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Motivation / Problem Statement
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• With the uncoupled approach of network control using SDN, numerous studies propose optimization 
strategies to solve the Controller Placement Problem (CPP) in IP networks [1].

• However, the control plane design extends beyond the CPP problem and includes the interconnections 
between the data plane devices and the controllers. 

• The control traffic is also often overlooked even for IP networks.

→Mainly due to the lack of approaches for control plane traffic modelling.

→The study in [2] is one of the few rare studies that solves the CPP problem to minimize control traffic 
for OpenDaylight-based cluster of controllers. 

Proposition:-

i. Model the control traffic for optical networks [3] –that is derived from the characterization of the 
signalling procedures for lightpath setup and termination in a fully-disaggregated testbed with 
OpenROADM devices. 

ii. Propose an algorithm that applies this traffic model for the design of the control plane in optical systems 
controlled by a monolithic controller. 
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Definition of Network Scenario

➢ Given a network that consists of nodes - e.g. 
ROADMs, fibre links, and a centralized controller, 
the nodes are connected via control plane 
interfaces to the controller.

➢ Control plane interfaces are installed only on a set 
of nodes, denoted as direct nodes.

➢ Remaining nodes utilize the fibre links, hence 
denoted as indirect nodes.

➢ Further consideration of in-fibre and out-of-band
control network.

➢ Challenges:-

1. Determining the number and placement
of control plane interfaces - the definition of 
the direct nodes.

2. Optimization of the routing of the
control traffic between indirect and direct 
nodes. Example optical transport network architecture with T-SDN controller
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Formulation of optimization algorithm

• Objective: Minimize the cost of the control plane network. 

• Considerations: Reliability constraints against single node and/or link failures.

Cost of the 

control plane 

network
𝑪𝑪𝑷

Overall cost of the interfaces required to connect the 

controller to the direct nodes of the network- 𝑪𝑪

Capacity costs of the fibre links incurred to carry control 

traffic between the indirect and direct nodes 𝑪𝑳
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Algorithm Description
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𝑚 : Number of direct nodes

𝑁 : Set of nodes in a network
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Optimization of the Control Plane Traffic Routing

minimize 𝐶𝐿 = 

𝑒∈𝐸

𝜉𝑒 

𝑛∈𝑁

ℎ(𝑛)

𝜂𝑛


𝑝∈𝑃(𝑛)

𝛿𝑒
𝑝
𝜇𝑝
𝑛
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C1: 

𝑝∈𝑃(𝑛)

𝜇𝑝
𝑛 = 𝜂𝑛 1 − 𝑥𝑛 , ∀ 𝑛 ∈ 𝑁

C2: 

𝑝∈𝑃(𝑛→ 𝑛)

𝜇𝑝
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𝑛 ≠ 𝑛

C3: 

𝑝∈𝑃(𝑛)

𝛿𝑒
𝑝
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C4: 

𝑛∈𝑁

𝑥𝑛 ≤ 𝑚
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Results and analysis w.r.t CORONET-30 network

Considerations:

• Use of traffic model in [3] for 
calculating ℎ 𝑛 .

➢ Arrival rate of approx. 0.17 optical 
connections per second at each 
node, and an average holding 
time of 600 seconds.

• Unit capacity cost of each fibre link: 
𝛿𝑒 = 1 cost units (cu).

• 𝐶𝐶 = 𝛼 ∙ σ𝑛𝜖𝑁 ℎ(𝑛) ∙ 𝑚 ∙ 𝑘 cu

➢ 0 < 𝛼 < 1 represents the 
capability of the control interface 
to sustain the control traffic load 
from all nodes.

➢ 𝑘 is the unit capacity cost, and is 
defined as 𝑘 = 1 cu

• DIVERSITY_FACTOR: 𝜂𝑛 = 2.
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Scalability of the Cost of the Control Network
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𝜶 = 𝟎. 𝟐𝟓 𝜶 = 𝟎. 𝟓𝟎

𝜶 = 𝟏
𝜶 = 𝟎. 𝟕𝟓
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Conclusion

• This paper presents a novel optimization algorithm to determine an optimal control plane 
network design in the context of optical transport networks. 

• The objective of this algorithm is to optimise the cost of the control network considering two 
types of costs- namely, link capacity costs (𝐶𝐿) and interface costs (𝐶𝐶).

• The algorithm solves the definition of the number and placement of control plane interfaces as 
well as the routing of control traffic. 

• The study revealed the impact of 𝐶𝐿 and 𝐶𝐶 on the cost of the control network. 

• The impact of factors such as the control traffic load and the capacity of the interfaces on the 
optimum solutions have been further evaluated.

• Extension of this algorithm to evaluate design of the control plane implementing distributed 
SDN control can be part of our future work.
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Placement and Routing
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