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ABSTRACT - Wide area observing uses of an Internet of
Things (IoT) associated Wireless Sensor Network (WSN)
comprises of sensor nodes (SNs) with restricted equipment
and energy sources. The dispersed idea of such a network
and the trouble of remote access make it more requesting to
plan an energy effective WSN. Besides, Survey on loT and
Wireless Sensor Network for Mobile Data Sink and long-
reach and low-power wireless network is a test in loT-
associated applications. Present WSN geographies manage
fixed SNs, SN dispersion, and fixed data sink (DS). Most of
the control layer is carried out in the lower various levelled
layer or in a virtual center layer, which decreases the
network lifetime because of unnecessary processing and
data transmission exercises. Numerical models were
inferred for constant clustering utilizing LoRa. Memory
prerequisite and clustering effectiveness of the compelled
SN and DS for different mobility situations were assessed.

Keywords: [Dynamic clustering, lightweight algorithm,
LoRa, Internet of Things, Wireless Sensor Network, mobile
sink.]

1. INTRODUCTION

Wireless sensor network (WSN) faces difficulties
with the increased demand for wider coverage area. Existing
longrange wireless technologies, as LoRa or ZigBee, are yet
to help wide-area coverage in the range of many km because
of the inborn limitations of higher power consumption,
diminished LOS (Line of Sight), and complex network
topology. The satellite-based long-range  wireless
monitoring isn't practical. In this way, there is a chance to
utilize ground-based LoRa wireless link and UAV
(automated airborne vehicle) to expand the coverage area
and remote accessibility. Joining these two technologies to
further develop the coverage further has specialized
difficulties, similar to accessibility, low-energy prerequisite,
and network management. This paper centers to overcome
these difficulties by proposing a continuous clustering
algorithm for a LoRa based network.

Cities

Figure 1.Internet of Things (1oT)

Dissimilar to WSNs with short-range links, in a
long-range  WSN like metropolitan monitoring or
environment monitoring in the mountains, the sensor nodes
(SNs) are often not thickly populated and distributed along
different dimensions. For these sort of wide-area monitoring
applications, SNs might have to move data to the data sink
(DS) or base station (BS) over multiple hops, which isn't
energy efficient, and diminishes the WSN lifetime. SNs in a
wide-area WSN might need adequate wellsprings of energy
and have less accessibility. Thusly, a mobile DS mounted
on the UAV can be presented for the wide-area WSN. The
advantages of utilizing a UAV are that they can be refuelled
or re-energized at the base-station or charging stations
effectively and much of the time. On the other hand,
applications like, smart cultivating with moving SNs
(mounted on animals) may move with practically no
predefined path, where a fixed multihop. Moreover,
contingent upon the applications, every one of the SNs of a
WSN should be of exceptionally low power, particularly
those run by batteries and at remote locations. Energy-
efficient SNs may likewise have restricted processing assets
like memory and processing speed.

2. LITERATURE SURVEY

1. T. M. Behera (2017) et.al proposed Work-In-Progress:
DEEC-VD: Hybrid Energy Utilization Cluster-Based
Routing Protocol for WSN for Application in 10T. The
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Internet of Things (10T) is an integration of the current and
advancing Internet with future organization improvements,
for example, self-configuring abilities and upgraded
network lifetime with appropriate power management to
make a savvy network that can be detected, controlled and
customized. The first is the hardware which is comprised of
sensors, actuators and embedded communication hardware
like Radio Frequency Identification (RFID), Wireless
Sensor Network (WSN), and so on. The second is a
middleware which performs on-demand storage and
computing tools for data examination. Furthermore, the
latter is a presentation of novel and straightforward
visualization and interpretation tools which can be widely
accessed on various stages and which can be designed for
various applications. Due to multi-hop communication,
cluster-based routing protocols become a fundamental stage
in designing any loT organization. Distributed Energy
Efficient Clustering (DEEC) proposed procedure DEEC-VD
not just purposes cluster and active cluster head shaping
with the assistance of vector quantization yet in addition it
utilizes Dijkstra Algorithm to find the shortest way between
the active cluster heads (CHs) to give high energy
utilization. DEEC-V gives the intra - cluster communication
between the cluster head and utilizing Dijkstra's Algorithm,
the base distance is determined connecting the active cluster
heads which make the shortest way results in energy
efficient method. From simulation result, it has been found
that subsequent to executing the proposed method, the
average energy utilization of the organization has increased
to practically 60%.

