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Abstract
With the consistent growing maneuver and applications of mobile technologies, dynamic 
handling of queries related to information on electronic media (Broadcast Queries) plays 
a vital role. Broadcast Queries (BQs) consists of some authentic characteristics that are 
not addressed when compared to conventional spatial query processing. It is possible to 
achieve a considerable reduction in latency while maintaining the highest accuracy and 
scalability related to queries related to peer-to-peer allocation and thereby allows finishing 
queries with no interruption at a mobile congregation. In this paper, we propose a hybrid 
cache management algorithm in order to proficiently encourage accessing of data in ad hoc 
networks. The verification algorithm gathers the neighboring peer data items to provide 
the spatial query solutions. The network utilization in the network is related with the avail-
able bandwidth and the free space through efficient cache management. The hybrid cache 
management is combined with CacheData and Cache

Path
 techniques utilizing the concept 

of cache replacement policies with the motivation to further improve the performance of 
BQs. The experimental results indicate that the proposed scheme works well in reduction 
of query delay and also message complexity than the related techniques.
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1  Introduction

In mobile applications, broadcast query processing (BQ) [1] is mainly used in networks to 
signify a collection of queries that retrieve data based on the present locations of mobile 
users [2]. The query processing techniques are categorized to carry over challenges like the 
BQ can be represented in the form of real-time issues in mobile environments [3]. Accord-
ing to the position of its requester, the result of the query will be changed. By considering 
the location of the query issuer, caching and distribution of query results are considered. In 
wireless communication, the database is located in a centralized environment, by which it 
usually distributes data to the huge number of mobile users [4]. Accordingly, two param-
eters considered in BQ algorithms are bandwidth constraints and scalability [5]. If the user 
is in a moving state, there will be possibility of extended interval in data transmission. 
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Then, the answer to BQ will lose their relevancy [6]. The answer will become meaningless 
if it is received later. This type of long delay in a high workload environment is an impor-
tance issue [7].

For the related methods, Constructing Optimal Clustering Architecture (COCA) [8] 
leads to flood cache, another method is COCA with Push based information [9]. Here, 
server repeatedly sends data to clients. This also leads to fill the cache of the client. In 
processing of BQs, wireless atmosphere and transmission parameters attached to a vital 
role in aggravating the approach [10]. The user creates an active server communication so 
that the communication is established in a smooth manner. The main problem is it could 
not able to stability to huge users, in order to interconnect within the network. A fee-based 
cellular-type network [11] was used to accomplish an equitable operating collection. Then, 
the exact location of the user is sent to the server [12]. The wireless broadcast model is 
the most progressive solution. It can provide the maximum boundless number of mobile 
hosts (MHs) in a huge area with an initial broadcaster. MHs may not suggest queries in 
this broadcast model [13]. To get the information as they needed, the broadcast channel 
is tuned. Therefore, the location of the user is not revealed and identified [14]. The main 
drawback of the broadcast methodology is that it does not allow data communication to be 
inter-connected in the entire network.

A mountable low-delay methodology [15] was given for processing Broadcast Queries 
in broadcast environments. This approach investigated peer-to-peer networks to exchange 
data between mobile clients [16]. The R-tree based spatial data structure [17] was used 
with K-nearest neighbor (KNN) algorithm [18] for effectively finding nearest mobile nodes 
but not to deal with cache path and forward the requests (our proposed algorithm supports). 
The Branch and Bound R-tree traversal algorithm [19] discovers the adjacent node, but 
does not support more numbers of pages accessed while the proposed algorithm does [20]. 
KNN [21] was given as an input to SBNN [22] and SBWQ [23] (sharing based window 
query), which is effective only in caching but the data does not deal with cache path [24]. 
The algorithm [25] was introduced with a space-filling curve index for server spatial data. 
For the purpose of superior locality, the Hilbert curve was selected. The order of broad-
casting data packets is indicated in the index value. Others can be seen in [26–29].

