
Performance of Taroko, a Cluster-based Addressing and
Routing scheme for Self-Organized Networks

Julien Ridoux
∗

, Meriem Kassar
†
, Mathias Boc

†
, Anne Fladenmuller

†
, Yannis Viniotis

‡

ABSTRACT
Self-Organized Networks (SONs) are a general description
of autonomous networks without infrastructure, of which
Ad Hoc, Sensor and Mesh networks are special cases. We
had previously proposed a novel clustering architecture for
SONs, named Taroko, that utilizes a fixed description of
cluster routing tables to cope with SON’s characteristics.
Taroko uses trellis graphs to provide addressing/locating
and routing capabilities for the SON, while providing a built-
in multi-path routing scheme and redundancy in the ad-
dressing space. This paper focuses on comparing Taroko to
AODV and OLSR in terms of both control and data plane
metrics. The simulation results show that Taroko performs
well, especially in the presence of large numbers of sources.

Categories and Subject Descriptors
C.2.2 [Computer-Communication Networks]: Network
Protocols

General Terms
Algorithms, Performance

Keywords
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1. INTRODUCTION
With the deployment of wireless technologies, mobile com-

puting has become a definite challenge for the networking
community. As they share common auto-configuration con-
straints and properties, mobile networks, such as Ad hoc,
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Wireless Mesh or Sensor networks, can all be classified under
the generic description of Self-Organized Networks (SON).

The physical topology of a SON is dynamic due to node
mobility, joins and leaves or the possibility for nodes to en-
ter sleeping modes. The network topology can not be pre-
dicted and it has a significant impact on network layer pro-
tocols. As an example, the traditional IP address can no
longer reflect both a node identity and location. Permitting
a dynamic address allocation scheme while ensuring perfor-
mance of the routing protocol has then become a challenge,
centered around the description of the network topology.

A large number of proposals have been published in the
context of Sensor and Ad Hoc networks to provide auto-
configuration and efficient routing. A first set of proposals
relies on the knowledge of node geographical location and re-
quires the nodes to embed a geo-positioning system. Under
the assumption that nodes have a unique identifier, routing
protocols ([1, 2]) and location services ([3, 4]) allow nodes
to exchange their location information and route packets,
while ensuring good scalability for large networks. Based on
neighborhood knowledge at each node, numerous Ad Hoc
protocols have been proposed [5, 6]. These protocols rely
on the use of IP addresses as node identifiers, but the pro-
cess to “dynamically configure” nodes is not yet defined.
Auto-configuration of nodes in a SON is crucial since the
address allocation strategy can help network layer mecha-
nisms, provided it reflects node location in the topology. A
proper address allocation scheme for SON would help rout-
ing protocols by decreasing either the control plane load for
proactive routing protocols or the route discovery latency of
reactive routing protocols. Preliminary proposals have been
made for such Ad Hoc routing protocols. They target the
definition of an adaptation of a Duplicate Address Detection
[7] involving wide flooding of the Ad Hoc network.

In this paper, we address the problem of providing an ad-
dressing and routing scheme with good properties to handle
the peculiarities of SON’s topology. Our approach, named
Taroko, provides an original addressing space, topological
location service and routing protocol exploiting the decou-
pling of address and identity of nodes in a SON. In this
sense, our approach is closer to previous works stemming
from Peer-To-Peer concepts ([8, 9]). However, contrary to
these approaches, Taroko relies on a description of the net-
work topology resulting from the mapping of the physical
connectivity into a hierarchical structure of recursive clus-
ters. The predefined virtual organization of nodes within
each cluster imposes the addresses allocation scheme and a
default routing strategy.



Individual node mobility, as well as network splits and
mergers are still open problems for most of the existing so-
lutions. Based on the use of trellis graphs, Taroko introduces
address redundancy to supply an addressing space robust to
mobility. It also provides a built-in multi-path property that
helps the routing protocol to handle the transient presence
of nodes. Finally, the hierarchical, recursively-defined struc-
ture helps address the issue of network splits and mergers.

