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Abstract An SDN-based control framework for OPS switches is experimentally assessed. The 
OpenFlow messages enabling control communication between SDN controller and OPS switch are 
validated. Dynamic OPS virtual network slices for intra-data center interconnect are successfully setup 
and monitored. 

Introduction 
Several projects are currently active to re-design 
todays multi-tier hierarchical architectures for 
enhancing the scalability, throughput, power 
efficiency, and latency of the intra-data center 
network (DCN)1. In this respect, the EU FP7 
LIGHTNESS project has defined a novel flat 
intra-DCN architecture integrating Optical Circuit 
Switching (OCS) and Optical Packet Switching 
(OPS) technologies2. Servers at each rack are 
interconnected to the hybrid OPS/OCS DCN 
data plane via the Top of the Rack (ToR) switch, 
which performs traffic flows aggregation, 
classification and mapping to either OCS or 
OPS capabilities (Fig.1). Software Defined 
Networking (SDN) has been considered as a 
control framework in support of programmability 
of network functions and protocols through 
decoupling data and control planes. In the 
LIGHTNESS architecture, a centralized SDN-
based control plane interacts with the data plane 
switches through the southbound interface (SB), 
in order to provide dynamic and on-demand 
allocation of resources for DC traffic flows. This 
is performed through a proper configuration and 
control of the switches via the OpenFlow (OF) 
protocol3.  

 
Fig.1: Overall LIGHTNESS architecture 

This flexible and highly programmable SDN-
based architecture could also enable the 

virtualization of the hybrid OCS/OPS DCN and 
the provisioning of virtual network slices in 
support of application-to-application connectivity 
with appropriate QoS guarantee.  
The OF protocol extensions for the configuration 
and control of the OCS switches have been 
already demonstrated4. 
In turn, the reconfiguration of virtual DC network 
slices leveraging statistical multiplexed sub-
microsecond flows with QoS guarantees by 
decoupling the fast OPS switching from the 
slower control plane operation has also been 
demonstrated5. However, the control employed 
in that experiment was proprietary. To enable 
the virtualization of DC network sub-systems by 
exploiting a centralized SDN control framework, 
it is crucial to implement the OF protocol also for 
the OPS switches.  
In this paper, we present and experimentally 
assess the implementation of an SDN-based 
control framework for the OPS switches. The 
OpenDayLight6 (ODL) SDN controller is 
deployed on top of the OF-enabled OPS 
switches (with dedicated OF control agents) for 
switch configuration, monitoring, collection of 
features/attributes and statistics gathering 
purposes, performed through the OF protocol. 

SDN-based control for OPS nodes 
Fig.2 shows the experimental scenario that 
consists of one OF-enabled OPS switching node 
controlled by an ODL SDN controller through a 
slightly modified version of OF 1.03. 
The modular OPS architecture implements a 
highly distributed FPGA-based switch control for 
port-count independent reconfiguration time7. 
The RF tones labeling technique allows 
parallelization of the label bits processing for 
each input, greatly reducing the label matching 
time with the Look-Up-Table (LUT) stored in the 
FPGA-based switch controller. For this 
experimental assessment, the OPS node has 
been equipped with an OF agent to let ODL 
control and monitor the switch. This OF agent, 
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running in a dedicated server, translates the 
proprietary interface exposed by the OPS 
FPGA-based switch controller to the OF 
protocol, therefore bridging and gluing control 
and monitoring mechanisms and primitives at 
the two sides. 