The main issues of the existing approaches are that if the mobile user queries are about 
a nearest neighbor (NN) [30], the user would choose a similar result that attains with a 
lesser delay time instead of accurate result with high delay. The outputs of spatial elements 
frequently parade spatial position. For instance, if the mobile hosts are near, the results 
may overlap sufficiently [31]. If the delay is considered as a valid concern, the Peer-to-
Peer method can be valuable. Using mobile cooperative caching [32], data can be shared 
between mobile clients. The existing cache management techniques have several disadvan-
tages like the consistency maintenance, reduced amount of throughput, a highest number 
of delays, huge routing overheads, and restricted scalability of the caching management. 
The proposed hybrid technique has been constructed to overcome these issues. The main 
contributions of this paper are:

1.	 We find the particular characteristics of Broadcast Queries, which enhance the improve-
ment of efficient data sharing.

2.	 We properly use a Peer-to-Peer sharing methodology to modify the present methodolo-
gies in giving answer on-air KNN queries and Window Queries.

3.	 We calculate Broadcast Queries approach using a probabilistic of the hit ratio for 
exchanging including widespread simulation experiments.
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4.	 The proposed methodology maintains the availability of data to implement the accessed 
data elements in view of cache size.

5.	 The proposed methodology increases the cache hit ratio by utilizing effective cache 
maintenance technique.

6.	 To increase the effective utilization of data, the workload is constructed using cache 
reallocation strategy within the transmission area.

2 � Data Broadcast on Wireless Networks

Commonly, mobile data accesses are approached by the concept of active communications 
that are recognized within mobile nodes. The server operates based on the requests under 
client demands. The server constantly transmits entire data through communication area, 
and data are filtered by the clients. The scalable method is one of the merits of the dynamic 
communication framework, but in broadcast model, high latency is ensured and the client 
has to hang around for the remaining broadcast cycle. A client ignores the packet which it 
wants. Data management on wireless transmission channels is made by analyzing informa-
tion agents, which are usually transmitted by the server. The broadcast index structure is 
in the form of (1,m) indexing allocation method. Figure 1 shows that the entire index is 
transmitted and all 1/m is known as the fraction of the information file. Since in one cycle, 
the index is presented for ‘m’ times, it permits a mobile client to process with the index 
so that it may block the received data within the time period. If the arrival time is known, 
the function is to adjust it into the transmitter channel. In battery-based devices, this data 
bucket mechanism is important. The numbers are used to represent index value.

In a wireless transmitter channel, the steps for retrieving data on general access protocol 
are:

•	 Initial probe The broadcast of remaining index segment may be found by the client 
when tuning in to transmitter channel.

•	 Searching index To extract needed data, the set of pointers in an index segments are 
tuned.

•	 Retrieval of data When packets are arrived with a required data, needed information are 
downloaded from the channel.

Fig. 1   The Hilbert-curve-based 
index structure
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No matter how equally the entire previous spatial access methods are made for data-
bases, these previously mentioned techniques cannot be used in WBE. They support 
sequential data access only. For instance, Fig.  1 shows the grouping of nearby values, 
therefore they can be accessed within a short period.

2.1 � Spatial Queries

The existing methodologies are based on 2 general methods of spatial data, called KNN 
queries and Window Queries [33]. In R-tree related spatial methods [34], DFS [35] are the 
common branch-and-bound methods to operating on Nearest Neighbor queries. Depth First 
Search repeatedly elaborates the participated nodes for probing adjacent nodes. For every 
node, Depth First Search processes the ordering metrics to eliminate unwanted nodes. At 
the time of reaching the leaf node, objects are recovered, adjacent nodes are modernized. 
Best First Search properly uses a queue to keep nodes to be updated using the routing 
technique.

2.2 � Cooperative Caching

Distributed caching is a methodology to develop information recovery performance. By 
means of growing exploitation of Peer-to-Peer wireless communication technologies, P2P 
supportive caching becomes a well-organized allocation substitute. Mobile hosts interact 
among adjacent peers in a Peer-to-Peer model. The information’s are shared and communi-
cated between remote sources. This caching mechanism gives more benefits in the mobile 
system such as developed access delay, minimized workload and avoids congestion.

