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Abstract

Wireless sensor networks

A wireless sensor network (WSN) consists of a huge number of sensor nodes that are inadequate in energy, storage
and processing power. One of the major tasks of the sensor nodes is the collection of data and forwarding the
gathered data to the base station (BS). Hence, the network lifetime becomes the major criteria for effective design
of the data gathering schemes in WSN. In this paper, an energy-efficient LEACH (EE-LEACH) Protocol for data
gathering is introduced. It offers an energy-efficient routing in WSN based on the effective data ensemble and
optimal clustering. In this system, a cluster head is elected for each clusters to minimize the energy dissipation of
the sensor nodes and to optimize the resource utilization. The energy-efficient routing can be obtained by nodes
which have the maximum residual energy. Hence, the highest residual energy nodes are selected to forward the
data to BS. It helps to provide better packet delivery ratio with lesser energy utilization. The experimental results
shows that the proposed EE-LEACH vyields better performance than the existing energy-balanced routing protocol
(EBRP) and LEACH Protocol in terms of better packet delivery ratio, lesser end-to-end delay and energy consumption.
It is obviously proves that the proposed EE-LEACH can improve the network lifetime.

Keywords: Clustering; Cluster head; Energy-efficient routing; Low energy adaptive clustering hierarchy (LEACH);

1 Introduction

A wireless sensor network (WSN) consists of a large
number of small-sensor nodes used to monitor areas,
collect and report data to the base station (BS). Due to
the accomplishment in low-power digital circuit and
wireless transmission, most of the applications of WSN
are implemented and used in military applications, ob-
ject tracking, habitat monitoring. A typical WSN is com-
posed of a huge number of sensor nodes, which are
randomly disseminated over the network. The signals
are picked by all types of sensors and the data acquiring
unit, processing and transmitting them into a node
called sink node. The sink node requests for the sensor
information by forwarding a query throughout the net-
work. When the node discovers the data matching the
query, the response message is routed back to the sink
node. The energy conservation of the network can be
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minimized by allowing the porting of the nodes called
cluster heads. The data gathered from the nodes are ag-
gregated and compressed by the cluster heads. After
that, the aggregated data is forwarded to the BS, but it
has some problems. The major problem is energy con-
sumption and it is concentrated on the cluster heads. In
order to resolve this issue, the cluster routing is used to
distribute the energy consumption with the cluster
heads.

Data gathering is an efficient method for conserving
energy in sensor networks. The major purpose of data
gathering is to remove the redundant data and save
transmission energy [1-3]. A data-gathering algorithm
includes some aggregation methods to minimize the
data traffic. It reduces the number of message exchange
among the nodes and BS. The performance of data gath-
ering in WSN can be characterized based on the rate at
which the sensing information can be gathered and
transmitted to the BS (or sink node). In particular, the
speculative measure to capture the demerits of collec-
tion processing in WSN is the capacity for many-to-one
data collection. Data-gathering capacity reflects how
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efficient the sink can gather sensing data from all sen-
sors under the presence of interference. Performing the
data-gathering function over CH still causes significant
energy wastage. In case of homogenous sensor networks,
CH will soon die and re-clustering needs to be initiated.
It causes higher energy consumption.

In this paper, an energy-efficient LEACH Protocol is
introduced. The proposed method focuses on defining
an energy-efficient routing based on low energy adaptive
clustering hierarchy (LEACH) clustering and optimal
cluster head (CH) selection. The Gaussian distribution
model is incorporated for the node deployment. The
data are forwarded from the different sources to the BS
based on the energy-efficient routing strategy. The rest
of the paper is organized as follows. Section 2 presents a
description about the previous research which is relevant
to energy-efficient data-gathering approaches. Section 3
describes the proposed energy-efficient LEACH (EE-
LEACH) Protocol. Section 4 presents the results and
discussion. Section 5 discusses about the conclusions
and future work.

2 Related works
Many research activities have been carried out on the
area of energy-efficient data gathering in WSN, since the
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basic task of the WSN is to effectively collect the data
with lesser resource consumption. Most of the data-
gathering algorithms are aimed to minimize the energy
consumption problem.