2. Ni Bin (2018) et.al proposed Research on Methods and
Techniques for 10T Big Data Cluster Analysis. This paper
has conducted top to bottom exploration on IoT big data
clustering analysis methods and technologies, and has
designed and carried out a data collection processing and a
model system in light of clustering analysis algorithm.
Internet of Things alludes to the combination of different
hardware devices and the Internet through information
sensing devices to frame a huge interconnected organization
of items and things. The sensing devices incorporate RFID
devices, infrared sensors, and laser scanning. Among them,
RFID sensor technology is widely utilized in different
application fields. This system is utilized as a further
extension to the laboratory's current ALE Console system.
This compensated for the deficiencies of the first system in
the collection and analysis of mind boggling events. It
likewise redesigned the first Hadoop stage utilized in the
laboratory and utilized the version 2.6.0 applied by the
ongoing enterprise, which further superior the effectiveness
of the trial. In particular, this theme proposes a method for
clustering analysis of complicated event pattern
relationships. This analysis method attracts on related
algorithms clustering techniques. To check the feasibility of
the algorithm, applicable investigations are performed on
the algorithm. In the trial, big data processing tools Hadoop
are utilized for processing. Tests show that this method of
clustering analysis has a specific level of intelligibility. The
system takes on the SSM architecture and utilizations the
most well known Spring Batch flow processing business
operations. It consists of event data generation collection,
data processing module and event flow cluster analysis
module.

3. M. V. Sowjanya (2017) et.al proposed varied density
based graph clustering algorithm for social networks.
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DENGRAPH is such a density based clustering algorithm
which is an extension to a gradual version of DBSCAN, and
is planned to distinguish the noise entertainers in a social
organization. ldentifying and extracting knowledge from
these dynamic networks is a basic issue. Graph clustering
algorithms are widely concentrated on under this line of
examination. In dynamic community detection situations
density based clustering methods are advantages over the
partition and clustering methods. Nonetheless, DENGRAPH
can't deal with the networks with varied densities which are
common in social organization where the entertainers
(nodes) can be joined any time, can leave whenever and the
community structure that shifts dynamically with time.
Detecting people group from large social networks, which
are graphical in structure, is a basic issue as of late, many
endeavors were made to give feasible solutions and Density
Based Graph Clustering (DENGRAPH) is one among them.
Nevertheless, DENGRAPH fails to anticipate the differed
thickness groups across the given association, which is
immense for dynamic informational indexes like
interpersonal organizations. In this paper a differed
thickness  based @ DENGRAPH  (Varied  Density
DENGRAPH) grouping calculation with new solidifying
and decrease rules for social association is introduced. The
exhibition of the proposed approach is illustrated by
Facebook social organization data. The results have shown
that, got clusters with varied DENGRAPH are more
minimal than the clusters with DENGRAPH.

4. S. K. Sarma (2020) et.al proposed Energy aware Cluster
based routing for Wireless Sensor Network in 10T: Impact
of Bio-inspired Algorithm. Connecting all devices through
the Internet is presently practical by means of IloT.
Normally, "lIoT is described by utilizing smart and self-
configuring objects that can interface with one another by
means of worldwide organization infrastructure”. The WSN
embedded into 1oT network incorporates a gigantic count of
sensor nodes (No nodes) that are immobile with identical
potential. This paper had proposed another cluster-based
routing strategy in loT that achieves further developed
scalability, robustness, etc. Nonetheless, the CH selection
stays to be the basic perspective, which was advanced
utilizing another optimization algorithm named as search
SAR. This cluster head selection clearly will manage
specific constraints like (1) Energy (ii) Distance and (iii)
Delay, separately. At last, the presentation of the proposed
work is demonstrated concerning specific execution
measures. Here, the expense function of the presented work
is the most elevated one. At second iteration, the presented
work is 15.3% and 23.07% better than the current works
like GWO and FCGWO approach, individually. In future,
this work can be stretched out to ZH selection by
considering more boundaries where nodes are mobile and
often substitute their job, in light of a couple of realistic
mobility models. Also, the presented method will be
stretched out for different situations in the loT based
system.