The details concerning Taroko’s addressing space construc-
tion, lookup mechanisms and routing strategy have been
given in [10] and [11]. [12] gives insights about the param-
eters defining the best cluster size to build the addressing
space. In this paper, we focus on the evaluation of the per-
formance of our approach and compare it to two Ad Hoc
routing protocols: OLSR [5] and AODV [6]. The present
study does not investigate all the properties of Taroko but
is a first effort for its overall evaluation.

The rest of the paper is organized as follows. In Section 2,
we summarize the main characteristics of Taroko. In Section
3.2, we compare Taroko to OLSR and AODV, in terms of
data plane metrics. In Section 3.3, we detail the behavior
of our approach in the presence of node join and leave and
the corresponding cost of the structure maintenance.

2. VIRTUAL STRUCTURE DESIGN
In this section, we describe the main characteristics of the

Taroko proposal in terms of addressing space, location ser-
vice and routing strategy. Similar to geographic approaches,
Taroko relies on the assumption that nodes own a unique
identifier; however, contrary to these approaches, the node
locations are not defined by their geographical location. Based
only on node neighborhood knowledge, the SON topology is
represented as a virtual structure. This representation maps
node locations into the structure, defining their address and
routing strategies.

2.1 Virtual Structure
While the topology of a SON is basically flat (each node is

equally in charge of routing functions), the virtual structure
introduces a hierarchy of clusters. Figure 1 shows the topol-
ogy of a SON composed of 11 nodes labelled from A to K.
Figure 1 also shows one possible description of the topology
as a virtual structure. It is worth noticing that the final vir-
tual structure can be different depending on the node arrival
sequence in the network. Based on such a representation of
the topology, the virtual structure provides the means to
support addressing, locating and routing mechanisms.

A cluster of the structure represents a subset of the physi-
cal connectivity existing among close nodes of the SON. The
organization of each cluster is given by a predefined pattern
known by all nodes. This pattern defines the subsequent
topology description that results from the cluster construc-
tion. We use trellis graphs as the pattern defining cluster
organization in our implementation of Taroko. As in con-
volutional encoders [13], a trellis is a regular directed graph
which we will represent as a Finite State Machine (FSM). As
an example, the top right part of figure 1 gives the organi-
zation of a cluster as a trellis of size 8. This pattern defines
a maximum subset of neighbors. As a directed graph, the
trellis pattern also imposes the routing strategy shared by
all nodes of a common cluster.

As nodes are added to a cluster, they are mapped onto
the trellis pattern. This mapping associates each node to
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Figure 1: A physical topology, corresponding vir-
tual structure and the detailed organization of one
cluster based on a trellis graph of size 8.

one or several vertices in the trellis, matching the node’s
physical connectivity constraints. A node can be associated
to a specific trellis vertex if it can physically contact the
nodes associated to its adjacent trellis vertices. The result-
ing mapping represents nodes in a cluster and a subset of
the physical links connecting them. When a new node joins
the network and can not be inserted in an existing cluster, it
triggers the construction of a new cluster. The node selects
two of its neighbors and creates a cluster of lower hierar-
chical level in which the two selected neighbors become the
cluster heads. Cluster heads belong to different clusters and
ensure the connectivity between adjacent hierarchical levels.

The structure obtained by such a construction process
possesses several properties. The creation of clusters, and
thus the dynamic address allocation, is distributed and real-
ized among neighbors only. There is no limit to the number
of clusters formed, leading possibly to an addressing space
with no size limitation. The hierarchical and locality proper-
ties of the virtual structure avoid network-wide flooding and
limit the control plane load while dynamically allocating ad-
dresses to nodes. In terms of routing, the hierarchical clus-
ters permit route aggregation and require routing tables of
fixed size. Taroko’s addressing space introduces redundancy
in several ways. Several trellis vertices in a cluster may be
assigned to a node in a cluster if the physical connectivity
requires it. Besides, if a node is a cluster head, it appears
in several levels of the hierarchical structure. Each cluster
maintains two cluster heads, leading to a more robust struc-
ture. Finally, the recursive and hierarchical cluster-based
representation of the topology can help address the issue
of network splits and mergers, by providing an adaptable
addressing space.