LEACH is a hierarchical protocol, in which the node
details are handled by CHs [4,5]. The CHs gather the
data and compress them and forward to the base station
(sink). Every node uses the stochastic algorithm to find
out the CH. Figure 1 shows the architecture of the
standard LEACH Protocol. During the setup phase, each
node creates a random number between 0 and 1. If the
random number is smaller than the threshold value,
then the node becomes a CH for the present round. The
threshold value is calculated based on the following
equation:
P fseq
1-p (r mod —) (1)

b
0 Otherwise

K(s) =

Here, p is the desired percentage of CH, r denotes the
count of present round, and G is the group of sensor
nodes that are not CHs in the previous 1/p rounds. The
schematic structure of the proposed LEACH Protocol is
shown in Figure 1.

@ Cluster Head
Source Node
(O Sensor Nodes

Figure 1 Schematic structure of the LEACH Protocol.
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The drawbacks of this protocol are as follows:

e A sensor node is selected as the CH-using distributed
probabilistic approach, whereas the non- cluster
nodes calculate which cluster to join based on the
signal strength. This approach assures lower message
overhead, but cannot assure that CHs are uniformly
distributed over the network. The entire network is
divided into clusters and load imbalance among the
CHs may lead to minimum network lifetime.

e It is assumed that all nodes are isomorphic and all
nodes have similar amount of energy capacity in
each election round. Such a supposition is
impractical in most application circumstances.
Hence, LEACH should be enhanced to report for
node heterogeneity.

e LEACH involves source nodes to send data to CHs
directly. However, if the CH is extremely far away
from the source nodes, they might expend excessive
energy in data transmission. Further, LEACH
requires CHs to transfer their aggregated data to the
sink node over a single-hop link. Nevertheless,
single-hop transmission may be quite costly when
the sink appears far away from the CHs.

e LEACH also holds an assumption that all sensor
nodes have sufficient power to reach the sink node if
necessary, which might be resistant for energy-
constrained sensor nodes.

Yao et al. introduced an energy-efficient, delay-aware
and lifetime-balancing data collection protocol for WSN.
This method proposed both a centralized heuristic to
make the algorithm scalable for huge-scale network op-
erations [6]. Han et al. suggested an algorithm for data
communication in duty cycle WSNs. The authors in [7]
survey the research problem to reveal the insights into
problems of duty cycled WSNs. Liu et al. presented a
compressed data aggregation for energy-efficient WSNs.
The authors in [8] aimed to reduce the energy consump-
tion with the help of joint routing and compressed
aggregation. The optimal solution was characterized to
this optimization problem, which has proven the NP-
completeness. Moreover, a mixed-integer programming
formulation with the greedy heuristic approach was pro-
posed for both the optimal and near-optimal aggregation
trees to be obtained.

Chilamkurti et al. formulated a cross layer support
for energy-efficient routing in WSNs. It was extended
with the dynamic source routing (DSR) to increase its
routing energy efficiency by reducing the frequency of
recomputed routes. It enables DSR to initiate a route
discovery only when link failure occurs [9]. Guiyi et al.
presented a prediction-based data aggregation in WSN.
It combines the concept of grey model and Kalman
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filter by integrating the quality of a grey model in quick
modeling with the benefit of the Kalman filter in pro-
cessing data series noise [10]. Liu et al. designed a com-
pressive data collection for WSN. Liu et al. [11] adopt a
power-law decaying-data model verified by real datasets
and proposed a random projection-based estimation al-
gorithm for this data model. This method needs only
fewer measurements, which reduces the number of
sensor readings for each measurement. It minimizes
the energy consumption without much control and
computation overheads.

