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1. Introduction

Scientists studying population genetics need an accurate, easy to use tool for predicating gene flow between animal populations. Most existing tools fail to account for terrain features and multiple paths in their model. A model based on circuit theory takes these factors in account by treating the habitat as a grid of resistors and calculating the equivalent resistance between two nodes. Unfortunately, the only current implementation of this model is in MatLab. This implementation requires the expensive mathematics suite and is difficult to use. Our solution is to implement a gene flow model based on circuit theory in Java. This will allow the gene flow tool to run as a stand-alone product so it can be distributed to a larger market. It will also allow us to quickly implement a graphical user interface so even novice computer can operate it. The final product will read in terrain data in the form of ASCII files. From this data, it will calculate geographic distance, equivalent resistance, and equivalent conductance between animal populations. The data will be outputted to text files readable by Excel.
2. Problem Statement
Brad McRae came to team Circuitscape on January 21, 2004 to design a new Circuitscape program. This program uses circuit theory to model gene flow.

Gene flow theory is the study of the flow of genetic material from one creature population to another, and of the genetic difference between geographically distant populations. It can be used to study the health of a population and the effects of terrain on animal populations.

Brad McRae, a researcher in the NAU Forestry department, has pioneered the use of circuit theory to model gene flow because of deficiencies in existing modeling techniques, including Markov Chain Theory and the geographical distance model.

Consider an example gene flow problem. There is an area of terrain occupied by various groups of mountain lions. This area's map can be approximated by a 500x500 pixel grid. We want to know how much migration there is between two groups of mountain lions in this area so we can see if they are receiving a healthy amount of genetic material from each other (i.e. we want to be sure they are not in-breeding).

Suppose we try analyzing the flow of genes in the mountain lion example using the geographical distance model. The model can make an approximation of the gene flow occurring, but it is a poor one because only the distance between the groups is accounted for. All geographical features are ignored. Thus, the geographical distance model can be used here but its inaccuracy means the information obtained is low-quality. The geographical distance model fails to simulate the effects of a heterogeneous landscape by not accounting for geographical features like barriers to genetic movement (e.g. the area of land between two lakes when considering fish migration). 

On the other hand, models based on Markov Chain Theory are accurate but computationally expensive. Only small data sets can be modeled without exceeding the capabilities of most personal computers. Consider using Markov Chain Theory to analyze our example. Because the map involved is so large, we will need a computer to do the computations. Markov Chain Theory is very accurate, so the information produced from this analysis will be high-quality. However, after entering the data into the model and starting the Markov program, the computer crashes! Markov Chain Theory uses so much memory it could not handle a matrix even a tenth the size of ours.

How would resistor field theory work for analyzing the mountain lion example? We enter the array of map data into the program, and run it. The program executes without problems, and produces results much more accurate than the geographic distance model and almost as accurate as the Markov Chain Theory approach. The use of resistor field theory as a basis for gene flow modeling promises to produce accurate models for large sets of data.

There is currently a program implementing resistor field theory, but it has several problems:

· It is written for Matlab, an expensive and complex mathematics program

· The user interface is a command line with little tolerance for error

· There is no user help included in the program

· The code is un-commented and difficult to understand

This is a serious issue because the use of circuit theory in gene flow models is a new concept so its advantages are not well known. Getting those involved in population genetics to use an entirely new modeling system is difficult enough without the added expense and complexity of MatLab. The product will be a stand-alone product available free for download to prevent the cost in money from repelling potential users. Additionally the learning curve will be minimized to prevent the cost in time and effort from being prohibitive. Potential users should feel that they have nothing to lose from trying out our product. Once they try it, we are confident they will be impressed by the increased accuracy of the circuit model and will come to rely on it as an important tool in their work. 

3. Product Statement

Team Circuitscape's task is to write a new version of the Circuitscape program. The program will allow users to calculate the effects of terrain on the flow of genes between animal populations. It will have several features:

· Calculate geographic distance, equivalent conductance, and resistance between animal populations.

· Implemented as a stand-alone product allowing it to be downloaded and used by novice computer users.

· Produces output viewable in Excel.

· Mathematical capabilities of the program will be expanded to create a better model.

· A graphical user interface that allows more natural data entry and control.

