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Plant-Moose-Predator System Simulation
Anastasia Mironova

Abstract

Biological systems that exist today are often very complex and it is important for the modern society to be able to understand the processes that take place in these interdependent systems so that the industry can be designed in such a way that would minimize its effect on these communities. For this reason research is conducted to investigate these complex systems and since it is often very hard to work with real animals and natural environments, constructing computer simulations that are capable of modeling these systems is a rather common approach. Given a computer model, the scientist can much more easily monitor the different behaviors that a certain set of parameters and settings might result in. This project, Plant-Moose-Predator System Simulation was developed as an attempt to construct a software system capable of assisting scientists in Alaska in studying plant-moose-predator interactions in nature. At this stage the ideal system is still beyond the capabilities of the developed version, however, a prototype of fundamental components has been developed and the most significant progress has been made in terms of system architecture and the specific components landscape and plants.

1.0 Introduction

The client for this project was Professor Spalinger, Chair of the UAA Department of Biological Sciences. Professor Spalinger’s research focuses on the ecology, chemistry, and physiology of plants and herbivores. He is particularly interested in the nutritional ecology of large herbivores in northern ecosystems, including moose, caribou, and black-tailed deer. To understand how habitats and plant communities influence the survival and productivity of these animals, his research explores a diversity of topics. These include studies of nutritional qualities of plants, plant defensive chemistry, plant architecture and its influence on foraging behavior and food intake rate of herbivores, the digestive physiology of herbivores, foraging behavior, and biological simulation modeling.

I was doing this project as part of the requirements for a course in computer science, CS 470 Advanced Software Development Project.
2.0 Project Overview

The goal of this project is to construct a base system for an agent-based simulation of plant-moose-predator system in Alaska to assist scientists in codifying current hypotheses and axioms regarding the growth and defense responses of plants to herbivore foraging patterns and foraging efficiency, herbivore productivity and habitat carrying capacity, and moose-predator interactions. The scope of this project is to construct a prototype model of the desired system, which will in the future allow for including all three types of basic agents (plants, moose, and predators), simulating their basic individual as well as interaction behavior, allowing for customization of simulation parameters via a set of GUI components, monitoring and analysis of events and characteristics of agents in the scene, and providing a simple mechanism for expansion to further level of detail and implementation of more advanced capabilities.

2.1 Data

Because of the fact that the developed system at this stage is not the complete version of the desirable product, the amount of research data used so far is very limited. However, a lot of the general knowledge about ecological systems that has been acquired during many interviews with the client had very significant impact on the design of the overall system.

Table 1 illustrates data adopted for the developed model of plants and landscape. This information plays the most significant role in the process of distributing these types of plants within the two-dimensional simulation environment. More specifically, these properties represent the following. Plant Name is the formal Latin species name of the plants. Species Code is shorthand notation used by scientists to refer to the species names. Elevation Range values specify the range of elevation that these species are capable of living in; here these values are in meters and 0 corresponds to the value of elevation at the sea level. Aspect preference values describe any particular part of an elevation contour that a plant of this type would be found most frequently. For example, species of type Populus tremuloides would grow only on the southern slope of any given elevation. The Special Habitat Associations characteristic associates each of the species types with their preferred habitat: riparian, bog/wetland, or forest. Habitat Restrictions values describe the types of habitats that are not typical for these species. For example, it has been determined that Betula nana cannot grow in riparian or forest habitats.
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Table 1: Specifications for Characteristics of Plants
3.0 Prior Simulation Process

The simulation process that existed before the beginning of this project was created by Dr. Spalinger himself using C programming language. The main issue there were the limited capabilities of existing hardware, where generating large-scale simulations with numerous agents resulted in very intense memory usage and, therefore, was only able to simulate a rather limited number of agents. In this attempt, the system that has been created is a prototype of the most desirable version of this type of system, which would allow for large-scale simulations and high complexity of agents.

