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1. Introduction

The main value of this project is as part of a much bigger project, “Towards Molecular Structure Kinetics (TOMSK)”, coordinated by Dr Dmitry Konovalov. The eventual goal of TOMSK is to build a system which can simulate vast numbers of molecules interacting and proteins folding. To get there however, requires a number of steps. This project will essentially create an efficient “engine” layer (http://www.it.jcu.edu.au/~dmitry/tomsk/layer_engine_algorithms.htm); a library of functions which will be built upon by future students for molecule simulations.
The range search problem, also known as fixed-radius near-neighbours search [DE96], is a very important computational geometry problem with numerous applications across a large range of disciplines, including geographical information systems, computer graphics, astrophysics, pattern recognition, databases, data mining, artificial intelligence and bioinformatics [CNBM99]. The range search problem itself is to find all points p within a given radius r of another point q. Other variants of this problem include nearest neighbour query, k-nearest neighbour query, spatial join, and approximate nearest neighbour [RKV95, CNBM99]. All these aforementioned proximity problems have been thoroughly explored, and many solutions have been proposed and tested for range searches in both vector space and metric space. Among the most popular data-structures for range searches in vector space are the R-tree, kd-tree, quad-trees and X-trees [CNBM99].

Unfortunately, as explained in [CNBM99], since range search problems have been investigated across such a diverse range of fields (usually focusing on high-dimensionality problems), there has been significant reinvention and overlaps in the various solutions, there have been few attempts to unify solutions, and few thorough comparisons have been presented. Moreover, many papers which explore the range search problem are very generalized to account for variable numbers of dimensions, different fields, and often different types of space (Euclidean space or non-Euclidean space, metric space or vector space, continuum space or fixed space) [CNBM99].
In this proposed project, the most popular and efficient range search algorithms and data-structures will be thoroughly applied and compared in the specific context of a stable fluid simulation in three-dimensional Euclidean vector space. This fluid dynamics problem is of prime importance in engineering and many scientific disciplines, including bioinformatics [Sta99, Smi03]. By determining which particles are within the range of influence of another particle, it is then possible to calculate all pair-wise influences and simulate their interaction. In stable fluids atoms vibrate around a lot and move about relatively slowly. In this general case, the distribution of particles is typically uniform. This is unlike most n-body problems (including star simulations) where particles cluster [BN97, CK95], or geographical information system, where most real-world data sets exhibit countless patterns; the distribution of street lights in a city for example.
Various papers discuss methods of fluid behaviour simulations in different contexts. For instance [Sta99] focuses on simulations for computer graphics animations where speed is far more important than accuracy. In this project however accuracy is of prime importance. Once the most efficient range search methods are compared and established, they will be optimized as much as possible to simulate fluid dynamics without compromising accuracy.

2. Aims, Relevance and Significance
Aims

This project has several aims. The first aim is to implement and compare a number of algorithms and data structures to solve the range search problem in static three dimensional Euclidean space. Results will be collected for many different input data sets so that the different techniques can be performance measured and compared.
The main aim, however, is to use and compare the best methods from above in a simulation of stable fluids. This may lead to the optimization of the existing algorithms or the development of a new algorithms to speed up the simulation.
Relevance/Significance
This project is important, first of all because the results of the range search experiments will provide a valuable guide to the advantages and disadvantages of different methods. This comprehensive guide will not only be useful in implementation of bioinformatics systems, but useful in numerous other domains which use range searches in three dimensions [CNBM99].
Moreover, this project is part of the “Towards Molecular Structure Kinetics (TOMSK)” project and will produce a solid, stable code base and library of functions for future bioinformatics student who wish to perform molecular simulations.
3. Research Plan and Methods

In order to complete this project, detailed information about various existing solutions to the range search problem and stable fluid simulations must be collected. The advantages and disadvantages of different methods will be collated and analyzed, and then the best methods to implement will be decided. This project will consist of two major components; a research component and coding component.
Researching Component:

1. Before getting too involved in technical papers, the first task is to establish a comprehensive knowledge of the problem and a better grounding on the subject. Good handbooks/textbook on “computational geometry” and “fluid dynamics” will be sought after in the library.

2. Once sufficient knowledge on the subject is achieved, a long-term search for good research papers and technical information will commence (mainly via the Internet). As many relevant research papers as possible will be printed, read and highlighted. Keeping records of which papers were looked over, and what insight each paper offers, will be essential.
3. Once a decision on which algorithms and data-structures to implement is reached, a search for existing code and libraries will begin. The amount of required coding work will very much depend on what free code can be found on the Internet, and how good the quality.

4. Before coding is too far underway, it will be necessary to learn more about the extensive C++ language so that the code written is of a good standard. Three respectable books on efficient C++ coding practices have already been selected.

5. As learning of C++ continues, further information on computational geometry methods will be studied.

NOTE: Currently about twenty papers have been briefly read (abstract and conclusion), four papers thoroughly read, dozens of internet pages scoured over and five or so textbooks are being assessed.

Coding Component:

1. Once detailed information on the most efficient algorithms and data-structure is compiled, coding can commence. Any good quality code fragment from other sources will be referenced and integrated/adapted as best as possible.

a. NOTE: All code will be written in C++ and follow good object-oriented principles so that better portability and re-use of code will be facilitated [see Facilities Required section].

2. The first step will be to select and code two of the most simple range-search techniques from above.

a. NOTE: It has already been decided to replicate the results from [RKV95] to fulfill the requirements of another subject, “Scientific Research Method”. For this reason it is most likely that the backtracking algorithm and R-tree described in [RKV95] will be the first technique implemented in code.

b. NOTE: The second technique will probably be a fixed grid structure, since this is the easiest, and also expected to give good results for any range query with a uniform spread of points.

