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Introduction / Background to the proposed research
Introduction
In this section of the proposal, the project type and its background literature will be discussed. There will also be a brief discussion of current literature, the aims and objectives, and any outcomes to be delivered upon the completion of the project.
Project Title
The title for this research and development project is “Development of Agent Based Modelling Software with Influence Mapping”.
Project Background
1.2.1	Agent Based Modelling
Agent Based Modelling (ABM) is used to investigate the properties of systems containing thousands of individual autonomous “agents” that interact with each other and their environment using simple rulesets. An agent can be defined as:
Autonomous; an agent can function independently in its environment and in its interactions with other agents.
Self-contained; an agent has its own set of attributes and behaviors.
Social; an agent can interact with other agents within its environment. 

The benefits of Agent Based Modelling include the ability to capture emergent phenomena (large numbers of simple agents displaying complex group behavior), the natural description it provides of systems as a result of using “behavioral” entities, and its flexibility to support a range of models and customizability . ABM has been used by businesses to assist in decision making by modelling market behavior and supply chains and by research laboratories to support their research .
Alongside the properties, actions and rules that are given to agents, the environment of the model is also important. The environment can have a varying geometric structure that the agents may need to navigate, or the environment could also contain properties, actions and rules similar to the agents. Resource density and location could shift and change over time depending on the activity of the agents.
There are several Agent Based Modelling environments available to for modelling multi-agent scenarios. One of the most popular and easy to use is NetLogo, which has an array of pre-made sample models for use in education or research. Sample models include a wolf-sheep predation model for simulating ecosystems, flocking models for simulating the swarming behavior of birds and fish, or a simulation of the spread of disease through a population .
1.2.3	Influence Mapping
Influence maps have been used in video games to allow AI agents to navigate towards areas of high value and away from areas of low value . They provide overviews of current world information (who is there now), historical world information (who was there) and can help AI characters to better predict player actions (where they could go) . Influence mapping is useful when the environment it is used in has plenty of structures for AI to navigate and obstacles to bypass. Using influence mapping in sparse environments can lead to wasted memory depending on the type of mapping used, so will require different grid resolutions to improve efficiency and is best used in 2D environments to lower the computational cost .  
Reasoning for Study
The reasoning of this project is to design and develop an implementation of Agent Based Modelling software that focuses on using influence mapping to direct agent decision making. This should improve the ease of model development by allowing the addition of positive or negative influence in areas of the model environment to try to direct agent movement or behaviour.
Aims and Objectives
The aim of this project is to develop Agent Based Modelling software to simulate an epidemiological scenario and investigate the effectiveness of using influence mapping to direct agent decision making.

To reach this aim, the completion of the following objectives will be required:
Investigate ABM software NetLogo and its epidemiology scenario.
Design and develop ABM software. 
Investigate influence mapping.
Develop ABM software with implementation of influence mapping.
Analyze and evaluate the produced ABM software against NetLogo ABM software and produce recommendations for further improvement of software.
Expected Outcomes
There are a number of potential outcomes of the development section of the project depending on progression. However, in all outcomes a detailed report will be produced containing a literature review, software development documentation and project evaluation.  
1.5.1	Minimum Outcome
The Minimum outcome for the project will be the development of ABM software to model an epidemiological scenario created in NetLogo, with an evaluation of the produced software against NetLogo.
1.5.2	Ideal Outcome
The ideal project outcome will be the development of ABM software with the implementation of influence mapping. The developed software will be evaluated with NetLogo to measure improvements in performance / accuracy. 
Conclusion
This section of the proposal has outlined the research topic and provided background information regarding the projects reasoning. A brief overview of an existing ABM software was provided and the aim of developing an implementation of an ABM to investigate the use of influence mapping was set and then broken down into several objectives to be completed as the project progresses.
The following section will discuss research and development methodology.

