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Executive Sumary:

Qur program sinul ates the novenent of |attice gases using cellular automaton.
The basic format is as follows. An array of identical cells to which rules can
be applied, a cellular automaton, is set up. These cells interact with each
other to nodel many scenarios: in our case, fluid nmovenent. Cellul ar automaton
consi st of three basic parts:

State: a variable for each cell (In our case, cells have a nolecul e variable
pl aced on themto represent a real water nolecule. So each cell will be a 0 or a
1 dependi ng on the presence of a nol ecul e)

Nei ghbor hood: the set of cells that a given cell interacts with. Usually the
adj acent cells. In our case, the other “nol ecul es” around a given nol ecul e.

Program the set of rules that govern each cells novement and
interaction with other cells. (In our case, we have set up rules such as which
way the nolecules nove if a collision occurs with another nolecule.

This program outputs variables to a text file, which is then inputted into a
Vi sual Basic program This programcreates a visual representation of these
vari abl es.

Pr obl em St at enent :

The problemthat we investigated was nodeling the novenment of lattice gas over a
two di nensional surface.

Description of nethod used to solve the problem

The problemwas finding an effective nodel of lattice gases that was sinple,
feasi ble, and accurate at the sane tine. There were many different ways to
approach the problem including traditional nodeling nmethods, conpletely
graphi cs-based sinulators, etc. W chose cellul ar automata because they provided
a relatively easy-to-program and accurate interface. The problemw th cellul ar
automata is the sheer anobunt of time it takes to cal cul ate and go through the
franes, especially when the lattice is as big as ours will be (1000 x 1000).
Much processing power is needed to run these sinulations.

Anot her problemw th the programin general is the difficulty of witing
graphics in C++; we overcame this by using Visual Basic, witing a separate
programthat used output fromthe C++ program This neant, however, that two
separate prograns woul d have to be used in order to create a conplete

si mul ati on.

Al though the entire simulation is not conplete (additional work nust be
conpl eted on the graphical sector), we have already seen that water can be
successfully nodel ed using lattices. This structure and order is not often
attributed to water, but we found out that we could sinulate it successfully
using that structure
This is the C++ program conplete with notes and comrents on specific functions
of the program

#i ncl ude <i ostream h>
#i ncl ude <cstdli b> I/ Allows for the rand and srand conmands to be used



void main()

{
int arr[10][10]; // The inital array is a 10X10 for testing purposes
int test[10][10]; // Tests to see if the bit has noved
int tc, te, y=0, x=0; /1 Total Cycles, y cord, x cord, alternate X
cout << "How many cycles do you want to run?"
cin >> tc; /1 inputs the nunber of frames
for(int t=0; t<tc; t++) // controls the nunber of frames
{
for(int k=0; k<=99; k++)
{
x=k%.0;
y=k/ 10;
test[x][y]=0;
i f(t==0)
for(int z=0; z<=99; z++) /] Cenerates the frane
{
x=z29%0; /1 These two nunbers shoul d
reflect the array size if its 10 they are 10 100 = 100 etc.
y=z/10;
i f(x<1)
arr[x][y] =rand() %2; /1 This assigns the random
vari abl e
}
el se
arr[x][y]=0;
cout << arr[x][y] <<" ; I/ Prints out the location and
val ue
}
}

cout << endl << \nThis is the end of the frane with out nmovenent\n\n";
for(int p=0; p<=99; p++)
{ X=p%.0;
y=p/ 10;
i{f((a”[x][Y]:=1)&&(test[x][y]::0))

te=1;



el se

{
t e=0;
}
switch(te)
{
case 1:
i f(y==0)
{
arr[x][y]=0;
el se
{
arr[x][y]=0;
y=y+1;
arr[x][y]=1;
test[x][y]=1;
y=y-1;
}
br eak;
}
cout << arr[x][y] << " ;
}
cout << endl << \nThis is the end of the frame " <<t << "\n\n";
}
}

The results of our study:

So far we have nanaged to get the programto out put the values and the actua
simul ati on. The concl usi ons that we have conme to is that the nolecule wll
continue to nove in a strait line until disturbed by an obstacle of sone sort,
such as anot her nol ecul e.

The picture below is a screen shot of the output in text format. Before
it iswitteninto a file and changed into an inage that the human m nd can
easily conprehend. In the picture below you will see an array with 0's and 1's.
The O represents the absence of a nolecule, or in other words the 0 is where
there is no nolecule present in that particular space. The 1 represents the
presence of a nolecule in that space.



