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Absract
A distributed adaptive opportunistic routing scheme used when 
network model is not known and no knowledge of network 
for multihop wireless network which utilizes a reinforcement 
learning framework to opportunistically route the packets. The 
established learning framework leads to a stochastic routing 
scheme to optimally exploits the entire opportunities in the 
network. The proposed algorithm is a combination of network 
structure characterized by transmission success probabilities and 
issues regarding learning and routing in opportunistic context. 
The performance and throughput of the algorithm is increased 
by considering probabilistic approaches.
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I. Introduction
Opportunistic routing is the recent research interest for multihop 
wireless adhoc networks to overcome deficiencies of conventional 
routing [1–4] as applied in wireless setting. In classical routing 
solutions of in the Internet, conventional routing in ad hoc networks 
attempts to find a fixed path along which the packets are forwarded 
[11]. Using fixed path schemes fail to take advantage of broadcast 
nature and opportunities provided by the wireless medium and 
result in unnecessary packet retransmissions. Rank odering of 
neighbouring nodes, online Manner by choosing the next relay 
based on the actual transmission outcomes in the opportunistic 
routing decisions. Opportunistic routing mitigates the impact of 
poor wireless links by exploiting the broadcast nature of wireless 
transmissions and the path diversity.
The authors in [1] and [4] provided a Markov decision theoretic 
formulation for opportunistic routing. This “distance” is calculated 
in a distributed manner and with low complexity using the 
probabilistic description of wireless links. Select the next relay.
Node based on a distance-vector summarizing the expected-cost-
to-forward from the neighbors to the destination. In the optimal 
routing decision at any epoch This “distance” is shown to be 
computable in a distributed manner and with low complexity 
using the probabilistic description of wireless links. 
The study in [1] and [4] provided a unifying framework for 
almost all versions of opportunistic routing such as SDF [2], 
Geographic Random For- warding (GeRaF) [3], and ExOR [4], 
where the variations in [2–6] are due to the authors’ choices of 
cost measures to optimize. For instance, an optimal route in the 
context of ExOR [6] is computed so as to minimize the Expected 
Number of Transmissions (ETX), while GeRaF [3] uses the 
smallest geographical distance from the destination as a criterion 
for selecting the next-hop.
Local topology of the network and precise probabilistic model of 
wireless connections methodologies are used in developing the 
opportunistic algorithms. In a practical setting, however, these 
probabilistic models have to be “learned” and “maintained.” 
In other words, a comprehensive study and evaluation of any 
opportunistic routing scheme requires an integrated approach 
to the issue of probability estimation. Authors in [8] provide a 
sensitivity analysis for the opportunistic routing algorithm given 

in [4]. However, by and large, the question of learning/estimating 
channel statistics in conjunction with opportunistic routing re- 
mains unexplored.
In this paper, we proposed reinforcement learning framework 
allows for a low-complexity, low-overhead, distributed 
asynchronous implementation we first investigate the problem 
of opportunistically routing packets in a wireless multihop 
network when network topology is available and zero or erroneous 
knowledge of transmission success probabilities to reduce the 
expected average cost for routing packet from source to destination 
we proposed a reinforcement learning framework, i.e distributed 
adaptive opportunistic routing algorithm (d-AdaptOR). This 
is achieved by both sufficiently exploring the network using 
data packets and exploiting the best routing opportunities. The 
significant characteristics of d-AdaptOR are that it is oblivious 
to the initial knowledge about the network, it is distributed, and 
it is asynchronous.
The main contribution of this paper is to provide an opportunistic 
routing algorithm that: (1) in order to enable the nodes to adapt their 
routing strategies we uses a reinforcement learning framework, but 
(2)assumes no knowledge about the channel statistics and network, 
and 3) optimally exploits the statistical opportunities and receiver 
diversity. In doing so, we build on the Markov decision formulation 
in [4] and an important theorem in Q-learning proved in [9]. 
There are many learning-based routing solutions (both heuristic or 
analytically driven) for conventional routing in wireless or wired 
networks [10–15]. None of these solutions exploits the receiver 
diversity gain in the context of opportunistic routing. However, 
for the sake of completeness, we provide a brief overview of the 
existing approaches. The authors in [10–14] focus on heuristic 
routing algorithms that adaptively identify the least congested path 
in a wired network. If the network congestion, hence delay, were to 
be replaced by time-invariant quantities.The heuristics in [10–14] 
would be- come a special case of d-AdaptOR in a network with 
deter- ministic channels and with no receiver diversity.. In [15], 
analytic results for ant routing are obtained in wired networks 
without opportunism. Ant routing uses ant-like probes to find 
paths of optimal costs such as expected hop count, expected delay, 
and packet loss probability. This dependence on ant-like probing 
represents a stark difference with our approach where d-AdaptOR 
relies solely on data packet for exploration.

