
A Distributed Sorting Framework for Ad Hoc
Wireless Sensor Networks

Amitabha Ghosh
Honeywell Technology Solutions Lab

151/1 Doraisanipalya, Bannerghatta Road
Bangalore 560076, India

Email: amitabha.ghosh@honeywell.com

Balamurugan Mohan
Honeywell Technology Solutions Lab

TCE Campus, Thiruparankundram
Madurai 625015, India

Email: balamurugan.mohan@honeywell.com

Abstract— Wireless sensor networks (WSN) are distributed,
self-organizing, pervasive systems, which perform collaborative
computations to provide useful information about the underlying
stochastic phenomenon. In this paper, we explore the ranking
and sorting problems in distributed sensor networks which
provide perspectives in understanding certain fundamental issues
in WSN, as well as motivate many exciting real life applications.
In the first part, we propose a simple, distributed and parallel
sorting algorithm in single-channel, multihop, lattice sensor
networks that has a time complexity of O(

√
n) and an energy

complexity of O(n
√

n). In the sequel, we consider the sorting
problem under a generalized framework of geometric random
graphs and show that finding a time and/or energy optimal
distributed sorting algorithm is NP-hard. Finally, we prove the
existence of a randomized sorting algorithm under the generic
setup.

I. I NTRODUCTION

Sorting is a fundamental problem in computer science that
has been analyzed in great details over the years. We see the
value of addressing this problem in distributed sensor networks
from two perspectives. Firstly, distributed sorting being a
collaborative process, analyzing it for sensor networks will
allow us to understand certain fundamental issues. When nodes
collaborate to solve certain problems in a distributed manner,
under settings like sorting, we will be able to understand
many design issues and limitations, and also find approaches
to solve them efficiently. At the same time, we will be able to
explore the interaction between formation of networks, which
we model as a graph, synchrony and asynchrony in media
access protocol, broadcast nature of communication, routing
and flow of data. The second perspective to the problem comes
from certain application requirements. Since in wireless sensor
networks, nodes collect data samples from the environment,
many of which might be erroneous, and hence, they are often
needed to be sorted in order to filter out extreme values. Some
of the applications require ranking of sensor nodes based on
specific metrices. For example, the nodes might be ranked
according to their residual battery power, so that accordingly
they can adjust their transmission ranges to optimize power
consumption. In some other application scenarios, it is not
only necessary for each sensor node to know its own rank, but
also to have the knowledge which of its neighboring nodes

are ranked higher or lower than itself. Another example is
target tracking with sensor networks, where many sensors
near the target will get activated in the presence of a target
and all of them will perform the detection. However, since
the data or the measurement in those nodes will be spatio-
temporally correlated, it would make sense to quantitatively
evaluate such measurements and assign a value according the
merit of the data. Such a merit could be based on information
theoretic measures, like mutual information content between
sensor values. Once the measurements are assigned values,
the aggeration mechanism may just need to rank and sort the
values so that they could be aggregated meeting the objective.

To our knowledge, the sorting problem in sensor networks
or similar broadcast networks, like packet radio networks
(PRN), so far has been considered under restricted scenarios.
In [1], Bordim et. al proposed a sorting algorithm, which uses
basic operations of comparing either in rows or columns and
a variant of merge sort to sortn data elements placed in
n sensor nodes arranged in a two-dimensional grid of size√

n×√n in O(r
√

n) time slots, forr <
√

n, wherer is the
transmission radius. For such short transmission ranges, this
time complexity matches with that of the optimal algorithm
proposed by Nassimi and Sahni in [2], which is an adaptation
of bitonic sort. The authors in [2] had shown that on a mesh
connected parallel computer,n2 elements can be sorted in
O(n) time. However, for large transmission ranges (r ≈ √

n)
since the number of nodes that can transmit simultaneously
decreases to avoid interference, Bordim’s algorithm can take
as much asO(r2) time slots.

Singh et. al in [3] emulated some of the optimal and
distributed parallel algorithms in two-dimensional grid sensor
networks and showed that an energy balanced ranking algo-
rithm would takeO(r2 +

√
n/r) time with overall energy

dissipation O(nr2). They also demonstrated that using a
clustering approach bitonic sort can be implemented on a
two dimensional grid of size

√
n×√n with time complexity

O(r2 + r
√

n) and with energy complexityO(nr2 + rn
√

n),
which conform to the results as obtained in [1]. The same
authors in [3] presented an energy-optimal algorithm for
sorting in a single-hop single-channel sensor network and
showed that their algorithm can sortn randomly distributed



sensors inO(n log n) time and energy, with no sensor being
awake for more thanO(log n) time steps.

