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CHAPTER 1 

INTRODUCTION 

Science owes a lot to computers. The development of almost all branches of science 

is more and more dependent on the availability and capability of computer resources In 

this last decade of the twentieth century, hardware performance is changing at an 

unprecedented pace of speed. Two years ago, a 75 MHz Intel microprocessor was at the 

state of the art; today, however a 233 MHz one is already a common chip. Memory 

access time is decreasing; more importantly, the memory price has dropped to such a 

level that people no longer feel hesitating to increase their computer memory for better 

performances. In parallel with this rapid improvement of hardware performance, the 

advancement of software is also astounding. Object-oriented software engineering 

technology and tools have been widely employed in developing software products [1-3]. 

New languages keep emerging; Networking extends our resources unlimitedly to the 

whole world. Things that we could never do before are being performed on a regular 

basis. 

Due to this wave of new computer technology, the other branches of science have 

benefited greatly. The power of super computers and networked parallel processors make 

many difficult scientific problems tractable now. Molecular dynamics is one of the areas 

that jumped onto this electronic wagon immediately. In recent years, remarkable progress 

has been made in the study of the electronic structure of large molecules [4-7]. The 

driven force for this progress is to understand better the physical and chemical 

interactions on the atomic and even on the subatomic level. The availability of super-



computation capacity has brought up a number of new methodologies In the earl\ years, 

most researchers based their works on a methodology that is characteristically static, i.e , 

the nuclei are taken to be at their fixed crystal sites, and the electrons move around by the 

quantum mechanical forces of the collective effective Hatree-Fock field [4-6]. This 

method can provide valuable information on the electronic structure such as the 

approximate equilibrium geometrical configuration for the molecule, bond lengths and 

bond angles etc. However for the dynamic category of problems, this method failed to 

reveal useful details. When time is involved such as in the difftision process of hydrogen 

interstitial in silicon crystal, a dynamical methodology such as molecular dynamics 

simulation is the most suited for tackling the problem. Molecular dynamics simulation 

takes the nuclei motion into consideration by incorporating the classical Newtonian law 

with the quantum mechanics interaction among the particles [7-8]. Typical time scale for 

this atomic level interaction is a femtosecond. But the transition from one equilibrium to 

another takes place within a time interval of a picosecond. To obtain useful simulation 

result, at least 1000 time steps are needed. Current molecular dynamics tools all produce 

an output of the calculated coordinates for each atom at each time step. For a cluster of 

65 atoms, if 2000 time step simulation are performed, then the total number of output 

coordinates is 3x65x2000=390,000. It is certainly a big challenge if not impossible for 

any person to check manually the trajectory of a defect atom among such a big stock of 

numbers. Therefore visualization, especially an animated one, of the simulation results is 

long awaited for. 

The dominant platforms for computer simulation had been powerful workstations 

and even super-computers. However during the 1980s personal computers became the 



mainstream platform of the computer industry. Microcomputer memory capabilities, 

power, speed, and graphic resolution have soared while the price has plummeted 

Because of this widespread appeal and availability, microcomputers are fast becoming 

the target platform of computer simulation software. However, animation tools targeting 

personal computers are still rare. 

The purpose of this thesis was to develop such a tool. It was implemented on the 

Windows 95 platform using the object-oriented paradigm, which is rarely used in 

scientific computing. The implementation language was Microsoft Visual C++ 5.0. Some 

of the basic techniques involved in this project include three dimensional graphics 

rendering, double buffering animation technology and multi thread programming. Many 

3D graphics utilities are available now, but the industrial standard OpenGL library was 

used here. 



CHAPTER 2 

COMPUTER SIMULATION 

2.1 Model and Simulation 

Simulation is the use of a model to develop conclusions that provide insight on the 

behavior of some real world elements. Computer simulation uses the same concept but 

requires that the model be created digitally through programming on a computer. 

Computer simulation is based on a model. Minsky [9] once gave a definition of the 

term "model" as follows: 

"An object 'A' is a model of an object 'B' for an observer 'C if the 

observer can use 'A' to answer questions that interest him about 'B'." 

In the case of computer simulation, we could consider object "B" in this definition as the 

real world system we are modeling and simulating. Object "A" is then its simplified 

digital representation inside a computer. A model is built to provide an understanding of 

how the real world system will perform under some proposed conditions. 

How can object "A" be used to address questions about object "B'"^ The answer to 

this question lies in the fact that there exists a set of rules in our real world system and a 

set of essential properties that governs its development more than anything else. Those 

less important details are then ignored. The digital object "A" is assigned the same set of 

essential properties and put under the influence of the same set of rules. 

The process of obtaining these essential rules however is not straightforward at all 

It usually involves other relevant disciplines and proceeds through abstraction and 

stepwise refinement. Computer simulation is a genuine interdisciplinary science 



involving software engineering, applied mathematics, and other disciplines that provide 

fundamental principles for building simulating models. The description of many complex 

real world systems using only analytical or mathematical models can be difficult or even 

impossible in some cases. This often necessitates the employment of more sophisticated 

tools such as computer simulation. Using computers to imitate or simulate the operations 

of a real world process usually requires however a quantified and discrete rule set in the 

form of logical or mathematical relationships be developed and shaped into a model This 

model can then be manipulated or experimented on a computer to gain an understanding 

of the dynamics at work in the system. The experiment is typically evaluated numerically 

over a period of time, and data is gathered to estimate the true characteristics of the actual 

system [10-11]. 

2.2 Types of Simulation 

The three most common types of computer simulation are discrete event, Monte 

Carlo and continuous [10-11]. 

Discrete event simulation is characterized by the passage of blocks of time during 

which nothing happens and is punctuated by events that change the state of the system. 

An example is a simple queuing system consisting of bank customers arriving at an 

automatic teller machine (ATM). Customers arrive, wait for service if the machine is in 

use, receive service, and depart. Decision of whether additional ATM machine should be 

installed can be based on the average customer wait time. If it is above an acceptable 

level, additional machine should be purchased. Obviously here computer simulation can 

be \ cry useful in estimate parameters that affect managerial decision-making. 



The Monte Carlo simulation was first used by physicist John Von Neumann during 

development of the atomic bomb. It relies on the use of random numbers Monte Cado 

simulations are defined [12]: 

"A scheme employing random numbers that is used for solving 

certain stochastic or deterministic problems where the passage of 

time plays no role." 

The last part of this definition is what distinguishes Monte Carlo from discrete event 

simulation; in discrete event models time plays a significant role. 

Continuous simulation is concerned with modeling a set of equations that represent 

a system over time. The system may consist of algebraic, differential or difference 

equations set up to change continuously with time. A famous example is a model of 

competition between two populations. Biological models of this type are known as 

predator-prey models. The environment consists of two populations interact with each 

other. The predators depend on the prey as a source of food. If the number of predators 

grows too fast, the available prey will decrease, causing the predators to starve. If the 

number of predators drop, the number of prey will increase. The relationship can be 

analyzed with a continuous simulation using a partial differential system. A lot of other 

confinuous simulation examples exist in biology, chemistry, and physics. In this thesis, 

particularly interest will be paid to a widely used simulation method in physics and 

chemistry: Molecular Dynamics Simulation. 



2.3 Benefits and Limitations 

The main advantage in using computer simulation is the reduction of risk involved 

with implementing a new system or modifying an existing one. With simulation, general 

feasibility studies can be conducted using "what if scenarios constructed into a computer 

model, the alternatives can be tested, and the one that results in best solution can be 

easily found. In addition, better control over experimental conditions can be maintained. 

These benefits are convincingly demonstrated in today's semiconductor industry. 

The designing of modem microprocessor is a very complicated process involving 

hundreds of thousands of transistors on a single chip. Failure of a tiny fracfion may cause 

the whole chip to be discarded. Without simulation, the modem semiconductor industry 

will not be possible. 

Another important motivation for simulation is its ability to study complex systems 

To treat a problem analytically (if it can be done at all), one needs to resort to some kind 

of approximation. With computer simulation, we have the ability to study systems not yet 

tractable with analytical methods. Whenever the complexity goes beyond the reach of 

present analytical tools, computer simulation methods can lead to insights and 

understandings. 

