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Abstract: Recent advances in wireless networks have enabled us to deploy and use mobile ad hoc networks for communication
between the rescue officers in disaster recovery and reconstruction operations. This highly dynamic network does not require
any infrastructure or centralized control. As the topology of the network remain dynamic, severe performance limitations incur
with traditional routing strategies. Recently a new routing paradigm known as opportunistic routing protocols have been
proposed to overcome these limitations and to provide efficient delivery of data in these highly dynamic ad hoc networks.
Opportunistic routing has increased the efficiency, throughput and reliability of mobile adhoc networks. Many energy saving
techniques has been introduced using opportunistic routing in wireless networks for increasing the network lifetime. In this
paper elaborated the basic concept of Opportunistic routing, and explain the detailed operation of EXOR and dAdaptOR

protocols.
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I. INTRODUCTION

Routing is crucial in wireless ad hoc as well as sensor
networks. The tasks of routing include route selection and
packet forwarding. Route selection is to select one or more
routes connecting a pair of nodes. Packet forwarding makes
a one-hop decision on which neighbor should be chosen for
forwarding a packet along the selected routes. The highly
dynamic and lossy nature of the wireless medium makes
routing in wireless networks a challenging problem.
Traditional routing protocols for wireless networks perform
best path routing that preselects one or more optimized fixed
routes before transmissions start and uses a fixed neighbor
to forward a packet in each hop. This strategy does not adapt
well to the dynamic wireless environment where
transmission failures occur frequently, which would trigger
excessive link-level retransmissions, waste of network
resources, or even system breakdown.

Recently, Opportunistic routing for multi-hop wireless ad-
hoc networks has seen recent research interest to overcome
deficiencies of conventional routing [1]-[6] as applied in the
wireless setting. It is motivated by the classical routing
solutions in the Internet, conventional routing attempts to
find a fixed path along which the packets are forwarded [7].
Such fixed path schemes fail to take advantages of broadcast
nature and opportunities provided by the wireless medium
and result in unnecessary packet re-transmissions. The
opportunistic routing decisions are made in an online
manner by choosing the next relay based on the actual
transmission outcomes as well as a rank ordering of
neighboring nodes. These are opportunistic routing mitigates
the impact of poor wireless links by exploiting the broadcast
nature of wireless transmissions and the path diversity.

1.1 Basic Operation of Opportunistic Routing

Opportunistic  routing is based on the broadcast
transmissions of the data packets. This type of transmission
is used in order to increase the probability that at least one
potential relaying node receives the packet. The below
figure illustrates the advantage of broadcast transmissions.
The source (S) needs to send packets to the destination (D).
It knows that its neighbors N1, N2 and N3 provide different
paths to the destination (pathl, path2 and path3). It has also
estimated the loss probability in each link (LLP) to its
neighbor. Specifically, the link to N1 has a loss probability
of 0.2 while to N2 and to N3 the loss probability is 0.3 and
0.4 respectively.

g Path 3

Figure 1: Illustrate the benefits of opportunistic routing.

Using traditional routing, the Source S should select one of
these potential forwarders as the next hop. Then, it will send
the packet to this neighbor by a unicast transmission. Taking
into account the loss probability, the source will select N1 as
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the next hop and the probability that the packet is not
retransmitted is 0.2. Alternatively, opportunistic routing will
emit the packet in broadcast so the three neighbors (and
some others too) will be able to receive it and to retransmit
it. The probability that the packet will not be retransmitted is
equivalent to the probability that no neighbors will receive
the packet. This probability is 0.2¢0.3¢0.4, that is, 0.024. The
loss probability obtained with the opportunistic strategy is
much lower than the resulting from the traditional routing.
One of the main features of the opportunistic routing
protocols is how to determine the forwarding set and how to
assign the priority to the nodes in the set. In order to
quantify the convenience of a node to belong to this set, that
is, to determine its priority, a metric is used. Depending on
the kind of metric, the opportunistic routing protocols are
classified in the following groups [8]:

e Geographical information based routing
Protocols. Forwarding candidates are selected
according to their location information.

o Delivery-Rate Based routing Protocols. The
forwarding nodes are chosen basing on the loss
probabilities of the link from the source to the
destination.

e Hop-Count Based routing Protocols. The
distance (measured as the number of hops) of the
paths from the neighbors to the distance is used to
determine its convenience to act as the next hop.

e Code-Aware routing protocols. In these
protocols, the packets are coded when emitted.

e Generic routing Protocols. Their proposals do not
restrict the routing protocols to work with any
specific kind of metrics.

