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Abstract—TRILL is a Layer 2 protocol which allows the
establishment of a layer 2 mesh network while improving
infrastructure utilization in comparison with Ethernet. Indeed,
TRILL does not use STP and keeps all links active. It always uses
the shortest path between any two nodes and can dispatch the
flows following ECMP. However, the problem is that throughput
wise the performances of TRILL are not on par with Ethernet.
This is the consequence of the fact that Linux does not have a
fast path solution for TRILL and, moreover, the fact that CPU
and memory resources have to be used in order to process the
frames. The goal of this paper is to propose a fast path solution
for TRILL that is based on a smart NIC. We experimented with
our solution and the results show that we successfully increased
the throughput of TRILL by 100%, thus reaching the network
interface limit of 10Gbps while reducing latency.

I. I NTRODUCTION
With the growth of cloud computing, data centers tend to
be replaced with hyperscale data centers. In fact, a report
published by Cisco [1] predicts that, by 2021, hyperscale
data centers will represent 53% of all installed data centers.
More and more resource-consuming tasks are being processed
in the cloud and more users are adopting cloud computing.
This implies more data to transfer between a user and the
cloud, but mostly more data to transfer inside the cloud
infrastructure. This infrastructure must scale and increase
network bandwidth without increasing latency. In this paper,
we introduce a solution to increase bandwidth and reduce
latency of a mesh network based on the Layer 2 TRILL
(TRansparent Interconnection of Lots of Links) protocol [2]
and smart NICs. The remainder of this article is organized
as follows. Section II introduces the TRILL protocol and the
smart NIC used in our experimentations . Then, our solution
is presented in section III and its performances are discussed
in section IV. Section V briefly presents the related work, and
finally, section VI concludes the paper with a description of
our future work.
II. BACKGROUND
A. TRILL protocol
TRILL protocol [2] is an IETF protocol which aims to
overcome the limitations of conventional Ethernet networks.
TRILL does not use STP and keeps all the links of the
network active, thus forming a mesh network (Figure 1). In
fact, TRILL uses the shortest paths between any two points
and with its multipath capability, it uses ECMP to choose the
paths. TRILL also uses new devices called RBridges. They
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implement TRILL and are similar to conventional customer
bridges. They each have a unique 2-octet nickname within
the TRILL network (campus) and can be implemented in
standard Linux hosts. RBridges may be interconnected with
IEEE 802.3 technology, or with some other layer 2 technology
like PPP (Point-to-Point Protocol). The first RBridge that a
frame encounters in the campus will encapsulate a frame with
a TRILL header (Figure 2) and an outer header which has as
a destination the MAC address of the next hop. This header
helps to maintain retro-compatibility with conventional customer bridges as they can be located between two RBridges.
Each RBridge has to process the TRILL header and the outer
Ethernet header. The Ethernet header must be replaced and the
TRILL header has to be updated. This processing is TRILL
throughput’s bottleneck because of the speed limit of memory
transactions in the host. To solve it we propose to offload this
processing onto a smart NIC.
B. Smart NIC
The smart NIC we use is Kalray MPPA2-256 (Bostan) card
which is a Massively Parallel Processor Array (MPPA) [3]
with 256 user-programmable cores and 32 system cores. All
of the cores can run in parallel with high-performance and
low power consumption. They are clustered in 16 groups of
16 cores (Figure 3). A cluster is an elementary processing unit
and runs a specialized, low footprint OS, called NodeOS. To
program this NIC we use the ODP (OpenDataPlane) API [4].
ODP [5] is a cross-platform set of APIs used for programing
the networking data plane.
III. P ROPOSED SOLUTION
In our previous work [6], we implemented TRILL at the
host level of each server - source code available [7]. This
allows us to have a complete mesh network inside a data
center. Each RBridge node is implemented and deployed in
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Fig. 3: MPPA architecture
the Linux bridge module of a server. However, throughput
performances are limited because of the lack of a fast path
for TRILL frames. Indeed, at each RBridge on the path the
outer Ethernet header is switched and the TRILL header is
updated. This process requires a lot of system interruption and
memory changes which impact the time to process a frame,
thus reducing throughput. To solve this issue we propose to
offload the management of TRILL frames to Kalray’s MPPA2256 smart NIC. We implemented the forwarding process of
TRILL frames on the NIC using ODP and using the NIC’s
smart dispatcher to evenly spread the load on each cluster.
The forwarding process has three main steps:
1 Take off the outer MAC header
2 Update the TRILL header. If the Hop count is zero the
frame is dropped, otherwise the Hop count is decreased.
3 Add the new MAC header based on the egress nickname
of the TRILL header.
For the third step it is mandatory to look in the FIB to find the
next MAC address on the path to the egress RBridge whose
nickname is the egress nickname in the TRILL header.
TABLE I: Throughput comparison
Throughput
TRILL offloaded
Ethernet offloaded
TRILL
Ethernet

64 Bytes frame
Gbps
Mpps
10
11.57
10
14.89
#
#
#
#

1518 Bytes frame
Gbps
Mpps
10
0.81
10
0.81
4.5
0.37
6
0.49

IV. P ERFORMANCE ANALYSIS
To test our offloading solution we used a simple test bed
composed of two servers - a Dell PowerEdge R310 and a Dell
PowerEdge C6100 both acting as TRILL RBridges - connected
with a 10Gbps link to the MPPA2 card. The MPPA2 card
was responsible for realizing the forwarding process between
the two RBridges. Both servers, running Ubuntu 16.04.3 LTS,
generated Ethernet and then TRILL traffic using Pktgen-dpdk
traffic generator (Pktgen version 3.4.9 with DPDK 17.08.1)
and sent it to the MPPA card. Then, the MPPA card processed
(forwarded) the traffic and sent it to the other server.
Thanks to parallel computing offered by the MPPA card,
we have improved the TRILL’s frame forwarding throughput.
Indeed, we have split the computing load on 16 clusters each
having 16 cores and each being responsible for one sixteenth
of the destination nicknames. In Table I we can see that when
the NIC forwards the frames, the throughput of both TRILL
and Ethernet is significantly increased. In fact, using the smart
NIC allows reaching the 10 Gbps throughput limit of the

interface for both frame sizes. For TRILL (Ethernet) frames
forwarding our solution increases the throughput in Gbps by
122% (66%) and the packet rate in Mpps by 118% (65%).
V. R ELATED WORKS
To the best of our knowledge our solution is the first
solution which offloads TRILL frames management on a smart
NIC. Other fast packet processing solutions offload packet
processing on either a NetFPGA card or a GPU such as
ClickNP [8], Snap [9], PacketShader [10] and GRIP [11].
VI. C ONCLUSION
In this paper we presented our solution based on a smart
NIC that improves the throughput of a TRILL mesh network. The results of our solution experimentations show that
both Ethernet and TRILL benefit a lot from offloading the
forwarding processes on the smart NIC. However, in our
experimentations we are limited by the 10Gbps link and
therefore cannot assess the full potential of our solution. This
is why our next work will focus on improving our test bed
in order to have 40Gbps links between the card and both
servers. Additionally, our final goal being to offload all TRILL
data plane on the smart NIC, we will work on implementing
both TRILL frames encapsulation and decapsulation at the
NIC level. Then we will test our solution again to see if we
have performance gains in each case compared to both TRILL
without offloading and Ethernet.
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