· In-program help system.

· Well-documented code for easier updating.

4. Use Cases 

1. Establishing a travel corridor between animal populations

Scenario: 

A population geneticist is hired by the government to determine if adding a travel corridor between two animal sanctuaries would significantly increase gene flow between the animal populations in the sanctuaries.

Events:

1. Geneticist models the locations of animal populations in a GIS (Geographic Information System). 

2. Geneticist models the landscape as it is currently in a GIS.

3. Geneticist models the landscape modified to include a traffic corridor.

4. Geneticist runs Circuitscape using the GIS raster files for population locations and the current landscape.

5. Geneticist runs Circuitscape using the GIS raster files for population locations and the modified landscape.

6. Geneticist reads the data generated by Circuitscape using Excel.

7. Geneticist compares the equivalent conductance values generated by the current and modified landscapes runs to determine if the increases are significant. 

2. Tracking the Spread of a Genetic Abnormality
Scenario: 

A wildlife research discovers a genetic abnormality in a single population of animals and wants to know if the abnormality will spread to other populations of the same species. The research needs to know the population to which the abnormality will most likely spread so it can be investigated.

Events:

1. Researcher models the locations of the animal populations in a GIS. 

2. Researcher models the landscape in a GIS.

3. Researcher runs Circuitscape using the GIS raster files for population locations and the landscape.

4. Researcher reads the data generated by Circuitscape using Excel.

5. Researcher determines the most likely population by finding which population has the highest equivalent conductance to the source population. 

5. Goals

1. This program will predict genetic conductivity between populations in 

    heterogeneous landscapes.

2. This program will be easy to download and use so novice computer users can take 

    advantage of the gene flow model.

6. Functional Requirements

1. Primary Requirements: Necessary Features 

1.1. The program must calculate the effective resistance and conductance between two 

       nodes on a grid of resistors.

1.2. The program must handle connections between diagonally adjacent nodes.

       (Extension of functional requirement 1.1)

1.2.1. The program must allow the user to choose if diagonal connections are 

           made.

1.3. The program must handle connections with zero resistance by merging the 

       connected nodes. (Extension of functional requirement 1.1)
1.4. The program must calculate the geographic distance between two nodes.

1.5. The program must read in data from ASCII files generated by Microsoft Excel or a 

       GIS (Geographic Information System) such as Arcview.

1.5.1. The program must allow the user to choose which files and formats will be  

          used.

1.5.2. The program must be able to calculate values between nodes when only  

          values at nodes are contained in the file. The methods used to calculate the  

          values are as follows: average of resistance, average of conductance, 

          product of resistance, or product of conductance.

1.5.3. The program must ignore excessive white space in the input files.

1.6. The program must write the calculated data to a text file readable by Microsoft 

       Excel. This includes effective conductance, effective resistance, and geographic 

       distance.
2. Secondary Requirements: Desired Features

2.1. The program must allow connections between nonadjacent nodes. 

       (Extension of functional requirement 1.1)


2.1.1. The program must provide a means for entering the equation and 

                      parameters that define the connections between nonadjacent nodes.

2.1.2. The program must provide a means to choose the maximum distance at 

          which nonadjacent nodes are connected.

2.1.3. The program must provide an interface to choose whether cell distances or 

          map distances are used in the equation.

2.2. The program must calculate the current across all resistors given a user defined 

current source and a user defined current sink. 

(Extension of functional requirement 1.1)


2.2.1. The program must write data about current to a text file readable by a GIS.


          (Extension of functional requirement 1.5)

2.3. The program must be capable of detecting totally disconnected parts in a grid of 

       resistors.


2.3.1. The program must allow the user to choose what to do when disconnected 

                      parts are detected


2.3.2. The program must be able to abort its run when disconnected parts are 

          detected. 

2.3.3. The program must be able to drop a disconnected node from the analyses. 

3. Tertiary Requirements: Possible Extra Features

3.1. The program must be able to perform Markov Chains Theory calculations on a 

       limited sets of data. Data sets of up to, at least, 64 nodes will be handled.


3.1.1. The program must allow the user to choose whether or not to perform  


          Markov Chains Theory calculations.

3.2. The program must be able to calculate the total resistance along a path of least 

       resistance between two nodes.