Zhu et al. presented an energy-efficient data-gathering
algorithm to improve the network lifetime. A data gath-
ering sequence (DGS) was used to eliminate the mutual
transmission and loop transmission between the nodes.
Also, a mathematical programming model was used to
compute the minimal remaining energy and total con-
sumption of energy among the nodes. Later, a genetic al-
gorithm was applied to identify the optimal solution for
the programming problem [1]. Dhilip et al. proposed an
energy-efficient clustering and data aggregation protocol
for the heterogeneous WSN. This protocol was designed
based on the ideas of data aggregation on energy-
efficient cluster-based routing. The cluster head election
technique was used, and the routing path was selected
based upon the sum of residual energy used for data
transmission [12]. Wei et al. introduced an energy-
efficient clustering solution for WSN. A distributed clus-
tering algorithm was used to calculate the appropriate
cluster size. It was determined based on the hop distance
from the source to sink. An energy-efficient multi hop
data-gathering protocol was applied to validate the ef-
fectiveness of the cluster and calculate the end-to-end
delay [13].

Xiang et al. proposed an energy-efficient clustering al-
gorithm to maximize the lifetime. The clustering algo-
rithm with optimum parameters was used to reduce the
energy conservation among the nodes. An analytical
clustering with one hop distance and clustering angle
was used. Moreover, the optimal one hop distance and
clustering angle were conveyed by reducing the energy
consumption between inter and intracluster. For each
cluster, the continuous procedure gets repeated until the
optimum number of clusters were obtained. It reduces
the frequency of updating the cluster head and signifi-
cantly reduces energy to establish a cluster head [14].
Fengyuan et al. formulated an energy-balanced routing
protocol for data gathering. Enhanced mechanisms were
used to identify and eliminate the loops [15]. Dervis
et al. utilized an artificial bee colony algorithm for
energy-efficient clustering. The artificial bee colony algo-
rithm was used to prolong the lifetime of the sensor
nodes and the network [16]. Yuea et al. discussed about
the balanced cluster-based data aggregation algorithm.
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The sensor network was divided into rectangular grids.
For each grid, the cluster head was elected to manage
the nodes and balance the load among the sensors [17].

Rout et al. introduced an adaptive data aggregation
mechanism based on network coding. Here, the group
of nodes act as network coder nodes and the remaining
nodes were used for relaying purpose. The network
coder nodes were sometimes used as aggregation points
based on the measure of the data correlation [18]. Hui
et al. formulated an exact and heuristic algorithm for
data gathering. The data-gathering algorithm was based
on the cluster-based approach. A mixed-integer linear-
programming model was used to calculate the BS and
CH position and also the data flow in the network area.
This method utilizes both the energy and position of
the sensor for selecting the CH. Hence, it avoids the
highest energy consumption. The benders decompos-
ition was incorporated into the upper bound heuristics
algorithm [19]. Mathapati et al. designed an energy-
efficient reliable data aggregation approach. Clustering
approach was used to group the node into clusters. A
coordinate node was elected to monitor the cluster
nodes. The CH was elected based upon the energy level
and the distance from the node to the coordinate node.
The messages were gathered by CH and forwarded to
the BS [20].

Sheu et al. discussed an efficient path planning and
data-gathering protocols in WSN. Here, an infrastructure-
based data-gathering protocol and distributed data-
gathering protocols were introduced to plan the
data-gathering route for a BS. Also, k-hop approach
was used to limit the number of hops for routing the
data to a mobile sink [21]. Ebrahimi et al. proposed a
compressive data-gathering approach based on the ran-
dom projection. The compressive data gathering im-
proves the energy efficiency among the sensors. The
random projection was integrated with the compressive
data gathering in order to enhance the energy con-
sumption and load throughout the network. A mini-
mum spanning tree projection was used to randomly
select the projection nodes [22]. Min et al. proposed an
approximate data-gathering approach called EDGES. It
utilizes the temporal and spatial correlations. The
multiple-model Kalman filter was used to predict the
future values based on the previous single-sensor read-
ing. A redistribution model was used to distribute the
energy consumption of CH based on the spatial cor-
relation [23]. Jin et al. presented an adaptive data-
gathering mechanism based on compressive sensing.
Here, an autoregressive model was used in the recon-
struction of the sensed data. The local correlation
among the sensed data was included, and hence, local
adaptive sparsity was obtained. The sink had recov-
ered the data based on the successive reconstructions.
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The measurements were modified based on the variation
of the sensed data. An abnormal readings detection and
identification methods were incorporated based on the
combinational sparsity reconstruction [24].

