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Abstract

Almost all existing routing and broadcasting protocols for ad hoc networks assume an ideal physical layer model. In this article, we present
new greedy, localized algorithms for ad hoc wireless networks for maximizing probability of delivery, without acknowledgements, considering a
realistic physical layer. Using the log normal shadowing model to represent a realistic physical layer, we use the probability p(x) for receiving a
packet successfully as a function of distance x between two nodes and define the transmission radius R as the distance at which p(R)=0.5. The
probability p(x) of receiving a packet of length L is computed as b(x)L where b(x) the probability of successfully receiving a bit. In Expected
Progress Routing, without acknowledgements (referred as nEPR), a node S currently holding message, destined for node D, will forward to
a neighbor A (closer to destination than itself) that maximizes p(|SA|)(|SD| − |AD|). In Iterative Expected Progress Routing (referred as
InEPR), we first find a node A that maximizes p(|SA|)(|SD| − |AD|) as in nEPR and then iteratively find an intermediate neighbor node B of
S and A (B is closer to D than S) with maximum p(|SB|)p(|BA|) measure, while satisfying p(|SB|)p(|BA|) > p(|SA|). In Projection Progress
algorithm, a neighbor that maximizes p(|SA|)(SD ·SA) is selected to forward the message. An improved variant, Iterative Projection Progress,
similar to InEPR is also presented. We also present the EER (end-to-end routing) protocol, where the probability of end-to-end successful
delivery is maximized and show that it is same as the NC (Nearest Closer) method proposed earlier. The algorithms, nEPR, InEPR, Projection
Progress, Iterative Projection Progress and EER (NC) schemes are implemented and their performance evaluated and compared with that of
shortest path and tR greedy schemes. Our newly proposed localized routing protocols are performing better than the greedy routing schemes
which forwards the packet to neighbor closest to destination.
© 2005 Elsevier Inc. All rights reserved.
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1. Introduction

Due to its potential applications in various situations such
as battlefield, emergency relief, environment monitoring, etc.,
wireless ad hoc networks [3,7,8,14] have recently emerged as a
premier research topic. Ad hoc networks are without a fixed in-
frastructure. Communications take place over a wireless chan-
nel, where each host has the ability to communicate with others
in the neighborhood, determined by the transmission range, R.
Since it is infrastructure-less, every host has to determine its
environment when the network is formed.
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We assume that each node has a low-power global position
system (GPS) receiver, which provides the position information
of the node itself. If GPS is not available, the distance between
neighboring nodes can be estimated on the basis of incoming
signal strengths. Relative co-ordinates of neighboring nodes can
be obtained by exchanging such information between neighbors
[13].

Routing is the task of delivering a message from the source
node to the destination node. The network may consist of static
or mobile nodes. The task of finding and maintaining routes
in ad hoc networks is nontrivial since host mobility can re-
sult in unpredictable topology changes. We assume in this ar-
ticle that the source node is aware of geographic position of
destination. Location updates schemes for efficient routing are
reviewed in [16]. Many routing algorithms proposed are non-
local and require the complete knowledge and maintenance
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of the network topology. Recently, many localized routing al-
gorithms have been proposed (a brief survey of them is given in
[17]), where nodes do not require the complete network topo-
logical information to perform the routing task. More precisely,
nodes only require the position of itself and its 1-hop neighbors
(in some cases also position of its 2-hop neighbors), and posi-
tion of destination. Consequently, neighboring nodes are aware
of distances between them. Practical routing algorithms for ad
hoc networks should be localized in order to reduce otherwise
huge communication overhead required for global updates due
to node mobility and changes in activity status.

We assume that all nodes transmit with equal transmission
power. Therefore, all nodes have a fixed and equal transmission
radius R, which, however, can be defined in different ways. Ex-
isting network layer protocols (with few exceptions, discussed
in Related work section) for ad hoc networks assume an ideal
physical layer model, where two nodes communicate if and
only if the distance between them is at most R. In this model,
known as the unit graph model, two nodes within transmission
radius can exchange correctly bits, packets and messages (we
assume that messages are composed of few fixed length pack-
ets, and packets are composed of fixed length bit-strings). In
the unit graph model there exists, therefore, the unique trans-
mission radius at all layers of communication. We apply, how-
ever, log normal shadow fading model to represent a realistic
physical layer. By applying a realistic physical layer, the no-
tion of transmission radius needs to be carefully defined and
properly used in algorithms. The packet reception probability
p(x) depends on the probability of receiving a bit successfully
b(x) and the length of the packet. We assume that the message
is decomposed into packets, each transmitted separately. Con-
sequently, we define transmission radius R so that packet error
rate at distance R is 0.5.