II. Distributed Algorithm
Let N(i) denote the set of neighbours of node I including node 
itself.let Әidenote the set of potential reception outcomes due to 
transmission from node i€ Ө.let A(S)=sU{T} denote the space of 
all allowable actions available to node upon successful reception 
atnodes in . Finally, for each node, we define a reward function 
s€Әi states and potential decisions as a€A(S);
g(S,a)={-ca if a εS, R ,if a=T and dεS}

A. Overview of d-Adaptive Opportunistic Routing
We proposed a scheme which makes decisions in a distributed 
manner by the following rules
1. The set of nodes Sn I who have successfully received the packet 
from node, transmit Acknowledgment (ACK) packets to node. 
In addition to the node’s identity, the acknowledgment packet of 



IJCST Vol. 4, ISSue 3, July - SepT 2013

w w w . i j c s t . c o m InternatIonal Journal of Computer SCIenCe and teChnology  135

 ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

node kεsni includes a control message known as Estimated Best 
Score (EBS) and denoted٨maxk.
2. At time n,node I transmits a packet.
3. Node I announces node j εSn

i as the next transmit.
The routing decision node I at time n is based on an adaptive score 
vector.٨n Furthermore, node uses a set of counting variables Vn 
(I,S,a)and and Nn(I,S) sequence of positive scalars { αn} n=1∞ to 
update its score vector at time . The counting variable Vn (I,S,a)
is equal to the number of times neighbors have received (and 
acknowledged) the packets transmitted from node I and routing 
decision a isA(S) has been made up to time . Similarly, Nn(I,s)
is equal to the number of times theset of nodes has received 
(and acknowledged) packets transmitted from node up to time.  
Lastly, {αn} n=1∞}is a fixed sequence of numbers available at 
all nodes. 

Fig. 1: Flow of the Algorithm. The Algorithm Follows a Four-Stage 
Procedure:transmission, Acknowledgment, Relay, and Update

Table 1: Notations Used in the Description of the Algorithm

Symbol Definition

i
ns Nodes receiving the transmission from node 

i at time n 

max
iΛ Estimated best score for node i

i
na Decision taken by node i at time n

( , , )nv i S a
Number of times up to time n,nodes S have 
received a packet from node I and decision a 
is taken

( , , )n i S aΛ Score for node i at time n,when nodes S have 
received the packet and decision a is taken.

( , )nN i S Number of times up to time n,nodes S have 
received a packet from node i

B. Detailed Description of d-AdaptOR 
The operation of d-AdaptOR can be described in terms of 
initialization and four stages of transmission, reception and 
acknowledgment, relay, and adaptive computation as shown in 

fig. 1. For simplicity of presentation we assume a sequential timing 
for each of the stages. We use in n+ to denote some (small) time 
after the start of nth slot and (n+1) to denote some (small) time 
before the end of nth slot such that n < n+ < (n + 1) < n + 1.
1. For all , , ( )i S i a A s∈Θ ∈∂ ∈
Initialization:

0 max max( ), ( , , ) 0, ( , , ) 0, ( , ) 0, , 0f i
o oa A s i S a v i S a N i S R∈ Λ = = = Λ = − Λ =

2. Transmission Stage: The stage at which node I transmits if it 
has a packet at time n
3. Reception and Acknowledgment Stage: Let Sin denote the 
(random) set of nodes that have received the packet transmitted 
by node i.

