
 

 

Question 1 

 
This question is based on a model that demonstrates moths flying in circles around a light. Below you 

find a short description of the model, and figures showing the model at the beginning and at the end of 

a run and the model’s user interface.  

 

Model description 

 
Moths exhibit two basic kinds of behaviour. When they detect a light source from a distance (as far as 

200 feet away) moths tend to fly straight toward the light. Then, when moths get close to the light, they 

tend to turn away from the light in order to avoid it. First, moths sense the light in their immediate 

vicinity and turn toward the direction where the light is greatest.  

Second, moths compare the light immediately ahead of them with the light at their current position. If 

the ratio of ‘light just ahead’ to ‘light here’ is below a threshold value, then the moths fly forward toward 

the light. If the ratio of ‘light just ahead’ to ‘light here’ is above a threshold value, then moths turn away 

from the light. The threshold is determined by the moths’ sensitivity to light.  

If the moths do not detect any light, or if there simply are no lights in the space where the moths are 

flying, then the moths flutter about randomly.  

 

 

 

Figure 1 Left: model at the start of the simulation Right: model towards the end of the simulation 

Figure 2: User interface 



 

 

Answer the following sub-questions: 

 
➢ Which type(s) of agents are included in this model?  

✓ One agent: moths 

 

➢ Indicate for each agent that you identified in the question above at least four main agent’s 

characteristics that this agent possesses. 

✓ An agent in this model: is identifiable (discrete), is situated in an environment with which it 

interact, is goal-directed, is autonomous and self-directed (can function independently), can 

perceive their environment, has behaviour (motion) 

 

➢ How many environments are represented in this model? Describe the environments in terms 

of accessibility, diversity, controllability.  

✓ There seems to be only one environment the light intensity. The complete environment is 

accessible to the moths, there are no obstacles or areas that are blocked from their 

movement. The environment is diverse in light intensity. There seem to be two centres of light. 

The moths have no control of the light intensity 

 

➢ Is this a spatial model? Why?  

✓ This is a spatial model but not a geographic explicit model. It is spatial for a number of 

reasons: 

▪ The moths are at a specific location within the environment 

▪ The moths use a spatial relationship: their distance and position in respect to 

the light to steer their behaviour 

 

➢ According to the characteristics of agents and environment, how would you classify this 

simulation? Choose from the following list: Abstract, Experimental, Historical or Empirical. 

Motivate your answer.  

✓ Agents have some ‘real’ characteristics. The environment can be tuned from the user 

interface, indicating that it is designed. Preferred answer: Experimental.  

      Also accepted: Abstract (considering agents as totally designed) 

  
➢ Is this environment (a) stochastic or (b) deterministic? If (a), what would you do to turn it into 

(b). If (b), what would you do to turn it into (a)? 

✓ This environment is deterministic (the subsequent state is wholly dependent on the preceding 

state). To turn it into an stochastic one: Let new light points popup or/and let the current light 

points disappear. To achieve this each light point should have a “duration” and when this 

duration has expired, it will dim out. Patches should get the possibility to sprout new light 

points 

 

➢ What is the emergence in this model 

✓ A spatial pattern of months circling around light points 
 

Abstract Simulation: simplified, not consider real world detail and accuracy
Example: predator-prey dynamics using basic shapes to represent animals and simple rules for interaction.

Experimental Simulation: designed to test hypotheses or explore the effects of different variables in a controlled setting. It 
Example: wolf-sheep-grass

Historical Simulation: attempts to recreate past events or processes. It uses historical data
Example: tick-bite simulation

Empirical Simulation: based on empirical data and observations from the real world. It aims to model systems or phenomena as accurately as possible using detailed real-world data.
Example: evacuation simulation

(Macal and North)
1. identifiable (discrete)
2. situated in an environment with which it interacts
3. heterogeneous
4. goal-directed
5. can function independently
6. flexible, can learn, to adapt its behavior.

(Nigel Gilbert)
1. Agents perceive their environment
2. Agents have behavior: Motion, Communication (other agents) Action (interaction with environment)
3. have memory
4. behavior related to rule

In a deterministic environment, the outcomes are entirely predictable given the initial conditions and the rules governing the system. There is no randomness or uncertainty involved.

Char:
- Predictability: If you know the initial state and the rules, you can precisely predict the future states of the system.
- Reproducibility: Running the simulation multiple times with the same initial conditions will always yield the same results.
Fixed Rules: The interactions and dynamics within the environment follow fixed, predefined rules without any variation.