2.2 Addressing space
The virtual structure defines the addressing space used by

the network layer. Clusters are numbered as an n-ary tree,
producing binary strings named cluster prefixes. Figure 1
shows the prefixes defined by the setup of the different clus-



ters. As an example, the prefix of the highest-level cluster
of the structure is 01.

Within a cluster, nodes are associated with trellis vertices
whose labels represent nodes’ relative addresses in their close
neighborhood. To get a node’s absolute address in the vir-
tual structure, one should associate the node’s relative ad-
dress with the prefix of the cluster it belongs. Note that a
node appearing several times in the virtual structure obtains
several relative and absolute addresses. As an example, in
cluster 01.01, node A is mapped to the vertex 000, defining
its relative address. A physical node can also be mapped
to several vertices of the trellis, leading to several relative
addresses. In cluster 01.01, node I is mapped to the vertices
011, 100 and 110.

Cluster heads are compulsorily nodes associated to the
vertices of lowest and highest label values, avoiding the need
of any cluster head election procedure. The absolute address
of a node identifies it uniquely, gives a straightforward infor-
mation about its location in the virtual structure and so, the
route to reach it. Finally, the recursive definition of cluster
prefixes eases network splits and mergers as nodes’ addresses
are only defined by the relative position of the clusters in the
virtual structure.

2.3 Routing operations
Since the node addresses provide both their positions in

the virtual structure and the way to reach them, routing op-
erations are mostly confined to packet forwarding. To send
packets, the source node first has to retrieve the address of
the destination. Then, data packets are forwarded by relay
nodes along an inter-cluster and an intra-cluster strategy.

As nodes join a cluster, they register their location infor-
mation in the structure. At least one of their addresses is
proactively propagated to the higher levels of the structure
and stored at the cluster heads “on the way up”. When the
source node initiates a communication, it reactively sends
a request to the clusters of higher levels, until it reaches
one cluster maintaining the destination’s location informa-
tion. Once the destination address in the virtual structure
is retrieved, the forwarding functions are initiated.

Intra-cluster forwarding function is realized thanks to the
FSM representation of trellis graphs. Figure 1 shows how
the packets sent to the final destination H are relayed within
cluster 01.01. Based on the cluster prefix of the destination
contained in the packet header, node A computes that J is
one of the cluster heads of cluster 01.01.01 in cluster 01.01.
The packets can then be forwarded to J , the gateway to
the adjacent cluster 01.01.01 containing the destination H.
The trellis pattern representing the topology connectivity
indicates to A that a route to J can be found by relaying
packets to F . This short example shows how the mapping
of nodes into the trellis pattern implicitly defines default
routes within a cluster.

The connection between clusters of adjacent levels is phys-
ically maintained by the cluster heads. For a relay node,
inter-cluster forwarding function consists then in selecting,
among the clusters it belongs, the one it has to relay the
packets in. When processing a packet’s header, the relay
node basically runs a longest prefix match algorithm to com-
pare the cluster prefix contained in the packet header to the
prefix of the clusters it belongs. In the example given in fig-
ure 1, this corresponds to the forwarding of packets between
clusters of adjacent hierarchical levels.

Multiple Sources Dynamic Topology

Number of nodes 100 100
Dimensions 1200*1200m 800*2000m
Simulation time 150s 300s
Traffic CBR (UDP) CBR (UDP)
Packet Size 512 Bytes 512 Bytes
Source rate 5 kBytes/s 50 kBytes/s
Number of sources 5 to 25 1
Transient nodes proport. 0% 40% to 80%

Table 1: Simulation parameters

The mapping of cluster nodes to the trellis pattern is
shared by the nodes of a cluster and constitutes their for-
warding table. The default route defined in a cluster may
not be optimal, as the trellis pattern does not represent all
existing links. Based on the physical node neighborhood,
path optimization defines shortcuts in the default route,
leading to near optimal paths within each cluster and avoid-
ing routing loops. The set up of the shared routing table is
realized in a proactive manner among close nodes, avoiding
the need of network-wide flooding. As routes are directly
given by node location information, no route discovery pro-
cess is needed.