In our previous work [9], we considered the routing task
with acknowledgements and presented a number of schemes
that minimize the hop count measure from the source to the
destination. In this article, we consider the routing task without
message acknowledgements and propose several new routing
schemes. We propose the Expected Progress Routing algorithm
without acknowledgements (nEPR), where the current node S
holding a message for destination D will forward to a neighbor
A (closer to D than S), which maximizes p(|SA|)(|SD|− |AD|),
which is the measure of progress made. The Iterative Expected
Progress Routing (InEPR) is an improved variant of nEPR,
where we first find a neighbor node A as in nEPR and then it-
eratively find intermediate nodes B (if exists), between S and A
(and neighbor to both S and A) with maximum p(|SB|)p(|BA|)
measure that satisfies p(|SB|)p(|BA|) > p(|SA|). The Projec-
tion Progress algorithm is very similar to the nEPR algorithm
except for the measure of progress. A current node S holding a
message for destination D will forward to a neighbor A (closer
to D than S), which maximizes p(|SA|)(SD·SA), where (SD·SA)

is the new progress measure and the dot product of two vec-
tors. In the improved variant Iterative projection progress, the
first forwarding neighbor node is found using the projection
progress method and is iteratively improved by finding better
intermediate nodes as in the InEPR algorithm. We also propose

the EER (end-to-end routing) algorithm, without acknowledge-
ments, where the probability of successful delivery of a mes-
sage from the source to destination is maximized. We show that
the EER scheme is same as the NC algorithm presented in [19].
In NC (Nearest Closer) scheme, current node S forwards the
packet to the nearest neighbor among neighbors that are closer
to destination than S.

The probability of successful delivery of the packet (which
is the product of all the probabilities of successful delivery
between two intermediate hops along the found route) from
source to destination is used as a performance measure for all
the proposed algorithms. We also use the success rate of find-
ing a route between the source and the destination nodes as an-
other performance measure. These performance measures, the
probability of successful delivery and success rates of all the
methods are compared with that of Shortest path, and tR greedy
schemes [9] with t values of 1, 1.5 and 2. The redefined notion
of greedy routing as described in [9], allows for flexibility in
the definition of neighborhood. The localized tR-Greedy rout-
ing scheme considers all neighbors of node S (node currently
holding the message), which are closer to destination D than
S, and which are at distance at most tR from S. Among those
neighbors, it selects one that is closest to destination.

The rest of the paper is organized as follows. In Section 2,
we present some related work. In Section 3, we briefly discuss
the log normal shadow propagation model. A realistic physi-
cal layer is modelled using this model. The EER algorithm and
the related analysis is presented in Section 4. Sections 5 and 6
present the greedy localized protocols, the Expected Progress
Routing (nEPR) and Iterative Expected Progress Routing algo-
rithms respectively. In Section 7, the Projection Progress and
the Iterative Projection progress schemes are presented. In Sec-
tion 8, we provide experimental results and compare the perfor-
mances of nEPR, InEPR, Projection Progress, Iterative projec-
tion progress and EER (NC) schemes with that of shortest path
and tR greedy schemes (with t = 1, 1.5, 2). The proposed lo-
calized routing schemes outperform tR greedy routing schemes
[6] where packet is forwarded to neighbor (within the consid-
ered neighborhood) that is closest to destination. In Section 9,
we provide concluding remarks and outline some open prob-
lems in this area.