In a stochastic environment, the outcomes are influenced by randomness or probabilistic factors.

Char:
- Unpredictability: Even with complete knowledge of the initial state, the future states of the system cannot be predicted with absolute certainty.
- Variability: Running the simulation multiple times with the same initial conditions can yield different results each time.
- Probabilistic Rules: The interactions and dynamics within the environment include elements of randomness or probability.

eliminate random variables
remove random events
fix the rule

- introduce random variables and events
- give probabilistic rule
- running the simulation multiple times with different random inputs

in this case, we put a probabilistic rule, such as light duration; when the time is up, a new pulp with randomly appear 


Models in which the environment represents a geographic space 

not exist, but have spatial relationship that applied



 

Question 2 
 

This question is based on a model that simulates the decision-making process of immigrates arriving in 

cities and boroughs of the island of Montreal to choose a housing place and the resulting spatial 

segregation patterns. You will find a short description of the model, and a figure showing the results of 

two different runs of the model.  

Model description 

 
The initial number of immigrants is set to 12000 per year and they are randomly placed in residential 

areas of the island. As they arrive, the immigrants will start to look for a good area to live. Four rules are 

followed by the agents to decide where to locate: 

 

1.-Immigrants will move to areas where a certain percentage of neighbours have the same ethnic origin 

and speak the same language  

2.- Immigrants will move to areas where a certain percentage of neighbours have a similar economic 

status 

3.- Immigrants will move to areas that are accessible by bus and/or metro 

4.- Immigrants with infants or children will move to areas where schools are accessible. If the immigrant 

has no infants or children, this rule is ignored.   

 

Each rule has a certain priority. Once all the rules are evaluated, the immigrant will move to a place 

where the requirements are better met. Once the agent chose a place to settle, it will not move anymore. 

Every year, 12000 new immigrants arrive and evaluate the rules. The model runs for 5 years.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Answer the following sub-questions: 
 

➢ Describe this model in terms of space and time. How are these two aspects modelled? 

✓ Space: this is a geographically explicit model. The environment represents a geographic 

space 

Time: 5 discrete steps (1 year each) 

 

 

 

Figure 2 Left: End of simulation run (a) Right: situation at the end of simulation (d) 

Discrete time steps means, that the same code is repeated each tick. At each time step
the agents evaluate their current state of fitness, sense the environment, take a decision
and act. Each time step the model iterates through these processes.




 

 

➢ Which agent breeds would you create and which attributes would you use for this/these 

agents (name all)? 

✓ One agent breed: immigrant  

Attributes: place of origin, income level, children/no children, language 

 

➢ Is this an explanatory or a predictive model? Motivate your answer.  

✓ The model is explanatory. The purpose is to program plausible agent behaviors and 

interactions that, when run as a simulation, produce similar trends and patterns to those 

observable in the real system. 

 

➢ Look at the figures. Although the original number and composition of the agents as well as the 

base data are the same in both runs, the results are different. Imagine different factors that 

may have had such an impact on the emergent pattern? 

✓ The weight assigned to each rule. The percentage of neighbours having same ethnic origin, 

language or economic status. The definition of ‘accessible’ 

 

➢ Suppose that you want to verify this model. What would you do? 

✓ Check a number of individual agents and see how they relocated to see if this is according to 
the rules. Generate overall statistics that indicate per income group where they are (how 
homogeneous the clusters are) and per ethnic background. Check if immigrants with children 
are closer to schools compared to immigrants without children etc. 

 

➢ Suppose that you want to verify this model. What would you do? 
✓ Compare results with real census data 

Use real census data, train a ML algorithm, compare the outcomes of the ABM with the 

outcomes of the ML and tune the preferences 

 

Question 3 
 

Below you see a list of text fragments, extracted from a published ODD protocol. This ODD protocol 

describes the SLUDGE model: a spatially explicit agent-based model used to understand land use 

change in the context of urban growth processes. 

Identify for each of these fragments in which part of the ODD protocol it belongs. Motivate each of your 

answers. . 

 

Model description 

 
➢ Text a: the model comprises of a landscape consisting of Cells and two agent types: Residents 

and Service Centres, both of whose primary behaviours are to locate themselves on a grid-

based landscape following a location decision-making process. For use in the model all state 

variables are scaled into the range [0,1]. 

✓ Overview: Entities, State Variables 

 

➢ Text b: Agents interact indirectly at both a local and global level. At a local level, the land-use 

choice of one agent affects the profits of its four local neighbours. At a global level, the agent's 

choice affects the returns to urban land. 