Different types of simulations have different limitations. For instance, Monte Carlo 

simulations rely on random number generators to produce results, in addition, the sample 

space is always finite, there is some uncertainty associated with the output that must be 

dealt with statistically. Continuous simulations, on the other hand, are based on a system 

of differential equations, with a number of irregular boundary conditions. Depending on 

the complexity of the real world system, fast converging algorithm may be elusive 



Common to all types of simulation studies, is the problem u ith model validation With 

systems that do not yet exist, this can be a formidable task. Furthermore, simulation is not 

an optimization tool. Answers to questions can be provided but these answers will not 

always be the optimal solutions. 

In summary, computer simulations have become more and more accepted as an 

invaluable tool for system analysis in a wide variety of different disciplines. Nowadays, 

hardly any scienfific discipline could be mentioned which does not make use of 

simulation in one way or another. The demands, as asked by different disciplines, are not 

necessary the same throughout the wide spectrum of applications. The credibility of 

simulation results greatly depends on the correctness of the model on which the 

simulation is based. For "soft sciences" such as biological and social systems, the models 

obtainable are of few credibility, the parameters are known at the best to some percent, 

and even the stmcture of the model is often more than questionable. On the other hand, 

for "hard sciences" such as engineering, chemistry and physics, computer simulations 

have told a lot of successful stories. There are a few disadvantages inherent with the use 

of computer simulation. Good news is that the cost and time-consumption are greatly 

reduced due to the new computer hardware technologies. 



CHAPTER 3 

COMPUTER ANIMATION 

3.1 Data Presentafion and Animation 

All simulation models must provide some type of output. Output data falls into two 

categories. The first type describes the model itself and will help the analyst verify the 

simulation. The second type of data is the output that describes characteristics of the 

system being modeled. This output can be communicated or presented to the end user in 

many different ways. Traditionally, simulation output data took the form of hard-to-

understand stacks of numerical data. To understand this abundance of raw data is a real 

challenge and may take a lot of time to get the required expertise. Therefore the output 

data that are of interest to end-users should appear in some type of output report. Tables, 

graphics, and bar charts can all be used to make the raw data more readable and 

understandable. 

Two types of data presentation technologies can be distinguished: static and 

dynamic. A very popular static method of transforming raw simulation data into an easy-

to-read report is through the use of spreadsheet software package. Many spreadsheet 

programs are currently available from a wide variety of sources. The two most famous 

spreadsheets are Lotus 1-2-3 and Microsoft Excel 97. Both software packages have 

powerful capabilities to manipulate large amount of data and produce graphical 

presentations. 

However for dynamic systems that changes continuously over time, if the degree of 

freedom in the system is so large that static presentafion method may seem awkward, as 



we need to switch back and forth among different time slices. It is not always easy to see 

the difference from two static presentations. Under these circumstances, a dynamic 

presentation method such as animation would be more suitable. 

The use of computer graphics to dynamically display simulation entities and their 

activities is defined as animation. Because of the increased availability of 

microcomputers and the widespread use of graphics in many different application areas, a 

demand for the same capabilities in the simulation field has been steadily increasing. 

Animation is used for several general reasons. Among these are the following [13] 

(Brunner and Henriksen, 1989): 

3.1.1 User Friendly Output 

For the nontechnical person, animation will be much easier to comprehend than a 

statistical printout. By watching simulated entities move about on the screen, the observer 

can become familiar with the system's operafion and with the logic embedded by the 

analyst. 

3.1.2 Validation Technique 

When the simulation analyst is working with a system expert of the problem 

domain, animation provides a method of communicating information concerning the 

constmction of the model. The expert can visually examine the model as a means of 

validating its operation. 

10 



3.1.3 Tool for Debugging 

The simulation analyst can use animation as a debugging aid. Subtle inconsistencies 

can sometimes be detected visually on the graphics screen more easily than stafistics. The 

analyst is able to verify that the actual model matches the conceptual design. Animation 

will make all errors and problems obvious, thereby eliminating the temptation to say, "It's 

such a rare problem that it's not worth fixing." No matter how rare or inconsequential the 

problem may be, if an observer can see it happen during the animation, it has to be dealt 

with or the validity of the model will be destroyed. 

3.1.4 Visual Impact/Sales Tool 

One of the most popular reasons for using animation is the visual impact or sense of 

reality that it brings to the modeling process. It is much easier to sell a system that can be 

seen on the screen of a personal computer than it is to sell a system that is represented by 

a stack of paper covered wdth numerical data. Most vendors of industrial equipment rely 

heavily on animation as a tool that can be used by its sales force when trying to "sell" a 

concept to a customer. Seeing is believing, and seeing an animation is no excepfion to 

that percept. 

3.2 Animation Hardware 

Animation can be two-dimensional or three-dimensional depending on the 

requirement of the system in the problem domain. Most three-dimensional animation 

software packages were designed targeting workstation computers. If the animation can 

only mn on a special hardware, then the hardware has to been shipped with the software 

11 



animator. This limitation prevented three-dimensional animator from being widely 

accepted. 

However, with the new revolutionary personal computer technology, fast speed 

CPU is widely available and economically affordable In addition, multimedia graphics 

cards and display devices for personal computer demonstrated promising performances 

required for high quality animation application. The dominance by workstations of 

simulation application is broken. Microcomputers are gradually becoming the targeting 

platform of simulation and animation applications. The immediate advantage is that 

people no longer need to purchase special hardware to be able to enjoy the benefits 

animation software can bring. Moda represents an effort to accomplish a complex task 

with commonly accessible personal computers, which was dominated by powerful 

graphics workstations. 

3.3 Real Time and Post-Processor Mode 

An attribute of animation software is that it mns real time or in the post-processor 

mode. The term real time is used to indicate that the animation runs on the computer 

screen while the simulation program is executing. The disadvantages of this type of 

animator are loss of speed, corrupfion of statisfics, and the necessity to run the simulation 

when the animation is to be viewed. Even worse is that the software is difficult to develop 

and hard to debug since animation and simulation are all convoluted together, violating 

the software-engineering principal of modularization. 

The post-processor mode means that the animation is displayed after the simulation 

run is complete. The simulation creates a data file that is used as an input to the animation 

12 



program. A post-processor animator offers many advantages such as the abilit> to fast 

forward, reverse, speed up, or slow down a viewing. The animation software can be 

developed independently. The animation can be easily transported requiring onl> the 

animator software and data file. Since the animation is run from a data file, multiple 

copies can be mnning at one fime without addifional copies of the simulation program. 

In molecular dynamics, real time animator is simply impossible, because the dme 

requirement needed to calculate a new frame of data is so huge compared to the scale of 

1 , ^ . 
— second necessary for animation effect. The animator ( MoDA: Molecular Dynamics 

Animation Tool) to be developed in this project will run therefore in post-processor 

mode. 

3.4 Animation Technology 

It is exciting to draw pictures on the computer screen that move. The fundamental 

principal for animation is based on the magic functionality of the human eyes and human 

brain. In traditional movie, motion is achieved by taking a sequence of pictures and then 

projecting them at the speed of 24 or more frames per second on the screen. Each frame is 

moved into position behind the lens, the shutter is opened, and the frame is displayed. 

The shutter is momentarily closed while the film is advanced to the next frame, then that 

frame is displayed, and so on. Although we are watching 24 different frames each second, 

the magic of our brain and eyes blends them into a smooth animation. 

High quality animation effect is not easy to achieve at all The major problem is 

animation flickering occurred when a frame is replaced by its successor. Most modem 

movie projectors display each picture twice at a rate of 48 frames per second to produce 

13 



smooth mofion. Even though computer graphics screens typically refresh approximateh 

50 to 70 times per second, computer animation may still appear flickering frequently It is 

quite common to write a program as the following: 

List 3.1 A Naive Animation Algorithm 

for (i = 0; i < 10000; i++) { 

ClearScreen 0 ; 

DrawFrame (i) ; 

WaitUntill/24SecondIsOver Q; 

The above program looks innocent at the first glance and should cause no problem at all. 