5. Z. Zhang (2020) et.al proposed Energy Saving
Algorithm of Wireless Network Nodes in Cluster. Cold
chain transportation is a distribution project that keeps new
materials like new leafy foods at low temperature. This
requires a full handle of the physical and chemical
properties of perishable goods, transport equipment
technology, refrigeration standards, cold chain transport
dangers and discernibility; it is intricate system engineering
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only by keeping a serious level of coordination. This paper,
first and foremost, examines the technology system and
attributes of the Internet of things. Secondly, the paper
chiefly concentrates on the canny algorithm of data
transmission in the Agricultural Internet of things. As
indicated by the different energy productivity and the
restricted battery capacity of rechargeable sensor nodes,
another clustering routing protocol is proposed. In the mean
time, to take care of the issue of fault-tolerant routing repair
and keep up with the nature of fault-tolerant routing, the
paper proposes a hew routing strategy (CR-WSN).
Differentiated and the CRAS algorithm, they have the very
point that a node with truly remaining energy is picked as
the bunch head node, but the energy utilization proportion
of CR-WSN is fundamentally better compared to CRAS.
Subsequently, CREW can accomplish the motivation behind
lessening energy consumption and further developing link
fault tolerance.

6. Z. Wang (2018) et.al proposed An Energy-Efficient
Clustering Routing Algorithm for WSN-Assisted loT.
Internet of Things (IoT) network is one of the arising
technologies under 5G backgrounds which can be utilized in
numerous parts of our life, like environmental observation,
industrial control and military fields. In this paper, they
consider a hierarchical WSN-helped IoT network. Base
station is the focal controller and nodes are distributed
randomly in the network. The data is accumulated through
CH nodes by means of multi-hop to base station. The reason
for our energy-efficient clustering routing algorithm is to
further develop energy proficiency and broaden network
lifetime. Successful energy utilization is an essential issue in
10T network less than 5G plans. To further develop energy
productivity and network lifetime, this paper presented an
energy-efficient clustering routing algorithm which can be
applied in multi-hop large-scale 10T network properly. The
lopsided cluster structure in our routing algorithm adjusted
the different traffic load in various layers to further develop
the energy productivity. The CH node is turning
occasionally to adjust the energy consumption among nodes
in an equivalent cluster. Moreover, they characterized a
distance-and-energy-mindful expense function to find the
dynamic routing way to adjust the energy among CH nodes
in various layers. The combination of lopsided clusters,
adaptive CH node rotation and dynamic inter-cluster packet
transmission assisted with further developing energy
productivity and prolong the network lifetime. Numerical
results demonstrated that our proposed routing algorithm
performed better compared to other two exemplary
clustering algorithms with regards to network lifetime,
throughput and energy proficiency.

7. Y. Liang (2019) et.al proposed Scalable Robust Spectral
Ensemble Clustering. Clustering algorithm is a fundamental
and well known solo learning method that can be utilized
for data analysis. It can classify coordinating data into
groups as per internal qualities without earlier knowledge.
Ensemble clustering (EC) is an algorithm targeting
consolidating multiple partitions of given data which are
from various clustering algorithms into a solitary partition
of better quality. In this paper, they propose a SRSEC
method which joins a scalable methodology into the RSEC
algorithm by utilizing the representative focuses to construct
the co-association framework. Thusly, they couldn't only get
familiar with a robust and denoising representation for the
co-association lattice through a low-rank constraint in a

bound together mark of representative focuses through the
scalable methodology. Experimental results show that our
method has better clustering results in five certifiable
databases, particularly in the large size of the databases.
Because of experimental limitations, they are right now
unfit to assess the exhibition of other larger data sets over a
huge number of occurrences. Later on, they will conduct
more experimental examination on large data sets. They
likewise hope to apply our way to deal with big data in
industrial cycles to accomplish robust and denoising
representations in a scalable way.