2.3 � Sharing‑Based NN Queries

Figure 2 demonstrates the formation of an on-air KNN query related on the Hilbert curve. 
Initially, the entire on-air index is scanned and the k-nearer node is identified. Then, a mini-
mal circle is drawn in center of q and the circle contains all k objects. The least k objects 
also enclosed within the MBR of the circle, which is called as a search range. Accordingly, 
data packets are received by q and all packets are covered by the transmitted objects. In 
Fig. 2, a lengthy recovery time is needed between the related packets 5 and 58. Another 
problem in the above algorithm is in the broadcast cycle the indexing information is repli-
cated in double. In this search algorithm, the KNN search range is identified using the first 
scan, and then k objects are recovered in the search range using the second scan [36]. As a 
result, the query approaches to progress the communicated network.

3 � Proposed Method

The novelty in the proposed approach is a verification algorithm which checks whether 
the neighboring peer data items are a part of spatial query solutions. Although if the dem-
onstrated results are present within the solution set, the client query will wait till it got 
the answers of needed data packets. The partial answer produced from the KNN query is 
applied in many applications. It requires only short response time to get accurate results.
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3.1 � Verification of Nearest Neighbor

When the Mobile Host q SBNN, at first requests are broadcasted to all 1-hop peers to 
cache the spatial information, every single peer collects the request and precedes back 
the established cache management. After that, q joins checked area of entire responding 
peers. All are encircled by MBR and into a combined established framework (Fig. 3). 
MapOverlay algorithm is used to carry out the merging process. The Sharing-Based 

Fig. 2   Formation of neighbour node

Fig. 3   The shortest path construction
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Adjacent node Verification method aims to check whether POI identified from nodes 
is a legal Nearest Neighbor of Mobile Host q. The data collected from peers q to j are 
denoted as {pe1, pe2,… , pen} . Accordingly, joined verified area (MVR) is denoted using 
Eq. (1).

If the margin of MVR contains nodes, IE = {ie1, ie2, ..., iek} , and there are l POIs. Here 
O represents O = {ou1, ou2,… oun} within the MVR. Let ek∈ IE being the edge, which 
have the small distance to q. The example is shown in Fig. 3. Until all requested packets are 
received from the broadcast channel, the client will wait to save the result quality. To for-
ward on-air data set, the fractional output in H is used to shrink the necessary data packets.

Moreover, the resource utilization in network is based on the free space and the avail-
able bandwidth. Finally, the threshold value � is used to demonstrate the time for deter-
mining the cache management. The cache size in the network is fixed to be large in 
network resource utilization to demonstrate good performance. Access rate Arate is com-
puted using Eq. (2)

where Totaldata demonstrates the total amount of data elements to access the cache data, 
and Timeperiod refers to the required time period for accessing the data element.

3.2 � Approximate Nearest Neighbor

This component is used to calculate the probability of ith nearest neighbor O of query 
in q. Using O, the nearest neighbor is found. The area is not covered by q’s adjacent 
peer cannot be verified by O. At the same time if POI is inside the area then O could not 
survive as q’s ith adjacent node. This region is called as O’s unverified region. The POIs 
are assumed to be a Poisson distributed and contains the square based values also.

3.3 � System Network Model

The MANET model is shown in Fig. 4. Wireless interfaces in the MANET must con-
nect to some nodes in unfamiliar environment through wireless LANs. In the system, 
the node marked in red color (Node11) is mentioned as a data center, which has the data-
base for n data items such as d1,… , dn . This Node11 is a node used to connect all the 
remaining ones in a wired network. The databases related to all connected nodes are 
stored in Node11 . The data requests in a MANET are transmitted to reach the destina-
tion. In ad hoc network, the messages are routed using a variety of routing algorithms. 
The parameters considered are query delay and bandwidth consumption. The aim is to 
reduce query delay and bandwidth. The total amount of hops within the adjacent node is 
established as small as possible to decrease the query delay. To achieve this goal, rout-
ing protocols are used with some limitations.