4.0  Project Requirements

The requirements set forth by Professor Spalinger for this project were fairly general and since the overall scope of an ideal product seemed overwhelming for the timeframe allowed for the completion of this project, the requirements appear to be more dependent upon availability of time. For this reason, a priority list of features that Professor Spalinger had in mind had been determined.

The following is the list of desirable components for implementation in descending order of priority:

1. Basic system architecture

2. Basic two-dimensional environment model

3. Agent “plant” implementation

4. Agent “plant” distribution patterns implementation

5. Agent “moose” implementation

6. Plant-moose interaction implementation

7. Expansion of landscape

8. Optimization (memory, run-time)

9. Agent “predator” implementation

10. Plant-moose-predator interaction

11. Complex landscape design

12. Artificial intelligence behavior patterns for agents

Originally, it was proposed to implement a system that would have only the simplest versions of the first eight components of the above list, however, as it was later realized, this approach was not the most feasible because of a rather sequential nature of the dependencies that exist between the components described above. For example, in the most simplistic version of the system, implementation of the two-dimensional environment model would amount to creating only a uniform two-dimensional space with no associated characteristics. This creates a much broader set of issues as, for example, the problem of distributing plants within this space in a way that would model the natural distribution of these agents in reality would require employing some rather complex algorithms. And in this case the necessity for this is not justified since the system would eventually have been expanded to improve upon the implementation of landscape to provide it with more developed features and characteristics, allowing for a much easier and more intuitive distribution of plants within the two-dimensional simulation space. Hence, a decision has been made to concentrate more on the detailed implementation of fewer of these components, as opposed to constructing a model that would include the simplest implementation of most of the elements in the list above.

Another matter that complicated the implementation process was that the client did not have a fully thought-out model for each of the features he had in mind, so the prototyping methodology was employed which allowed us to work together to combine his and his colleagues’ knowledge in biology with my knowledge of computer science to make each of the components above a stable and flexible model which would account for most of the desirable features known at the time and would require as little redesigning as possible in the future.

3.1 Functional Specifications

The list below outlines the originally proposed set of requirements for this system.

1. The system must have basic user interface tools for running the simulation, including the “Start” and “Stop” buttons with a visible timer.

2. The system must be able to model the behavior of agents “plants” and “moose” individually, as well as their interactions.

3. The user must be enabled to customize an existing set of agents in a single simulation as well as their characteristics via a GUI component.

4. The user must be able to view a graphical representation of some basic set of statistical characteristics describing the condition of any agent or group of agents.

5. The system should attempt to optimize memory usage and run-time in order to be capable of supporting simulations of larger scale, both in terms of landscape size (hundreds of hectares, 1 hectare = 103 sq meters).

3.2 System Specifications

There were no specific system requirements outlined by the client, the primary focus of the effort was intended to be on the functionality of the system. For this reason it had been decided to develop this system using Java programming language and as the scale of the simulations expands, a clearer picture of system specifications is still to be derived.

5.0  System Design

Due to the selection of Java as the programming language, an object-oriented approach to the design of the system has been adopted in the implementation process.

5.1 User Interface Design

The simulation processes in general naturally consist of two stages: the setup stage and the actual process of running the simulation and displaying desirable statistics. Here the graphical interface is designed so that the user is guided through the initial setup process first and then is able to run the plant-moose-predator simulation with the specified characteristics. In this case, since the fully detailed version of this system could reach a relatively high level of complexity and the number of parameters and characteristics could be rather overwhelming, is has been decided to provide a set of relatively generic default characteristics, so that in case a user only needs to run something relatively basic, he/she would not be required to set all of the possible parameters supported by the system. Also, the process of customizing the parameters is split into two stages for each of the implemented components. When the application is first started, the user is offered to customize only a basic set of all the available characteristics via the form shown in figure 2. In order to reach the rest of the specifications the user must use the buttons that generate additional forms for the purpose of gathering this information from user.
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Figure 1. User interface components for customizing a set of the most basic characteristics of a new plant-oose-predator simulation. 
Via the tools supplied by the frame illustrated in figure 2, the user is capable of setting the appropriate parameters for the landscape and plants. The “Landscape” panel reads in the values associated with dimensions of the two-dimensional space that the user would like the simulation process to take place in. The values accepted by the form are whole integers and the landscape generated will always be composed of square cells, the side length of which can also be changed by clicking the “Change” button next to the label specifying the cell size. The “Advanced” button allows the user to customize a more detailed set of parameters, which will be discussed below.