8. N. A. Bassam (2016) et.al proposed Energy Aware and
Delay-Tolerant Data Gathering in Sensor Networks with a
Mobile Sink. Sensors are battery-driven devices that utilized
in many monitoring applications. After sensor nodes are
sent changing batteries is testing. In this manner, the
restricted lifetime of batteries turns into a basic concern in
the design of wireless sensor networks (WSNs). Involving
mobile sink in WSNs are as of late proposed to prolong
network lifetime by allowing a mobile sink to meander
sensing field and gather sensing data through a short
transmission range and less hand-off nodes. The lifetime of
the sensor network is improved, since fewer transfers are
required for the sensor node to hand-off its data to the sink.
In this paper, they concentrated on the data gathering issue
by using a mobile sink subject to the sensing data should
have been gathered at a limited deferral. They investigated
the tradeoff between the transfer hop count, the visit length
of the mobile sink and the residual energy of the sensor
nodes. They proposed a heuristic consisting of finding a
short visit for the mobile sink subject to limited hop count
and energy-efficient routing protocol. Extensive simulations
have been completed to assess the effectiveness of the
proposed algorithm at various sensor nodes residual
energies and hop counts. The experimental results
demonstrate that the proposed algorithm really chooses
cluster heads to maximize network lifetime and minimize
sink visit length under constrains of hop count and sensors
residual energies.

9. Donghun Lee (2007) et.al proposed Continuous data
dissemination protocol supporting mobile sinks with a sink
location manager. Wireless sensor networks consist of a
large number of sensor nodes randomly and thickly sent in
the interested region, recognize a few phenomena and
convey digital data, converted from simple phenomena, to
remote information inquirers. A common sensor network
lays static nodes called sinks, aside from general nodes.
Tree topology information gathering protocols has been
proposed all together that sinks can efficiently gather
continuous data. As such, sensor network at first constructs
connection structure from sources to sinks. These protocols,
despite the fact that, couldn't be applied to the model of
mobile sinks on the grounds that the connection
construction ought to be much these protocols, despite the
fact that, have issues on account of gathering continuous
data since they ought to regularly generate same question in
the entire networks as development of the sinks. The
significant contributions of our protocol are two as follow.
Mobile sinks give SLM, Sink Location Manager, with its
ongoing location information with the end goal of only one
question. At the end of the day, when sources recognize a
few data connected with the question, they get location
information of sinks from SLM and send the data to sinks
by geographic routing. These attributes, only one question
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for same inquiry and no connection structure, could expand
lifetime of sensor networks and save data transmission
energy of sensor nodes. At long last, they assess execution
of our protocol by virtual experience.

10. E. Asmaa (2014) et.al proposed efficient data collection
in  wireless sensor networks using mobile sink.
Consequently, this will bring about congestions, data losses
along with a reduction in WSN lifetime. To overcome this
issue, the concept of mobile sink was presented in a few
works. Conventional wireless sensor networks are based on
a lot to-one communication, where a solitary static sink
gathers data detailed by nodes utilizing a multihop
approach. Ongoing advances in micro-electro-mechanical
systems (MEMS), wireless communications, and digital
electronics have prompted the improvement of low-cost,
low-power, multifunctional sensor nodes that are little in
size and convey between one another over short range
wireless. In this paper they proposed an efficient data
collection utilizing the mobility of both mobile sink and
rendezvous nodes. Our methodology means to decrease the
message conveyance latency that might happen because of
the slow speed or time stops that the base station make.
They have likewise considered the need of data in the
conveyance cycle. Delicate one must be conveyed first.
They are right now carrying out our algorithm utilizing the
NS-2 simulator. In our future work they will assess and
think about the presentation of our proposed approach with
works that have been now done.

11. N. Kumar (2017) etal proposed Maximum data
gathering through speed control of path-constrained mobile
sink in WSN. Data gathering from wireless sensor networks
(WSNSs) utilizing sink mobility has been a significant
exploration theme among WSNs people group. Be that as it
may, using the mobile sink in the network prompts the data
conveyance latency because of somewhat slower speed of
the mobile sink. Hence, improving the data conveyance
latency is basic for the mobile sink way to deal with being
helpful in practice. On the other hand, there are a few
applications, for example, underlying health monitoring,
woodland fire detection and traffic congestion detection,
and so on which demand time-sensitive data collection. In
this paper, they have created MDGMP protocol to address
the motion arranging issue of the path-constrained mobile
sink during data collection in the network. In MDGMP, for
the given sub-sinks with their data availability, an optimal
speed-timetable of the mobile sink is found for the greatest
data collection in a path-constraint mobile sink network
under data gathering period t. Besides, it is deterministic and
it has polynomial time complexity. The results are gotten
through simulation tests in MATLAB. What's more, they
are average of 50 unique random organizations of sensors.
The acquired results show that the rate of progress in data
collection is strongly subject to the number of sensors as
well as data gathering time period.