However, all the afore-mentioned works have considered the
ranking and sorting problems under very restricted scenarios,
either by assuming a single-hop sensor network or by imposing
a grid structure on a sensor network. It should be noted that
a single-hop WSN is of little practical importance because
in most of the real world deployments, there will be multi-
hop WSN to be considered. Similarly, grid structures imposed
on sensor networks restrict the feasibility of the algorithms
in practical applications, because of the fact that most sensor
networks are formed by ad hoc random deployment of nodes
rather than following any geometric structure. In this paper,
we consider the sorting problem in a more generic setup
and assume comparison-only algorithms. We also observe
that the efficiency of the ranking and sorting algorithms is
dependent on the transmission radii of the sensor nodes. A
large transmission radius reduces the network diameter but at
the same time, results in higher energy dissipation and reduces
the number of nodes that can transmit or receive concurrently
because of interference.

The rest of the paper is organized as follows. In section II
we formally introduce the model and the problem statement for
describing a simple, distributed and parallel sorting algorithm
under the restricted scenario of single-channel grid sensor
network. Next, in section III we formulate the sorting/ranking
problem under the generic setup of random deployment and
show that finding a time and/or energy optimal distributed
sorting algorithm is NP-hard. We also prove the existence of
a schedule of exponential length that allows all the sensor
nodes to transmit atleast once with very high probability.

II. RESTRICTED: GRID-BASED, SINGLE-CHANNEL WSN

A. Problem statement

In this section, we consider the sorting problem on a WSN
under a restricted scenario, where nodes are arranged in the
form of a two-dimensional grid and there exists a single
channel for communication. Letn be the total number of nodes
placed on a grid of sizer× c, wherer is the number of rows
andc is the number of colums. Each node has a data element
and a unique identifier stored in it. Let us also associate a
virtual identifierij, with each node, depending on its position
in the grid. Identifierij uniquely determines a node placed on
row i and columnj, where1 ≤ i ≤ r and 1 ≤ j ≤ c. Let
us denote the value stored in nodeij by vij . The goal of the
sorting algorithm is to redistribute the data among the nodes,
such that at the end of the algorithm the following criteria
holds.

1) wheni is odd:

• vi(j+1) ≥ vij , for 1 ≤ j < c
• v(i+1)c ≥ vic, for 1 < i < r
• v(i−1)1 ≤ vi1, for 1 < i ≤ r

2) wheni is even:

• vi(j+1) ≤ vij , for 1 ≤ j < c
• v(i+1)1 ≥ vi1, for 1 < i < r

(b)
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Fig. 1. (a) Row-major snake-like pattern, (b) Communication radius

• v(i−1)c ≤ vic, for 1 < i ≤ r

The above two sets of criteriaA andB sorts the data in a
row-major snake-like pattern as illustrated in Fig. 1 (a). We
also make the following assumptions:

1) The distance of separation between any two consecutive
nodes is the same,r.

2) All the nodes have uniform communication radius,r.
3) A node s can communicate only with the nodes that

are located within a distancer from it, i.e., it cannot
communicate with another nodes′ (Fig. 1 (b)) that is
diagonally located with respect to its own position.

B. Algorithm

The algorithm is iterative. Each iteration consists of four
steps and in each step, a number of nodes group together
and perform localized sorting among themselves. The possible
number of nodes in a group can either be one, two or four.
In the following, we describe the four steps illustrating the
scenario with16 nodes arranged in a4× 4 grid.

1) Step 1:In the first step, groups of four nodes are formed
as shown in Fig. 2 (a). The top-left nodes (darkened in the
figure) in each group act as leaders, in the sense that all other
nodes within a group transmit their data to this node. The
arrows shown in the figure signify local broadcasts within
a group. For each group, it takes five local broadcasts to
complete the following three steps:

• all the member nodes’ data reach the leader
• the leader sorts the data locally
• the leader transmits the sorted data back to the member

nodes.