2. Related work

There exist a vast amount of literature devoted to position
based routing in ad hoc networks. Finn [6] proposed localized
greedy scheme, where node, currently holding the message, will
forward it to the neighbor that is closest to destination. Only
nodes closer to destination than the current node are considered.
Another milestone achievement is localized greedy-face-greedy
(GFG) algorithm, proposed in [4], which guarantees delivery
under ideal MAC layer and correct position information. It
applies greedy algorithm whenever possible, and restores to
face routing in recovery mode. Face routing uses a planar graph
to route from face to face between source and destination nodes.
A survey of position based routing schemes is given in [17].
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Our work has been inspired by recent observations made
in [1,2,5,9,15]. Qin and Kunz [15] concentrate on the impact
of a realistic physical layer (shadowing propagation model)
on simulating the performance of well known AODV and
DSR on-demand wireless routing protocols. AODV and DSR
are non-position based routing schemes, where source is-
sues route discovery via blind flooding (each node receiving
route request message will retransmit it once), and destina-
tion replies to source using memorized path. Qin and Kunz
[15] proposed new signal power thresholds for route discov-
ery to enable the selection of links with strong enough signal
strength and reduce some protocol control messages. They
report significant increase in the packet delivery ratio and
decrease in packet latency, and suggest that link status is a
better metric than hop count for selecting routes in shadowing
models.

Banerjee and Misra [2,1] considered the cost of retransmit-
ting messages due to link errors, and derive some optimal for-
mulas and protocols for minimum energy routing. They consid-
ered separately end-to-end retransmissions EER (no acknowl-
edgement or error recovery between any two links on a path)
and hop-by-hop retransmissions HHR (where message is re-
transmitted between two nodes until it is received and acknowl-
edged correctly). They first observed that the bit error rate asso-
ciated with a particular link is a function of the ratio of received
signal power to the ambient noise. In the variable-power trans-
mission, they conclude that it is optimal if a transmitter adjusts
transmitting power to ensure that the signal strength received
by the receiver is independent of the distance d between two
nodes. It is not clear what is the optimality measure selected to
make this conclusion. It is used, however, as basis to make other
conclusions. One immediate consequence of this approach is
that, since reception power is fixed, the link error rate between
any two nodes is fixed; therefore, probability plink used in ex-
pressions is a fixed number. It also follows that transmission
power, to achieve that, is proportional to d�, where d is the
distance between two nodes S and D. The authors then derive
optimal minimum energy paths in EER case. The optimality
claim, however, is not acceptable due to erroneous assumption
made.

In [9], authors use the log normal shadow fading model to
represent a realistic physical layer, and for computing the prob-
ability of receiving a packet as a function p(x) of distance x
between two nodes. The transmission radius R is determined by
p(R) = 0.5. For the ease of computation, a reasonably accurate
approximation for p(x) is also presented. Many new routing
schemes that optimize hop count measure from source to des-
tination are presented in this article. The authors also redefine
the notion of greedy routing by allowing for flexibility in the
definition of neighborhood. The localized tR-Greedy routing
scheme considers all neighbors of node S, currently holding the
message, which are closer to destination D than S, and which
are at distance at most tR from S. In this article, use the same
approximation for p(x) as in [9] and use tR-Greedy schemes
for performance comparisons.

3. The shadow propagation model

Most of the published results in ad hoc wireless routing and
broadcasting are based on free-space or two-ray ground propa-
gation models, which are simplistic and idealistic physical layer
models. However in real scenarios, the received signal strength
is not only dependent on the distance between the transmitter
and the receiver but also on the environment. Moreover, subse-
quent transmissions with the same transmission power, between
same nodes in the same environment are not received with the
same signal power. This means that, depending on threshold
for correct reception, that message may or may not be received
based on some random events. Following [15,9], we model a
realistic physical layer using the shadow propagation model,
where the noise element is modelled by a gaussian distribution.
This model can also be used for area coverage calculations,
to calculate the probability that the received power is above a
threshold value.

We use this as the probability b(x) of receiving a bit success-
fully. The probability of receiving packet, p(x) is then p(x) =
b(x)L, where L is the length of the packet. Note that here we do
not assume existence of any error correcting scheme, to recover
some incorrectly received bits. Fig. 1 plot the probabilities of
bit and packet reception, with � = 2 and L = 80, 120, 160,
using the shadowing propagation model. The bit transmission
radius B is defined as the distance for which b(B) = 0.5 and
the packet transmission radius R is defined as the distance for
which p(R) = 0.5 is satisfied.