12. R. Yogirajsinh (2016) et.al proposed efficient data
gathering in wireless sensor network using mobile sink.
WSN s utilized for data collection. The purposes of WSNs
are smart agriculture, smart environment and smart cities. A
few sensors are positioned inside network for gathering
data. Sink gathers data from the network. Subsequent to
getting the information, mobile sink process over it. It's
impractical to re-energize the node in the wake of conveying
in the network. It just shows nodes aren't reversible. In view
of that energy saving is fundamental task concocting WSNSs.

10

In wireless sensor networks data gathering is vital task.
These days analysis has been designated on diminishing the
energy consumption of the WSN. To address this
disadvantage the conception of versatile sink is presented. In
this approach mobile sink accumulate advice the static
sensors regarding the network and move it to base station.
For efficiently accumulate the data sink's mobility pattern
ought to be chosen so the data collection time will be
decreased. Constant refreshing of pointless sink location
should be diminished. Sink Trail (ST) and Sink Trail-S
(STS) protocols are utilized to find shortest path for data
forwarding through the nodes to sink. Constant refreshing of
pointless sink location should be diminished. Hence STS
protocol is proposed to overcome the trouble of ST protocol.
The logical coordinate system (LCS) is proposed for the
simplicity of routing and forwarding and on account of it
any location prediction strategy or GPS not needed. This
protocol upgrades the energy proficiency. They investigate
the effect of broadcasting frequency on course length and
energy consumption. The simulation after-effect of ST with
data aggregation demonstrates that the proposed method
decreases how much network traffic which assists with
diminishing energy consumption.

13. Chung-Chih Lin (2020) et.al proposed Wireless sensor
networks (WSNs) have been widely used for variable
applications. In WSNs, data collection has been explored by
many examinations in writing. Since sensors are battery
powered, most investigations considered the energy
conservation or energy balance as the significant
examination issues and intended to propose efficient ways
to deal with gather data from sensors to such an extent that
the lifetime of the WSNs can be expanded. In the kind of
fixed sink, many examinations have proposed Energy
Balanced Data Collection (EBDC) the data collection
algorithms which constructed the network topology to send
their data from sensors to the fixed sink in a multi-hop way.
Nonetheless, the sensors nearer to the fixed sink will
consume more energy for expecting to advance data,
prompting the condition of network disconnection. These
investigations can be additionally classified into two kinds:
controllable mobile sink and uncontrolled mobile sink. Data
collection in the wireless sensor networks has become one
of the significant exploration points. In writing, many
examinations proposed algorithms for data collection
utilizing mobile sink. These examinations can be
additionally classified into two kinds as indicated by the
mobility of the sinks.

14. Y. Wang (2011) et.al proposed An Instantaneous Data
Dissemination Mechanism with Mobile Sinks in Wireless
Sensor Network. In wireless sensor networks, sensor nodes
will send the sensing data to sink through multi-hop, this
sort of transmission will cause the hotspot issue, and
furthermore the adequacy of sensing data will be diminished
in larger network environment. Because of the headway of
wireless communication and the microelectronics
technology, wireless sensor networks (WSNSs) has turned
into a thrilling field and brings numerous applications like
battlefield surveillance, ecology observation, and so forth.
WSNs is a sort of wireless impromptu networks, it consists
of a huge number of wireless sensor nodes. Sensor nodes
will send sensing data back to the sink through multi-hop
transmission. This sort of transmission will cause the
hotspot issue which means nodes around the sink will drain
their energy rapidly and become the bottleneck of network,


https://ijrset.in/index.php/ijrset/issue/view/92

ISSN 2455 - 9091

IJCSET AUGUST Volume 8 Issue 8

and furthermore the viability of the sensing data will be
diminished in larger network environment. In this paper,
they propose an instantaneous data dissemination system, it
applies a data transmission algorithm named "Time Stamp
Data-flow Broadcasting, TSDB", a novel method functions
admirably with practically no location information. Contrast
with the other comparative algorithm, TSDB can save over
half of system energy in the multiple mobile sinks situation,
and that means TSDB is a superior algorithm when multiple
sinks being used.

