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1. INTRODUCTION
The increasing number of datacenter applications with

heavy one-to-many communications has motivated the pro-
posal of optical multicast-featured datacenter architectures.
These solutions use optical power splitters to duplicate the
optical signal from the input port to all the output ports on
the fly, thus are promising for fast, reliable, economical, and
energy-efficient group data delivery.

Figure 1 illustrates how optical power splitters can be in-
serted into a datacenter. In case of heavy multicast commu-
nications from a particular sender to a group of receivers, an
optical power splitter can be connected to these servers stat-
ically. They can also be placed to the level of Top-of-Rack
(ToR) switches to aggregate traffic, so that a set of servers
beneath the sender ToR switch can multicast to another set
of servers across the destination ToR switches. Dynamic al-
location of optical power splitters can be achieved by having
a high-radix optical space switch, e.g. a 3D MEMS switch,
as a connectivity substrate [5].

The key challenge of these architectures lies in fitting op-
tical data duplication in the picture of the existing network
stack. Optical power splitters can only send data unidirec-
tionally, from input to output but not vice versa. Today’s
unicast routing protocols assume bidirectional links and thus
are ignorant of these additional optical paths. Since multi-
cast routing protocols depend on unicast routing protocols
for topology discovery, multicast trees will not be built over
the optical splitters.

Utilizing the optical multicast function requires multicast
data delivery to be performed over the optical power split-
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Figure 1: Optical power splitters in a datacenter: 1©

static connections to servers; 2© static connections

to ToR switches; 3© dynamic connections to ToR

switches via an optical switch

ter while all other traffic for maintaining the multicast tree
to be transmitted through paths elsewhere. This asymmet-
ric routing behavior can be achieved by either a specialized
multicast routing protocol or SDN control mechanisms.

The SDN approach has advantages across the network
layers. In the physical layer, it has global view of the
topology, while a specialized multicast routing protocol
needs complicated discovery mechanisms to learn the loca-
tions of the optical power splitters. In the network layer,
an SDN-controlled system can leverage prior knowledge
of group membership to build a multicast tree instanta-
neously, whereas a multicast routing protocol takes efforts
to maintain the group membership. In the application
layer, an SDN controller is able to ensure the application
performance through QoS negotiations, while QoS control
in a distributed system is complicated.

In this paper, we build a cross-layer SDN control plane
that leverages these advantages. We demonstrate the effi-
cacy of the system by a Mininet prototype. Our control
plane implementation is portable to a real datacenter.

2. CONTROL PLANE DESIGN

2.1 Network API
Prior studies of optical networked systems suggest appli-

cation awareness is necessary for circuit utilization and ap-



plication performance [2][4]. In our multicast-featured sys-
tem, we further leverage application awareness to obtain
group memberships and build optical multicast trees rapidly.

Application managers, such as the Spark master node
[6], can request for optical resources explicitly through our
network API. Specifically, application managers inform the
SDN controller of the multicast group memberships and traf-
fic demands. If a request gets accepted, some optical re-
sources are dedicated for an estimated service time. If the
multicast transmission is not completed during this period,
the application manager can extend the request with the
residual traffic volume. Because optical resources are lim-
ited and not all requests can be serviced immediately, issued
requests can be withdrawn at any time.

2.2 Control Algorithm
Dynamic allocation of optical power splitters can be for-

mulated as a maximum weighted hypergraph b-matching
problem [3]. The multicast requests form a hypergraph
H = (V,E). V is the set of vertices, where each vertex
represents a rack; and E is the set of hyperedges connecting
any number of vertices, where each hyperedge embodies all
the racks involved in the multicast. The weight of a hyper-
edge is the multicast traffic demand. We seek a maximum
weight sub-collection of hyperedges such that each vertex
is met by at most b hyperedges, where b is the number of
optical ports per rack.

Hypergraph matching is NP-hard [3]. We develop a greedy
algorithm to solve the problem. The multicast requests are
sorted by decreasing traffic demand. Then the algorithm
iteratively selects the requests with the greatest demand as
long as every involved rack has appeared in less than b pre-
viously selected requests. The algorithm continues until no
more requests can be added with all the constraints satisfied.

2.3 Reconfiguration
The ToR switches or end servers that the optical power

splitters attach to must support SDN, e.g. OpenFlow
switches or Open vSwitch instances. The network controller
sets OpenFlow rules on them to direct multicast traffic
through the constructed multicast trees. For dynamic
allocation of optical splitters, the network controller also
changes the optical switch interconnections through the
command-line interface, such as TL1.

3. MININET IMPLEMENTATION
We implement the SDN control plane in Mininet, which

is directly portable to a real datacenter network. The
application-network communication procedures can be
realized using cross-language RPC frameworks, because
they provide well-defined APIs for various programming
languages and a complete network stack with optimized
end-to-end performance. With a potentially large number
of requests, the controller is non-blocking to incoming
connections and are able to handle concurrent requests. In
case of frequent multicast requests, the control algorithm
can serve in batch mode. Our controller sets OpenFlow
rules for the multicast tree construction. It may need to
reconfigure the optical switch to set up optical paths for
the scheduled multicast groups. Because the switching
latency of an optical circuit switch is not negligible (tens
of ms), OpenFlow rules can be set simultaneously with the
optical switch reconfiguration to reduce the overall delay.

Figure 2: Mininet virtual network structure

Finally, the application is notified through the RPC call
back function and the multicast transmission can start.

Figure 2 plots the structure of our Mininet virtual net-
work. Mininet runs as a virtual machine on a host machine.
The datacenter network core is abstracted by a single switch,
denoted as “Electrical”; the optical switch together with the
attached optical power splitters are emulated by another
switch, denoted as “Optical”. Our control plane software
runs on the host machine. A NAT is set up to enable the
hosts with non-routable internal IP addresses to access the
host machine. The control algorithm is configured to com-
pute every 1 second. End hosts run a multicast application
built from a reliable multicast library [1].

We observe that the requests are returned rapidly, less
than 20 ms after the control algorithm starts computation.
We further break down the latency of a request processing:
1.747 ms for application-controller communication, 8.553
ms for computation, 7.711 ms for setting OpenFlow rules.
Though the Mininet virtual network is different than a
real datacenter, these results partially demonstrate the
responsiveness of the control plane software.
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