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a b s t r a c t

Path compression techniques are efficient on-demand routing optimizing techniques for
mobile Ad Hoc networks. However, there is no efficient model for path compression tech-
niques. This paper analyzed the principles and characteristics of path compression algo-
rithms and proposed dynamic model which provided theoretical basis to improve or
propose path compression algorithms. This model took the mobility and expansibility of
Ad Hoc networks into account and was efficient to analyze or evaluate path compression
algorithms. The quantitative relationship and probability expression for pivotal compres-
sion events were given based on the model. The simulation results of SHORT (self-healing
and optimizing routing techniques) and PCA (path compression algorithm) show that it is a
correct and efficient dynamic model for path compression. Finally, some suggestions and
application scenarios about the model were proposed.
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1. Introduction

Mobile multi-hop Ad Hoc networks are self-creating, self-organizing and self-administrating wireless networks without
deploying any kind of infrastructure [1]. These characteristics make MANETs have a bright prospect in military, disaster
recovery areas, commerce, education and any other applications without the support of infrastructure. However, the design
of routing strategy in MANETs is a challenging work due to the movement, restricted energy and limited processing ability of
nodes. The conventional routing protocols which need long-term stability topology and complicated calculation are difficult
to be applied to MANETs.

Ad hoc networks need efficient routing protocols which can deal with the dynamic network topology without much over-
head. At present, many Ad Hoc routing protocols have been proposed. According to the driven mode, these protocols can be
divided into two categories: table-driven routing protocols and on-demand driven routing protocols. Route discovery strat-
egy of table-driven routing protocol is originated from the traditional routing protocol which periodically exchange routing
information between nodes, and each node must maintain an updated routing table to other nodes. However, high costs are
needed to construct the routing tables with integrated routing information and to maintain the routing information. There-
fore, table-driven routing protocols are unfit for those Ad Hoc networks with large scale or low traffic loads. The main idea of
on-demand routing protocols is that the process of routing starts only when there are data to be sent. That is to say it is
unnecessary to broadcast routing information periodically. Such mechanism releases occupation of network resources effec-
tively. On-demand routing protocols have obvious advantages in scalability and effectiveness. Typical Ad Hoc on-demand
routing protocols include AODV [2], DSR [3], TORA [4] etc.

The routing discovery mechanisms (using RREQ/RREP) of typical on-demand routing protocols will establish a shortest
(with minimum hop counts) route. However, the mobility of nodes and the absence of global topology information make
the path established by routing discovery mechanisms become no longer optimal after a period of time. Even if there are
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shorter paths toward destination which are more reasonable and optimal in the current network, routing protocols cannot
apperceive them. Routing protocols will retain the original path until the path broken, then the re-routing request initiated.
But this is not expected because long paths need more network resources than of short paths, which will lead to poor routing
performance. The confirmed disadvantages of long path are: (1) more bandwidth consumption, (2) more energy consump-
tion; (3) increase end-to-end delay; (4) increase the number of routing requests; (5) reduce packet delivery ratio; (6) reduce
survival time of routes (increase the probability of destructing the paths); (7) increase the probability of self-conflict phe-
nomenon [5].

Path optimality and stability are important issues for routing protocols when stable paths are more reliable and offer bet-
ter quality of service (minimal end-to-end delay). Path compression techniques can effectively solve the above problems. In
fact, path compression techniques aim at developing a potential shorter path based on on-demand routing protocol. Related
work [6–8] has proved that path compression techniques are effective method to reduce the consumption of resources and
improve network performance.

In some occasion, path compression techniques try to find the most optimal path to optimize the original path generated
by the routing discovery mechanism. Fig. 1a shows a path with eight hop counts (from source A to destination I) which was
generated by routing discovery process. This path may be the shortest path or very close to the shortest path. For the mobil-
ity of nodes, this path might be transformed into the shape as shown in Fig. 1b after a period of time: node J which not be-
longed to the original path entered into the transmission range of node A, node E which belonged to the original path entered
into the transmission range of node J, node F and node H entered into the transmission range of each other. Now the ideal
path is shown in Fig. 1c, which has only five hop counts. Nevertheless, general routing protocols evaluate the availability of a
path by the effectiveness of next hop. As long as the current path is valid, routing information will never be updated (even
more optimal path existed). Path compression techniques were proposed to solve this problem.

In general terms, (n,k) short-cuts implies that n routing hops can be reduced to k hops, where k < n. When k < 3 (it is dif-
ficult to deal with the compressions when k P 3), path compressions are possible under two scenarios: (1) two nodes on the
active route come close to each other giving rise to a (n,1) short-cuts; (2) a node that is not on the active route comes closer
two different nodes on the active route and form a shorter route. This gives rise to (n,2) short-cuts.

In Fig. 2a, the original local path A–B–C has been compressed to A–C, which is termed as (2,1) short-cut; in Fig. 2b, the
original local path A–B–C–D has been compressed to A–E–D, which is termed as (3,2) short-cut. If k > 3, the compression
algorithm will become complicated and lead to instability with extra cost. So the current path compression techniques just
consider (n,1) short-cuts and (n,2) short-cuts. In fact, (n,1) short-cuts happened when two nodes which had belonged to the
original path but not in one hop count entered into the transmission range of each other. (n,2) short-cuts happened when
one node which had not belonged to the original path entered into this path and connected two nodes that located on the
original path but more than three hop counts between them. Some path compression algorithms [1,7] were designed accord-
ing to such property.

This paper aims at the construction of a dynamic and efficient model for path compression techniques. The quantitative
relationship and probability expression for pivotal compression events were also given based on the model. The contribu-
tions of our compression model are:

(1) make the setting of algorithm parameters more scientific;
(2) provide important reference performance analysis of algorithms;

Fig. 1. An example of the path changes.
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