These five local broadcasts will take4 time slots because
two of the broadcasts can happen parallely (arrows marked as
1 in the figure). Time required for the leader to sort the four
values is6 time slots (it takes6 comparisons in the worst case
to sort 4 values). Thus, the total time taken for all the three
steps to happen is10 time slots. Note that, the local broadcasts
in all the groups will take place in parallel. Hence, total time
taken for step 1 to complete is10 time slots.

2) Step 2: In this step, the groups will shift one column
towards right from step 1, as illustrated in Fig. 2 (b) and
the same process, as described in step 1, will continue. Here,
groups of two nodes are formed in the first and last columns
of the grid, whenc is even andc > 2. On the other hand,
when c is odd andc > 1, groups of two nodes are formed
only in the first column. Time slots required to complete this
step is also10, because it esentially follows the same three
steps as described in step 1.
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Fig. 2. (a) Step 1, (b) Step 2, (c) Step 3, (d) Step 4

3) Step 3: In the third step, the groups will shift one row
towards down from step 1, as shown in Fig. 2 (c) and then
the same process follows. Groups of two nodes are formed in
the first and last rows, whenr is even andr > 2, where as
groups of two nodes are formed only in the first row whenr
is odd andr > 1. Time slots required to complete this step is
again10.

4) Step 4:This step is similar to step 2, where the groups
are shifted one column towards right from step 3 and the same
process of localized broadcast and sorting continues. Time
required to complete this step is10 slots.

The leader node preserves the previous iteration data of
all the members in its group. Each of the members preserves
its one-iteration data during its assosiation with four different
groups. The members will transmit the data to its leader only
when there is a change from the previous value, except for
the first time. The leader will understand that a node’s value
has not changed after the last iteration if the node does not
transmit, and the leader proceeds with comparison with the
previous data. If there is no change in the values for all the
members they, as well as the leader do not transmit as the
group is already sorted. But, if there is a change in leader’s
own data, it compares its data with the previous data of
its three member nodes and broadcast the sorted data. The
network is sorted, if all the groups are settled without any
transmission and reception.

C. Complexity Analysis

Consideringr rows andc columns we provide the following
analysis of the algorithm. We use the following notations:
ttr is the time required for one transmission,tc is the time
required for one comparison,Etr is the energy spent during
one transmission andErcv is the energy spent during one
reception.

1) Step 1: It will have
(⌊

r
2

⌋⌊
c
2

⌋)
groups of2 × 2 nodes

formed, and
(
r − 2

⌊
r
2

⌋)
+

(
c− 2

⌊
c
2

⌋)
groups of 2 nodes

formed. Since sorting in this step requires4 time slots for
5 local broadcasts and6 time slots by the leader node for
6 comparisons, time complexity of step 1 will be4ttr +

6tc. The energy used will be
(⌊

r
2

⌋⌊
c
2

⌋)
[5Etr + 6Ercv] +(

r − 2
⌊

r
2

⌋)
[Etr + Ercv] +

(
c− 2

⌊
c
2

⌋)
[Etr + Ercv].

2) Step 2: It will have
(⌊

r−1
2

⌋⌊
c
2

⌋)
groups of 2 × 2

nodes formed, and
(
r − 2

⌊
r−1
2

⌋)
+

(
c− 2

⌊
c
2

⌋)
groups of

2 nodes formed. Since sorting in this step will also re-
quire 5 transmissions and6 comparisons, time complexity
of step 2 will be 4ttr + 6tc. The energy used will be(⌊

r−1
2

⌋⌊
c
2

⌋)
[5Etr + 6Ercv] +

(
r − 2

⌊
r−1
2

⌋)
[Etr + Ercv] +(

c− 2
⌊

c
2

⌋)
[Etr + Ercv].

3) Step 3: It will have
(⌊

r
2

⌋⌊
c−1
2

⌋)
groups of2× 2 nodes

formed, and
(
r − 2

⌊
r
2

⌋)
+

(
c− 2

⌊
c−1
2

⌋)
groups of2 nodes

formed. Since sorting in this step requires5 transmissions and
6 comparisons, time complexity of this step will be4ttr +
6tc. The energy used will be

(⌊
r
2

⌋⌊
c−1
2

⌋)
[5Etr + 6Ercv] +(

r − 2
⌊

r
2

⌋)
[Etr + Ercv] +

(
c− 2

⌊
c−1
2

⌋)
[Etr + Ercv].