However if we add the fime it takes for the computer to clear the screen and to draw a 

typical frame, it becomes obvious that this program can give disturbing results depending 

on how close to 1/24 second it takes to clear and draw. Suppose the drawing takes nearly 

a fijll 1/24-second. Items drawn first are visible for the full 1/24 second and present a 

solid image on the screen. On the other hand however, items drawn toward the end are 

instantly cleared as the program starts on the next frame. Therefore they present at best a 

ghostlike image, since for most of the 1/24 second our eye is viewing the cleared 

background instead of the items that were unlucky enough to be drawn last The key idea 

that makes motion picture projection work is that when it is displayed, each frame is 

complete. The naive algorithm however does not display completely drawn frames, 

14 



instead we watch the drawing as it happens. Several technologies can be used to improve 

the naive algorithm and to remove flickering effect in general [14-15] 

3.4.1 Don't Clear the Screen 

The first solution to reducing flickering is not to clear the screen at all It is a simple 

solution and very easy to implement. If the flickering is caused all by the clearing of the 

screen between two adjacent frames, we can then simply remove the function call to 

ClearScreenQ in the naive algorithm. The bad news is that it works only for some 

applications in which the scenes are simple and do not take much space of the screen. 

And after all, it still allows displaying and drawing at the same time, therefore if the 

drawing can be finished very quickly, this technique is a good candidate, since the viewer 

can see all items drawn completely during a significant fraction of the refreshing period 

3.4.2 Clipping 

Clearing the whole screen between the transfer period form one frame to the next 

frame causes flickering. One technique to avoid this undesired effect is by use of 

clipping. If we examine a movie film carefully, we will easily find that two adjacent 

frames have only small differences. The same fact holds true in computer simulation 

Therefore one could think why we need to clear the whole screen area since most pixels 

on the drawing surface are not changed at all. In fact, only the portion that gets actually 

changed between two adjacent frames needs to be cleared. By limiting the redraw to only 

a small area, we can eliminate much of the flicker we get from redrawing the entire 

screen. The restriction of drawing to a small area is called clipping, and the area where 

15 



the drawing is allowed to happen is called the clipping area. Using this technique, we can 

rewrite the animation algorithm as follows: 

List 3.2 The Clipping Animation Algorithm 

for (i = 0; i < 10000; i++) { 

DeltaFrame = Frame (i) - Frame(i-l) 

ClippingArea = the Area of Deltaframe ; 

ClearClippingArea 0_i 

DrawFrame (i); 

WaitUntill/24SecondIsOver Q; 

The algorithm starts by calculating the differences or DeltaFrame between frame i and 

the frame before, then it sets the clipping area to be the area of the DelatFrame. Finally 

the clipping area is cleared and the new frame is drawn on the screen. Although the entire 

screen receives a message to draw, actual drawing will only happen inside the clipping 

area. 

This technique has been widely used in two-dimensional computer graphics. For 

three-dimensional animation, the scenes are usually much more complex, the problem 

with this clipping technique is it may not be easy to figure out the differences between 

two adjacent frames. It may take too much time in finding out the clipping area to be a 

practical technique. 

16 



3.4.3 Double Buffering 

An ultimate solution to reducing flickering is to provide double buffering -

hardware or software that supplies two complete buffers. One is displayed while the other 

is being drawn. When the drawing of a frame is complete, the two buffers are swapped, 

so the one that was being viewed is now used for drawing, and visa versa. With double 

buffering, every frame is shown only when the drawing is complete; the viewer never 

sees a partial drawn frame. 

A modified version of the naive animation algorithm that does display smoothly 

animated graphics might look like this: 

List 3.3 The Double Buffering Animation Algorithm 

for (i = 0; i < 10000; i++) { 

ClearScreen Q ; 

DrawFrame (i) ; 

SwapBuffers Q; 

In this algorithm, we also start by clearing the screen followed by the drawing of 

each frame exactly the same as in the naive algorithm. However, the actual clearing and 

drawing occur in the back buffer, they are not seen until the SwapBuffers 0 roufine call is 

returned. In addition to simply swapping the back and front buffers, the SwapBuffers Q 

routine wait until the current screen refresh period is over so that the previous buffer is 

completely displayed. With double buffering technology, the undesired flickering effect 

does not appear any more. Today double buffering is widely accepted and employed in 

17 



computer animation whenever the complexity of the scenes is beyond the reach of other 

technologies. MoDa will use this technology to achieve smooth animation effect 

18 



CHAPTER 4 

INTRODUCTION OF MOLECULAR 

DYNAMICS SIMULATION 

In recent years, remarkable progress has been made in the study of the electronic 

stmcture of large molecules. The availability of computaUon capacity has played 

essential roles by bringing forth a number of new methodologies. In the early years, most 

of the researchers based their electronic stmcture studies on static methodologies. The 

motions of nuclei were neglected, and the electrons were considered moving around a 

stationary lattice by the quantum mechanical forces of the collective effective Hatree-

Fock field. These methods can provide valuable information of the electronic stmcture 

such as the approximate equilibrium geometrical configuration for the molecule, bond 

lengths and bond angles etc. But for dynamic problems, they fail to reveal useful details 

When time is involved such as in the difftision process of hydrogen interstitial in silicon 

crystal, a dynamical methodology such as molecular dynamics simulation is most suited 

for tackling the problem. Molecular dynamics simulation takes the nuclei motion into 

considerafion by incorporating the classical Newtonian law with the quantum mechanics 

interaction among the particles. 

In this chapter, we briefly review the fundamental physics part of molecular 

dynamics simulafion. Since this is a thesis in computer science, we will restrict our 

discussion to basic ideas and concepts. 
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4.1 Newton's Laws 

The study will start with the Newton's laws of motion These laws laid out the very 

fundamental principles on which the whole mechanics is based Newton's first and third 

laws are elegant extractions of direct observations and results of talented abstractive 

thinking. They may seem quite intuitive to all science and engineer students today, but 

they represented a great breakthrough at the dawn of modem science The first and the 

third laws can be expressed as follows: 

Newton's First Law: Any object will maintain its motion 

at a constant velocity if no forces are exerted on it 

Newton's Third Law: Any action invokes a reaction, The 

reaction has an equal magnitude but opposite direction. 

It is disquieting that these laws, as well as other basic laws, are abstract 

idealizations that can not be tested directly or in isolation from other laws of physics. 

However the remarkable accomplishments of mechanics and other science branches 

which depend on them provide convincing evidences for their correctness. 

The first and third laws present a qualitative description of kinetics. To provide a 

detailed description of dynamics, we have to use the Newton's second law. Newton's 

second law states that the acceleration of a particle is proportional to the net force exerted 

on the particle. It is usually expressed as the following mathematical formula: 

Newton's Second Law: 

a = Y^ F I m (4.1) 

where a is the acceleration of the particle and Fs are the forces exerted on the particle 

20 



and m is the mass of the particle. Combined with the kinetics equation 

dV d ^F 
a = (4:^) 

dt dt ' 

we can easily find out the trajectory of the particle. This law can be easily extended to a 

system of particles. For an N particle system, the Newton's second law can be applied to 

each particle individually, yielding: 

N 

^ . = {Fr + Z F.,)lm, (4.3) 

dV. d^r, .... 
a , = '- = '- (4.4) 

dt dt ^ ^ ^ 

where a. represents the accelerafion for the i* particle, ^"^ is the extemal force applied 

on it, F,, 's are the intemal forces caused by the j^^ particle, and /w, is its mass. 

To solve the dynamical problem of all particles within the system is not always 

easy depending on the complexity of the forces. Usually, analytical solution is not 

possible except for some special cases where the forces are conservative and 

mathematically simple such that the whole system becomes integrable. In most cases, 

numerical methods are inevitable for nontrivial problems. Fortunately, some general 

conclusions can be derived if there are no extemal forces applied on the system. If we 

define the center of mass as follows: 

= Z m ^f^ (4 5) r en, 

then its acceleration vanishes: 

d'r 
cm 

dt 
= 0 (4.6) 
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This means the center of mass will not move or will maintain its movement with a 

constant velocity. It immediately implies the following: 

p = mV^^ = const (4 7) 

In other words, the momentum of the system is conservative. Another conser\ative 

property for a system with vanished extemal force is the total angular momentum. 

