COMPUTER SYSTEMS RESEARCH
Code Writeup, example report form, 4th quart. 2007-2008, Final version

1. Your name: Ben Parr, Period: 6

2. Date of this version of your program: 6/5/08

3. Project title: Accurate 3D Modeling of User Inputted Molecules 

4. Attach some sort of summary listing of your code, such as an API listing, or an outline of classes, functions, methods, with explanatory comments.

struct atom

{



int id,type;//atomic number (hydrogen = 1, etc.)



double x,y,z;//location

};

struct bond

{



int id;



int type;//single bond=1, double bond=2, triple bond=3



int a,b;//indexes of the atoms bond connects

};

struct element

{



int num;



double radius;



char name[elementNameMaxLength];



char symbol[elementSymbolMaxLength];



double red,green,blue;//range: 0.0 - 1.0

};

struct bondLength


{



int atom1,atom2;



int type;



double length;

};

typedef struct

{


double *p;


double energy;

}nelderStruct;

struct atom Atoms[N];

struct bond Bonds[N];

struct element Elements[N];

struct bondLength BondLengths[N];

/*

functions in initialize.c

This function does one-time setting changes, such as creating a new

light source.

*/

void init();

/*

functions in main.c

These are general functions that are called from many different

fuctions throughout the program.

*/

double distance(double tempX,double tempY,double tempZ);

void addAtom(int tempType,double tempX,double tempY,double tempZ);

void addBond(int tempType,int tempAtom1,int tempAtom2);

/*

functions in fileWork.c

These functions handle everything to do with files, including reading

in the .data files and importing and exporting models.

*/

void readElementData();

void readBondLengthData();

void exportModel();

void importModelFromFile(char fileName[]);

void importModel();

/*

functions in check.c

These functions are used to check to see if there are errors in the

model.

*/

void printToTerminal();

int checkIfBondExists(int atom1,int atom2);

/*

functions in draw.c

These functions draw the contents of the window. They are called at the

beginning of the program, and with glutPostRedisplay().

*/

void draw(void);

void display(void);

/*

functions in inputControls.c

These functions handle inputs from the user, including inputs from the

keyboard and the mouse.

*/

int isAtom(int index);

int isBond(int index);

void keyboard(unsigned char key, int x, int y);

void mouse(int button, int state, int x, int y);

void motion(int x,int y);

void deleteComponent(int objectIndex);

int getObjectUnderMouse(int x,int y);

/*

functions in drawBonds.c

These functions are used to draw the different types of bonds. They are

used in the draw() function.

*/

void rotateBond(double ax,double ay,double az,double bx, double by,double bz);

void singleBond(double ax,double ay,double az,double aradius,double bx, double by,double bz,double bradius);

void doubleBond(double ax,double ay,double az,double aradius,double bx, double by,double bz,double bradius);

void tripleBond(double ax,double ay,double az,double aradius,double bx, double by,double bz,double bradius);

/*

functions in menu.c

These functions create the menu system, which is attached to the middle

button.

*/

void processMainMenu(int option);

void processElementMenu(int option);

void createMenus(void);

/*

functions in nelderMead.c

These functions are for the "Auto-Position Atoms" function. A Nelder

Mead algorithm is used in order to find the correct atom positions.

*/

void nelderMeadHelper();

void nelderMead(int connectedAtoms[atomnum][atomnum],nelderStruct* simplex[]);

double energyFunc(int connectedAtoms[atomnum][atomnum],double vertex[]);

int compareNelderStructs(const void *elem1,const void *elem2);

int getBondNum(int atom1,int atom2);

double getBondLength(int atom1,int atom2,int type);

double bondAngle(double vertex[],int atom1, int atom2, int atom3);

double simplexDistance(double vertex[],int i,int j);

5. Describe as an overview how this final version of your program runs.  What are you testing, how you testing various types of input(s)? Are there incorrect user input(s) that your program handles? 

1. ./main [FILENAME] = (in the terminal) start program and import the data from FILENAME (if given and exists)

2. Clicking left button and moving the mouse = rotate the model

3. Scrolling up or down on the scroll wheel = zooming in and out on the model

4. Pressing '1', '2', or '3' on the keyboard = changing the type of bond that will be drawn

5. Right click on an atom or bond = select that atom or bond

6. Pressing the 'Back Space' or 'Delete' button = deletes the selected atom or bond

7. Clicking the middle/scroll button = activate menu system where you can:

· select the element you want to draw

· import/export a model

· auto-position atoms

8. Left click while holding the 'Ctrl' key = create a new atom

9. Right click while holding the 'Ctrl' key = create a new bond

10. Left click while holding the 'Shift' key = move the selected atom based on movements of the mouse

What is your program analyzing or doing as far as the focus of your senior research project this year?

My program can be broken up into two major parts. First there is the user interface and the graphics. They are used to allow users to easily create and modify simple molecules. Through inputs from the mouse and keyboard, a user has a wide range of options from which to choose.

The second part of my program is the “Auto-Position Atoms” feature. This feature utilizes the Nelder Mead algorithm in order to accurately position the atoms of the model. In order to do this, the Nelder Mead uses a simplex to minimize the energy the model. The Nelder Mead algorithm maximizes the distance between non-bonded pair of atoms, minimizes the difference between the current distance and the real distance (defined in a text file), and maximizes the bond angles of the model.

The focus of my project was to create a simple program to allow chemistry students the opportunity to play with models of molecules. While creating this program, I wanted to gain experience with OpenGL, and also learn some about minimizing multi-dimensional functions. I have gained the experience that I wanted.

What will be the major research points you’ll write about for the final version of your research paper?

There will be two main research points in my final version of my research paper: OpenGL and the Nelder Mead algorithm. For my first research point, OpenGL, I will explain how I utilized OpenGL’s capabilities in order to create not only the graphics for my program, but also the user interface for my program. I will also outline the important OpenGL functions that I used in my program and explain their significance.

For my second research point, the Nelder Mead algorithm, I will outline how it works and the advantages of using the algorithm. I will explain how the Nelder Mead algorithm uses a simplex, with each vertex representing a model with certain atom positions. I will also explain how the algorithm uses 5 steps in order to minimize the energy of the model. Finally, I will explain how the algorithm does not use derivatives or integrals, making the math for finding the minimum energy of the function much easier.