Successful reception of the packet transmitted by node i is • 
acknowledged to it by all the nodes in Sin.
We assume that the delay for the acknowledgment stage is • 
small enough (not more than the duration of the time slot) 
such that node i infers by time n+.For all nodes k 2 Sin , the 
ACK packet of node k to node i includes the EBS message 
.Upon reception and acknowledgment, the counting random 
variable Nn is incremented as follows:

1 1( , )( , ) { ( , ) 1 ,i i
n n n n i s nN i s N i S ifS S N ifs s− −= + = ≠

3. Relay Stage:
Node i selects a routing action (s )i i

n na A∈  according to the following 

(randomized) rule parameterized by 
1( , )

( , ) 1n
n i S

N i s
=

+

∈

Node i transmits FO, a control packet which contains information 

about routing decision 
i
na  at some time strictly between n+ And 

(n+1)-.If i
na f≠ ,then node i

na prepares for forwarding in next time 
slot while nodes i

nj s∈ , i
nj a≠  expunge the packet. Upon selection 

of routing action, the change variable nv is updataed.

1( , , ) 1, ( , ) (S ,a )
( , , ) {

1( , , ), ( , ) (S ,a )

V

}

i in i S a if S a n n

i i
n n

n i S a v

n i S a if S a
v

− + =
=

− =

C. Computational Issues
The computational complexity and control overhead of d-AdaptOR 
is low.

1. Complexity
To execute stochastic recursion, the number of computations 
required per packet is O(maxi2/ jN (i)j)order of at each time slot. 
The space complexity of d-AdaptOR is exponential in the number 
of neighbors, i.e. O(maxi2/ jN (i)j), for each node. The reduction 
in storage requirement using approximation techniques in [16] 
is left as future work.

2. Control Overhead
The number of acknowledgments per packet is order of , O(maxi2/
jN (i)j) independent of network size.

III. Optimality of D-Adaptor

Assumption 1 
The probability of successful reception of a packet transmitted 
by node i at set S ⊆  N(i) of nodes is P(S/i), independent of time 
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and all other concurrent transmissions. Capture the coupling of 
the physical layer and the Media Access Control (MAC) layer. 
Degradation due to path loss and multipath fading as well as 
captures the interference produced by other transmitting nodes. 
In Local broadcast model Note that, our model together with 
Assumption 1 imply an underlying MAC whose operation is 
controlled at a distinct layer and independently of the routing 
decisions. Furthermore, the implicit existence of a MAC scheme 
allows for a set of more advanced MAC schemes such as Zig-Zag 
[7]. Finally, the identically distributed assumption on successful 
transmissions imposes a time-homogeneity on the operation of 
the network and significantly restricts the topology changes of 
the network. 
Assumption 2: 
The successful reception at set S due to transmission from node 
i is acknowledged perfectly to node i.

Theorem 1:sippose  ,and Assumptions 

1 and 2 hold for all 

,

,

1

1

1

1

1limE [ {r }]

1lim supE [ {r }]

m
N n

n m
m
n

m
N n

n m
m
n

M r

m iN m n rN

M r

m iN m n rN

c
M

c
M

φ

−
φ

→∞
= =

−
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= =

−

≥ −

∑ ∑
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A. Convergence of n∧ :

Let:
U :

i
i

v
v

i i

R
R − >∏ ∏

 be an operator on vector Λ  such 
that,

The following lemma establishes the convergence of recursion(2) 
to the fixed point of U, *Λ .