4.2 Veriet Algorithm 

Suppose no extemal force is applied onto the molecular system. Newton's second 

law takes a simplified form: 

«, = 4 r ^ = Z ;̂. ('-.)/'". (4.8) 
" ' j * i 

Analytically, the solution of the system of second-order differential equations is 

obtained by integrating twice from time zero to t, first to obtain the velocity and then the 

positions. Not only the initial positions are required but also the initial velocities. The 

initial positions fix the contribution of the potenfial energy to the total energy and the 

velocities determine the kinetic energy contribution. For a microcanonical system, the 

specification of initial conditions dictates that the system will move along a path of 

constant energy in phase space. 

To solve the differential equafions numerically we apply the discretization mle for 

the second-order differential operator on the left-hand side of the Newton's second law to 

get the explicit central difference formula: 

d V: 
dt 2 '-= [F,(t + h) - 2 r , ( 0 + r,{t - h)] = F,{t)/ m , (4.9) 
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This equation provides a description for obtaining the positions of the particles at 

time t+h from positions at two immediately preceding time step t and t-h and the forces 

acting at time t, solving for the positions at time t+h, we get: 

r,{t + h) = 2r,(t) - F,{t - h) + F,{t)h' / m , (4 10) 

Let 

t„ = nh , 

F; = F,{tJ, (4.11) 

then, we obtain a more algorithmic form 

- „ , i ^ 2 ^ " _ p^"- ' + F;h' Im, (4 12) 

Starting from position /;°and A;'all subsequent positions are determined by the 

above recursion relation. Similar method can be used to obtain the velocities: 

v." = ( r , " " ' - r,"-')/ 2h (4.13) 

Equations (4.12) and (4.13) along with the initial positions constitute the so called 

Verlet algorithm [16-17]. 

Notice that at the (n+1)^ step the computed velocities are those of the previous 

fime, i.e. the n̂ ^ step! Hence, the kinetic energy is one step behind the computed potential 

energy. In addition, the algorithm is not self-starting. Not only the initial positions must 

be supplied but also one more set of positions. 

The Verlet algorithm can be reformulated to yield a numerically more stable 

method: 

r,"*i = r," - v , " / ,+ F;h' /2m, (4 14) 
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v ;^ ' = v," - ( F , " ' ' + F;)/2m, (4.15) 

Equations (4.14) and (4.15) are called the velocity form of the Verlet's algorithm [18,19]. 

They are mathematically equivalent to equafions (4.12) and (4.13) but superior to them in 

many other ways. First the positions and velocities are calculated at the same time step 

Second, the numerical stability is enhanced. They constitute the fundamental formulae 

for many molecular dynamics simulations. The numerical recipe based on this velocity 

form proceed as follows: 

List 4.1 Velocity Form of Verlet Algorithm 

Begin 

1. Specify initial positions r^ and initial velocities v/ 

2. Compute the force at time step n 

Fr = Z Fj,irr,r;) 

3. Compute the positions at time step n+1 as 

F/'^i = r." - v ; / ! -H F,"/7' /2m , 

4. Compute the force at time step n+1 

Fr' =Z F,(rr\r;^^) 

5. Compute the velocities at time step n+1 as 

v,"*^ = V." - (F^' + F;)/2m, 

6. Repeat step 2 to step 5 until simulation time interval is reached 

End 
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4.3 Hellmann-Feynman Forces 

In molecular dynamics simulation, atoms or molecules are interacting in a \er> 

complicated fashion. Each one is under the influence of the electronic Coulomb filed 

caused by other atoms or molecules as well as the forces resulted form their electronic 

internal stmcture. This is a complicated many body problem involving nuclear-nuclear 

electron-electron and nuclear-electron interactions. Fortunately we can divide the 

interacting system into two subsystems: the electron system moving in a stationary-

crystal lattice and the nuclear system in a uniform space charge of electrons. This 

decoupling of the system is called the adiabatic Bom-Oppenheimer approximation. It is 

based on the fact that electrons and nuclei have very different masses so that the nuclei 

respond slowly to a change in the electron configuration, while the electrons respond 

adiabatically to a change in the positions of the nuclei. Therefore the nuclei only feel the 

average electrical force produced by the electron distribution thus justifying the validity 

of the Newton's classical equations of motion. 

In the velocity form of Verlet algorithm given in list 4, the forces are expressed as a 

simple summation over the whole lattice. This is tme if we neglect the intemal electronic 

stmcture of each particle and assume that the interaction between particles is well 

represented by a two-body Lennard-Jones type central force interaction For 

semiconductor materials, however, atoms interact with each other through atomic bonds 

formed by sharing or overlapping electron distributions In this case, there is no 

established analytical form to compute the forces needed for the simulation. The general 

method is to evaluate them by use of the Hellmann-Feynman theorem [20-21]. According 

to this theorem, if Xj is a component of the position coordinate of atom i, the component 
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of the net force in the same direction on that atom can be computed from the derivative 

of the total energy as 

(4 16) 5 ^ . , 
C X 

where Etot is the total energy of the whole system expressed as a function of all the 

coordinates of all particles. Modifications to the algorithm given in List 4 are 

straightforward: the electronic problem is first solved quantum mechanically at each time 

step to obtain the total energy, then numerical derivatives are evaluated to compute the 

forces. Once the forces are known, the rest of the Verlet algorithm can be used to 

calculate the coordinates at each time step during the simulation time interval. Usually 

output files are created at the end of the simulation mn to save these coordinates as well 

as other information. MoDa reads in coordinates from the coordinate file and mns in 

post-processor mode. 

26 



CHAPTER 5 

SYSTEM ANALYSIS OF MODA 

5.1 System Objective 

The objective of this thesis was to develop a general-purpose animation tool for 

molecular dynamics researchers. The term "general-purpose" implies that MoDa is able 

to mn on a wide variety of computers without the need for special hardware and 

supporting software. A Pentium machine with an at least lOOMHZ or faster CPU and a 

super VGA graphics card with 2MB video memory are the minimum hardware 

requirements. Thanks to the development of new computer technology, this hardware 

configuration is common nowadays. MoDa will be a Windows-based application 

targeting Windows 95 and Windows NT platforms. In addition, it mns as a post

processor mode animator, independent of the molecular dynamics simulation software 

Therefore except the operating system requirements, no special software will be needed. 

5.2 MoDa Maior Functions 

The purpose of MoDa is to provide a "real time" presentation of the molecular 

dynamics simulation result. The quoted term "real time" means that MoDa simulates the 

movements of atoms in the actual crystal by animating the coordinates of each atom for 

the whole simulafion time interval, but in a much magnified fime scale. An advanced 

feature of MoDa is its capability to maintain responsive while in animation. The major 

functions therefore include: 

27 



1. Play Forward, 

2. Play Backward, 

3. Speed Control, 

4. Display a Single Frame. 

Each atom will be represented as a 3 dimensional sphere with a radius proportional 

to its covalent radius. If two different types of atoms with same or similar covalent radius 

exist in the Molecular dynamics cell (MD cell), we can use material properties such as 

the emitfing light color, the specular light color, etc. to distinguish them. 

Atoms in semiconductor crystals interact with each other through covalent 

interaction. When two atoms are placed in such a position that the total energy are 

reduced compared to the sum of the energies of two separate atoms, they are said to form 

a bond. Geometrically, a bond can be represented by a connecting cylinder between the 

two atoms. But adding bonds while in animation will cause the drawing of each frame to 

be more complex and therefore taking longer fime. The best way is to allow the user the 

opfion to show the bond or not. In addition, labels can also be displayed to track the 

trajectories of atoms. 

For a 3-dimensional scene in real world, objects far away from the viewpoint may 

be blocked by those near, we often need to change to a different viewing angle in order to 

see hidden objects. The same capability to change our relative viewing angle to the 3d 

scene in MoDa was implemented. Adding up these features, MoDa has the following 

additional functions: 

5. Toggle on/off bonds, 

6. Toggle on/off labels. 
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7. Set material properties, 

8. Rotafing and Zooming. 

5.3 Extemal Data Files 

MoDa mns in post-processor mode. Therefore as part of the initialization step, 

MoDa reads in the coordinates for each atom at the beginning of the program. One of the 

design goals of MoDa is to maintain its independence of any special molecular dynamics 

simulation software. However each molecular simulation program generates different 

types of information and saves them in different formats, the coordinates will have to be 

extracted and converted from some specific formats. Fortunately, this is not a complicate 

task to perform since it only involves extracting needed information from one ASCII file 

and save them to another ASCII file. 