The process of customizing plants also begins with the frame in Figure 1.  In this case the process is broken down into different categories. First, there is a distinction between specifying a set of parameters from scratch as opposed to loading in some preset species type with all the characteristics already preset. Second distinction is made depending upon the number of plants being created.

The capability of using a set of plant species with predefined characteristics is activated by choosing the desired species name from the list of available ones in the combo box of the “Predefined Species” panel. This way the user is required to select only the number of plants of the selected type and clicking the “Add” button will trigger addition of the selected agents to simulation. The “View” button enables the user to view the set of characteristics for the selected species defined in this system. Figure 3 illustrates a sample frame that is generated in this situation. All the characteristics and data have been supplied by the client and are described in more detail in section 2.1.
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Figure 2. Customizing Plants within the Plant-Moose-Predator System Simulation

In the case of custom plants, the user is expected to utilize the “Custom Species” portion of the “Plants” panel. At that stage, the user is only enabled to select the number of species that he/she wants to add to landscape and further process of customization takes place when the “Customize” button is hit. Once the desired number of species of the new type has been specified, the user is able to complete the form like the one shown in Figure 2, depending upon the number of plants that has been specified.

The distinction made by the system based upon the number of agents of a particular type that the user wants to create is implemented for the purpose of giving the scientists the capability of not only creating numerous patches of species with randomly generated ids and relative coordinates, but also to allow for creating an individual agent at a specific location with a custom id for easy tracking and monitoring of this agent during the process of simulation. Consequently, then user is given the opportunity for specifying the plant id and coordinates when the number of agents selected is equal to one. These options are disabled in the case when the number of agents specified is greater than that.

The more complex set of characteristics that can be specified for the landscape is activated by clicking the “Advanced” button, which is located in the lower part of the “Landscape” panel. Figure 3 illustrates a sample representation of the landscape model in the advanced customization mode, where the selected dimensions of the two-dimensional space are displayed in the upper portion. Figure 4 is the toolbar that is displayed simultaneously with this frame and it is the primary tool for defining other landscape characteristics, such as Elevation Contours, Bogs/Wetlands, Forest, or Riparian habitats. This can be done by activating the desired definition tool via the “Draw” buttons associated with each of the individual characteristics and dragging the mouse over a set of cells, where the selected property is to be applied. In a very similar way this toolbar can also be used to manually define patches of specific types of species. In order to keep track of all the properties specified, the user is offered a selection box at the bottom, which depending upon the current selection would allow for viewing all the cells that the selected property has been specified for. Figure 5 displays a sample landscape model with a set of specified elevation contours, wetland areas, as well as forest and riparian habitats.
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Figure 3. Representation of the landscape model in advanced customization mode.
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Figure 4. Supplementary toolbar that enables specification of elevation contours, wetland areas, as well as forest or riparian habitats.
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Figure 5. Sample landscape model in advanced customization mode illustrating a set of user-specified properties. Color code values: Elevation contour – light brown, Bog/wetland area – light blue, Riparian Habitat – light green, and Forest Habitat – dark green.

The rest of the graphical user interface components are associated with the process of running the user-customized simulation. These components are activated once the customization process is finalized and the “Submit” button is hit on the bottom of the frame illustrated in Figure 1.

