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Ant Colony Ant Colony AlgorithmAlgorithm
ApplicationsApplications



The Traveling Salesperson Problem: A The Traveling Salesperson Problem: A 
reminderreminder



Key points:
this choice is based on pheromone levels on the routes ahead

this is done so as to reward those trails that take part in shorter routes



About the transition ruleAbout the transition rule



The Transition RuleThe Transition Rule



The Update RuleThe Update Rule



Early Ant ResultsEarly Ant Results





An ant route



Ants do Clustering!Ants do Clustering!

Corpse aggregation in Messor Sancta



Real AntsReal Ants
Real ants Real ants peformpeform clustering in 2 ways:clustering in 2 ways:
Corpse Aggregation (previous slide)Corpse Aggregation (previous slide)
•• This is where an ant will pick up a lone corpse This is where an ant will pick up a lone corpse 

and transfer it to an ant ‘cemetery’and transfer it to an ant ‘cemetery’

Brood SortingBrood Sorting
•• Ants sort their brood according to the level of Ants sort their brood according to the level of 

maturity of the young.maturity of the young.
Small eggs get clustered with other small eggs, Small eggs get clustered with other small eggs, 
larvae with other larvae etc…larvae with other larvae etc…

Eggs

Sm. Larvae

Big larvae



How corpse aggregation How corpse aggregation 
seems to work at the seems to work at the 

individual levelindividual level



Turning that into an Algorithm



From Aggregation to SortingFrom Aggregation to Sorting







A basic ant-based clustering algorithm

• Objects to cluster are placed randomly in cells in a 2D space
• A number of ants are spread randomly in the same space 

Repeat Until a termination condition
For each ant A

If A is carrying an object, it will either:
drop the object at its current cell, with

probability Pdrop
make a move to a random neighbouring cell

If A is not carrying an object, it will either:
pick up an object
make a move to a random neighbouring cell.

Various ways to turn this into a real algorithm by playing
with the probability equations for picking up and dropping, etc.



Further ImprovementsFurther Improvements
Stagnation Count:Stagnation Count:
•• Problem:Problem: If probability of drop is too low If probability of drop is too low ––

many ants spend a long time walking aroundmany ants spend a long time walking around
•• Solution:Solution: The longer the ant carries the The longer the ant carries the 

object, the more inclined it is to release it until object, the more inclined it is to release it until 
a point where it drops it regardless of locationa point where it drops it regardless of location

Adaptive Similarity Scaling:Adaptive Similarity Scaling:
•• Problem:Problem: If similarities are not strong enough, If similarities are not strong enough, 

clustering can take time.clustering can take time.
•• Solution:Solution: Introduce an adaptive measure Introduce an adaptive measure 

which increases/decreases the likelihood of which increases/decreases the likelihood of 
dropping based on similarity.dropping based on similarity.



ExamplesExamples
800 objects, 4 shades of grey, 10 800 objects, 4 shades of grey, 10 
antsants



RGB ExampleRGB Example
800 objects, all different colours, 9 ants 800 objects, all different colours, 9 ants –– each each 
ant only sensitive to R,G or B.ant only sensitive to R,G or B.



University Timetable SchedulingUniversity Timetable Scheduling
((SochaSocha, , SampelsSampels & & ManfrinManfrin, 2003), 2003)
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Create a timetable where:Create a timetable where:
Hard ConstraintsHard Constraints
•• No student attends more than No student attends more than 

one event at the same timeone event at the same time
•• The room is big enough for all The room is big enough for all 

the attending studentsthe attending students
•• Only one event is in each room Only one event is in each room 

at any timeslotat any timeslot

Soft ConstraintsSoft Constraints
•• No student has a class in the last slot of the dayNo student has a class in the last slot of the day
•• No student has more than two classes in a rowNo student has more than two classes in a row
•• No student has only one class on one dayNo student has only one class on one day

•• So, how can we get ants to solve this problem?So, how can we get ants to solve this problem?



Construction Graph 1Construction Graph 1

BUT!  We must make sure every event is assigned – this 
doesn’t do that – what can we do?



Construction Graph 2Construction Graph 2

Converts the timetabling problem into a Converts the timetabling problem into a 
pathpath--finding problem suitable for our antsfinding problem suitable for our ants



Algorithm ExecutionAlgorithm Execution

Order Events

Apply Ant System

Events are ordered according to 
whether they are ‘difficult’ or not

Ants traverse the construction graph, 
laying & following pheromone etc… in a 
similar way to the TSP

Local search procedure used to 
subsequently improve resultsUse a local search to 

improve results



Mixed ResultsMixed Results
On On MediumMedium problems, simulated annealing problems, simulated annealing 
is better for a given amount of is better for a given amount of 
computational time.computational time.

On On LargeLarge problems, Ant Colony problems, Ant Colony 
optimisation is better for a given amount optimisation is better for a given amount 
of computational time.of computational time.

BUT! It does show an innovative approach BUT! It does show an innovative approach 
to solving a problem not obviously pathto solving a problem not obviously path--
driven.driven.



Packet routing with antsPacket routing with ants
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