The following example illustrates the coordinate file format. 

1 3 2000 
2 2.7497 2.7497 2.7497 
3 4.1246 6.8744 4.1246 
4 4.1246 4.1246 6.8744 
5 5.4995 2.7497 2.7497 
6 2.7497 5.4995 8.2492 
7 5.4995 8.2492 8.2492 
8 8.2492 8.2492 5.4995 
9 2.7497 8.2492 5.4995 
10 2.7497 2.7497 5.4995 
11 2.7497 5.4995 2.7497 
12 5.4995 2.7497 8.2492 
13 5.4995 8.2492 2.7497 
14 8.2492 5.4995 2.7497 
15 6.8744 1.3749 6.8744 
16 4.1246 1.3749 4.1246 

Fig 5.1 Example of Coordinate File "MyCell.crd" 
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This file is named "MyCell.crd". However this is not required, the user can give it 

whatever name that pleases him. The first integer in the first line is the number of atoms 

inside the MD cell, the second integer of the same line is the number of simulation steps 

performed. In this example we have 3 atoms in the MD cell, and 2000 simulation steps 

are performed. Note that the line numbers at the beginning of each line are added for 

explanation purposes, they are not actually present in the coordinate file. Starting from 

the second line, the coordinates for each atom at each simulation step are stored in an 

atom preferential order. The first column stores the x coordinates, the second the y 

coordinates and the third the z coordinates. Coordinates are all fixed floating-point 

numbers. In this example, coordinates of all the three atoms at the first simulation step 

are stored from line 2 to line 4 starting with atom 1 proceeding to atom 3, then the 

coordinates of the second simulation step are stored in the same order as in the previous 

step. Therefore line 5 to line 7 stores the coordinates for atom 1 to atom 3 at the second 

simulation step. This file contains all the coordinates of each atom at each time steps, 

even though here only 5 steps are listed. Most of the disk storage requirement comes 

from this file. 

Another extemal file related to the MD cell needed for MoDa is a definition file that 

specifies the atoms in the MD cell. In this cell definition file, a record for each atom is 

stored in a single line that contains the atom number in the cell and the chemical symbol 

for the atom as well as the RGB components for the atom specular color. For instance, for 

a three-atom MD cell, the definition file may be as follows: 
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1 H 0.8 0.2 0.2 
2 Si 0.2 0.8 0.2 
3 Si 0.2 0.8 0.2 

Fig 5.2 Example of Cell Definition File "MyCell.def 

The number at the beginning of each line is the atom number. A cell w ith a hydrogen 

atom and two silicon atoms are defined. The hydrogen atom will be represented by a red 

sphere and the silicon atom by a green one. Note that the order that each atom appears in 

this file does not matter as long as their coordinates are stored in the same order in the 

coordinate file. The filename for this file has to been the same as that of the coordinate 

file but with a different extension. 

These two files are specific to a special MD cell. Each simulation uses its own 

coordinate and definition files. MoDa also uses a permanent file to store some physical 

and chemical constants such as the atomic mass and covalent radius for common 

chemical elements. The following example demonstrate the layout of the file data: 

H 1.0 1.1 
Si 28.0 4.3 
O 16.0 3.4 

Fig 5.3 Example ofPhysical Constant File "MoDa.cst" 

The first column is the chemical symbol, the second column stores the atomic mass 

and the third column stores the covalent radius. In the initialization stage, MoDa will 

search this file using the chemical symbols as an index to obtain these two constants 
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5.4 Information Description 

5.4.1 Review of Data Flow 

The following figure represents a perspective of the data flow of the system. 

Fig 5.4 Data Flow Diagram. 

5.4.2 Information Content Representation 

Major information contents are to be stored as variables in the following classes. 

5.4.2.1 CMoDaDoc Class 

This class will store the coordinates for the atoms in the MD cell at each time step. 

In addition two Boolean variables are used to represent the status regarding the loading of 

data files. The following data members are defined in this class. 

• float x[MAX_STEPS][MAX_ATOMS]; 
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float y[MAX_STEPS][MAX_ATOMS]; 

float z[MAX_STEPS][MAX_ATOMS]; 

int mnNumAtoms; 

int m_nNumSteps; 

bool mbDataLoaded; 

bool mbLoadingData. 

5.4.2.2 CMoDaView Class 

This class is the animation canvas where the completely drawn frames will be 

displayed. The window area represented by this class can be considered as the front 

buffer for the animation. The important data members include an OpenGL graphics 

context and a palette for realizing colors. Also defined in this class are the RGBA color 

components and position of the light source. 

GLfloat m_fLightOSpecular[4] //RGBA specular color; 

GLfloat m_fLightOPosition[4] //Light source position; 

GLfloat m_fl:.ightODiffuse[4] //RGBA diffuse color; 

GLfloat m_fLightOAmbient[4] //RGBA ambient color; 

HGLRC m hRC //Handle of the OpenGL graphics context; 

HP ALETTE m hPalette //Handle of the Palette. 

5.4.2.3 COpenGLAnimator Class 

This class is the actual animator that calls the appropriate OpenGL routines to 

achieve the animation effect. It stores a pointer to the MoDaDoc object and a pointer to 
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the MoDaView object, therefore it can easily access the information in that two classes 

Its own data members include material properties such as the normalized radius, bonding 

configuration and RGBA color components for each atom. 

CMoDaDoc* m_pDoc; 

CMoDaView* m_pView; 

GLfloat m_fMaterialAmbDiffl>lAX_AT0MS][4] //RGAB color; 

GLfloat m_fAtomRadius[MAX_ATOM] //Atom radius; 

int m_nBond[MAX_ATOMS][10] //Bond configuration. 

5.4.2.4 Animation Controller 

The Animation controller will consist of several classes. They combine with each 

other to achieve the animation control functionality such as speeding up, slowing down, 

playing forward or backward and stop animation etc. 

5.5 Objects Description 

5.5.1 MFC Framework 

Traditional Windows applications were written in c with the help of the Windows 

Software Development Kit (SDK). They were notorious for their high degree of 

complexities. The benefits of object-oriented paradigm were not available; no efforts 

were paid for inheritance and reusability. Programmers had to face the daunting task of 

getting acquainted with hundreds of different application programming interface (API) 

functions that Windows supports in those days. 
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It has been well established that object-oriented programming (OOP) methodology 

provides overwhelming advantages over the procedural-programming paradigm 

Microsoft Foundation Class Library (MFC) was created to take advantage of the benefits 

the OOP paradigm offers. With MFC, Windows programming is no longer a dmdgery. 

MFC provides an integrated C++ interface to the Windows API and a collection of 

reusable utility classes. The Developer Studio resource editor, AppWizard, and 

ClassWizard significantly reduced the development period by providing an application 

framework with automatically generated code. Applications written with MFC tend to be 

smaller and faster. Because of these compelling features, MFC has become rapidly the 

dominating development tool. 

MFC provides two standard stmctures for Windows applications: Single Document 

Interface (SDI) and Multiple Document Interfaces (MDI). SDI supports just one open 

document at a time. MDI permits the user to have two or more documents open 

concurrently. Both are based on the Document/View Architecture in which the document 

class stores the data and the view class presents them graphically. MoDa uses the SDI 

template to build up its features. The classes generated by the MFC framework constitute 

the backbone of the program. Fleshed with specific data attributes and member functions, 

they provide a full operational molecular dynamics animation tool. 

5.5.2 Obiects 

In this section, the description of the objects developed in MoDa is provided. Some 

of the objects are adapted from the MFC library, others are developed from scratch 
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1. CMoDaApp 

MFC generated class. This class represents the application. The Initlnstance() 

method in this class is called by the framework when the application is first launched to 

establish the SDI template and create the main window. It is inherited from the MFC 

class CWinApp. 

2. CMoDaDOC 

MFC generated class. After specific attributes are added to this class, it is used to 

represent the applicafion defined data or document. In MoDa it stores the coordinates of 

the atoms in the MD cell of each frame. It is inherited from the MFC CDocument class. 