Song et al. proposed a biology-based algorithm to
minimal exposure problem (MEP) of WSNs. It ex-
plores the biological model of physarum to formulate
a biology-inspired optimization algorithm. The MEP
with the related models was formulated, and then, it
was converted into a Steiner problem through dis-
cretizing the monitoring domain [25]. Liu et al. pre-
sented a physarum optimization method. It was a
biology-inspired algorithm for the Steiner tree prob-
lem. A cellular computing model was exploited to
solve the Steiner problem [26]. Li et al. designed an
opportunistic feeding and routing protocol for reli-
able multicasting with network coding [27]. Zeng
et al. proposed a directional routing and scheduling
for green vehicular delay tolerant networks. It solves
the routing and scheduling problem as a learning
process through geographic routing and flow control
toward the optimal direction. A hybrid method with
forwarding and replication was presented to speed
up the learning process according to the traffic
pattern [28].

3 Proposed method - EE-LEACH: energy-efficient
LEACH Protocol

An efficient-energy-aware routing protocol is mandatory
for data gathering. All the sensor nodes have similar signifi-
cance and equal capabilities. This motivates the need for
improving the lifetime of the sensor nodes and sensor net-
work. The objective of the proposed EE-LEACH Protocol
is to reduce the energy consumption and increase the net-
work longevity. Here, Gaussian distribution model is used
for effective coverage of the sensing network area. Also,
conditional probability theorem is used for node aggrega-
tion. The flow of the EE-LEACH Protocol is depicted in
Figure 2.

3.1 Topology construction

Consider a sensor network of N nodes and base station
BS is distributed over an area. The position of the sensor
nodes and the base station are known beforehand. Let
us consider a network in 2D plane with N nodes and it
is deployed on the sensing field by 2D Gaussian distribu-
tion. It is described as:

(m-m;)? n-n;)?
S e’( - (20%>) (2)
2710,,0,

f(m;n)

Where, (m;n;) denotes the deployment point, ¢, and
0, are the standard deviation for m and n dimensions,
respectively. The deployment point is taken as the
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Figure 2 Flow of the proposed EE-LEACH Protocol.
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Each node senses the traffic pattern about its data, and
a BS is responsible for gathering the data periodically.

3.2 Optimal cluster formulation

The formation of clusters in sensor networks highly de-
pends on the time taken to receive the neighbor node
message and the residual energy. The protocol is divided
into rounds, and each round is triggered to find out the
optimal CH. The clusters are formed based on the fol-
lowing steps:

3.2.1 Step 1: neighbor information retrieval
The neighbor node information are sensed by broadcast-
ing the beacon messages throughout the network.

3.2.2 Step 2: perform sorting algorithm

The sorting algorithm is performed to retrieve the list of
all neighbor nodes about its hop distance. The list is
sorted into descending order.

3.2.3 Step 3: candidate for cluster

When its two- hop neighbor node is not enclosed,
analyze all the members of stage 2 one-by-one and
crown any one two-hop neighbor for being as a candi-
date for the cluster.

3.2.4 Step 4: calculate the residual energy of neighbor
nodes

Finally, the sorting algorithm is executed based on the
residual energy of the neighbor nodes.

3.3 CH selection

The computations are based on the following simplifica-
tions: assume that the intracluster transmission stage is
long. Hence all the data nodes can forward the data to
their CH and intercluster transmission is long enough;
hence, all CH having data can forward their data to the
BS. The CH needs to perform the data aggregation and
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compression before forwarding the data to the BS. The
optimal probability of a sensor node is elected as a CH
based on the function of spatial density. The clustering
approach is optimal in the sense that overall energy
utilization is minimum. Such optimal clustering is greatly
dependent on the energy model.