10

10

[ejeolojojojolojoloo]

[ejeolojojojolojoloo]

[eleolololoNoNoNoNoNe]

[elololojoloNoNoNoNe]

[ejeojojojolojoNoNo]

[ejeolojojojolojoleo]

[elololooNoNoNoNoNo]

[eNolololoNoNoNoNoNo]

[elololojoloNoloNoNo]

—TAO A0 AA+10O0

This is the end of the frame wi thout novenent

[ejeolojojojojojololo]

[ejeolojojojojojolole]

[eNeololooNoNoNoNoNo]

[eeololojoloNojoNoNa]

[ejelojlojojolojololo]

[ejejojojojojojolole]

[eNololooNoNoNoNoNo]

[ejololojoloNoNoNoNo]

O A0 Ad+100

[ejelojojojolojololo]

franme 1

[elelojojojololololNo]

[elelojojojolololelo]

[eNeoNololololNoNoNeNe]

[eNoNolojojolooNe o]

[eleololojojololoNe o]

[elelojojojolololeNo]

[eNoNololololoNoNeNe]

O A1 O A1+ O0OO0O

[eNeololojojololoNeNe]

[elelolojojololoNoNe]

frame 2

[elelojojojololoNolo]

[ejelojojojololololo]

[eNeololoNoNoNoloNeNe]

[eNololoNoNololoNoNe]

[eleololojojololoNoNe]

[elelojojojololololo]

O A A0 A1 HO0OO0O

[eNeololoNoNololoNeNe]

[eNeololojoNololoNoNe]

[eleololojojololoNoNe]

frane 3

[elelojojojololololo]

[ejelojojojolololelo]

[eNeololoNoNoloNoNeNe]

[eNeololoNoNololoNeNe]

[eleololojojololoNoNe]

O A 10O A"+ 0O0

[eNeololoNoNololoNeNe]

[eNeololoNoNololoNeNe]

[eNololojoNololoNoNe]

[eleololojojololoNoNe]



frame 4

[ejeolojojojolojoNolo]

[ejelojojojolojoNoo]

[eNololoNoloNoNoNo o]

[elololojojooloNoNo]

—TAO A 10O A" +40O0

[ejelojojojololoNoo]

[elololoNoloNoNoNo o]

[eleololoNoloNoNoNo o]

[eleololojojololoNeNo]

[ejeololojojolojoNoNe]

frame 5

[ejejojojojojojololo]

[ejelojojojojojolole]

[eNololooNoNoNoNoNe]

SO A 10 A1 +100

[ejeojlojojolojoloo]

[ejeolojojojojojolole]

[eNolololoNoNoNoNoNo]

[eololojoNoNoNoNoNo]

[eleololojoloNojoNoa)

[ejelojojojolojoloo]

frame 6

[ejeolojojojojojolole]

[ejeolojojojojojolole]

O A 1O A1+ 0O0O

[eeololojoloNojoNoNo]

[ejeojojojolojololo]

[ejelojojojojojololo]

[elolololoNoNoNoNoNo]

[elololojoloNoNoNoNe]

[eleololojoloNojoNoa)

[ejelojojojolojololo]

frame 7

[ejeolojojojojojoloje)

O A0 A1 0O0

[eNeolololoNoNoloNoNe)

[eelojoooNojoNoNa)

[eelojojojolojoloNa)

[ejeolojojojojojolole)

[eNeoloooNoNoNoNoNe)

[eNeoloooNoNoloNoNe)

[eelojooloNojoNoNa)

[eelojojoloojojoNo)

frame 8

T O A 10 —"AdA—+HO

[ejeojojojojojololo]

[eNeolololoNoNoNoNe]

[ejeolololoNoNoNoNe]

[ejelojojojojoloNa]

Ooo0ooOocooooo

[eNolololoNoNoNoNe]

[eNeolololoNoNoNoNe]

[eeolololoNoloNoNe]

[cjelojojojojoloNa]



frane 9

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 0 0
0 0 0 0 0 0 0 0 0 0
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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 0 0

The picture that you see right here is a screen shot of the output after
it was translated and read by the visual basic programand outputted onto the
screen and changed into a formthat the human mnd can easily conprehend. The
vi sual basic programwi |l read the output fromthe c++ program and put dot where
there is a 1, and nothing where there is a 0.

The software, references, tables, and other products of your work:

The software that we are using is visual c++, and visual basic. As you know
these two things are what creates, and generates the output. Qther than those
two pieces of software, we have not used anything el se.

Qur nost significant original achievenent on the project:

VWhat we think is the nost significant and original achi evenent on our project
that we have acconplished, and what we are very proud of is the fact that the
programis witten in two different progranm ng | anguages (visual basic, and
c++). Another thing that is original is the code, it was all witten by our very
own T.D. Gonzales with no references to other progranms, he wote the C++ section
of the code. The visual basic part of the programwas witten by M chael Gonez,
and he al so designed an original programfor our visualization part of the
program
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