Figure 6 is an illustration of a sample main frame of the simulation. The menu bar for viewing statistics is on the top, two-dimensional landscape model in the center, and a set of buttons for running the simulation are on the very bottom. Figure 8 is also part of this component and allows the user to view a more detailed content of any particular cell within the landscape. Clicking on any particular cell at this stage of the simulation will result in replacement of the cell currently displayed in this magnification area with the one that was clicked on.

[image: image7.png]£ Plant-Moose-Predator Simulation
ents

Time Counter: 00:00:00| Start || Restart




Figure 6. Main frame of the Plant-Moose-Predator application, showing the statistics menu bar on top, two-dimensional landscape model in the middle, and buttons for running the simulation on the bottom.
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Figure 7. Magnified version of the cell with coordinates (1,1) in the overall landscape model.

Figure 8 is a sample tool designed for keeping track of agents and monitor their characteristics. Here, the agents are separated into three categories by type and in the future their properties may be inspected by using the buttons occupying the bottom part of this component.
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Figure 8. Primary tool for tracking and monitoring statistics of all the active agents in the simulation.

5.2 Data Structures

The data structures used in this project are relatively simple, as there is no underlying database.

Taking into account the scale that the simulations generated using this tool would desirable to be expanded to, the data structure that seemed the most appealing in this case is a hash table. Since potentially the number of active agents participating in a single simulation could become very large, this structure would provide fast access to the each of the active agent’s objects and their respective parameters. Unique id strings are assigned to each individual agent, which are utilized as hash keys in this setup. There are three separate hash tables for each specific type of agent: plants, moose, and predators.

In this system, arrays are employed in two cases. First, for the purpose of ensuring sequential access to each individual agent, for example, for updating purposes, I utilize one-dimensional arrays to store the unique ids that are assigned to each agent when it is created. This way the three separate arrays are maintained for plants, moose, and predators. Second, I use a two-dimensional array structure to construct the landscape model as a set of smaller regions, cells, each of which is treated as a small portion of the entire space.

5.3 System Architecture

This is the most fundamental component of the system and the rest of the elements of the project rely heavily on this structure. Considering such a high level of importance this component carries and the fact that I am not very experienced in software engineering, this part of the project took me the longest. That is also why this part of the project has experienced the most changes from the originally proposed solution.

The originally proposed solution shown in Figure 9 is overly simplistic and not very robust. It does not account for the necessary customization procedures and is not detailed enough.
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Figure 9. Initially proposed architecture turned out to be overly simplistic and naïve.

A better structure has been implemented in the current version of the software. A simplified version of this design is shown in Figures 10 and 11. Here, the system, is centered around the object described in the class PMPSim.java. This object is responsible for all the parameters associated with the current simulation setup and statistical data acquired while the simulation was running. The purpose of the Timer thread is to keep track of the time steps intervals when the simulation is running and, in future, synchronization of threads that would be responsible for updating the simulation characteristics. The Landscape class represents the two-dimensional space where the simulation process is taking place and within which all the agents are distributed. Landscape itself is a two-dimensional array of smaller areas, described in the class LandscapeSegment, which has been done in order to account for future run-time and memory optimization procedures, where this design would allow for segmented processing of the landscape during the simulation, so that when large-scale simulations are processed, there would be a possibility of breaking down the workload and the processing of the whole scene would not have to be done simultaneously, nor would it all have to be loaded in memory at all times. The decision to use hash tables will provide for fast access to the different agents and their properties, whereas the one-dimensional of all the hash keys, referred to as ids, enables sequential access to agents stored in the hash tables.
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Figure 10. Internal Structure of the class PMPSim.java