If the signal-to-noise ratio forwards the M bit message
across / distance, then the energy expanded can be de-
fined as:

M*Eg+M*ef*lz if I<ly

4
M*Eg+M*sh*l4ijflzlo )

Er(M,1) = {

Where, E, denotes the energy dissipated per bit, &rand
gy, are the transmission ability and [/ is the distance from
the sender to BS. To retrieve the M bit message, the sys-
tem expends

Er =M.E,.
Moreover, the energy dissipated in the CH is defined as:

ECH: (g—l) *M*Eg-f—/ﬁ*M*ED"‘M*Eg
K

+M * g * l?ss (5)

Here, k is defined as the number of clusters, Ep de-
notes the processing cost for a bit report to the BS,
and /g represents the average distance between the CH
and BS. The energy dissipated for normal nodes is:

Enormﬂl =M x Eg + M * & * lZCH (6)

Where /cy denotes the average distance between the
normal sensor nodes and the CH. Consider that the
nodes are uniformly distributed, which is defined as:

Xmax (Y max
2=l 1) (@ ) # )y
A2
=k @)

p(x,y) is the node distribution. The overall energy dis-
sipated in the network is given as follows:

Eo:M*(Z*n*Eg—i-n*ED—i-(k*lés—&—n*lZCH))
(8)

The optimal probability for a normal node to become
a CH can be calculated based on the following equation:

Kotm
Poym =~ (9)

3.3.1 Benefits for optimal CH election
The selection of CH nodes in the sensor networks can
provide the following three benefits:
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Prolonging network lifetime - In the form of heteroge-
neous networks,

1. the average energy utilization for transmitting the
data from the sensor node to the BS will be much
lesser than the energy utilized for homogenous
networks.

2. Improving reliability of data forwarding - It is generally
known that the links tend to be low reliability. Each
hop significantly minimizes the packet delivery rate. In
heterogeneous nodes, there will be lesser hops between
the nodes and the BS. Hence, the heterogeneous sensor
networks can achieve a much better packet delivery
ratio than the homogenous networks.

3. Decreasing latency for data transmission -
Computational heterogeneity can minimize the
latency in immediate nodes. The heterogeneity
among the links can minimize the waiting time in
the forwarding queue. Choosing lesser hops among
the nodes to BS will reduce the forwarding latency.

3.4 Data aggregation based on data ensemble

A cluster of nodes is replaced with a single node without
changing the underlying joint deployment of the network.
During node aggregation, the data ensemble process also
takes place. It is essential to identify the macro node for
data aggregation. Henceforth, the procedure includes two
steps:

1. Path definition and
2. Pair of combinable nodes.

The conditional probability is applied for the node ag-
gregation process. The conditional probability of the
macro node should be equal to the product of all the
component nodes. Consider the following network in
Figure 3:

If the nodes B, C, and D are combined into a macro
node M, then the condition probability is given by:

Pc(M|A) = P(B, C, D|A) = P(B|A)P(C|A)P(D|B, C)
(10)

The conditional probability of a macro node’s succes-
sor is equivalent to the conditional probability of the
successor given all the component sensor nodes in the
macro node, except the nodes that are not linked dir-
ectly to the successor node. Here, E is the successor and
the above statement is given as:

By aggregating the sensor nodes using the above equa-
tions, the data also gathered for transmission.
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Figure 3 Example network to compute the conditional
probability.
.

3.5 Energy-efficient data routing

After gathering the data from different clusters, the CHs
need to forward the data to the BS. Hence, the forward-
ing nodes are selected based on the highest residual en-
ergy among the nodes. The nodes which are having the
highest energy are selected to forward the data to the
BS. It helps to improve the packet delivery ratio from
the packet loss.