3. SIMULATION RESULTS
The construction of the optimal virtual structure is an

NP-Complete problem; we provided a construction heuris-
tic and evaluated it in [11]. That first study showed that the
construction of the addressing space is always feasible and
that the proposed heuristic scales well to large networks. In
[12], we examined what cluster size is best, in terms of keep-
ing a reasonable control plane load and maintaining data
plane performance. This second study showed that clus-
ters of size 16 or 32 meet these objectives. The study also
showed that, when compared to the physical shortest paths,
the path lengths in the data plane are sub-optimal, by a
factor of at most 2 in more than 70% of the cases.

In this present study we aim to compare the data and con-
trol plane performance of our approach to two other well-
known protocols, AODV and OLSR. For this purpose we set
up two scenarios. The first one uses static nodes with a vary-
ing number of competing communication flows. The second
one measures the impact dynamic changes in the topology
would have on a single communication flow, in terms of route
stability and convergence.

3.1 Environment and evaluation parameters
We implemented Taroko in the Network Simulator (NS-

2.28). We use the AODV code distributed with NS-2.28
and a patch for OLSR from the University of Murcia [14].
Both of these protocol implementations correspond to the
OLSR and AODV RFC ([5, 6]). The simulations use the
CMU’s wireless extensions for the NS simulator with the
IEEE 802.11 radio and MAC model provided [15]. Each
node’s transmission range is set to 250 m. We generated
CBR traffic on top of UDP that is preferred to TCP. OLSR
and Taroko hello message frequency has been equally set to
2 seconds. The size of trellis graphs used by Taroko has
been set to 16. Each set of scenario parameters has been
run 15 times to provide meaningful averaged values of the
evaluation metrics.

For each scenario we observe four metrics. The first metric
measures the number of packets per node and per second, in
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Figure 2: Averaged performance metrics for a varying number of sources in a static network of 100 nodes.
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Figure 3: An example of control plane load and des-
tination goodput with 20 active CBR sources.

order to evaluate the load each node has to handle continu-
ously. As we use UDP flows that do not retransmit dropped
packets, we observe the delivery ratio (i.e., the number of
received packets over the number of sent packets) of each
source destination pair. This second metric provides an in-
dication of the quality of the routes defined, in the presence
of channel access and competing flows issues. In addition
to the delivery ratio, the average end-to-end delay and cor-
responding jitter are computed based on the set of packets
effectively received by the destination nodes. The jitter is
computed as the standard deviation of the end-to-end delay.
Both delay and jitter depend on different parameters such
as interference, congestion at relay nodes and length of the
routes in number of hops. These two metrics then give an
overall indication on the adaptation of the routing protocols
to the wireless environment.

3.2 Increasing the communication load
The first scenario we set up aims at observing the reaction

of the routing protocols to a varying communication load.
For this purpose, scenario 1 consists in a topology of 100
static nodes placed randomly within a square area. Source
and destination pairs are randomly chosen among nodes.
Other parameter values for this scenario are shown in table
1. For each simulation run, we evaluate the four control and
data plane metrics with a varying number of transmitting
sources. Figure 2 shows the aggregated results for each of
the protocols studied.

Figure 2(a) shows the control plane load for each of the
protocols. As it was expected, OLSR shows the highest

control plane load as it periodically and proactively floods
the network. On this plot, AODV shows the lowest but in-
creasing control plane load. This result is explained when
looking at the precise behavior of AODV during the simula-
tion. Figure 3(a) shows an example of instantaneous control
plane load of the three protocols during a specific run where
20 sources are on. As expected, most of the control plane
load in AODV is concentrated at the nodes’ communication
initiation phase, a behavior common to the case where few
sources are on. But more interestingly, when the number
of sources increases, the load of AODV control plane is not
negligible during the rest of the simulation time. This be-
havior is widely due to the interference among competing
flows. In a comparable way as OLSR, figure 2(a) shows that
the control plane load of Taroko remains stable as the num-
ber of sources increases. The clustered nature of the virtual
structure used limits the propagation of control messages
and makes it about half of OLSR, while having the same
hello message emission frequency. As the number of sources
increases, Taroko keeps a lower and stable control plane load
on the network.

