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GUIDELINES

❖You don’t need to memorize 
what will be mentioned. 
Instead, try to understand

❖Each PowerPoint 
Presentation will be available 
as PDF file on Google Drive 
Folder of the Course



Artificial Bee Colony (Recap)
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❑ Artificial Bee Colony (ABC): a nature-inspired optimization algorithm based on how real 
honeybees search for and exploit food sources. It’s commonly used to solve continuous and 
numerical optimization problems, where the goal is to find the best solution among many 
possibilities.

❑ In other words, Artificial Bee Colony is a way to solve optimization problems based on how 
bees explore different solutions and share information to gradually focus on the most promising 
ones.

The motivation behind Artificial Bee Colony (ABC) was to design a simple and flexible 
optimization algorithm that can effectively balance exploration and exploitation, avoid local 

optima, and handle complex non-linear problems. To achieve this, ABC relies on a 
population of candidate solutions (food sources) that are continuously improved through local 
search and replaced by new random solutions, allowing the algorithm to efficiently search for 

optimal solutions without complex control mechanisms.

Motivation



Artificial Bee Colony (Recap)
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❑ Artificial Bee Colony (ABC): a nature-inspired optimization algorithm based on how real 
honeybees search for and exploit food sources. It’s commonly used to solve continuous and 
numerical optimization problems, where the goal is to find the best solution among many 
possibilities.

❑ In other words, Artificial Bee Colony is a way to solve optimization problems based on how 
bees explore different solutions and share information to gradually focus on the most promising 
ones.

❑ Artificial Bee Colony (ABC) is a population-based, swarm intelligent, and sign-based 
algorithm because it works with a group of agents (bees) that collaboratively explore and 
exploit the search space, where solutions are improved through collective interaction, 
information sharing, and adaptive role-based behaviors rather than refining a single solution 
independently.



Three types of Worker Bees (Recap)
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Employed bees search for 
nectar/food sources 
information from surrounding. 
and share with the followers.
❑ Generate a new solution
❑ Calculate new fitness
❑ Apply Greedy Selection

Employed Bees

Onlooker bees select the bee 
with better nectar information.
❑ Calculate the probabilities
❑ Produce a new solution 

depending on probability
❑ Calculate new fitness
❑ Apply Greedy Selection

Onlooker Bees

Scout bees abandon nectar and 
search for new sources of 
nectar.
❑ Find the abandoned solution 

(based on variable limit)
❑ Generate a new solution 

randomly to replace them

Scout Bees

Nectar/Food source is a candidate solution that associated with each 
employee bee. Its quality is determined by Fitness Value.



Common Problem to Solve

Network Bandwidth Allocation Problem

The Network Bandwidth Allocation Problem is a constrained, non-linear and network optimization problem 
where a limited communication bandwidth must be distributed among multiple users, applications, or services in a 

network in an efficient and fair manner.

6



Network Bandwidth Allocation Problem
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Key Idea: Users with HIGHER PRIORITY receive proportionally larger 
bandwidth, but all users receive a share of the resource depending on the 

optimization objective.

Internet Traffic 
Management

Cloud computing 
resource allocation

Wireless networks 
(QoS Control)

Load balancing in 
distributed systems

Applications



Implementation
Network Bandwidth Allocation Problem
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Example to implement

9How would you allocate bandwidth FAIRLY ?

You started as Internet Service Provider (ISP) with bandwidth = 200 Mbps
You are offering 3 tiers of subscriptions as:

Gold Tier (3) – Silver Tier (2) – Bronze Tier (1)

Current Subscribers

Gold Subscriber Gold SubscriberSilver SubscriberBronze Subscriber



Obtain Objective Function
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User Priority

Gold Subscriber
Higher

Gold Subscriber
Higher

Silver Subscriber
Mid

Bronze Subscriber
Lower

Priorities: 3 1 2 3

Higher priority receive more share 
bandwidth than the other 



Obtain Objective Function (Cont.)
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User Satisfaction
A user is satisfied rapidly at some rate of bandwidth. 

After then, the increasing of bandwidth makes no 
difference, so the satisfaction is increasing in slower 

rate

Can be modeled using logarithm → ln(bandwidthi)



Obtain Objective Function (Cont.)
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Priority + Satisfaction
A higher priority user should be more satisfied than the other

So, the total satisfaction among all users can be measured based on their priorities.