15. Yuan GAO (2014) et.al proposed Data Collection
Scheme of Mobile Sink in Wireless Sensor and Actor
Networks. The mobile sink can travel through the
monitoring area; gather the detected data from the sensor
nodes in the radio transmission range. Conventional
wireless sensor and actor networks consist of a fixed sink
and many sensors powered by batteries. The sensing data
gathered by sensors is sent to the sink through single-hop or
multi-hop transfers. Since the sensors near to the sink need
to hand-off data for other people, they for the most part bear

3. PROPOSED METHODS, MERITS AND DEMERITS

disproportionate measures of traffic and in this manner
exhaust their energy a lot quicker than others. Data
gathering is constantly done by sinks in WSAN. In
conventional examinations, the sink is static which achieves
a few issues. To start with, in single-hop WSAN, the
sensors might be far away from the sink and in view of that
the energy consumption for transmission increases
pointedly. An efficient routing arranging based on quantum
hereditary algorithm has been proposed in this paper. By
applying mobility of sink in regular hexagonal construction,
the system execution can be gotten to the next level. Other
than the above advantages, WASN with mobile sinks
additionally have different benefits contrast and static sinks,
the nodes can be resting which out of the sink sensing range
for energy conservation. The existence of mobile sink can
decrease important of excess nodes. For future work, they
intend to approve the proposed plans on various situations
with different development trajectories of mobile sink.
Considering that limiting the complete energy consumption
may not prompt the most extreme network lifetime.
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The proposed algorithm shows the
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algorithm of this trial is feasible.
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connected clusters when contrasted.
The DENGRAPH algorithm for the
Network Analysis of Facebook data
Cluster-based routing strategy in loT
that accomplishes further developed
scalability, robustness, etc.

The transmission layer investigate
high reliability, high energy-saving
wireless sensor network technology
to accomplish continuous data
transmission.

The combination of lopsided clusters,
adaptive CH node rotation and
dynamic inter-cluster packet
transmission assisted with further
developing energy proficiency and
prolong the network lifetime.

Data reduction simultaneously and
consequently can offer the ability of
discovering subspace designs and
yield great clustering exhibitions.
The proposed algorithm actually
chooses cluster heads to maximize
network lifetime and minimize sink
visit length under constrains of hop
count and sensors residual energies.
COMM energy efficiently supporting
a mobile sink disregarding weighty
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mobile sinks.
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the need of data in the conveyance
cycle and accomplish a harmony
between energy saving and data
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gathering time period.

Increase the transmission frequency

ISSN 2455 - 9091

Reduce the message
conveyance latency that
might happen because of the
slow speed or time stops that
the base station makes.

Not finding an optimal
speed-timetable of the mobile
sink along such path for
greatest measure of data
collection.

It is lower frequency than

(2016) wireless  sensor  network | it helps the average-course length @ expected for different data
using mobile sink and results more energy depletion. gathering protocols.

Chung-Chih Lin Wireless sensor networks EBDC algorithm has better execution The sensors nearer to the

(2020) (WSNs) have been widely than different instruments with fixed sink will consume more
used for variable applications | various policies. energy for planning to

advance data, driving.

Y. Wang Enhancing the Performance ' The micro blogging messages based | Implicit opinions not help
of Sentiment Analysis by | on several feature combinations @ them of their explicit and
Using Different Feature | schemes to determine the best | implicit features along with
Combinations. combination sets for Sentiment | neutral sentiment.

Analysis.

Y. Wang (2011) An Instantaneous  Data TSDB is more appropriate for the use = Mobile sink development
Dissemination ~ Mechanism = of multiple mobile sinks. isn't center in this paper
with  Mobile  Sinks in

Wireless Sensor Network

Yuan GAO | Data Collection Scheme of
(2014) Mobile Sink in Wireless

Sensor and Actor Networks
CONCLUSION

This paper surveyed lot and Wireless Sensor
Network for Mobile Data Sink the test to expand the
inclusion for a widely dispersed WSN without utilizing
various bounces among clusters that should be associated
with the 10T network. The surveyed wireless quality relying
upon ecological boundaries for different techniques IOT and
LoRa interface for wide-area WSN applications. Not at all
like the vast majority of the clustering algorithms and this
paper presented the memory prerequisite estimations during
the clustering stage showing the feasibility. As WSN is
data-centric, improved on data move is an unguestionable
requirement to reduce the complete energy consumption to
expand its lifetime.
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