The exact computation of p(x), for use in routing decisions,
is a time consuming process, and is based on several measure-
ments (e.g. signal strengths, time delays, GPS) which are al-
ready causing some errors. It is therefore, advisable to consider
a reasonably accurate approximation that will be fast for use.
Having in mind an error within 4% and value L = 120, we
designed the following approximation for p(x). We approxi-

mated it by P(x) = (1 − (
x
R

)2�

2 ) for x < R, and
(
(2R−x)

R
)2�

2 for
all other x, where � is the power attenuation factor, with fixed
value between 2 and 6. We received satisfactory precision with
this approximation for � = 2 and � = 4 values. One can ob-
serve that the power attenuation factor in the approximation is
2� rather than �. This is due to approximating packet probabil-
ity rate rather than bit probability rate, and the greater impact of
packet length on packet reception at larger distances. Our best
approximation for bit probability rate (that is, value L = 1)
is, in fact, the same expression except that power attenuation
factor is � instead of 2�. We anticipate that, in general, power
attenuation factor q� can be used, where q depends on L. Note
that in the sequel we still use the notation p(x) although the
results were in fact derived using its approximation P(x).

Fig. 2 shows the difference between p(x) and the selected
approximation P(x) for � = 2, L = 120. The observed relative
error of the approximation is below 4% for x�2R. We repeated
the process for � = 4 and also received similar error bounds,
as shown in Fig. 3.
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Fig. 1. b(x), and p(x) with L = 80, 120, 160 for � = 2.
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Fig. 2. p(x), P(x), and p(x) − P(x) for � = 2, L = 120.
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Fig. 3. p(x), P(x), and p(x) − P(x) graphs for � = 4, L = 120.

4. EER (end-to-end routing) localized routing

In the EER model, there are no hop-by-hop acknowledge-
ments. When (and if) a message arrives at the destination, there
may or may not be acknowledgments sent from the destination
to the source node, as a routing task. We consider, for detailed
study and experimentation, the no-acknowledgment variant of
the EER model.

Consider the routing task of sending a message from
source C to destination D. Consider intermediate nodes at
distances x1, x2, . . . , xn. The probability that D receives
the full message from C is p(x1)p(x2), . . . , p(xn), which
needs to be maximized. This is equivalent to maximizing
log(p(x1)p(x2), . . . , p(xn)) = log(p(x1)) + log(p(x2)) +
· · · + log(p(xn)). The shortest weighted path algorithm can
be applied to find the route with maximal probability of de-
livering packet by assigning − log(p(x1)), − log(p(x2)), . . . ,

− log(p(xn)) as the respective weights for the links.
In order to derive an ideal EER algorithm, consider placing

n− 1 equally spaced nodes between the source and destination
nodes, S and D. Let x = d

n
be the distance between the two

consecutive nodes, where |SD| = d. The probability of receiv-
ing a message at the destination D is p(x1)p(x2), . . . , p(xn) =
(p(x))n. By taking the logarithm, this can be written as
n log(p(x)) = d

x
log(p(x)), which needs to be optimized for

the optimal placement distance x and for calculating ideal
probability.

By applying l’Hôpital’s rule, and the approximation for p(x),
we can show that, for the function d

x
log(p(x)), the optimal

value of x is 0 and the ideal probability is 1.
Following this observation, a localized EER algorithm can be

described as follows. The node C currently holding a message
will forward it to a neighbor A (closer to destination that itself)
that maximizes the sum of logarithmic probability to deliver to
A and ideal logarithmic probability of delivering from A to D.
However, the later ideal probability is 1 (that is, the logarithmic
probability is 0). Therefore, the algorithm simply forwards the
packet to neighbor A that maximizes p(x), where x = |CA|,
which is the closest neighbor to C among nodes which are
closer to D than C. The process continues until the destination
is reached or a node is reached that has no neighbor closer to
the destination.

The described localized algorithm will also be referred to as
the NC (nearest closer) routing scheme. This localized routing
scheme was already proposed in [19].

5. Expected progress routing (nEPR) algorithm

Let the current node be C, destination be D, and A be a
neighbor of C. Let |CD| = c, |AD| = a and |CA| = x (see
Fig. 4). The progress made by forwarding from C to A is c−a.
A regular greedy scheme maximizes (c − a), by sending to a
neighbor closest to the destination (minimizes a).

The progress that can be made by sending a message to A
is probabilistic. In non-acknowledged progress routing (nEPR)
algorithm, a node C currently holding the message will forward
to a neighbor A (closer to destination than itself) that maximizes
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Fig. 4. Selecting the best neighbor A in localized routing schemes.

the expected progress, which is the product of the probability
of successful delivery p(x) of the message from C to A and the
progress made (|CD| − |AD|) by forwarding to A. Therefore,
the neighbor A that maximizes p(x)(c−a) is chosen to forward
the message.