B. Proof of Optimality
Using the convergence of _n we show that the expected average 
per packet reward under d-AdaptOR is equal to the optimal 
expected average per packet reward obtained for a genie-aided 
system where the local broadcast model is known perfectly. In 
proving the optimality of d-AdaptOR, we take cue from known 
results associated with a closely related Auxiliary Problem (AP). 
In the Auxiliary Problem (AP), there exists a centralized controller 
with full knowledge of the local broadcast model P(./.) as well as 
the transmission outcomes across the network [1, 6].
In this Auxiliary Problem (AP), let πdenote the set of admissible 
policies for Auxiliary Problem (AP). The reward associated with 
policy  for routing a single packet m from the source to 
the destination is then given by

*

,

1

{(0)} [{r } / ]
m
n

n m
m
n

r

m i o
n r

J E c F
−

Π Π

=

= − ∑

Auxiliary Problem (AP) find the optimal policy *Π such that 

Corollary 1: When , i∈Θ ,ci=1 the network is connected, 
and is greater than the worst-case routing cost,7 d-AdaptOR 
minimizes

,

1

[r ]
m
n

n m
m
n

r
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n r

D E c
−

Π

=
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the expected per-packet delivery time as N →∞

Lemma 1. Consider any admissible policy  for Problem 
(P). Then for all N = 1; 2; : : : ,
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IV. Protocol Design and Implementation Issues
In this section we describe an 802.11 compatible implementation 
for d-AdaptOR.

A. 802.11 Compatible Implementation
Implementation of d-AdaptOR, analogous to any opportunistic 
routing scheme involves the selection of a relay node from a 
candidate set of nodes that have received and acknowledged a 
packet successfully. One of the major challenges in devising 
d-AdaptOR algorithm is the design of 802.11 compatible 
acknowledgment mechanism at the MAC layer. Below we propose 
a practical and simple to implement acknowledgment architecture. 
For each neighbor node j 2 N(i), the transmitter node i reserves 
a virtual time slot of duration TACK + TSIFS, where TACK is 
the duration of the acknowledgment packet and TSIFS is the 
duration of Short Inter Frame Space (SIFS) [15]. The transmitter 
i then piggy-backs a priority ordering of nodes N(i) with each data 
packet transmitted. The priority ordering determines the virtual 
time slot in which a candidate node transmits an acknowledgment. 
Nodes in the set Si that have successfully received the packet then 
transmit acknowledgment packets sequentially in the reserved 
virtual time slots in the order determined by the transmitter node. 
For example, in the linear network shown in fig. 2, if node o 
piggy-backs the order f1,2g, then node 1 transmits an ACK first 
and later node 2 transmits an ACK. If node 1 does not receive 
the packet successfully from node o, node 1 does not transmit an 
ACK and a duration of TACK + TSIFS corresponding to node 
1 is not utilized.
For receiving ACKs, each transmitting node i waits for a duration 
of Twait = jN (i)j(TACK +TSIFS). After each node in the set Si 
has acknowledged or Twait timer has expired, node i transmits a 
FOrwarding control packet (FO). The corresponding candidate 
nodes drop the received data packet. Fig 3 shows a typical sequence 
of control packets for topology in fig. 2.
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Fig. 2: With Probability pij, a packet transmitted by node i is 
successfully received by node j

Fig. 3: Typical Packet Transmission Sequence for d-AdaptOR

        2                         2                     6                 2  2
Frame control Duration id Receiver addr EBS CRC

Ack packet format

       2                  2                 6           6             6               2
Frame 
control Duration id Add1 Add2 ADD3 Sequence 

control

6                    0-2312                                               4
Add4 Candidate set payload CRC

d-Adaptor data packet format
          2                           2                      6                    4
Frame control Duration id Receiver addr CRC

Fopacket format

Fig. 4. Frame structure of the data packet, acknowledgment 
packet, and FOpacket frame control field of the 802.11 MAC 
specification are used to indicate whether the rest of the frame 
is a d-AdaptOR data frame, a d-AdaptOR ACK, or a FO. This 
enables the d- AdaptOR to communicate and be fully compatible 
with other 802.11 devices. The data frame contains the candidate 
set in priority order, the payload, and the 802.11 Frame Check 
Sequence. The acknowledgment frame includes the data frame 
senders address and the feedback EBS _max. The FO packet is 
exactly the same as a standard 802.11 short control frame, but 
uses different subtype value.