In the overall system architecture, the simulation object described above is one of the variables of the SimulationParametersMainFrame class illustrated at the top of the diagram in Figure 11. This diagram represents a simplified version of the system architecture because many of the graphical user interface components have been omitted in order to better illustrate the overall idea. This architecture is designed to account for two fundamental procedures that this software is providing: the process of initial setup and customization of agents and their characteristics and the stage that takes place once the all the desired parameters have been specified, which is the actual process of running the simulation and viewing statistical data being acquired during that process. This nature has been reflected in the architecture in the following manner: the first four arrows on the left hand side of the diagram lead to the components that guide the user through the process of customization and setup, whereas the arrow pointing to the SimulationMainFrame on the right leads the user to the second stage, where all the setup is has been completed and the user is able to run and view the desired set of statistical characteristics. This setup has been made possible by placing the simulation object in the SimulationParametersMainFrame, where during the first stage it is a modifiable object accessible by all the GUI components associated with it, and once the user is ready to run the system, all the “modifications-enabled” flags are turned off leaving the user with only the ability to run and view the acquire statistical data.
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Figure 11. Simplified system architecture of the developed version of the Plant-Moose-Predator System Simulation.

5.4 Algorithms

As mentioned in the proposal, implementation of the majority of components of this system does not require any complex algorithms. The stage that will require the most attention in this respect is the process of optimizing memory usage and run-time. Unfortunately, this stage has not been yet reached in the development process that took place so far, however, there has been developed a more clearer set of ideas about the possible approaches that could be taken in this direction. Some of them have already been incorporated in the system architecture. For example, one of the feasible techniques that could be used in optimizing memory usage within the existing setup, would come from the fact that two-dimensional simulation space is partitioned, which would rid of the necessity to keep all the individual cells in memory at once. Threading techniques could be utilized in this existing architecture rather well. This is a consequence of keeping three different sets of hash tables and arrays, so the potentially, the process of updating the agents when the simulation is run can be distributed among a set of threads, each of which responsible only for a small number of agents. Building upon these two, another technique could be utilized in this architecture in the future in the following manner. A set of GUI component would be setup in order to give the user more control over the computational process employing the technique, called “computational steering,” where the scientist running the simulation is able to make their won decisions about the amount of processing that is done on each of the categories of agents during each particular simulation, making the system overall be robust enough to be able to run on machines with relatively low processing capabilities.

6.0  Software Development Process

Due to the somewhat vague requirements of Plant-Moose-Predator System Simulation, I used the prototyping methodology in the implementation process. 

The first step in the development process was for me to become familiar with the nature of objects being modeled and the desired level of capabilities for the system in the future. This is how I was able to arrive at the design decisions that now make up the implemented project.

During the entire process I kept in close contact with client and as the implementation processed progressed, we discussed the different ways of implementing the components. On one hand, this was a very time consuming process to carefully go through details of implementation, however, as I discovered, it was rather essential because a lot of times assumptions made by the developer when implementing something independently do not fully agree with the visions of the client and in that case the time it takes to develop a single component is much longer than doing everything in agreement the first time. 

6.1 Testing and Debugging

Because of the fact that the functionality of the implemented version does not extent to the ones of the desirable product, the portion of time spent on testing and debugging is rather insignificant compared to the rest of the work accomplished. 

The components that have been tested the most extensively are the routines for setting up the two-dimensional simulation space and plants. Here I repeatedly used the graphical components implemented with different specifications.

6.2 Prototyping Challenges

For me this was the first time working with a real client and I enjoyed it very much but I think that it is much more challenging than working on something where the person who decides how things are going to work out is me, the developer.

I think that in this case, a more detailed layout of the requirements and specifications would have helped very much. Also, since this project involves so much knowledge of biological systems and such, it would have helped to have a broader background in this field. It would have made it much easier to make decisions about the implementation and partially eliminate some reworking and redesigning that has taken place during the course of this project.

6.3 Work Breakdown

As I learned more and more about the biological system I was going to model, the need had arisen to reorganize the proposed system architecture in order to carefully account for most of the potential additions and better fit the nature of the objects being modeled. This resulted in the largest portion of time spent on system design and individual components

Most of the time was spent on the overall design and system architecture of this application. 

