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Abstract

As the Ethernet technology is growing out from the LAN environment, its restoration and scalability properties are getting
more attention. Loop protection and restoration for Ethernet is provided by the Spanning Tree Protocols. The Rapid Spanning
Tree Protocol (RSTP) avoids loops in the network by reducing the logical topology to a tree, and achieves fast restoration in case of
failures. In this paper we investigate the scalability and restoration time of the RSTP protocol by measurements and simulation. We
show that scalability of RSTP is limited, arbitrary size bridged Ethernet topologies can not be constructed. Based on measurement
results we calibrated the simulation and we have determined the restoration time of the protocol for typical topologies.

I. Introduction

The most common technology used for local area networks is the Ethernet protocol, which has been the
predominant technology for a long period of time. Ethernet is a simple and cost-effective protocol that provides
a variety of services. Rapid Spanning Tree Protocol [2] provides a loop free topology for the Ethernet by reducing
the forwarding topology to a spanning tree. Configuration messages are sent in Bridge Protocol Data Units
(BPDUs). The links not used by the tree are blocked. In case of failure RSTP unblocks some of the blocked
links to restore connectivity. The new topology is determined by a procedure called proposing-agreeing, which
grants to RSTP a fast recovery. Shortcomings of the Ethernet were pointed out by several researchers [1]. In
this paper we focus on scalability and restoration time for special topologies (ring).

II. RSTP scalability and convergence

The RSTP standard [2] recommends that the network

Fig. 1. The graph of RSTP simulation result.

diameter should never exceed 7. We have used Opnet sim-
ulation tool to verify the behavior of RSTP with greater
networks. We found that with the default timer values two
spanning trees are formed in the network. The two span-
ning trees may form a loop in the network if there are 2 or
more forwarding ports between them. For example, a ring
with 15 nodes will form a loop. The reason is that based
on the standard the port where the configuration BPDU
ages out becomes forwarding, but the spanning tree infor-
mation is not propagated further. Increasing the MaxAge
timer value solves the problem, however there is a vendor
dependent limit about it (e.g. Cisco uses times between 6
and 40 sec for MaxAge timer).

Simulation on different topologies has been done with
different numbers of nodes and we got the results of re-
covery time by using the OPNET modeler software. By
measurements on real switches we have determined that the average BPDU processing time of a bridge is 0.025
sec. We have used this value to calibrate the simulation tool. We have simulated ring topologies from 3 to
14 nodes, with link failure near the root. RSTP requires several seconds for restoration as shown on Figure 1.
We can observe steps in the recovery time, what can be explained by the behavior of the proposal-agreement
method. Proposals and agreements are traveling on both sides of the root, and depending on the number of
hops that they must traverse, the recovery time increases. For rings with more than 9 nodes the restoration
time becomes larger and unpredictable with a high standard deviation.

III. Conclusions

We have verified by a simulations the scalability of the RSTP and have evaluated its behavior on ring and
mesh topologies varying in size of the network from 3 to 20 nodes. We have found that due to the aging out of
the configuration messages loops may form in large topologies. Also, in contrary to expected behavior in some
circumstances, RSTP requires multiple seconds to converge on a new spanning tree in case of failure, thus the
convergence of RSTP is inadequate for carrier-grade services.
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