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Exploration and Exploitation

• Organisms, Individuals and Organizations face the dilemma of 
exploration vs. exploitation

• Identifying the optimal trade-off between the two is a challenge
• Too much exploration (e.g. gaining new knowledge) can be 

detrimental to day-to-day survival and too much exploitation 
(applying existing knowledge) could be detrimental to long term 
survival esp. if conditions change over time



ODD Protocol
Purpose: The purpose of the model is to investigate how the amount of  
resources acquired (wealth/success) is related to persistence with the strategy 
of local exploration under different resource distributions, availability of 
resources over time and cost of relocation

Entities, state variables, and scales: Entities are agents representing organisms, 
individuals or organizations, called explorers. State variables keep track of 
explorers’ current patience, a measure of persistence. When an agent’s patience 
runs out, the agent decides to abandon ones area and move elsewhere for 
exploration. Agents are heterogenous in terms of their degree of persistence. 
Another state variable, wealth, measures the amount of resources gathered. 

Resources are represented as green-colored patches. Each patch has a resource 
value drawn from a uniform distribution. 
Time is represented conceptually. 



ODD Protocol

Process overview and scheduling: Agents (explorers) are scattered 
randomly through the landscape and move around randomly. If they come 
across a resource (green patch), they will acquire the resource i.e. their 
wealth will increase. In the declining resources scenario, the green patch 
will change color to default color to indicate that the resource is no longer 
available. 

When the agent does not come across a resource, its patience decreases. 
When an explorer’s patience runs out, it would be ready to explore a 
completely new area and would move to a random new location. 

The agents have to pay a one-time moving cost which remains the same for 
all agents for the entire run of the simulation. 



ODD Protocol
Design concepts: Agents (explorers) are able to sense the presence or absence of a resource. If 
resources are renewable, the overall resources remain constant or may grow over time. 
Explorers have goals to acquire as many resources as possible that are distributed in a given 
environment. 

Assumptions
• Exploitation: search locally, low cost but ongoing
• Exploration: search new locations, high one-time high cost (e.g. migration to new location, 

investment in new technology)
• Agents persist with local exploration until a threshold after which they move (randomly) to a 

new location
• Agents wealth increases depending on the number of resources encountered and the value of 

resource harvested. 

At the end of each run, data is collected on the amount of resources acquired (wealth) and the 
degree of persistence (how long will an agent explore locally before moving elsewhere) of each 
agent. 



Resource Distribution Patterns

Random Distribution Uniform Distribution Concentrated Distribution



Resource Availability Over Time

• Declining (exponentially) – Resources are non-renewable and so 
decline is influenced by how many agents are harvesting

• Remaining steady (constant) – resources are replenished
• Growing (linearly) – resources grow over time



ODD Protocol

Initialization: Once explorer agents are created, a degree of persistence 
(initial-patience) is assigned which is drawn from a uniform distribution. 
When an agent’s patience runs out and moves to another location, this 
initial value will be used to re-initialize their degree of persistence. 

Each agent also begins with the same initial wealth. This wealth may 
increase or decrease over time.  



Analysis

Simulation Experiment
• 3 (Resource Distribution Patterns) X 3 (Resource Availability Over 

Time) x 21 (Varying Moving Cost: 0 units – 200 units increments of 10)



Relationship between Persistence and Wealth 
Acquired
• Resources concentrated in a region – Declining Over Time







Relationship between Persistence and Wealth 
Acquired
• Resources concentrated in a region, Resources Steady Over Time







Relationship between Persistence and Wealth 
Acquired
• Resources concentrated in a region – Resources Growing Over Time







Relationship between Persistence and Wealth 
Acquired

• Resources randomly distributed in a region – Resources declining over 
time







Relationship between Persistence and Wealth 
Acquired

• Resources randomly distributed in a region – Resources steady over time







Relationship between Persistence and Wealth 
Acquired

• Resources randomly distributed in a region – Resources growing over 
time







Relationship between Persistence and Wealth 
Acquired

• Resources uniformly distributed in a region – Resources declining over 
time







Relationship between Persistence and Wealth 
Acquired

• Resources uniformly distributed in a region – Resources steady over time







Relationship between Persistence and Wealth 
Acquired

• Resources uniformly distributed in a region – Resources growing over 
time







Growth Scenario = Constant Resources Growth Scenario = Declining Resources

Growth Scenario = Growing Resources



Conclusion

• When resources are concentrated and when the resources were not 
declining i.e. either remain fixed or growing over time, there was a 
negative relationship between persistence and resources acquired 
(wealth) i.e. it always made sense to quit local exploration sooner and 
cast a wider net. 

• When resources were concentrated but declining over time, when 
moving cost increased, persistence had a positive relationship with 
resources acquired (wealth). When there was no moving cost, 
persistence did not pay off. 



Conclusion

• When resources were either randomly distributed or uniformly 
distributed but were declining over time, when moving cost 
increased, persistence had a positive relationship with resources 
acquired (wealth). When there was no moving cost or low moving 
cost, persistence did not pay off. 

• In other words, when resources can be found elsewhere, it makes
sense to move elsewhere when moving cost is low since you will find
resources there too! 



Future Work

• Different types of resources – some more valuable than others. 
Exploration would involve switching entirely between pursuit of 
resources to identify which ones seem to have a better pay-off
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