4) Step 4: It will have
(⌊

r
4

⌋⌊
c
4

⌋)
groups of2 × 2 nodes

formed, and4
(⌊

r
4

⌋⌊
c
4

⌋)
+

(
r − 4

⌊
r
4

⌋)
+

(
c− 4

⌊
c
4

⌋)
groups of

2 nodes formed. Since sorting in this step requires5 transmis-
sions and6 comparisons, time complexity of step 4 will be
4ttr+6tc. The energy used will be

(⌊
r
4

⌋⌊
c
4

⌋)
[5Etr + 6Ercv]+(

4
(⌊

r
4

⌋⌊
c
4

⌋)
+

(
r − 4

⌊
r
4

⌋)
+

(
c− 4

⌊
c
4

⌋))
[Etr + Ercv].

D. Total time and energy complexity

Summing up the total number of transmissions and com-
parisons, the total time for each iteration will beT =
(16ttr + 24tc), and the total energy spent will beE =
O (⌊

r
2

⌋⌊
c
2

⌋)
, as we can observe that

(⌊
r
2

⌋⌊
c
2

⌋)
is the largest

term in total energy calculation. Now, consider Fig. 3 (b),
where we show the movement of a data element (dark-
ened circle) from the right-bottom most position. If the data
elements on the left and above this are all smaller, then
over the first iteration this data will not move. However,
from the second iteration and on each iteration thereafter,
it will move atleast by 2 columns left and2 rows up-
wards. This way the worst number of iterations will be

1 +
√(⌊

r
2

⌋)2 +
(⌊

c
2

⌋)2
. Thus, toral time required for execu-

tion will be T =
(

1 +
√(⌊

r
2

⌋)2 +
(⌊

c
2

⌋)2
)

(16ttr + 24tc) .

For the case of square gridr = c =
√

n, we will have
T =

(
1 +

√
2

⌊√
n

2

⌋)
(16ttr + 24tc) ∼= O (

√
n) , while en-

ergy will be E = O (⌊
r
2

⌋⌊
c
2

⌋) (
1 +

√(⌊
r
2

⌋)2 +
(⌊

c
2

⌋)2
)

=

O (n
√

n) .

III. G ENERIC: RANDOM DEPLOYMENT, SINGLE-CHANNEL

WSN

A. Framework

In this section, we formulate the ranking and sorting prob-
lems under a generic setup of distributed sensor networks. We
consider a network ofn sensor nodes distributed randomly
on a two-dimensional plane and assume that each node has a
unique identifier, each of which could be taken from an index
setI. Thus, ifS is the set ofn sensor nodes, then each node is
indexed by an element of the index set, and the set of sensor



identifiers is indicated bySI = {si | ∀ i ∈ I}. An ordering of
these nodes is thus a permutation on this set indicated as:

Sπ(I) =
{
sπ(i) | ∀ i ∈ I, i = 1, ..., n

}

We assume that all the nodes transmit at the same power
P , using an omnidirectional antenna and has a uniform com-
munication radiusr, satisfyingPr = P/rα, where2 ≤ α ≤ 5
depending on environmental parameters andPr is the received
power at a distancer from the node. For a pair of nodes
u, v ∈ S, if the Eucledian distance between them‖u− v‖ ≤ r,
then there exists a bi-directional link betweenu andv. Thus,
we model the sensor network as an undirected geometric
random graph,G = (V, E), where the vertex setV is the
set of sensor nodesS and the edge setE is generated by the
communication radius, such that ifu, v ∈ S, u 6= v then

euv =
{

1, ‖u− v‖ ≤ r
0, otherwise,

and euv ∈ E if and only if euv = 1. We further assume
that by a proper selection ofP , the network generated is
one-connected, i.e., between any pair of nodes there exists
a single hop or a multihop communication path. We provide
the following definition for a node’s neighborhood.

DEFINITION 3.1: Neighborhood:For a nodeu, we define
its one-hop neighborhood as the set of nodesS1

u, with which
u is able to communicate directly in a single hop, and its two-
hop neighborhood as the set of nodesS2

u, with whichu is able
to communicate either in a single hop or in two hops. Thus,

S1
u = {v | euv ∈ E, u 6= v} ; S2

u =
{
S1

u ∪∀v∈S1
u

S1
v

}

Each node has knowledge only about its one-hop neighbor-
hood, no other global picture is assumed.