Research & Development Methods
Introduction
In this section, the chosen research methodologies and strategies will be examined alongside the chosen development methodology. This will be followed by review of the risks and limitations of the project including any ethical and legal issues that could be encountered. The section will also discuss how achievement of project objectives will be measured. 
Research Methodology
To conduct successful research, appropriate research methods must be used.
2.1.1	Research Philosophy
A research philosophy “refers to a system of beliefs and assumptions about the development of knowledge” . It is a belief in the way data should be obtained, analysed and used. The two main research philosophies are Positivism and Phenomenology. 
Positivism is concerned with the gathering of knowledge through observation and measurement via the scientific method and limits the researcher to an objective stance only concerned with the collection of data and its interpretation . Positivism takes a deductive research approach (Figure 1), where a hypothesis is developed using an existing theory and a research strategy is then designed to test it to confirm the hypothesis .

Figure 1. Deductive reasoning approach 
Phenomenology focuses on knowledge being subjective, and instead analyses “experiences, events and occurrences” . It is also described as “the philosophical approach that what is directly perceived and felt is considered more reliable than explanations or interpretations in communication” . Phenomenology applies inductive reasoning (Figure 2). 

Figure 2. Inductive reasoning approach #

The main research philosophy chosen for this project will be Positivism as data will be gathered by measurement from testing and used for direct comparison. The project will be conducted using deductive reasoning as a hypothesis will be formed and a test will be developed using the completed software to test this hypothesis. Phenomenology could also be used as a subjective approach and would be needed in a comparison of usability.
2.1.2	Research Strategy
A research strategy is made up of the parts of a research project required to fulfil the aims and objectives of the research project. It proposes how the research question will be answered and how the research methodology will be implemented. 

Figure 3. A "Research Wall” 
As the project will be using a positivistic research philosophy with a deductive approach, the research strategies used will be Document Review and Software Development. For a subjective comparison between developed and existing software a Case Study could be used.
The structure of the project will consist of a document review of the background literature and any relevant material, followed by a software development process to develop software based on the findings of the document review. The developed software will then be used in a case study comparing the finished software with another implementation. The case study will involve an investigation into the benefits of implementing an influence map to the developed software. This could be used to measure improvements in performance or usability. 
The time horizon of this project will be cross-sectional instead of longitudinal, this is due to the short term nature of the project. Another reason is that data will be gathered by observation of performance of developed software. 
2.1.3	Research Credibility
2.1.3.2	Reliability
In qualitative research, reliability is the extent to which the collected data represents reality without bias or inconsistency. In quantitative research, reliability concerns the dependability, replicability, stability and accuracy of data .
For this project consistent results should be gathered from tests on the same versions of the developed software.
2.1.3.3	Validity
A research project can be said to be valid if the data gathered supports the conclusions drawn from the data. Validity can be improved by avoiding researcher bias during the analysis phase and using appropriate statistical approaches during analysis.
2.1.4	Data Collection
To complete the objectives of the research project listed in section 1.4 of this proposal, data will need to be collected using a range of methods.
The main objectives and their data gathering method to be utilized are below.


Table 1. Data Collection Methods
Objective	Method of Data Collection	Data Collected
Research Agent Based Modelling software / Influence Mapping	Document Review.	Research from relevant materials.
Design and develop ABM software based on existing ABM NetLogo and its epidemiological scenario	Observation.	Design of software.	
Analyse and evaluate the produced ABM software against existing ABM software.	Case Study.	Results of tests.