3. Once two techniques have been implemented, a versatile framework for testing their performance will be established.

a. NOTE: This framework will make it easy for the user/programmer to run any set of input data (set of points and a search radius) for any, or all, of the implemented “solvers”. A summary of results will probably be output into CSV files.

4. Any other promising algorithms and data structures will then be implemented so as to fit into the existing testing platform.

a. NOTE: KD-trees, X-trees, Quad-trees, and any number of algorithms [AMNSW94, BNC01, Cal93, Cla83] are all candidates.

5. When all desired solutions are properly finished, the major result collection phase can start. Many different properties of a range search can be changed, such as the uniformity of point distribution, the total number of points and the radius of the search.

a. NOTE: Collecting a broad range of results is important, therefore many sets of input data will be generated, such that only a single variable is changed between successive tests (for example: change the search radius, but not the number of points or their distribution pattern).

a. Each set of input data will be tested for all implemented algorithms.

b. To develop a good feel for what type of tests to run, and how many tests are needed to get meaningful results, may take considerable time.

6. After sufficient results are gathered, they will be analyzed and graphed so as to determine which technique(s) are the best, and in what situations.

7. The next major phase will involve building another layer onto the existing framework. Using the best techniques from above, a stable fluid particle simulation will be built.

a. NOTE: Particles will now have a velocity (as well as position) and interact with each other. This particle simulation will involve a repetitive three step process:

i. Perform range search for all particles.

ii. Calculate pair-wise interactions between particles.
iii. Move particles.
iv. Increment time-step.
8. If not already implemented, a front end will be added to show the movement of the particles.

9. In this new scenario where particles are moving, new ways to optimize the algorithms will be investigated by trial and error.

a. NOTE: For instance it should be possible to increase time steps, and/or predict how range query results will change based on particle vectors.

10. Since certain techniques to speed up algorithms might affect the accuracy, a system to measure levels of inaccuracy (over a large time frame) will be devised and implemented.

a. NOTE: The obvious solution is to run the same test data, first using a “safe”, benchmark method (with great proven accuracy) and then using the altered algorithm. The difference between corresponding points after set time-frame intervals would be measured to indicate accuracy.

11. Results from testing in this new environment will be thoroughly analyzed and graphed.  The final step will be to write up all findings in a thesis.

4. Expected Outcomes

This project is still in its early research phase, and no preliminary results have been obtained. This section instead explains what is expected by the end of the project.

First of all this project will result in a comparison of the best techniques (algorithms and data-structures) to perform a range search on points sets in three dimensional Euclidean space. This will include several graphs which measure performance trends as certain input parameters are changed.
Secondly, this project will determine which of the above range search methods work best in a stable fluid simulation. Since the particles are moving, more techniques to improve efficiency will present themselves and, if possible, the best algorithms will be optimized.

Most importantly, this project will produce a prototype simulation of atoms in a stable fluid; a program which demonstrates range search techniques and shows atoms interacting with each other. Most importantly, it will provide a natural interface; a c++ library, which will be easy to reuse and incorporate into future research projects.
5. Timetable of Activities

	Week
	Date
	Activities

	1
	Feb 23
	chose project

	2
	Mar 1
	start research

	3
	Mar 8
	

	4
	Mar 15
	submit project proposal (15/3)
start reading C++ books & start coding

	5
	Mar 22
	

	6
	Mar 29
	

	lect rec
	Apr 5
	finish code for basic testing

	7
	Apr 12
	implement & test first two techniques (probably R-tree & grid file)

	8
	Apr 19
	

	9
	Apr 26
	

	10
	May 3
	submit literature review (6/5)
improve code

	11
	May 10
	

	12
	May 17
	

	13
	May 24
	

	study vac
	May 31
	implement more techniques

	exams
	Jun 7
	

	exams
	Jun 14
	first seminar (17/6)
implement other structures

	vac 1
	Jun 21
	test techniques & assess results

	vac 2
	Jun 28
	

	vac 3
	Jul 5
	

	vac 4
	Jul 12
	implement particle simulation

	vac 5
	Jul 19
	

	vac 6
	Jul 26
	

	vac 7
	Aug 2
	

	1
	Aug 9
	collect initial results

	2
	Aug 16
	try optimizing particle simulation

	3
	Aug 23
	

	4
	Aug 30
	

	5
	Sep 6
	collect & analyse results

	6
	Sep 13
	

	7
	Sep 20
	

	lect rec
	Sep 27
	review code

	8
	Oct 4
	finish program

	9
	Oct 11
	project completed (13/10)
focus on writing thesis from here on

	10
	Oct 18
	structural draft (21/10)

	11
	Oct 25
	

	12
	Nov 1
	draft thesis (4/11)

	13
	Nov 8
	

	study vac
	Nov 15
	thesis due (21/11)

	exams 
	Nov 22
	final seminar (26/11)


6. Facilities Required

For the research component of this project, access to the library’s resources and the Internet will be critical. More importantly, this project involves a significant coding component. All coding for this project will be done in C++, and, where necessary, OpenGL will be used as a front end (to display points and particle interactions etc). Access to a decent computer with Microsoft Visual C++ 6 and glut libraries installed will be essential.
No special hardware will be required, however a faster computer (Pentium 500 or better) will help speed up the testing phases of the project, and a good graphics card (GeForce3 or better) will ensure a smooth animation to see the stable fluid simulator in operation.
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