3. CMoDaView 

MFC generated class. This class stores a pointer to the document class, so it can 

easily access the data saved in that class. The purpose of this class is to provide a 

graphical representation of the application data. It is inherited from the MFC CView 

class. 

4. CMainFrame 

MFC generated class. This class represents the main window of the application. It 

provides a frame window and a menu and other GUI objects. The client area of the main 

window is the view object. It is inherited form the MFC class CFrameWnd. 

5. COpenGLAnimator 

This class is the actual OpenGL animator, which calls various OpenGL functions to 

perform the animation. The Draw Q method in this class draws a single frame, while the 

Animate Q method realizes the animation. 
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6. CControlThread 

This class manages the user interface. It communicates with the main thread to 

control the animation and maintain responsiveness even during the animation period It is 

derived from the MFC CWinThread class. 

7. CControlDlg 

This class represents the window for the separate UI thread. It mns as a modeless 

dialog. Closing this window also terminates the UI thread. It is derived from the MFC 

CDialog class. 

8. COnCmdMsg 

This stmcture is used to pack the parameters passed from the separate UI thread to 

the main thread. It contains an integer id that describes what had happened, an integer 

code and other information. Its definition is shown below. 

stmct COnCmdMsg 
{ 

int mnID; 
int m_nCode; 
void* m_pExtra; 
AFXCMDHANDLERINFO* m_pHandlerInfo; 

}; 

9. CPercentDlg 

This class is a dialog class used during the process of loading the coordinate file to 

indicate how much has been loaded. It disappears after the completion of the loading. 

Like any other dialog class, this class extends the flincfionalities of the MFC CDialog 

class. 
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CHAPTER 6 

MODA DESIGN ISSUES AND IMPLEMENTATION 

61 OpenGL 3D Graphics programming with MFC 

OpenGL is the industrial 3D graphics programming standard. It provides a software 

interface to graphics hardware. OpenGL is built on the Client/Server model The client 

issues OpenGL drawing commands and the server performs the drawing. The format for 

transmitting OpenGL commands from client to server is always the same, so OpenGL 

programs can work efficiently across a network event if the client and server are different 

kinds of computers. 

OpenGL is designed as a streamlined, hardware-independent interface to be 

implemented on many different hardware platforms. To achieve these qualities, no 

commands for performing windowing tasks or obtaining user input are included in 

OpenGL. Therefore OpenGL has to work with a windowing system, which controls the 

particular hardware. 

In Win32 API, several functions are provided to bridge the connection between 

OpenGL and the Windows graphics device context. For a SDI MFC application, this can 

be done in the following procedure: 

6.1.1 Overriding the OnCreateO function 

The first step is to override the OnCreate ftjnction of the view class that will be 

called by the MFC framework. 
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int CMoDaView::OnCreate(LPCREATESTRUCT IpCreateStmct) 
{ 

if (CView: :OnCreate(lpCreateStmct) =- -1) 
retum -1; 

PIXELFORMATDESCRIPTOR pfd ={ 
sizeof(PIXELFORMATDESCRIPTOR), // Stmcture size 
1, // Stmcture version number. 
PFD_DRAW_TO_WINDOW | // Property flags 
PFD_SUPPORT_OPENGL | 
PFDDOUBLEBUFFER, 
PFD_TYPE_RGBA, 
24, // 24-bit color. 
0, 0, 0, 0, 0, 0, 
0, 0, 0, 0, 0, 0, 0, 
32, // 32-bit depth buffer. 
0, 0, // No stencil or aux buffer. 
PFD_MAIN_PLANE, // Main layer type. 
0, // Reserved. 
0, 0, 0 // Unsupported. 

}; 

CClientDC clientDC(this); 

int pixelFormat = 
ChoosePixelFormat(clientDC.m_hDC, &pfd); 

BOOL success = 
SetPixelFormat(clientDC.m_hDC, pixelFormat, &pfd); 

DescribePixelFormat(clientDC.m_hDC, pixelFormat, 
sizeof(pfd), &pfd); 

if (pfd.dwFlags & PFD_NEED_PALETTE) 
SetupLogicatPaletteQ; 

mhRC = wglCreateContext(clientDC.m_hDC); 

return 0; 
} 

This function first calls the base class OnCreateQ function. If this retums zero, a 

pixel format descriptor is initialized with the OpenGL and double buffering flags set. 

This pixel format descriptor is passed to the API roufine ChoosePixelFormatQ, upon 

retum an pixel format approximately close to that defined in the passed descriptor will be 

set up, and the descriptor is updated with actual information of the chosen format. If 
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necessary, a specific palette is realized. Finally the OpenGL graphics context is created 

by calling the API function wglCreateContextQ 

6.1.2 Overriding the OnSizeQ function 

The second step is then to override the OnSize function of the view class to 

reinitialize the OpenGL animator. This function will be called by MFC whenever the size 

of the window is changed. 

void CView: :OnSize(nType, ex, cy); 
CClientDC clientDC(this); 
wglMakeCurrent(clientDC.m_hDC, m_hRC); 
InitOpenGL(cx, cy); //Initialize OpenGL 
wglMakeCurrent(NULL, NULL); 

} 

This ftjnction starts with the registration of the OpenGL graphics context with the 

updated client device context by calling wglMakeCurrent (clientDC.mhDC, mhRC) 

InitOpenGL (ex, cy) initializes the OpenGL model view and projection matrices, the 

viewport on which the drawing will be rendered with the new sizes, and set up the RGBA 

colors and position of the light source. wglMakeCurrent(NULL, NULL) releases the 

current graphics context. This concludes the initialization of OpenGL 

6.1.2 Overriding the OnDrawQ function 

The final step is to override the OnDraw flincfion. It is called whenever the viewing 

window needs to be repainted. 

void CMoDaView: :OnDraw(CDC* pDC) 
{ 

CMoDaDoc* pDoc = GetDocumentQ; 
AS SERT_V ALID(pDoc); 
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if (!pDoc->m_bDataLoaded) retum; 

if(m_hPalette) 
( 

SelectPalette(pDC->m_hDC, mhPalette, FALSE); 
RealizePalette(pDC->m_hDC); 

} 
wglMakeCurrent(pDC->m_hDC, m_hRC); 
gAnimator.DrawQ; IfDxdcw the current frame 
wglMakeCurrent(pDC->m_hDC, NULL); 

This function first makes sure that the load of data has finished. Then it realizes the 

palette if not realized yet. wglMakeCurrent(....) sets up the current device context as the 

OpenGL drawing surface. The animator's DrawQ is called to draw the current frame 

Finally, the graphics context is released. 

6.2 Single-Threaded Animation 

Traditional console application mns in sequential mode. Windows programs, 

however are event-driven. There is an infinite loop deep inside MFC that waits endlessly 

for a new message to arrive. If the message queue is not empty, the message that waited 

for the longest fime is retrieved and processed by calling a message handler. These 

hidden instmcfions look something like this: 

MSG msg; 

while (:;GetMessage(&msg,NULL,0,0)){ 

; :TranslateMessage(&msg); 

: :DispatchMessage(&msg); 
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Windows determines which messages belong to the program, and the \\'in32 .API 

function GetMessage(...) retums when a message needs to be processed. If no messages 

are posted, it blocks and the program is a suspended, other program can be scheduled 

The above model is single-threaded, which means there is only one path of execution. 

Problems arise when single-threaded programming model is used to make 

animation. Recall the double buffering animation algorithm presented in Chapter 3. For a 

nontrivial program, the frames are complex and consume non-negligible CPU time. If the 

number of frames is not small, the algorithm may take a significant amount of CPU fime. 

Back in the 16-bit operating systems, this would have hung up the whole computer for 

the duration. With Win32, other application can mn because of preemptive multitasking -

Windows simply intermpts the animation program when its current allocated time slice 

ends and calls the scheduler to select another process for execution. However during the 

animation period, the interface of the animation program will be inactive and no longer 

response to the user input. Messages are jammed into the message queue until the 

animation loop terminates and retum control to the message-dispatching loop. 

Good animation program not only eliminates flickering, but also should not 

sacrifice the responsiveness of the program interface. One way to overcome this problem 

is to train the animation routine not to lock out the interface by yielding control at the end 

of each frame. By modifying the double buffering animation algorithm presented in List 

3, we obtain the following responsive double-buffering animation algorithm. 

