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Motivation

OPTIMIZED 
BUSINESS 

…allowing you to optimize new investments  for direct business benefits

=AGILITY + HIGH 
PROGRAMABILITY + SERVICE 

FLEXIBILITY

Cloud Computing 

= Reduce
IT Cost 

….leverages virtualization, energy efficiency and automation to free up 
budget for new investment

=VIRTUALIZATION + ENERGY 
EFFICIENCY + AUTOMATIONIs the Resource Allocation

in the Cloud flexible enough?
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Motivation

• Infrastructure as a Service (IaaS) providers offer on-demand resource 
provisioning

Memory CPU Network

Virtual Machine Allocation

local local global

Network is a 
distributed

resource
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Motivation

Idle Resources

Allocated Resources

• Idle Resources
• Revenue Loss

Unallocated capacity

Overprovisioning is the usual 
network allocation approach!
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Motivation

Idle Resources

Allocated Resources

Redistribution of idle resources

• Idle Resources
• Revenue Loss

Unallocated capacity
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Motivation

Idle Resources

Allocated Resources

Respect for service level agreements 
(SLAs)

Redistribution of idle resources

• Idle Resources
• Revenue Loss

Unallocated capacity
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Challenges on Network Dynamic Provisioning

• Network resource sharing depends on several factors

– Tasks allocated on the same server

– Tenants communicating with the same server

– Links shared by tenants

• Environment can be extremely dynamic

– Variation in tenant traffic

– Tenants entering and leaving

– Modification in IaaS topology (links)

Application
performance 

unpredictability

Server

Task

Task Task

Task

Link



8

Proposal

• Improve the efficiency of network resource sharing in an IaaS with 
multiple tenants

– Increase provider revenue

– Ensure tenants' SLAs

– Reduce idle network resources

Development of an automated tool for provisioning network resources

Billing
Bandwidth 
as well as 

Traffic Volume
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Key Idea

• Datacenter Network = Software Defined Networking + Machine Learning

• Learn better actions
• Determine the action
• Request controller

Agente

• Adjusting the bandwidth
on each link

• Monitoring the network

Network Controller
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Proposal

• Decision Agents

– Machine Learning  Autonomic

– Multiagent approach  Decentralized

Fuzzy Inference
+

Reinforcement Learning

Proposal

Agent

Agent

Agent

Agent

Agent

Easier to model and 
implement

Harder to model and 
implement
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Decision Agent

• Used as an universal approximator
• Flexible to adopt multi-agent approaches
• Easy to model

Fuzzy Inference System

• Used in time varying and dynamic environments
• Multi-agent approaches are possible
• Modeled as a Markov Decision Process (MDP)

Reinforcement Learning
Ability to find the best 

policies

Model-free Algorithm

Discreet space of actions 
and states

Simplicity

Suitable for dynamic
environments

Lower bandwith
oscillation during learning
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Controlling the Cloud Network

Agent 

Tenant

Virtual switches

Cloud

Tenant

Agent 
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Controlling the Cloud Network

Agent

Controller Switch

HTTP
OpenFlow

Agent

Agent

...
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Proposal Evaluation

Agent
Python 3.6

Controller
Ryu

Switch
Maxinet

HTTP OpenFlow

• Network Emulation
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Emulation Environment

• Distributed Emulation with Maxinet
– 4 workers
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Emulation Results

• Emulation: 3 clients, constant traffic, fuzzy inference system
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Emulation Results

• Emulation: 3 clients, constant traffic, Q-Learning, 4 actions, 15 states

There is still a need to constantly request the
swithces for statistics
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Emulation Results

Observable Case (OC)

Before the agent determines the action, 
the cloud load is measured

Partially Observable Case (POC)

Before the agent determines the action, 
cloud processing load is measured and 
mapped using bandwidth usage

Mixed Case

Alternation between the two cases
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Emulation Results

• Fuzzy Inference System vs. Q-Learning
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Emulation Results

• Fitness for the Fuzzy Inference System
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Conclusion

• Proposed approach includes use of diffuse inference and reinforcement learning 
for bandwidth provisioning

• Technical feasibility analysis in progress
– Initial tests performed in an emulated environment

• Initial results obtained indicate feasibility of the proposed approach

• On going project
– Develop a bandwidth allocation tool for datacenter networking
– https://rlp.labgen.uff.br (Available in Brazilian Portuguese)

Funding

https://rlp.labgen.uff.br/
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Future Work

● Generalize the mechanism for a bigger number of tenants and realistic traffic

● Compare other methods to solve the same scenario

● Get access to a real dataset for testing and validation
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