✓ Design concepts: Interaction 

agent's attributes:
age, gender, knowledge, memory, experience, emotion, etc

something that can categorized agents

designed to forecast future events or outcomes based on historical data. 

aim to explain the relationships between variables and understand the underlying mechanisms or causal relationships in the data.

possible cause:
- randomness in agent behavior
- oversensytive to certain condition
- change in parameter
- interaction dynamic of the agent; structure network of interaction (how agents r connected) can lead to different emerge behavior.
- environmental factors; dynamic environment can cause randomness
- computational factors
- hidden variable
- time dependent process



simulation testing and output verification

1. conceptual model verif; 
- check model assumption and review model structure
2. code verif; 
- perform through code review; 
- do unit testing; 
- do integration testing to ensure they work together correctly.
3. parameter verif;
- sensitivity analysis
4. data verif;
- input data verif
- historical data comparison
5. output verif:
- consistency check; run the model multiple times and see the result
- use statistical method to analyze the output
6. validation against real world
7. peer review and expert validation
8. simulation testing;
- use extreme input to test the boundary 
9. documentation and replication


compare against real world

Overview (provide general description of the model, including the goal and/or the problem)

1. purpose
description of the model in general terms comprising of the goal, objectives, and boundaries of the model.

2. entities, state variables, scales
- entities: identify the part/components of the model. can be individuals, objects, organizations, etc
- variables: char/attributes of each entities
- scales: determine the size and resolution of the simulation. level at which the model operates (spatial, temporal, organizational level)

3. process overview and scheduling
- how model entities behave and what factors drive environmental changes.
- refer to action, decisions, or interactions of the entities.

Design (contain principles and concepts that support the model)

1. basic theories
- foundation principles, theories, or concepts for the model
- include assumptions and concepts used to explain phenomena being studied

2. emergence
- describe how pattern or phenomena arise from interactions and agent behaviors
- cant be directly attributed to any individual agent
- what can emerge? pattern, structures, and behavior

3. adaptation
- ability of agent to adjust their behavior based on the state of their env
- involve learning, evolution, or decision-making process.

4. objectives
- represent the goals, target, or objectives that agents pursue
- can influence the adaptation due to decision-making process

5. learning
- ability of agents to acquire knowledge, modify their behavior, or improve their performance over time due to the memory and experience.
- mechanisme can include: rule-based learning, reinforcement learning, or neural networks

6. prediction
- model's ability to generate insight or predict the future state, ehavior, or outcome

7. sensing
- agent's capacity to sense the environment

8. interaction
- agent's communications or information exchanges.
- can be direct or indirect.

9. stochasticity
- refer to uncertainties in the model

10. collectives
- represent group, organizations, or entities formed by aggregation or collaboration of multiple agents

11. observation
- data or information collected during the model execution.
- provide insight into the system's behavior, allow for model verification/validation, enable comparison with empirical data

Detail (refer to specific components/aspects that provide more specific info and contribute to its overall functionality)

1. initialization
- condition at the start of simulation

2. input data
- refer to external info or data that is used to inform/parameterized the model
- e.g. nr of agents, moving speed, min or max evacuation time

3. sub-model
- smaller scale that integrated to the main agent-based model
- focus on specific processes, behaviors, or mechanism



 

 

 

➢ Text c: The state of the model world is initialized by setting an initial configuration of land uses 

(for the Java model, either all land use 0 or a random distribution of 50% 0 and 50% 1). 

✓ Details: Initialization 

 

➢ Text d: SLUDGE explores the relationship between two related phenomena: landscape pattern 

and economic value. The landscape patterns and associated landscape productivity measures 

the result of the decentralized decisions of autonomous land-manager agents. 

✓ Design concepts: Emergence 

Also accepted: Overview - Purpose 

 

➢ Text e: The Landscape submodel calculates supply for each cell for each Land Use, based on 

the current neighbors of the cell. For Land Use 0, that productivity is multiplied by the fixed 

Output_Price_0 to calculate profits for Land Use 0 for that cell. 

✓ Details: Submodels 

 

➢ Text f: Agents are assumed to know the current landscape pattern and the profit-maximizing 

choices of other agents. Information is complete and certain. 

✓ Design concepts: Sensing 

 

➢ Text g: The agents form an Expected Price for urban land by anticipating the fitness (profit) 

maximizing  decisions of other agents and the price that would result if other agents behaved 

optimally. 

✓ Design concepts: Prediction  

describe how pattern or phenomena arise from interactions and agent behaviors


describe the model's purpose and objectives