 
Fig. 2: Control architecture 

The SDN controller is implemented by the ODL 
industry-led collaborative open source platform 
hosted by the Linux Foundation6, in its 
Hydrogen release (Base edition). ODL has been 
selected in the context of the FP7 LIGHTNESS 
project as the reference SDN controller, due to 
its extensible modular architecture, and the wide 
set of services available, appliances and 
northbound primitives for either data center or 
transport deployments. In this experimental 
work, the ODL management Graphical User 
Interface (GUI) has been used to trigger proper 
actions for the control and monitoring of the 
OPS switching node, as described in the next 
section. The actual interaction between ODL 
and OPS is performed through a slightly 

modified version of OF 1.03, implemented at the 
ODL southbound interface by the dedicated 
plugin available in the Hydrogen release.  
The aim of the experimental work presented in 
this paper is to assess operation of the 
developed SDN-based control of OPS within the 
optical DCN for remote creation and 
modification of the LUT, and the monitoring of 
the OPS switch statistics. As a result, this will 
enable to manage the DCN OPS-based virtual 
network slices. Due to the specific nature of the 
OPS technology and operation7, the usage of 
several attributes conveyed in the messages of 
OF 1.0 has been modified to control the OPS 
actions through ODL. Such modifications mainly 
refer to a new identification of OPS switch 
physical ports and wavelengths in the OF 
FEATURES_REPLY message3, following the 
OPS hierarchical resource model7. A set of 
mappings of existing OF flow match and action 
parameters in the FLOW_MOD message 
structure3 into specific OPS actions have also 
been implemented, such as dl_vlan to encode 
the OPS label and SET_NW_TOS to encode the 
virtual slice traffic load, as shown in Fig.3. 

Experimental assessment 
According to the control architecture described 
above, we experimentally assess the 
communications through the SB interface 
between the ODL SDN controller and the OPS 
node, enabled by the OF agent. The latter is 
used for the configuration of the switch and for 
collecting statistics of the optical modules (e.g., 
LUT information, traffic load and retransmission 
rate). In this way, the SDN controller performs 
both the remote reconfiguration of the LUT and 
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the monitoring of the OPS switch statistics. In 
particular, the following OF protocol messages 
have been implemented at the OF agent: 1) 
FEATURES_REPLY to expose to the controller 
the capabilities and attributes of the OPS node 
upon the reception of a FEATURES_REQUEST 
from ODL; 2) FLOW_MOD to create and delete 
OPS-based virtual network slice (flow for ODL 
GUI, as shown in the figures) and, 3) 
STATS_REPLY to send switch port statistics to 
ODL when requested by a STATS_REQUEST, 
for monitoring purposes. A top-down approach 
has been used; the ODL GUI triggers the 
request of resource configuration for flows 
allocation. Fig. 3 illustrates the different steps to 
control the OPS when a flow has to be created. 
Once the flow creation command has been 
executed from the GUI, the SDN controller 
assigns: 1) the input and output optical switch 
ports, and 2) the proper label (to be then used 
by the optical packets). Additionally, in order to 
prevent excessive packet contention, the 
allowed load per wavelength can be set. Then, 
an OF FLOW_MOD message carrying a New 
Flow command (Fig. 3(a)) is sent to the OF 
agent of the OPS switch that processes the 
message and configures the OPS switch 
accordingly. More specifically, the virtual 
network slice information conveyed by the 
FLOW_MOD message is used to update the 
switch LUT (Fig. 3(d)). Fig. 3(b) summarizes the 
created flows and Fig. 3(c) shows the details of 
one of the flows, as depicted by the GUI. 
Moreover, OF messages to communicate 
statistics per switch port have been 
implemented at the OF agent. Such statistics 
are used by the SDN controller for monitoring 
purposes. As an example, Fig. 4(a) shows the 
OF STATS_REPLY message; it is sent by the 
OF agent to the SDN controller upon a request 

for gathering the port statistics. In particular, the 
number of transmitted and received packets 
(and bytes) is depicted. The optical packets 
retransmissions due to contentions in the switch 
are also reported in the collisions field of the OF 
message. Such statistics are collected by the 
OF agent from the OPS node which stores them 
as counters. Finally, Fig. 4(b) and (c), show the 
port statistics as depicted in the GUI. 

Conclusions 
This experimental work assesses OPS switches 
dynamically controlled by an SDN controller. 
This also enables creation/deletion and 
monitoring of virtual DCN slices through control 
actions from/to the SDN controller.     
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