6. Iterative expected progress routing (InEPR) algorithm

The Iterative Expected Progress Algorithm (InEPR) is an
improved variant of nEPR. The algorithm can be described as
follows. As in nEPR, a node C currently holding a message will
first find a neighbor A that maximizes p(|CA|)(|CD| − |AD|).
Then, an intermediate node B (closer to destination than C,
if exists) is found (that is neighbor to both C and A) which
satisfies p(|CB|)p(|BA|) > p(|CA|) and has the maximum
p(|CB|)p(|BA|) measure. This process is iteratively repeated
until no improvement is possible. Node C will forward the
message to the selected neighbor B which than applies again
the same scheme for its own forwarding. A pseudo code of the
algorithm can be written as

Current Node C, Destination D,
Find best nEPR Neighbor A such that

p(|CA|)(|CD|-|AD|) is maximum
Candidate_node, M = A.
Repeat
Max = p(|CM|); Selected_Neighbor,

N = M (Candidate_node)
For each neighbor B of C

(which is closer to D than C)
If B is neighbor of M (Candidate_node)
If p(|CB|)p(|BM|) > Max
Max = p(|CB|)p(|BM|);
Candidate_node, M = B

End
End

Until Candidate_node,
M = Selected_Neighbor, N.

7. Projection progress algorithms

Let the current node be C, destination be D, and A be a
neighbor of C. Let |CD| = c, |AD| = a and |CA| = x. Pro-
jection progress based algorithms differ from nEPR schemes
in the progress measure only. Instead of c − a, it is measured
by dot product (CD · CA). In the Projection Progress scheme,
a node C, currently holding a packet, will forward it to a
neighbor A (closer to destination than itself) that maximizes

p(|CA|)(CD · CA), where (CD · CA) is the dot product of two
vectors.

The iterative projection progress scheme is very similar to
InEPR, except that the first candidate node A is found using the
projection progress method, (maximizes p(|CA|)(CD · CA)),
instead of nEPR scheme.

8. Experimental results

In this section, we present the results of our simulation study.
For the simulation, we use a 300 × 300 area for the placement
of wireless nodes. Each of n nodes (n = 250) is selected uni-
formly at random inside the square area. Dijkstra’s shortest path
scheme was used to test network connectivity, and only con-
nected graph were used in measurements. The network density
d is defined as the average number of neighbors per each node.
Two nodes are considered as neighbors if and only if their dis-
tance is at most hR, where p(R) = 0.5, and hR is the distance
such that p(hR) = w, for suitably selected threshold value w.
Based on our approximation function, and w = 0.05, the ob-
tained h = 1.4377. We select d as independent variable, and
then find the appropriate value for R, which depends on net-
work area size. Then this value of R is used in the approxima-
tion P(x) for p(x). The proposed experimental design allows
for flexibility in the neighbor definition by selecting appropriate
density. For example, if two nodes are considered as neighbors
only when their distance is at most tR, then the correspond-
ing density d ′ of a graph is approximately d ′ = (t/1.4377)2d,
where d is the density that corresponds to 1.4377R neighbors.
All the density values reported in figures are with respect to
1.4377R neighbors. We tested for d = 6, 8, 10, 20, 24, 32, 40
and 80. The average values are reported over 500 simulations
(graphs). We have used � = 2. We tested some other parameter
settings, but the relative comparison remained the same.

The two performance measures we have used to compare the
algorithms are the success rate and the probability of successful
delivery. Success rate measures the rate of success in finding a
route from the source to the destination in the attempted cases.
The probability of successful delivery is the product of all prob-
abilities of successful delivery along all hops of the computed
route. The success rates in finding a route and probability of
successful delivery along the found route to the destination are
computed for the nEPR, InEPR, Projection progress, Iterative
Projection Progress and EER (NC) algorithms. Their perfor-
mance is compared with that of tR greedy [9] (with t values 1,
1.25 and 1.4377), and globalized shortest (weighted) path al-
gorithm. The weight assignment scheme is as described in Sec-
tion 4. The probabilities of delivering along found routes are
measured only for source-destination pairs for which respective
routes were successfully found by all the considered schemes
(with the exception of low densities where the success rate of
R and 1.25R greedy methods are near zero; in these cases these
protocols were ignored while averaging probabilities). We de-
fine probability dilation as the ratio of the probability of suc-
cessful reception at the destination of the particular algorithm
to that of the shortest path algorithm.
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Fig. 5. Probability of successful reception at destination for different algorithms, n = 250.
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Fig. 6. Success rates, n = 250.