Development Methodology
A software development methodology is a framework used to structure, plan and control the development process.
2.2.1	Agile Software Development
Agile software development is a development framework focused on partitioning a project into several iterations of development, with smaller timescales focused on production of working software as a measure of progress .  
The main focuses of Agile Development are:
Iteration
Short lifecycles
Minimalism
Emergence
Risk Acceptance
People orientation
Collaboration and communication. 
These priorities match well with the small team size and small timescale for development of software in this project. 
There are several agile software development methodologies that could be used such as:
Extreme Programming, where code quality is constantly reviewed and adding of features is avoided until they are required.
Feature Driven Development, where features and working software are prioritized.
Scrum, where work is broken into small tasks within time boxed iterations called sprints, which are reviewed after each iteration to track development progress.
The project will aim to implement Scrum as its development methodology due to the focus on time managed iterations, user stories and tracking progress.
2.2.2	Other methods
To aid in software development, UML shall be used to illustrate the structure of classes and the relationships between them. User stories will also be used to provide a high-level idea of the importance of different features and requirements during development.
Risks, Limitations and Issues
To avoid interruptions to project progress, it is important to manage resources to avoid any potential dangers to the project.
2.3.1	Risks to the Project
The general risks to the project include:
Damage to hardware at home or in the University labs
Theft of hardware
Loss of project data
Loss of access to the University campus for meetings
Loss of access to critical services (ex. online library for research)
Injury/illness of student or supervisor. 
While some of these risks are difficult to avoid, risks involving loss of project work can be mitigated by utilizing cloud based storage services or using multiple storage devices as a back-up. Risks relating to inability to travel to the University for Meetings could be mitigated by using online team-based communication services such as Skype for Business.
Other risks include attempting to “Gold Plate” already working software and overrunning iteration deadlines or changing project requirements late in project development. However, these risks can be alleviated by utilizing Scrum development methodology to prioritize working software over excessive design and by utilizing project planning tools such as a Gantt chart to plan development ahead of time set time constraints for tasks.
2.3.2	Limitations of the Project
Limitations to the project include limitations in hardware access, limitations in technical ability, and limitations in timescale.
2.3.3	Ethical & Legal Issues for the Project
There are no existing ethical or legal issues for this research project. No personal data is required to be collected for the completion of the project. 
Data Analysis and Evaluation
The end result of the project will be an implementation of agent based modelling software that will model the scenario of a disease spreading through a population. This scenario is commonly used in existing agent based modelling software and so a comparison between the two software will use the same scenario to measure differences in performance, interface and features of the developed software and existing software. 
Conclusion
To conclude, this section has discussed research methodologies and justified specific approaches and strategies to be used over the course of the project. It has also discussed development methods to be used and identified potential risks, limitations and any ethical or legal issues with the project. The methods of gathering and analysing data were also considered. 
The following section will discuss the difference resources necessary for project completion and the project plan using a Gantt chart.


Resources & Planning
Introduction
This final section will consider any human or physical resources required for project completion, as well as include discussion on project planning methods.
Human Resources
To ensure successful completion of the project the support of members of the University may be needed. The project supervisor will help to guide research direction and provide limited support. Other lecturers may also be consulted on areas relevant to the project area of study. Alongside these, academic support is also offered by the University student services should it be required, as well as technical support from the University’s IT support service.
Physical Resources
The physical resources needed for project completion will include:
Table 2. Table of Project Resources
Resource	Resource Use
Home PC	Software development and testing 
Lab PC	Software development and testing
University Lab Room	Access to Lab PCs
University Library	Research for document review
Relevant Literature	To assist in research and development


Project Planning & Management
To improve the projects chance of success, a project plan has been put into place using a Gantt chart (Figures 4, 5). The tasks required for project completion are ordered chronologically and divided into three sections for each major objective. These are Research, Software Development and Analysis.
Resources required for project completion have not been included as none of the required resources need forward planning to use.

Figure 4. Gantt chart of project

Figure 5. Gantt chart calendar view
Conclusion
This section has discussed the resource management required for a successful research project. While any human resources will not always be available there is some flexibility in arrangement of meetings or services. The physical resources required to conduct the research project have been identified, and while there may be a need for further resources to achieve any extended outcomes, the current project objectives are all achievable with the resources discussed. The Gantt chart created is a valuable tool to manage and complete tasks, but is also not guaranteed to provide an accurate or achievable work timeline. 
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