7.0  Results

The Plant-Moose-Predator System Simulation as of the end of this semester is a prototype of fundamental components of the desirable model. This application is a good starting point in the process of eventually developing the ideal system. I am very excited to have the opportunity to continue working on this project in May, when both the client and I will be able to have more time for research and implementation of this system.
7.1 Final Program

The implemented version of the Plant-Moose-Predator System Simulation provides the framework for the complete implementation of the ideal project, where the described system architecture is able to provide support for all the known components of the desirable version of the system at the time. One of the two components emphasized in this implementation is the two-dimensional simulation space, referred to as landscape. The system is currently capable of allowing the user to customize a set of characteristics associated with this object. Specifically, these parameters are the following: overall dimensions and scale of the simulation space, elevation contours, bog/wetland areas, as well as forest and riparian habitats. These characteristics are utilized in the process of distributing other agent, and plants in particular, within this space. Plants in the current implementation of the system can be described via the following characteristics: plant id, species name, elevation range, associated habitats, and restriction from particular habitats. 

7.2 Future Steps

The future steps associated with this model will follow the priority list outlined in section 4.0 with project requirements.

8.0  Summary and Conclusions

This project was developed in Java for Professor Spalinger, Chair of the Department of Biological Sciences with the goal of simulating plant-moose-predator interaction behavior.  Since the scope of the project, as estimated initially, was overwhelming for the timeframe available, it had been decided that the implementation process would be guided by the list of components outlined for the ideal product. It had also been decided that the implementation progress would be geared toward the more detailed implementation of these features in the specified order of priority vs. implementing a larger number of components with very low level of complexity. Based on the implemented version of this software, future progress is intended to be made during the coming month of May and expand on the number of features and complexity this system is able to support.

Overall, I found this to be a challenging experience. This was the first time I had to design the whole application from scratch and I think this was a very valuable experience. Also this was the first time I was working with a real and even though it is not easy, for me it was a great pleasure to work with professor Spalinger and I am looking forward to continuing this work.

9.0  Appendix A: User Manual

Due to the limited capabilities of the implemented system this section will only describe the appropriate handling of tools developed so far. These are primarily associated with the process of initializing the simulation parameters for the landscape model.

When the simulation is first started the frame like the one in Figure 1 appears, prompting for the specification of characteristics of plants. At this point the user is enabled to set the parameters of the landscape in the following fashion.

The measurements in this case are in meters and the values the user is allows tro specify are in increments of the single cell size. Typing the desired values in provided text boxes sets the dimensions of the landscape, once the values are specified, hitting the Enter key triggers the calculation of the overall size of the landscape, which is displayed by labels on the right:
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Figure 12. Specifying the landscape size.

This process can allow for even finer degree of preciseness if the user chooses to change the default 5sq m cell size by clicking the change button located below the components of Figure 12. This will trigger a new window to appear prompting the user for the new value. This button is illustrated in Figure 13.
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Figure 13. Changing the default cell size.

Lower of this component there is a button called “Advanced.” It allows for specification of a more detailed set of values. If the choice to go into more detail is made, a new set of forms is displayed. These have already been shown earlier in Figures 3 and 4. Figure 3 is the model of the landscape resembling the dimensions specified so far and the toolbar component in Figure 4 allows the user to define elevation contours, wetland areas, as well as the forest and riparian habitats. This is done by clicking one of the “Draw” buttons opposite to the desired component name, as in Figure 14, and then dragging the mouse over the set of cells that the user wishes to acquire the selected property.
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Figure 14. Using the Draw button to specify the elevation contour values for a custom set of cells within the landscape model.

The selected cells will be displayed according the implemented color code. A sample of the resulting model was illustrated earlier in Figure 5.

Finally, the user is also provided with a possibility of changing the current view of the landscape via the selection box on the bottom of the toolbar, see Figure 15. Selecting the “Default” value will result in removing all the previously displayed associations.
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Figure 15. Customizing the view.

10.0 Appendix B: Code Listing
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