List 6.1 Responsive Single Threaded Animation Algorithm 

for (i = 0; i < 10000; i++) { 
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ClearScreen () ; 

DrawFrame (i) ; 

SwapBuffers Q; 

MSG msg; 

If (::PeekMessage(&msg,NULL,0,0,PM REMOVE))! 

: :TranslateMessage(&msg); 

: :DispatchMessage(&msg); 

The PeekMessage(...) function is similar to GetMessage(...), except that it is a non-

blocking call. Therefore it retums immediately even if no message has arrived for the 

program. In that case, the next frame are drawn and displayed. If there is a message, the 

animation is halted and the DispatchMessage(...) function passes control to the MFC 

message pump, which calls the handler via the message map. 

6.3 Message Passing and Multi-Threaded Animation 

The trained double buffering single-threaded animation algorithm maintains 

responsive even in the middle of animation. The disadvantages are: (1) it non-selectively 

yields control to all messages, making the animation the lowest priority task in the 

process like an idle time message; and (2) the dispatch of a message may take quite 

different time depending on the complexity of the message handler. This causes the 

display time for each frame to be irregular and unpredictable. The smoothness of the 

animation may be degraded. 
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An ultimate solution is to use muhiple threads. One of the threads performs the 

animation, while another one manages the user interface. The two threads communicate 

through messages. In this section, we describe the method used in MoDa to achieve 

responsiveness with two threads. 

6.3.1 MFC Multi-Thread Model 

As far as Windows is concemed, all threads are alike. MFC, however, distinguishes 

between two types of threads: user interface (UI) threads and worker threads. The 

difference between the two is that UI threads have message loops and worker threads do 

not. UI threads can create windows and process messages sent to those windows Worker 

threads perform background tasks that receive no direct input from the user and therefore 

don't need windows and message loops. 

6.3.2 Creafing a Worker Thread 

To create a worker thread is easy: we either constmct a CWinThread object and call 

that object's CreateThread(...) function to create the thread or use the 

AixBeginThread(...) to constmct a CWinThread object and create a thread in a single 

step. The statement 

CWinThread* pThread = AfxBeginThread(ThreadProc, &param); 

launches a worker thread and passes it the address of an application-defined data 

stmcture named param that contains input parameters to the thread The thread procedure 

is prototyped this way: 

UINT ThreadProc (LPVOID pParam), 
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pParam is a 32-bit parameter whose value equals the address of the application defined 

data stmcture param passed to the worker thread by the thread that created it. It can also 

be a scalar value. 

6.3.3 MoDa User Interface Control Thread 

Creating a UI thread is an altogether different process than creating a worker thread. 

A worker thread is defined by its thread procedure, but a UI thread's behavior is govemed 

by a dynamically creatable class derived from CWinThread that very much resembles an 

application class derived from CWinApp. The Control thread used in MoDa is declared 

and defined as follows: 

// ControlThread.h : header file 
/ / 

class CMoDaDoc; 
class CMoDaView; 

/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / 

// CControlThread thread 

class CControlThread : public CWinThread 

{ 
DECLARE_DYNCREATE(CControlThread) 

public: 
CControlThread(CMoDaView* pView); 
CControlThreadO; 

public: 

CMoDaView* m_pView; 
CControlDlg mcontrolDlg; 

// Overrides 
// ClassWizard generated virtual function overrides 
//{{AFX_VIRTUAL(CControlThread) 
public: 
virtual BOOL InitlnstanceQ; 
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virtual int ExitlnstanceQ; 
//}}AFX_VIRTUAL 

protected: 
virtual -CControlThreadO; 

// Generated message map functions 
//{{AFX_MSG(CControlThread) 
//}}AFX_MSG 

DECLARE_MESSAGE_MAPO 

// ControlThread.cpp : implementation file 
#include "stdafx.h" 
#include "MoDa.h" 
#include "ControlThread.h" 

#ifdef_DEBUG 
#define new DEBUG_NEW 
#undefTHIS_FILE 
static char THIS_FILE[] = _FILE__; 
#endif 

IMPLEMENT_DYNCREATE(CControlThread, CWinThread) 

CControlThread: :CControlThreadO 

CControlThread: :CControlThread(CMoDaView* pView) 

m_pView = pView; 

CControlThread: :~CControlThreadO 

BOOL CControlThread: :InitInstanceO 
{ 

m_controlDlg.Create(m_pView), 
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m_pMainWnd = &m_controlDlg; 
retum TRUE; 

} 

int CControlThread: :ExitInstanceO 
{ 

mcontrolDlg.DestroyWindowQ; 
retum CWinThread::ExitlnstanceQ; 

} 

BEGIN_MESSAGE_MAP(CControlThread, CWinThread) 
//{{AFX_MSG_MAP(CControlThread) 

//}}AFX_MSG_MAP 
ENDMES S AGEMAPQ 

The most important method in this class is InitlnstanceQ, which is called 

immediately after the UI thread is created. What it does is to create the main window for 

the UI thread - a modeless control dialog in this case. Closing the dialog terminates the 

thread too, because CWnd::OnNcDestroyQ posts a WMQUIT message to the thread's 

message queue. The control thread is launched right after the loading of data files is 

completed in the OnFileOpenQ method of the CMoDaDoc class. At this point, the control 

thread is ready to communicate with the animation thread, 

void CMoDaDoc: :OnFileOpen() 

{ 

//Loading the coordinate file 

if (m_pControlThread == NULL);{ 
m_pControlThread = new CControlThread(pView); 
m_pControlThread->CreateThreadQ; 

} 

47 



6.3.4 Thread Synchronization 

In MoDa two threads are mnning concurrently after the coordinate file is loaded 

The main thread is designed to draw the frames and perform the animation while the UI 

thread manages the user interface. Both threads share the same process address space. 

These threads must communicate in two cases: (1) if two threads require access to the 

same variable, accesses must be coordinated so that both threads do not try to modify it at 

the same time or so that one thread does not write to the variable while the other reads it, 

and (2) when a user changed the state of some user interface elements in a separate UI 

thread, if the main thread has to know the new state, a mechanism has to be designed to 

inform the main thread. Corresponding to these two cases, there are two ways to 

accomplish the inter-thread communication. The first method is to use synchronization 

objects such as events, critical sections, semaphores and mutexes. The second alternative 

is through message passing. In the following subsections, we describe the implementation 

of these two methods used in MoDa. 

6.3.4.1 Synchronization Object 

The MoDa thread controller uses events to notify the main thread when it detects a 

user-input signal to stop the animation. Encapsulated in MFC's CEvent class, an event is 

basically just a flag in the operafing system kemel that is either raised (set) or lowered 

(reset). A set event object is said to be in a signaled state, while a reset event object is 

said to be nonsignaled. 

To create an event object, we simply constmct CEvent object. The prototype of the 

constmctor is as follows: 
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CEvent (bool bInitiallyOwn = false, 
Bool bManualReset = false, 
LPCTSTR IpszName = NULL, 
LPSECURITY_ATTRIBUTES Ipsa = NULL) 

The first parameter, bInitiallyOwn, specifies whether the event object is initially 

signaled (tme) or not (false). The second parameter, bManualReset, specifies whether the 

event should be set back to nonsignaled state manually or automatically after it becomes 

signaled and the operafing system wakes up a thread that's waiting on the event. The third 

and fourth parameters are rarely used unless the event object is changed to synchronize 

threads in different processes. In MoDa, default values for all the parameters are used. 

To notify the animation thread that the user wants to stop the animation, the control 

dialog raises the stop event in the handler function OnPlayStop: 

void CControlDlg: :OnPlayStopO 
{ 

gStopEvent. SetEventQ; 
} 

where gStopEvent is the event object globally declared and constmcted. 

The other side of the story is how the main thread senses the occurrence of an event. 

Win32 API provides the WaitForSingleObject function for this purpose. This function 

takes two parameters. The first parameter is the event handle. A CEvent object can be 

used for this parameter, since it has a cast operator HANDLE. The second parameter is a 

time-out value. If the parameter is set to INFINITE, the function waits forever until the 

event becomes signaled. However if it is set to 0, the function retums immediately, with a 

retum value of WAITOBJECTO if the event was signaled. 