In our Problem, Maximize Satisfaction !
f(x) = w1ln(x1) + w2ln(x2) + w3ln(x3) + w4ln(x4)

Can be modeled using:
Total Satisfaction = Priority1ln(bw1) + Priority2ln(bw2) + … + Prioritynln(bwn)

User1 User2 Usern



Notes
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Fairness among all users of shared bandwidth
So, make sure that x1+ x2 + x3 + x4 ≤ 200

Constraints
Each user must receive an amount of bandwidth

So, make sure that xi ≥ 0.1 to make sure the user is establishing connection

Max Bandwidth you have is 200
So, a one user cannot have a bandwidth more than 200 xi ≤ 200



Notes
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Fairness among all users of shared bandwidth
So, make sure that x1+ x2 + x3 + x4 ≤ 200

Any solution that VIOLATES that will be penalized !

Constraints
Each user must receive an amount of bandwidth

So, make sure that xi ≥ 0.1 to make sure the user is establishing connection

Max Bandwidth you have is 200
So, a one user cannot have a bandwidth more than 200 xi ≤ 200



Importing Libraries
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Networking Class (Initialize Parameters)
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In constructor, problem parameters are defined



Networking Class (Initialize Parameters)
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Networking Class (Initialize Parameters Method)
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All Hyperparameters 
of ABC are initialized



Networking Class (Initialize Parameters Method)
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All Hyperparameters 
of ABC are initialized

Population size = bees x dims



Networking Class (Objective Function Method)
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In our Problem, Maximize Satisfaction !
f(x) = w1ln(x1) + w2ln(x2) + w3ln(x3) + w4ln(x4)



Networking Class (Objective Function Method)
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As a single food source in ABC would be presented as [x1, x2, … , xn]
We will iterate over each dimension and apply SUB of the objective function



Networking Class (Objective Function Method)
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At the end, we will sum all Sub-Terms to obtain the total 
satisfaction



Networking Class (Penalty Method)
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Each user is provided with sub-bandwidth, so the total 
bandwidth for all users mustn’t exceeded the limit. 

Otherwise, the solution will be penalized !



Networking Class (Penalty Method)
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Each user is provided with sub-bandwidth, so the total 
bandwidth for all users mustn’t exceeded the limit. 

Otherwise, the solution will be penalized !

Fairness among all users of shared bandwidth
So, make sure that x1+ x2 + x3 + x4 ≤ 200

Any solution that VIOLATES that will be penalized !



Networking Class (Fitness Function Method)
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In this method, a parameter “obj_fun” is provided as TUPLE

It provides f(x) of a solution and if it is penalized or not



Networking Class (Fitness Function Method)
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Networking Class (Fitness Function Method)
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Networking Class (Fitness Function Method)
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A penalized solution’s (exceeded maximum bandwidth) 

fitness will be computed as 
𝟏

𝒇 𝒙 + 𝒑𝒆𝒏𝒂𝒍𝒕𝒚
 to make it with lower 

fitness (closer to 0)



Networking Class (Greedy Selection Method)
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In this method, all parameters are introduced as TUPLES as 
contain an element for current solution (index 0) and new 

solution (index 1)



Networking Class (New Solution Method)
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This method is common for Employed Phase and Onlooker 
Phase. So, it is separated in a standalone method



Networking Class (Employed Phase Method)
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Networking Class (Onlooker Phase Method)
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Networking Class (Scout Phase Method)
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Artificial Bee Colony Steps
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Networking Class (Solution Method)
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Networking Class (Solution Method)
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Elitism: Keep the best solution surviving for later iterations



Testing
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Let’s see if it is true answer ?
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Proportional Fairness
The total bandwidth is proportionate to priority

𝒙𝒊 = 𝑩 ×
𝒘𝒊

σ 𝒘

Our solution:
[63.81 , 23.70 , 45.46 , 66.99]
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Proportional Fairness
The total bandwidth is proportionate to priority

𝒙𝒊 = 𝑩 ×
𝒘𝒊

σ 𝒘

Our solution:
[63.81 , 23.70 , 45.46 , 66.99]

User Shared Bandwidth for user (xi)

1 66.67 Mbps

2 22.22 Mbps

3 44.44 Mbps

4 66.67 Mbps



Let’s see if it is true answer ?
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Proportional Fairness
The total bandwidth is proportionate to priority

𝒙𝒊 = 𝑩 ×
𝒘𝒊

σ 𝒘

Our solution:
[63.81 , 23.70 , 45.46 , 66.99]

User Shared Bandwidth for user (xi)

1 66.67 Mbps

2 22.22 Mbps

3 44.44 Mbps

4 66.67 Mbps



Behavior of Bees and Trials

41



Next Lab:
Particle Swarm Optimization

(Theoretical)

Thank You
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