B. d-AdaptOR in Non-Idealized Setting

1. Choice of Parameters 
To ensure an acceptable throughput, the value of reward, R, must 
be chosen sufficiently high. However, beyond a given threshold 
(depending on the network topology), the value of R does not affect 
asymptotic performance of the algorithm. The convergence rate of 
stochastic recursion strongly depends on choice of sequence αn. It 
converges slowly with slowly decreasing sequence αn and results 
in less variance in the estimates of n∧ , while fast decreasing 
sequence of αn causes large variance in the estimates of n∧ ., To 
maximize the expected average per packet reward from source to 
destination we proposed d-AdaptOR even though we don’t know 
any knowledge regarding network topology and its links.
D- AdaptOR allows for a practical distributed implementation with 
provably optimal performance under idealized assumptions on 
stationarity of network and reliability of acknowledgment scheme. 
The performance of d-AdaptOR is also investigated in practical 
settings via simulations. The long term average reward criterion 
investigated in this paper is somewhat limited in discriminating 
among various adaptive schemes with optimal average reward per 
packet. This is mostly due to the inherent dependency of the long 
term average reward on the tail events. To capture the performance 
of various adaptive schemes e.g. convergence rate, it is desirable 
to study the regret as defined in (12). An important area of future 
work comprises of developing fast converging algorithms which 
optimize the regret as a performance measure of interest.

2. Loss of ACK and FO packets:
FO packets losss and Loss of Ack is due to low SNR .by losing 
the Fo and Ack we cannot calculate exact nodes which receives 
the packets so that the through and performance of the algorithm 
is changed. Loss of FO packet negatively impacts the throughput 
performance of the network. In particular, loss of FO packet can 
result in the drop of data packet at all the potential relays, reducing 
the throughput performance.

3. Increased Overhead: 
d-AdaptOR adds a modest additional overhead to standard 802.11 
due to the added acknowledgment/ handshake structure. Assuming 
a 802.11b physical layer operating at 11 Mbps with a SIFS time of 
10 µs, preamble duration of 20 µs, Physical Layer Convergence 
Protocol (PLCP) header duration of 4 µs and 512 byte frame 
payloads, the overhead of an d-AdaptOR data frame with three 
candidates is compared with unicast 802.11 in Table I. It is Note 
that the overhead cost can be reduced by restricting the number 
of nodes in the candidate list of MAC header to a given number, 
MAX-NEIGHBOUR. The unique ordering for the nodes in the 
candidate set is determined by prioritizing the nodes with respect 
to ( ,{ , }, ), ( )n i i j j j N i∈∧  and then choosing the MAX-NEIGHBOUR 
highest priority nodes.8 Needless to say that such limitation will 
sacrifice the optimality of d-AdaptOR for a lower overhead.

(i). Enhancement
A dynamic routing algorithm that could randomize delivery paths 
for data transmission The algorithm is easy to implement and 
compatible with popular routing protocols, such as the Routing 
Information Protocol in wired networks and Destination-
Sequenced Distance Vector protocol in wireless networks, without 
introducing extra control messages.
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V. Conclusion and Future Work
In this paper, we proposed d-Adaptive opportunistic routing, a 
distributed, adaptive, and opportunistic routing algorithm whose 
performance is shown to be optimal without any knowledge 
regarding network topology and channel statistics. More precisely, 
under idealized assumptions, d-AdaptOR is measured in terms 
of the expected per-packet reward to achieve the performance of 
an optimal routing with perfect and centralized knowledge about 
network topology. D-Adaptor allows practical implementation 
of 802.11 which is asynchronous .In performance criteria of 
algorithms implementation should be over finite horizon. One 
popular way to study this is via measuring the incurred “regret” 
over a finite horizon. More specifically, our results so far implies 
that the optimal rate of growth of regret is strictly sub linear in 
, but fails to provide a conclusive understanding of the short-
term behavior of d-AdaptOR. An important area of future work 
comprises developing adaptive algorithms that ensure optimal 
growth rate of regret. Our work, however, does not consider 
this closely related issue. Incorporating congestion control in 
opportunistic routing algorithms to minimize expected delay 
without the topology and the channel statistics knowledge is an 
area of future research.
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