1. EXTREME OPPORTUNISTIC ROUTING

Extreme Opportunistic Routing (EXOR) [9] is a state-of-the-
art OR protocol for wireless multihop networks and has
been implemented on the RoofNet testbed at Massachusetts
Institute of Technology (MIT). EXOR integrates routing and
MAC protocols. It improves routing performance by
utilizing long-range but lossy links. EXOR is designed for
batch forwarding. The source node includes a forwarder list
in each packet, prioritized by ETX distance to the
destination: the shorter the distance, the higher the priority.
Only those nodes that are closer to the destination than the
source are included in the forwarder set. Each packet has a
BITMAP option, which marks those packets that have been
received by the sending node or nodes with higher priorities.
All packets are broadcast. A forwarder transmits a packet
only if no forwarder with higher priority has explicitly
acknowledged receipt of it, as indicated in the BITMAP
position for this packet.

2.2 EXOR Principles
ExOR forwards each packet through sequence of nodes,
deferring the choice of each node in the sequence until after

the previous node has transmitted the packet on its radio.
EXOR determines which node, of all the nodes that
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successfully received the transmission, is the closest to the
destination; the closest node transmits the packet. A
distributed MAC protocol allows recipients to ensure that
only one of them forwards the packet. The inter-node
delivery rates are used to determine which recipient is likely
to be the better useful forwarder node. ExXOR and MORE
(MAC independent Opportunistic Routing and Encoding)
are few existing opportunistic routing protocols [10]. MORE
protocol is independent of MAC and network layer. This
protocol randomly mixes packets before forwarding, in
order to ensure that routers that hear the same transmission
do not forward the same packet. The other advantage is, it
does not need any special scheduler to coordinate the routers
and can run directly on top of 802.11 [11]. The (ExOR)
scheme with ETX for hybrid wireless network, which is an
integration of MAC and network layer [12] choose the path
dynamically on a per transmission basis. The steps of EXOR
protocols are,

¢ Routing Methodology in EXOR

e  ExOR Protocol’s design

e ETX Metric

¢ Routing Methodology in EXOR: A source node S
that intends to forward a packet to a destination
node D broadcasts the packet in the network.
Though a sub-set of the nodes receive the packet,
only the node closer to the destination rebroadcasts
the packet. Further, the nodes that receive the
second transmission broadcast the packet in turn to
the nearest receiver. This procedure is followed
until the packet reaches the destination node [13].

e Extremely Opportunistic Routing (ExXOR)
Protocol’s Design: Extremely Opportunistic
Routing (ExOR) is a combination of routing
protocol and media access control which follows a
simple rule that, “Of all the nodes that were able to
successfully decode the transmission, the one that
is closest to the destination should forward it on”.
EXOR achieves high throughput in lossy wireless
links and chooses paths dynamically on a per
transmission basis. When each time a packet is
forwarded, EXOR selects a set of next hop
forwarding candidates nodes. These set of
candidate nodes are called as Candidate Relay Sets
[CRS]. EXOR basically increases the forwarding
capability and hence reliability reducing the
retransmission cost.

The design is achieved with the following inclusions such
that each node participating in EXOR routing uses the header
format as given in Fig.2 [14].
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Ethernet Header

Ver HdrLen PayloadlLen
Batch ID
PktNum | BatchSz | FragNum | FragSz
FwdListSize ForwarderNum

Forwarder List

Batch Map

Checksum

Payload
Figure 2: EXOR packet Header format [15]

e ETX Metric: Expected transmission count (ETX)
is a metric that finds high throughput paths on
multi-hop wireless networks incorporating the
effects of link loss ratios and interference among
the successive links of a path. However, the
minimum hop-count metric regardless of large
differences in throughput, chooses different paths
of same minimum length. This metric also account
to issues like interference between successive hops
among multi-hop paths. ETX metric provides better
improvement for paths with two or more hops,
suggesting that transmission count offers increased
benefit as networks grows larger and paths become
longer. The ETX of a route is a sum of the
expected transmission count for each link in the
route between the source and destination. The ETX
of the link is calculated using the forward (ds) and
reverse (d;) delivery ratios of the link [16]. The
forward delivery ratio (df) is the measured
probability that a data packet successfully arrives at
the recipient. The reverse delivery ratio (d,) is the
probability that the ACK packet is successfully
received. EXOR uses only the forward delivery
ratio (dy) of the ETX metric. The metric is applied
for the route with hop count of more than two to
achieve better delivery ratio. The delivery ratios d¢
and d, are measured using dedicated link probe
packets at an average period. Delivery ratio from
the sender at any time t during the last w seconds is
calculated as:

count(t —w,t)

A

IJCRCST © 2018 | All Rights Reserved

EXOR has good routing performance. However, it also has
the following drawbacks. First, it reduces spatial reuse
because it enforces global coordination among forwarders.
Second, forwarders connected with low-quality links or no
links can make inconsistent decisions on packet forwarding
because a forwarder may not hear the acknowledgment from
other forwarders with higher priorities, which causes
duplicate transmissions.