Figure 2(b) shows that as the network load increases,
OLSR and AODV deliver less and less traffic to the des-
tinations (OLSR drops more than 15% with 25 sources).
Taroko’s delivery ratio remains stable and close to the opti-
mum. This result is explained by two correlated arguments.
As the number of sources increases, AODV control plane
load increases and reaches OLSR level, creating more in-
terference and a higher probability of packet collision on
the wireless link. The second argument concerns the short-
est path strategy in use by these two protocols. As OLSR
and AODV provide routes that correspond to the physical
shortest paths, data packets are relayed by a subset of nodes
whose position in the network make them concentrate more
traffic. Nodes that are in charge of relaying more packets
drop more of them as the link capacity is reached. In this sit-
uation, both protocols find alternative paths based on their
own strategy. OLSR nodes use other entries in their routing
tables while AODV nodes send request messages as route
timers expire. This search for alternative paths, while al-
ways searching for the shortest one, makes routes vary in
time. Taroko performs better from this point of view by
imposing at first its multi-path description to the routing
mechanisms. The overall communication load is then more
fairly distributed in Taroko. As packets are forwarded along
different paths, and with a constant and localized control
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Figure 4: Average performance metrics for a varying proportion of transient nodes in a network of 100 nodes.

plane load, routes remain stable and performance is main-
tained.

This strength of our protocol has its own cost. The multi-
path benefit mandates routes that do not follow the physical
shortest path. As shown in figure 2(c), the average delay of
packets received by the destinations is then larger in Taroko
as the number of hops on the route increases. We then ob-
serve that OLSR provides the smallest delays as its routing
algorithm converges to the physical shortest path. AODV
performs a little bit worse, as its routing algorithm suffers
from interferences in finding the optimal routes. Taroko
performs the worst on this evaluation metric. Nevertheless,
Taroko’s delay is never higher than twice the delay of OLSR.
It is important to notice that the delay depends on the deliv-
ery ratio. By delivering more packets, the delay computed
for Taroko takes into account a higher proportion of packets
undergoing higher delays. The average delay values with 25
sources are then much less significant than the ones with 5
sources. At a high communication load, a fair comparison
would make Taroko incur a lower delay increase.

Figure 2(d) depicts the delay jitter metric and indicates
that Taroko performs the best while AODV the worst. This
again shows that Taroko does not provide the shortest path
routes, but that the routes and the corresponding delay re-
main stable. Such a stability feature is also observed in
figure 3(b) where the goodput observed at the destination
with Taroko is the highest and the most stable. The stability
of Taroko’s route makes TCP flows reach even better perfor-
mances by taking advantage of the retransmission process;
due to space limitation, such results are not presented here.
Nevertheless figure 2(d) shows that the jitter for AODV and
OLSR is in the same order as the delay surely leading to in-
stability.

3.3 Reaction to transient node presence
In this second scenario we aim at observing the effect

of the transient presence of nodes on Taroko, AODV and
OLSR. Depending on its geographical location, a node’s join
or leave may not affect any ongoing communication. In or-
der to limit the scope of this investigation, we focus on a
single communication between a source and a destination.
The source and destination are placed at the extremities of
a rectangular area of 800x2000 meters as shown in figure 5.

During each simulation run of 300 seconds, a proportion
of the 100 relay nodes join and leave the network. The node
identifiers and time at which nodes join or leave the net-
work are chosen randomly. This join/leave process repeats

Source Destination

Figure 5: An example of nodes’ initial positions for
a single source and destination communication with
a transient presence of relay nodes.
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Figure 6: An example of control plane load and des-
tination goodput with 60% of transient nodes.

throughout the simulation, causing changes in the topology
and possibly changes in the route between the source and
destination node. The other simulation parameters are in-
dicated in table 1. Figure 4 shows the metrics observed for
scenario 2.