The probability dilation measurements are given in Fig. 5
for n = 250. The results we obtained give low probabil-
ity even for the shortest weighted path algorithm (for exam-
ple 0.00334884, 0.00684035, 0.0302591, 0.361463, 0.467599,
0.64934, 0.761852 and 0.933141 for densities 6, 8, 10, 20, 24,
32, 40 and 80 respectively). Fig. 6 gives the respective suc-
cess rates of these algorithms. Among the eight localized rout-
ing schemes presented, EER (NC), InEPR and Iterative projec-
tion progress schemes performed much better than the other
schemes, on probability measure. In 50% of the cases, EER

(NC) performed slightly better than InEPR and Iterative pro-
jection progress, contrary to our expectations. For the rest 50%,
InEPR or Iterative Projection Progresses performed better than
EER (NC) on the probability measure. The performance differ-
ence between these three schemes are very narrow. These three
schemes also stayed within reasonable limits to the probability
measure achieved by globalized shortest weighted path scheme,
which is a significant achievement for localized algorithms.

On success rate measure, InEPR and Iterative Projection
Progress (also nEPR and Projection Progress) performed better
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than the EER (NC) scheme. When compared to the tR greedy
schemes, all our localized schemes performed better.

Based on the experimental results, we can observe that
for sparse networks InEPR and Iterative projection progress
schemes performed best among localized schemes, better than
EER (NC), while tR − Greedy methods appear extremely
inferior. Therefore InEPR and Iterative projection progress
schemes are good candidates for use with a localized recovery
routing scheme to guarantee finding a route.

9. Conclusion

To the best of our knowledge, this is the first study of position
based routing in ad hoc network without acknowledgements,
with a realistic physical layer. We described several greedy rout-
ing algorithms for ad hoc wireless networks, based on realistic
physical layer assumptions. These include expected progress
schemes, projection progress schemes and the end-to-end rout-
ing (NC) protocol.

The localized nature of the protocols avoids the energy ex-
penditure and communication overhead needed to build and
maintain the global topological information. Our simulation re-
sults show that the performance of our localized algorithms is
close to the performance of the shortest (weighted) path algo-
rithms, which require global knowledge.

In this article we have studied the case of packet with fixed
length. We are now designing routing algorithms for the case
of variable packet length, whose length is adjusted to achieve
optimality for each hop on the route. A route discovery based
routing scheme for the case of hop by hop acknowledgements
with variable packet length has been studied recently in [12]. In
[10], we describe localized routing algorithms with acknowl-
edgments, with variable packet lengths on each hop. Instead of
expected hop count in terms of packets, these schemes mea-
sure expected number of transmitted bits. In [11], we describe
localized routing algorithms with variable packet lengths on
each hop but without any hop-by-hop acknowledgments. These
algorithms try to maximize the probability of delivery of the
packets to the destination.

An interesting open problem for future research is the
case of end-to-end routing, without hop-by-hop acknowledge-
ment, but with the destination sending an acknowledgement
to the source node as a separate routing task. However, we
felt that this type of routing, if acknowledgement is really
required, is suboptimal to the hop-by-hop acknowledged
routing.

We have already explored acknowledgement based Expected
Progress routing and hop-by-hop acknowledged, end-to-end
routing. Our results are presented in [9]. In [18], we presented
a route discovery scheme, hello packet protocols for neighbor
discovery and the impact of physical layer on routing and
broadcasting tasks. We plan to address, in our future research,
several problems, including power and cost aware localized
routing, adjusting GFG routing with guaranteed delivery [4],
and route discovery in reactive routing (when received signal

strength is measurable, or position information is available)
to take into account realistic physical layer. Solution to other
problems need also to be reconsidered in the view of physical
layer. For instance, our group intends to consider broadcasting
problem.

We anticipate that this direction of research will soon
receive more attention in the ad hoc networks research
community.
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