(1)MVR =

n∑

i=1

peiUVR(1)

(2)Arate =
Totaldata

Timeperiod
(2)
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3.3.1 � CacheData

In CacheData , communicating data items di are cached if they found that di has many data 
requests and also di has free space to cache data. The example in Fig. 4 shows that the 
nodes Node6 and Node7 request di via Node_5. Requests from nodes Node3 , Node4 , or 
Node5 can be served by Node5 directly. More space is needed to save the CacheData . All 
requests came for di is forwarded through the node Node3 . The remaining nodes in the 
network model such as Node3 , Node4 and Node5 are directly communicated by di . If all 
three nodes cache di at the same time, they waste more numbers of cache space. Some 
of the optimization techniques are applied in the proposed scheme. At the time of stor-
ing the path, the information along the path and node are not stored in the node. From 
the analysis, it is proved that there exists a significance enhancement in performance 
using cache Path and cache Data. It is also proved that cache path outperforms in tiny 
cache size and short data update.

3.4 � Hybrid Cache Management Algorithm

A hybrid algorithm is proposed to improve the performance. It takes benefits of 
CacheData and CachePath . Definitely, the CacheData item and paths depend on certain cri-
teria such as data element size si , TTL time TTLi , and the Hsave . For a data item di , the 
sub sequent factors are used to identify whether to cache data or path.

•	 If si < 𝛿

•	 Adopt CacheData since the data item require minor part of the cache;
	   Otherwise
•	 Adopt CachePath since it is necessary to store the cache space. � demonstrates the 

threshold value.

•	 If TTLi < 𝛿,

Fig. 4   System network model
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•	 CachePath is not a valid option since the data member will be invalided shortly. 
There is possibility to select a wrong path Using CachePath . Hence, CacheData 
should be adopted.

•	 If TTLi > 𝛿,

•	 Adopt CachePath . � for TTL is assumed to be a system tuning metric which is 
demonstrated as TTL.

•	 If Hsave > 𝛿,

•	 CachePath is a better option since large number of hops can be saved.

•	 otherwise,

•	 Adopt CacheData to increase the performance. Threshold value TH is used in 
CachePath.

To increase the performance, optimal threshold values should be set.

HYBRID CACHE MANAGEMENT ALGORITHM 

The hybrid cache algorithm is proposed so that only overhead is identified to 
store a node id in the cache. In this scheme, data item di and the path for di are also 
saved. To remove di , the cache replacement algorithm is used. Likewise, Cache path 
is also advanced to CacheData over when di permits. The parameter TTLi and � play a 
significance role in the last performance because TTLi resolves when forwarding the 
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application to the data center for demanded data if it is not obtainable in the adjacent 
neighbor.

Figure 5 demonstrates the flowchart for cache management to construct the cache table 
and the cache node table. Initially, the cache management traces the node of local cache as 
per request from the data element of the particular node. If the data element is found in the 
cache, it will update the cache table and cache node table. If the data element is not found 
then it will send the request to every adjacent node in the network. The best route is gener-
ated to process the query and within the time period, the entire process will be completed. 
Every time the cache table is updated and the format of the cache table is illustrated in 
Fig. 6. For every data element, the available caching node is stored in the cache table for 
efficient formation of the MANET.

4 � Performance Evaluation

The simulation parameters are demonstrated in Table 1. Dissimilar speed values are uti-
lized to implement the simulations. The threshold value for implementing the simulation 
is utilized to gather the performance in simulation environments. Moreover, the condition 
of the network is analyzed that the total amount of simulations is conducted in a MANET 

Fig. 5   Flowchart for cache management
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environment. The proposed hybrid cache management (HCM) methodology is compared 
with COCA (Constructing Optimal Clustering Architecture) [8], RMCC (Regionally Main-
tained Cooperative Caching) [37], ECM (Enhanced Cache Management) [38] with the 
performance metrics of Probability Density Function, End-to-End Delay, Total number of 

Fig. 6   Cache table

Table 1   Parameters for 
simulation

Attribute Meaning

Simulator NS2
Size of simulation area 1000 m × 1000 m
Amount of dissimilar content 105
Total amount of mobile nodes 1200
Size of cache contents 75
Residence time 12 s
Time for simulation 250 s
Type of MAC Ad-hoc
� 0.65
Mobility model Random
Cache node size 800 kb
Communication range 80 m
Pausing time 40 s
Interval time 70 s
Speed of the node 2.5 m/s to 9.5 m/s
Traffic for simulation CBR
Node energy 5.3 J
Bandwidth 2 Mb/s
Protocol Enhanced AODV
Traffic CBR
Packet transmission 8 packets per second