Every sensor node observes and measures certain physical
quantity of interest, which could be temperature, pressure,
humidity, chemical contamination or acoustic energy dessimi-
nated by a moving vehicle. Let us denote the measurement of
a nodeu as mu. A ranking problem for such a network can
now be defined as a set orderingπ on SI , which generates
Sπ(I) such that if two nodesu, v ∈ S have measurements
mu andmv respectively, andmu ≥ mv, thensπ(u) ≥ sπ(v),
where sπ(u), sπ(v) ∈ SI , and we call this a non-decreasing
order. Similarly, a non-increasing ordering can be defined as
an ordering that ensuressπ(u) ≤ sπ(v), whenmu ≤ mv. We
assume that ranking is performed on a snapshot of the network
and measurement does not change during the ranking process.
Note that, this global ordering is generated on the identifier
setSI , and hence, hold the following properties.

1) Only an ordering of the identifiers is generated and thus
one can query the network with identifier and get the
sorted values.

2) The measurement of a node has not changed due to
ranking, only an ordering is created.

Next, we define the notions of connectivity matrix, interference
graph, feasability matrix and feasable transmission set for

framing the sorting problem in sensor networks and proving
it to be NP-hard.

DEFINITION 3.2: Connectivity Matrix (C): We represent
the sensor network graphG = (V, E) in the form of a
n× n symmetric matrix, called the Connectivity MatrixC =
(cij); i, j = 1, ..., n, wheren = |V | and

cij =
{

1, eij ∈ E & i 6= j
0, otherwise.

The notion of interference graph comes from the hidden
terminal problem that occurs because of the broadcast nature
of communication in sensor networks. A node with a single
antenna can receive data from only one of its neighbors at a
particular time instant. Hence, hidden terminal problem arises
when two nodes, which are not in each other’s neighborhood,
transmit data to the same node, which is a common neighbor
to both of them, at the same time instant. Thus, when a nodeu
is transmitting to one of its neighborsv, no other node within
the two hop neighborhood (S2

u) of u should transmit tov at
the same time.

DEFINITION 3.3: Interference Graph (GI ): The Interfer-
ence Graph is defined as the augmented graphGI = (VI , EI)
on G = (V, E), such that the set of verticesVI consists of all
the sensor nodes and set of edgesEI consists of all the edges
in the original graphG as well as, the new edges between
every node and its two hop neighbors. Thus,

VI = V ; & EI = E
⋃

∀(u∈VI ,v∈S2
u,v /∈S1

u)

euv.

DEFINITION 3.4: Simultaneous Transmission Feasability
Matrix (F ): We represent a ”complimentary”n×n symmetric
matrix F = (fij); i, j = 1, ..., n, with respect to the
interference graphGI , such thatn = |VI | and

fij =
{

1, eij /∈ EI & i 6= j
0, otherwise.

Note that,fij = fji for this matrix and indicates that iffij =
fji = 1, then bothi andj can transmit at the same time instant
without collision. Each of the column vectors ofF is called
a feasable transmission set, denoted byτ = (ti); i = 1, ..., n,
and ti = 1 signifies that nodei can transmit without causing
collision.
Each step of execution of a ranking or sorting algorithm will
consist of several such feasable transmission sets. Thus, we
can express the execution of a ranking or sorting algorithm
with a n × p matrix T , each column of which represents
a feasable transmission setτj , j = 1, ..., p. We make the
following observations.

1) The value ofp is not necessarily polynomially bounded
in the number of nodes,n. The optimal ranking or
sorting algorithm will have the minimum value ofp.

2) For a nodei to participate in the ranking or sorting
algorithm the condition

∑p
j=1 tij ≥ 1, must hold.



B. Complexity of the sorting or ranking algorithm

In this section, we analyze the complexity of the ranking
or sorting algorithm that has been formulated in the previous
section as an ordering ofp feasible transmission sets.

1) Problem Instance: SORT-WSN:Given are the following:

• A WSN G = (V, E),
• A function m : V −→ Z+,
• An ordering functionπ : V −→ V , such that∀ i, j ∈ V ,

π(v) satisfies that∀ π(i), π(j) ∈ π(v), the ranks are
ordered, i.e.,mi ≤ mj ,

• A positive integerk,
• A N × M matrix T , where each column is a column

vector~ti - a feasible transmission set.

2) Question: Is there an arrangement of the feasible trans-
mission set vectors~ti to constructT such thati ≤ k andπ(v)
is achieved?