111. Detailed description of d-AdaptOR

The operation of d-AdaptOR can be described in
terms of initialization and four stages of transmission,
reception and acknowledgement, relay, and adaptive
computation as shown in Figure 3. For simplicity of
presentation assume a sequential timing for each of the
stages. Use n* to denote some (small) time after the start of
n"slot and (n + 1) ~ to denote some (small) time before the
end of " slot such thatn <n*<(n+1) <n+1.

e Initialization:
Foralli €O, SE€6G', a € A(S), initialize

Ao, S @) =y (i, S, a) = Ny (i, S)=0,
Amax = 0, While ATmax = -R.

Table 1: Notations used in the description of

the algorithm
Symbol | Definition
Sy Nodes receiving the transmission
from node i at time n
a'y Decision taken by node i at time n

A(S) Set of variable actions when nodes
in S receive a packet

N(i) Neighbors of node I including
node i

g(S,a) Reward obtained by taking
decision a when the set A of nodes
receive a packet

v, (i, S, | Number of times up to time n,

a) nodes S have received a packet
from node | and decision a is
taken

Nn(i, S) | Number of times up to time n,
node S have received a packet
from node i
A, (i, S, | Score for node | at time n, when
a) nodes S have received the packet

and decision a is taken

Ainax Estimated best score for node i

e Transmission Stage: Transmission stage occurs at
time n in which node i transmit if it has a packet.

e Reception and acknowledgement Stage: Let S',
denote the (random) set of nodes that have received
the packet transmitted by node i. In the reception
and acknowledgement stage, successful reception
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of the packet transmitted by node 1 1S
acknowledged by all the nodes in S',. Assume that
the delay for the acknowledgement stage is small
enough (not more than the duration of the time slot)
such that node i infers S', by time n".

£ofi,S,8)=0,Y 1(1,S,2)=0, N.
1(i,5)=0, Initializatio
n

1

-
> Node i transmits if it has .
Transmissi

packet.

on stage (n)

Il

. N
Set of nodes S ', recei\_/e the Acknowled "
packet. AK€ S, cknowledgmen
communicate their id and A
J

Message Passing n*

4 ] ] N

Node i announces routing

decisiona ', . Relay Stage
(n*, n+1)
(& J
1l
Update Aq(i, S, a ', at node
|| p n( ’ n, n) Update
PN . Stage
iy A'max = MaXjAna (i, S 'nj). (n+1y

Figure 3: Flow of the algorithm.

For all nodes & € S',, the ACK packet of node k to node
i includes the EBS message AKX e Upon reception and
acknowledgement, the counting random variable N, is
incremented as follows:

Na(i,S) = n1(i,S)
+1ifS= S,
n1(1,5)

if S =8, _
e Relay Stage: Node i selects a routing action a'y € A
(S',) according to the following (randomized) rule

parameterized by €, (i ,S) = T——— (ils)ﬂ :

e With probability (1- €, (i ,S)),
a'y €
arg max; ¢, siyMn (R ))
is selected,
e With probability €, (i, S'y)
a, €A(SY)

is selected uniformly with probability,
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END)
lash|
Node i transmits FO, a control packet which contains
information about routing decision a', at some time strictly
between n* and (n + 1)". If &', # T, then node a', prepares for
forwarding in next time slot, while nodes j € S', , j # a',
expunge the packet. If termination action is chosen, i.e. a', =
T, all nodes in S', expunge the packet.

Upon selection of a routing action, the counting variable v,
is updated.

Vn(ivs) = Vn-l(ivsl
a)+ 1 if(S,a)=(S[a")
vna(i,S, a)

if (S,a) # (S, a")

e Adaptive Computation Stage: At time (n+1),
after being done with transmission and relaying,
node i updates score vector v,(i, ., .) as follows:

ForallS=S',,a=4a',,
A1 (i,S,8) =4,(,S,@) +a,, (i, S,3)
X ('An(ivsla)_'_g(sva)_'-/l?nax)v
Otherwise,
An+1 (i, S @) = A4 (i, S ,a).
Furthermore, node i updates its EBS message Al,,,
for future acknowledgements as:
A;nax =

maxjeA(gril)/\n+1 (@ SrLu])

IV. CONCLUSION

A mobile adhoc network is a kind of special wireless
network that has its own characteristics of mobility and
transmission rate diversity. How to select a communication
path to maximize the system throughput and minimize the
access delay is important in mobile networks. Single path
routing protocols generally cannot address this problem
efficiently. Therefore, in this paper studied the d-AdaptOR
and EXOR opportunistic protocols, which maximizes the
expected average per packet reward from a source to a
destination in the absence of any knowledge regarding
network topology and link qualities. d-AdaptOR allows for a
practical distributed implementation with provably optimal
performance under idealized assumptions on stationary of
network and reliability of acknowledgment scheme. From
this study the d-AdaptOR outperforms the EXOR
opportunistic protocols in which statistical link qualities are
empirically built and the routing decisions are greedily
adapted to the empirical link models.
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