={(0,1),(1,-1),(1,0),(1,1), (-1,-1),(-1,0),(-1,1),(0,-1),(0,0)};

3. Formal specification for Generator model

Gen={X, Y, S, (ext, (int, (, ta}

where

X={};

Y={1};

S={“passive”, “active”};

(int(phase, ()=(“active”, period);

((“active”, ()=1;

ta(phase, ()=(;

4.  Formal specification for complete model.

M=<X, Y, D, {Mi}, {Ii} {Zij}, select>

where

X=Y={(};
D={PCS, Generator}

Mi is the basic DEVS models defined above.

Ipcs={(};

Igen={PCS}
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Z function is defined as:

Z: OUtgen -> X(5,9)pcs
Z: OUTgen -> X(6,0)pcs

Z: OUTgen -> X(0,5)pcs

Z: OUTgen -> X(9,6)pcs
Select = {PCS, Generator}

5.  Testing and Analyzing

Telephone traffic is Possion distribution. So possion distribution function is used for the Generator. When the mean value is changed,  we can evaluate the block ratio in different mean value.

As assumption in part  one,  there are three radio channels in the cross way area (consisted of four cells).  If there are three mobile phones are in this area already,  then other calls will be blocked (lost) if they are move toward to this area.  From the test result, we can easily to find what blocked percent is at certain mean value of possion. This is valuable in PCS network design engineering.

The mean value for  mobile Phone   in each test

                       mobilePhone1        mobilePhone2         mobilePhone3         mobilePhone4

Test1                     3                               5                              7                              11

Test2                     2                                3                            5                                7

Test3                      1                               2                             3                               5

The number of blocked calls in each test


                                              Running steps      blocked number     blocked percent %

Test1                       100                      0                               0%

Test 2                       100                      2                               2%

Test3                       100                      5                               5%

6. Future works.

Extension to N-dimension 
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