Theorem 3.5:Sorting in WSN under the generic framework
described in section III-A is NP-hard.

Proof: It is easy to see that the sorting problem is in
NP, because given aN × M schedule it is easy to verify
in polynomial time whether this constructs a collision-free
schedule whose length is smaller thank, and whether this
leads to a sorted arrangemenrs of the values in the network.

Next, it is known that the Graph Colorability problem (GC)
is in NP and also it is NP-Complete. Thus, it follows that
the colorability problem of the interference graph as defined
in section 3.3, can be Turing reducible to formation of one
round feasible schedule, such that in that round every node
gets a chance to transmit, i.e.,

However,M is not polynomially bounded in the number of
inputsN for the sorting problem and hence, for any problem
A in NP, SORT-WSNA. That is, a polynomial time reduction
(Karp Reduction) cannot be shown to any problem in NP from
SORT-WSN. Hence, SORT-WSN is NP-hard.

C. A Randomized Algorithm for SORT-WSN

Having proved that the problem SORT-WSN is NP-hard,
we now describe a randomized sorting algorithm that proves
the existence of a schedule of exponential length. We consider
GI(n, p) as an interference graph of a WSN graphG with n
nodes, where each interference edge inGI has been included
between every pair of nodes inG with probability p; i.e.,
∀ u, v ∈ G, Pr[(u, v) ∈ EI ] = p.

We define each feasible transmission set be generated over
[0, 1]n, as a stringR. Imagine that someone tosses a fair coin
n times to generate a feasible set and include nodei in the
set to transmit iff the outcome of theith coin toss is1, i.e.,
Ri = 1.

Theorem 3.6:For everyGI(n, p), there exists a schedule
that allows almost all nodes to transmit once, and isenp long.

Proof: We assign a random variableXi with eachith

node’s inclusion to a feasible transmission set, such that:

Xi =
{

1, node i can transmit without collision & Ri = 1
0, otherwise.

0 

200 

400 

600 

800 

1000 

1200 

0  500  1000  1500 

number of nodes (in 10 
3 
) 

n
u

m
b

e
r 

o
f 

it
e
ra

ti
o

n
s
(1

-4
 s

te
p

s
) 



O(     ) 

Experimental 

n 

c 

r 

(a) (b)

Fig. 3. (a) Simulation results for
√

n×√n lattice networks forn = 22 to
n = 10242 (b) Worst case movement.

and X =
∑n

i=1 Xi, indicating how many node feasibly
get scheduled in one such time interval. ClearlyE(X) =
E(

∑n
i=1 Xi) =

∑n
i=1 E(Xi). Now E(Xi) = Pr[Xi = 1]

=
∏
∀j∈n,j 6=i Pr[(i, j)EI ∩ Rj = 1] = (p/4)n−1. Thus,

E(X) = n(p/4)n−1 ≥ ne−n(1−p/4). Now, if we perform
this process of random feasible schedule creation form times
and assign a random variableY =

∑m
i=1 Xi, then E(Y ) =∑m

i=1 E(Xi) = mne−n(1−p/4). SincePr[X > E(Y )] > 0,
we claim that this process will create a schedule where atleast
mne−n(1−p/4) nodes will get a chance to transmit atleast once.

IV. SIMULATION AND RESULTS

We used MATLAB to simulate the sorting algorithm pre-
sented in II. In our simulation, we considered square grids
of sizes2 × 2, 4 × 4 and so on upto1024 × 1024, which
means we simulated a network with maximum220 nodes. In
every run with more than16 × 16 nodes, we conducted the
experiments1000 times and plotted the number of iterations
in the worst case, required for the network to get sorted. We
also plotted the graph for

√
n and found out that the worst

case time complexity is close to
√

n, neglecting the constant
factors. The graphs are shown in Fig. 3 (a).

V. CONCLUSIONS

In this paper, we proposed a simple, parallel and localized
sorting algorithm for WSN that runs in time complexity
O(
√

n). We also formally presented the sorting/ranking prob-
lem under the generic setup of single-channel random deploy-
ment of nodes and proved that finding an optimal schedule
is NP-hard. Lastly, we proved the existence of a randomized
sorting algorithm under the generic setup. In our future work,
we plan to extend the localized algorithm for the generic setup
and to provide theoretic bounds of sorting/ranking problem in
WSN.
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