As in scenario 1, figure 4(a) indicates that OLSR is the
protocol that produces the largest control plane load on the
network. In the case of OLSR, under this dynamic scenario,
node join and leave events trigger more control messages
to update routing tables. This scenario favors AODV since
the route requests do not undergo interferences, making the
control plane load negligible. Moreover, since the source and
destination do not move, AODV can rely on local repairs
to fix broken routes without having to flood the network.
This is illustrated by the example of 60% of transient nodes
presented in figure 6(a), where AODV control plane shows
few and small load peaks. Taroko performs well even if
based on the definition of virtual structure. The dynamic
topology changes are handled while increasing the control
plane load in the same order as AODV, that is, very few.



Since Taroko’s structure relies on a local definition, the join
and leave events are handled locally, resulting in a stable
control plane load.

Figure 4(b) clearly indicates that AODV performs the
best in delivering packets. Again, local route repairs help
AODV in finding routes while dropping few packets. OLSR
and Taroko nodes both rely on the proactive hellos to update
their neighborhood and routing information. The proac-
tive approach imposes some latency for routes to converge.
Thus, Taroko and OLSR are likely to drop more packets.
Nevertheless, Taroko performs slightly better than OLSR
thanks to the local definition of the clusters, making routes
converge faster. As an example, figure 6(b) shows the good-
put observed at the destination for a particular realization
of scenario 2. First it can be seen that OLSR may suffer a
lot from node join and leave events and it may provide un-
stable delivery of packets. On the contrary, Taroko is able
to maintain stable performance even by having to maintain
the virtual structure.

Figure 4(c) shows that the average end-to-end delay for
AODV, OLSR and Taroko remains stable as more nodes
appear or disappear from the network. Taroko exhibits the
highest delay again, because the route to reach the destina-
tion is sub-optimal in terms of number of hops. Figure 4(d)
also shows that Taroko and AODV have comparable jitter
values. Nevertheless, the jitter in AODV remains in the
same order as the end-to-end delay, again forecasting more
instability of TCP connections. The case of OLSR is even
worse. Taroko’s jitter remains lower than its end-to-end de-
lay when the proportion of transient nodes increases. This
again shows a higher stability of the connection. However,
the route recovery for each of the three protocols induces
variations of the delay in the same order of magnitude.

As mentioned before, scenario 2 highly favors AODV be-
cause no data stream competes with the reference one whose
end nodes are static. By comparing the two proactive pro-
tocols, we observe that Taroko performs better than OLSR
on each of the metrics. This shows that the use of a vir-
tual structure is compatible with a dynamically changing
network where nodes can join and leave the network. The
performance improvement of Taroko compared to OLSR is
then due to the local neighborhood knowledge on which the
virtual structure relies.

4. CONCLUSION AND FUTURE WORK
In this paper we have briefly presented the essential func-

tions of Taroko, a novel architecture for SON. Taroko is de-
signed to provide for dynamic, redundant address allocation,
location service and multi-path routing functions.

The simulation results show that even though our ap-
proach uses sub-optimal routes, it still provides good per-
formance by utilizing multipath routes. At the cost of a
relatively minor delay increase, Taroko improves the overall
performance of the network, ensuring packet delivery as the
communication load increases. In a dynamic environment,
Taroko performs slightly worse than AODV in delivering
packets. Nevertheless, since Taroko’s control plane load is
small and constant, its data plane performances could be
improved by increasing hello message frequency.

The simulations show the feasibility of the use of a vir-
tual structure in a SON environment. While the scenarios
defined allow a precise analysis of Taroko they do not exploit
all of its properties. We strongly believe that the combina-

tion of local and recursive address definition provided by
Taroko has the potential to address the thorny issue of net-
work splits and mergers; this is the subject of future work.
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