Using event object, a multi-threaded animation algorithm can be implemented this 

way; 
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List 6.3 The Multi-Threaded Animation Algorithm 

for (i = 0; i < 10000; i++) { 

ClearScreen Q ; 

DrawFrame (i); 

SwapBuffers Q; 

if(::WaitForSingleObject(g_StopEvent,0) 

= WAITOBJECTO) 

break; 

6.3.4.2 Message Passing 

The UI thread is managing the user interface. When the user changes the states of 

some of the user interface controls, one way for the main thread to know the new states is 

for the control thread to send a message to it. This message is not a standard Windows 

message, therefore the class wizard can not see its ID and is unable to automatically add a 

handler. The following procedure has to be used to establish the connection between the 

sender and receiver manually. 

1. Define message IDs for the massages. 

#define WM_USER_ONCMDMSG (WM_USER + 0x1000) 
#define WM_USER_PLAY (WM_USER + Ox 1001) 

2. On the sender's side, override the control window's message pumping function 

OnCmdMsg(...). This function is called by the DispatchMessage(...) roufine in the 

message loop whenever there is a message to handle. If a message needs to be handled bv 

the receiver, we first pack the parameters that describe what happened along with some 
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extra information and then send it to the receiver. If the message is meant for itself, then 

the base class OnCmdMsg(...) is called to pump the message through the message map. 

An outline of the overridden function is given below. 

BOOL CControlDlg::OnCmdMsg(UINT nID, int nCode, void* pExtra, 
AFXCMDHANDLERINFO* pHandlerlnfo) 

{ 
// roufing the command message to the view 
COnCmdMsg param; 

If (nID represents a message to be 
handled by the main thread) 

{ 
pack command message parameters; 
retum m_pView->SendMessage( WMUSERONCMDMSG, 

GetCurrentMessageQ->wParam, 
(LPARAM)&param); 

} 
else { 

retum CDialog: :OnCmdMsg(nID, nCode, pExtra, 
pHandlerlnfo); 

} 

3. On the receiver's side, add an entry in the message map connecting the handler and 

the user defined message. 

BEGIN_MESSAGE_MAP(CMoDaView, CView) 

On_COMMAND(IDC_PLAY_FORWARD, OnP lay Forward) 
ON_MESSAGE(WM_USER_ONCMDMSG, OnDelegatedCmdMsg) 
ON_MESSAGE(WM_USER_PLAY, OnPlay) 

END_MESSAGE_MAPQ 

4. Implement the message handlers in the receiver. The message function for the user 

defined message WMUSERONCMDMSG is simple and straightforward: 

LRESULT CMoDaView: :OnDelegatedCmdMsg(WPARAM, 
LP ARAM IParam) 

{ 
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COnCmdMsg* pParam = (COnCmdMsg*)lParam, 

return CWnd: :OnCmdMsg(pParam->m_nID, 
pParam->m_nCode, 
pParam->m_pExtra, 
pparam->m_pHandlerInfo); 

} 

In this fiinction, we simply call the CWnd class OnCmdMsg(...) funcfion to pump the 

message with the passed id. Therefore for each message passed form the sender, an entry 

has to be added to the message map of the view class. In the step 3, one of these entries is 

shown: OnPlayForward. This function will actually handle the message defined by the ID 

IDC_PLAY_FORWARD. 

Note that in step 2, the sender used the SendMessage(...) call to notify the view that 

something happened. Unfortunately this function is a blocking call, it will not retum until 

the message gets actually processed. This may destroy the responsiveness of the user 

interface, which is something we want to avoid from the beginning. The Visual C++ on 

line documentafion states that the function PostMessage(...) can be used to place a 

message in the window's message queue and then retums without waifing for the 

corresponding window to process the message. But it does not work across thread 

boundary. The trick here is to define another use message called WMUSERPLAY, and 

in the OnPlayForward call the non blocking function PostMessage(...) with this id. This 

strategy works because the PostMessage(...) call is made in the same thread this way. 

The two message functions related to forward animation are given below: 

void CMoDaView: :OnPlayForwardQ 

{ 
g_Animator.m_nDirection = FORWARD, 
PostMessage(WM_USER_PLAY); 

} 
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void CMoDaView; :OnPlayO 
{ 

gAnimator.AnimateQ; 
} 

where gAnimator is the global animation object. 
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CHAPTER 7 

APPLICATION 

Silicon crystal is the fundamental building block for the modem computer industry. 

It is the most well studied semiconductor material on the planet. Still there exist some 

mysteries about this crystal. One of these unanswered questions is related to the silicon 

self-interstitial, its stable configurations and migration path and its interaction with other 

defects. There are wide spread research results concerning this special defect. Defect 

study in the bulk Silicon crystal is still very active. Recently an interesting defect Ve that 

is formed by removing 6 Silicon atoms is found very stable energefically. This poses 

some interesting questions such as whether it will attract other defects or not, and how it 

recovers itself 

Some preliminary calculations were performed in an effort to study the interaction 

of the V6 defect and a hydrogen interstitial atom. The MD cell was created by removing 6 

Silicon atoms in the center from a 64-atom cell. Therefore there are 58 Silicon atoms 

initially located at their perfect lattice sites. The hydrogen atom is added at one of the 6 

symmetrical vacant sites. The initial geometry of the cell is illustrated Fig 7.1 

The molecular dynamics calculation is performed at the approximate ab-initio 

Hatree-Fock level. The whole cell is kept at neutral charge state. The temperature is set to 

1000 k. Time interval is set to 0.1 femtosecond. Coordinates of all the atoms in the cell 

for 2000 time steps were calculated. They are extracted from the MD simulation output 

files and saved to adapt to the format required by MoDa. 
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fftxFile' MoDa W^WiControf panei 

Fig 7.1 The Initial Geometry of the SisgH MD Cell 
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Moda reads the coordinates obtained from the molecular simulation calculation and 

visualizes the geometry of the MD cell. The animation shows that the hydrogen atom 

moves much faster than the other silicon atoms. This can be explained from the 

difference of the masses between them. It was also that the hydrogen-v6 combination is 

not stable at this temperature. Fig 7.2 and Fig 7.3 shows the geometry after 1000 step 

and 2000 step respectively. Most of the initial bonds are broken during the vibration 

process. Unfortunately we can not draw very useful conclusions from this preliminary 

calculation. Further simulation such as quenching will be needed in order to obtain any 

reasonable physical results. 
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Fig 7.2 Cell (jeometry after 1000 fime steps 
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Fig 7.3 The Final Cell Cxeometry 
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CHAPTER 8 

CONCLUSIONS 

8.1 Summary of MoDa 

Computer simulation and animation have become more and more accepted as an 

invaluable tool for system analysis in a wide variety of different disciplines. Computer 

simulation provides a useful altemate when direct study of the real world system involves 

too much risk or when it is too complicated to study analytically. In addition, computer 

animation creates a real time feeling by simulating the real world system evolution in a 

magnified time scale. In "hard sciences" such as engineering, chemistry and physics, 

computer simulations have witnessed a lot of successful applications. 

In this project, a visualization and animation tool for molecular dynamics 

simulation is developed. Major functions of MoDa includes: 

1. Play control, 

2. Speed control, 

3. Display single frame, 

4. Toggle on/off bonds and labels, 

5. Rotating and zooming. 

The benefits of the tool includes: 

1. It provides a visualization of the molecular dynamics simulation results, 

2. It is a very useful research tool for fime related processes such as migrafion of 

defects, 

3. The tool is a multi-threaded, so it maintains the responsiveness even in the 

middle of animation, 
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4. It makes it easy to study defect interaction. The animation function can clearly 

show the attraction or the repulsion of different defects. 

5. This tool is developed on personal computer platform. No special hardware 

and software are needed. 

8.2 Further Research 

A number of further works can be done to enhance the functions of MoDa. In the 

current version, the tool has a single document interface (SDI), which means only one 

simulation file can be visualized and animated. Future can uses multiple document 

interface (MDI) MFC architecture such that multiple simulation files can be visualized 

and animated. This will make comparisons among different settings and simulations 

conditions easier. In addition, software interoperability is desired since it provides a 

mechanism for one software component to manipulate and reuse the features of another 

component. This can be enhanced through making MoDa an automation server. 
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