2853Hybrid Cache Management in Ad Hoc Networks﻿	

1 3

pages accessed, delay, transmission range, hit ratio, traffic overload and latency. The output 
results are created using NS2 simulator. Based on the proposed algorithm, the cache path 
and cache data are created. When the node 0 gives the request to data center, it caches data. 
If the node 0 again gives request to cache data, it analyzes and collects data. Rather than 
this, if any other node also requests the same data, node 1 gets the path id and responds to 
request. The proposed work is executed in various workloads and different metrics. The 
result of simulation is displayed in Fig. 7. It shows the performance evaluation. Figures 8 
and 9 shows the ad hoc network system model which has totally seven nodes, in the seven 
nodes, one node behaves as a data center, and all the other nodes are connected in a peer to 
peer connection.

From Fig.  10, it is noticed that the performance of the proposed HCM is better with 
the increased number of nodes. The stable path is delivered if the nodes are stationary 

Fig. 7   Wireless scenario

Fig. 8   Ad hoc model
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between source and destination. Performance of related methodologies like COCA, RMCC 
and ECM decreases with increased number of nodes. The reason behind this is the loss of 
packets because of link breaks. If the total amount of nodes fixed between 20 and 35, HCM 
performs better than COCA, RMCC and ECM. HCM improves the PDF as it finds an alter-
nate route to the endpoint, if there exists a link break.

In the simulation, the bandwidth assumed is 2 Mb/s with the frequency range is within 
250 m. Figure 11 shows the End-to-End delay. If the number of nodes increases, the HCM 
does not create much of delay. Compared to COCA, RMCC and ECM, the HCM protocol 
gives better performance. When the graph is plotted between nodes 15 to 30, the ECM 
gives better result than COCA and RMCC. Whenever the increment for the number of 
nodes initially, the delay gets increased for all the compared methods. Later stage HCM 
reach concave point (indicates delay reduction) because HCM supports many nodes. When 
we compare COCA, RMCC and ECM with HCM, HCM produces low delay even when 
nodes are higher in count. Two concave spots are observed at 10 and 25 for blue and yel-
low line. One concave spot is observed at 10 for purple line. Finally, the HCM performs 

Fig. 9   Route formation

Fig. 10   Probability density fraction
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better in delay reduction and packet delivery. It is used as an underlying routing algorithm 
for our approach. The experiment on both real and synthetic data sets are analyzed and cor-
responding results are plotted (Fig. 12). From the results, we can understand the number of 
pages accessed is high in the hybrid cache algorithm even when increasing the number of 
neighbors (120).

The experimental results in Fig. 13 show the comparison between COCA, RMCC and 
ECM with HCM with push-based information. We can see the delay percentage, which is 
reduced for hybrid cache management methodology.

Figure 14 displays the comparison results instead of transmission range. Here, X axis 
shows the transmission range in meters, and Y axis shows the performance result in per-
centage. The above comparative analysis shows that the hybrid cache management tech-
nique gives better growth when the transmission range is increased. Compared to cache 
data and cache path, the hybrid cache gives better result. By considering the threshold 
level and data size, cache data are considered. Based on time of threshold and data item, 
the cache path is also considered. Whenever the cache size in the network increases, the 
latency gets reduced. Huge amount of cache size is used to keep the nodes that can access 
the local cache to guarantee the reduced amount of latency. Figure 15 demonstrates that 
the proposed methodology has good overall performance with the effective replacement 

Fig. 11   End-to-end delay

Fig. 12   Page access comparison
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methodology that relies on several realistic metrics to guarantee that the free cache size to 
save the time period in network simulations.

Fig. 13   Delay comparison

Fig. 14   Transmission range experiments

Fig. 15   Latency
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The cache size increases in some order, the traffic overload is also increasing. The 
traffic overload could be reduced whenever the congestion is in minimized value. The 
traffic overload has the frequent level. Figure 16 demonstrates that the proposed meth-
odology has reduced amount of traffic overload compared to the related methodology in 
the parameter called as the cache size.