3.3. The program must be capable of completing its calculations when the grid of 

       resistors containing totally disconnected parts. 

       (Extension of functional requirement 2.3)  

3.4. The program must have a visualization tool for graphically displaying data about     

       current. (Extension of functional requirement 2.2)

3.5. The program must provide a tool that allows the user to check if the equation entered 

       is the one wanted. (Extension of functional requirement 2.1)
3.6. The program must provide a means to explicitly define individual connections 

       between nonadjacent nodes. (Extension of functional requirement  2.1)

7. Performance Requirements

1. The program must be easy enough to download and setup that 4 out of 5 individuals 

    versed in population genetics can do it without assistance after reading a short list of 

    instructions. Individuals versed in population genetics must have sufficient experience 

    with computers to operate a GIS and Microsoft Excel.

2. The program must have a sufficiently enough documentation to use graphical user   

    interface that 4 out of 5 individuals versed in population genetics can operate the  

    program without assistance after reading a short tutorial. Individuals versed in    

    population genetics must have sufficient experience with computers to operate a GIS 

    and Microsoft Excel.

3. The program must have complete user documentation.


3.1. User documentation must be available in Microsoft Word format.


3.2. User documentation must be accessible from with the program.

4. The code must be fully documented to allow for future modifications.


4.1. Code documentation must be available in Microsoft Word format.


4.2. Source code must be fully commented.

5. The program must be able to execute its calculations in, at most, 5 minutes with data 

    sets of, at least, 100,000 nodes.

8. Constraints

1. The program must run as a stand-alone product. It cannot require mathematical 

    software such as MatLab to execute it. 

2. Operating System
    Windows 98/2000/XP
3. Minimum Hardware Specifications for Users

3.1. Processor Speed: 

       400 MHz Pentium III

3.2. Memory: 

       128MB RAM

9. Specifications

1. Specification for GIS raster files


1.1. Header


       ncols  <Number of columns>


       nrows <Number of rows>


       xllcorner <Ignore value>


       yllcorner <Ignore value>


       cellsize  <Geographic size of each cell>


       NODATA value <Number to treat as NULL>


1.2. Body 

· Columns are delimited with tabs.

· Rows are delimited with new line character.

· Values in each cell indicate values at nodes, rather than between them.

2. Specification for Excel generated input files.


1.1. Header


       ncols  <Number of columns>


       nrows <Number of rows>


1.2. Body

· Columns are delimited with tabs.

· Rows are delimited with new line character

· The first set of nrow rows indicate values for the connection between each node and the node below it. The values for the bottom row indicate the connection that loops back to the top row. 

· The second set of nrow rows indicate values between each node and the node to its right. The values for the rightmost column indicate the connection that loops back to the leftmost column.

· The third set of nrow rows indicate for which nodes to calculate resistance, conductance, and distance. If a cell contains the value –9999, then it is not calculated. Otherwise, it must contain a unique identifying value.

· If there are more rows, then the fourth set of nrow rows contains population sizes. 

10. Feasibility Issues

1. Economic Issues

This project will cost the client nothing. Also, there isn’t even a product available to buy that has the desired functionality and performance. Therefore, economic issues will not be a problem.

2. Technical Issues

This project involves the following technical issues:

· Solving systems of equations

· Graphic user interfaces

· Parsing text files

· Parsing functions

All of these issues are well within our technical capability to handle. Therefore, technical issues will not be a problem.

3. Resources Issues

3.1. Software

· MatLab: Sponsor has provided a copy of MatLab for personal use. Also available in computer labs on campus.

· Microsoft Excel: Most team members already own it. Also available in computer labs on campus.

· Java 2 SDK 1.4.2: Available for free download.
· Eclipse IDE: Available for free download.
· Geographic Information System: Access available from sponsor on request.
3.2. Hardware

The only hardware required is a personal computer running Windows 98/2000/XP. All team members own such a computer.

4. Legal Issues

4.1. Federal Laws Concerning Software Distribution


The product will not contain any code or algorithms that are illegal to distribute, 

either nationally or internationally, under federal law.


4.2. Third Party Code

Any third party code included in the product will be thoroughly researched to ensure that is not copy protected.
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