4 Performance analysis

In this section the performance of the proposed EE-
LEACH Protocol is experimented and compared with the
existing energy-balanced routing protocol (EBRP) [15] and
LEACH [4] Protocol. There are 100 nodes deployed in the
100 x 100 m? The efficiency of the proposed system is
evaluated based on the following criteria: throughput, vari-
ance of energy, energy consumption for data aggregation,
average energy utilization, remaining residual energy, end-
to-end delay and packet delivery ratio. Table 1 presents the
simulation parameters. The sensor nodes are randomly

Table 1 Simulation parameters

Parameters Values
Total number of sensor nodes 100
Network size 100100 m
Node distribution Random
Initial energy 2

Base station location (110,45)
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distributed with the initial node energy as 2 J. It is consid-
ered that the position of the BS is (110, 45). If the node’s
energy is equal or less than 0, then the node is considered
as the dead node and it is removed from the data
aggregation.

Throughput is the total number of successfully received
data in a unit time. The maximum stable throughput is
the maximum number of traffic per unit time and it is
measured in bits/second. It can be injected into the net-
work from all the source nodes. Moreover, the size of the
queue at any sensor node is restricted. Generally, it is con-
sidered that all the nodes generate an equivalent quantity
of network traffic. Figure 4 shows the throughput analysis
of the proposed EE-LEACH with the existing EBRP and
LEACH Protocol. From the results, it proves that the pro-
posed system can successfully do the data aggregation
from the sources to BS.

Figure 5 depicts the relationship between the variance
of energy with the varying simulation time for EE-
LEACH with the existing EBRP and LEACH Protocols.
The result shows that the proposed system lesser vari-
ance than the existing protocol.

Figure 6 shows the result for average energy utilization
of the two protocols. It is visually proven that the aver-
age energy utilization is lesser than the existing EBRP
and LEACH Protocols. End-to-end delay is the total
amount of time the system takes to aggregate the data
from the source to BS.

Z(arrive time—send time)

EtoE delay = (12)

E number of connections

Figure 7 shows the end-to-end delay between the EE-
LEACH with EBRP and LEACH Protocols. It shows that
the proposed protocol takes lesser time to aggregate and
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forward the data to BS than the exiting EBRP and
LEACH Protocols.

Packet delivery ratio (PDR) is the ratio of the number
of delivered data to the BS. The greater value of PDR re-
sults in better performance of the system:

ZNumber of packet receive

PDR =
ZNumeber of packet send

(13)

Figure 8 shows the packet delivery ratio of the pro-
posed EE-LEACH with the existing EBRP and LEACH
Protocols. The proposed system results in a greater
packet delivery ratio than the existing protocols.

From the above experimental results, it obviously
proves that the proposed system can perform better than
the existing protocol for data aggregation. Hence, the
objective of the EE-LEACH is achieved.
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Figure 6 Average energy utilization for EE-LEACH with the
existing EBRP and LEACH Protocols.

5 Conclusion and future work

In this paper, an energy-efficient LEACH Protocol is pre-
sented to improve the lifetime of the sensor network.
The coverage probability is derived with respect to the
Gaussian distribution. A sorting algorithm based on the
residual energy of the neighbor nodes is executed to ob-
tain the list of neighbor nodes. Data ensemble also takes
place while aggregating the nodes. Data ensemble can
save considerable energy while the source nodes forming
one cluster are deployed in a relatively small area when
the sink node is far away from the source nodes. An
election weight is determined by taking account of the
concentration degree of SNs and their residual energy
for optimal CH election. The EE-LEACH Protocol re-
sults in a better packet delivery ratio, lesser energy con-
sumption and lesser E2E delay than the EBRP and
LEACH Protocols. The experimental results shows that
the proposed EE-LEACH yields better outcomes than
the existing EBRP and LEACH Protocols.
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Figure 8 Packet delivery ratio for EE-LEACH with the existing
EBRP and LEACH Protocols.
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This paper only focuses on reducing the energy con-
sumption. But it lacks to provide the confidentiality and
integrity of data. We extend this work with the security
concepts, which analyses the traffic flow among the
sensor nodes. Hence, in the future, the proposed EE-
LEACH Protocol is integrated with the security mecha-
nisms to protect the network from security attacks.
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