Whenever the total amount of nodes in the network is increasing frequently, every 
related methodology has an improving hit ratio, but the small difference in the values 
with others. The nodes are in increasing the cache hits are also in increasing order. Fig-
ure 17 demonstrates that the proposed methodology has good numbers of hit ratio com-
pared to other related methodologies.

According to the relative simplicity of the proposed technique, it has consumed minimized 
energy level whenever the total amount of nodes is increased, but the consumed energy for 
related techniques is very high and the energy consumption is demonstrated in Fig. 18.

The throughput has been measured using the total amount of packets that are deliv-
ered within the specific time. During the cache miss, the data packets are requested 
and the process is slow whenever the limitation of the bandwidth and while there are 
lot of delays. Throughput is related to the latency and the proposed technique has the 
enhanced value than the related techniques which is demonstrated in Fig. 19.

Fig. 16   Traffic overload

Fig. 17   Hit ratio
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The collision and the mobility are the main reasons for packet drops in the network rout-
ing procedure. The utilization of the routes through the cache for the proposed technique 
will enhance the packet delivery. While comparing the proposed technique with other tech-
niques, the smallest amount of packet drops has been happened. Figure 20 demonstrates 
that the proposed technique has utilized the threshold value for selecting the enhanced 
route for packet delivery than other techniques.

The normalized routing overhead is the total amount of data packets are delivered 
within the specific time from one node to the end node. Every delivered packet is meas-
ured for every communication and this parameter is correlated to the total amount of 
routing changes while performing simulation. The control messages are measured, 

Fig. 18   Energy consumption

Fig. 19   Throughput
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whenever the mobility is in the highest value, it produces the highest amount of over-
load. Figure 21 demonstrates the normalized routing overhead comparison.

Table 2 demonstrates the performance comparison with several metrics.
The complexity analysis of the cache management techniques has been observed in 

view of time and space complexity for the communication overhead. The scalability could 

Fig. 20   Packet loss ratio

Fig. 21   Normalized routing overhead
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be maintained through the path length that generate the overhead for the specific node (�) 
with the functionality of |X| that is the set of nodes for providing active transmission. The 
arithmetic log for the specific node is measured as � = O(log2|X|) bits per second. The 
space complexity for the active transmission is computed as O

(
1

k
|X|2

)
 . The time complex-

ity is measured with the communication range as O
(

1

X

)
.

5 � Conclusion

In this paper, the mechanism of hybrid cache was applied to reduce the spatial query pro-
cess latency by getting the data from adjacent peers. The proposed methodology aims to 
improve the cache management technique. In the initial stage, the data path is cached and 
the future requests are redirected to the nearby nodes. These nodes have the needed data in 
the data center. Using this innovation methodology, instead of accessing data in the data 
center, the data in the nearby nodes are accessed. In the further implementation of cache 
management rather than accessing data from data center, the data are served to intermedi-
ate nodes. Finally, Hybrid Cache management is combined to avoid the drawbacks of the 
existing works. Cache performance is improved using Cache Replacement polices. Based 
on the simulation result, we can identify that the query delays and the message complexity 
were significantly decreased compared to related works. The proposed work proves that the 
wireless broadcast channel is significantly accessed till 90%. Further studies will involve 
boosting up the methodology by advanced machine learning.

Table 2   Performance comparison

Metric Number of nodes HCM COCA RMCC ECM

Packet delivery ratio (%) 200 93.57 91.09 92.34 90.52
400 91.44 87.32 89.41 88.45
600 88.38 82.64 85.53 84.69
800 84.72 72.49 78.62 76.82

1000 79.89 70.45 74.59 75.16
Delay (ms) 200 22.14 26.48 25.74 27.14

400 38.81 42.83 40.86 43.53
600 46.73 52.84 50.63 53.75
800 57.49 61.85 60.91 62.31

1000 63.69 67.38 65.45 68.59
Overhead (fraction) 200 0.03 0.05 0.04 0.07

400 0.04 0.07 0.06 0.09
600 0.06 0.08 0.07 0.12
800 0.09 0.12 0.11 0.15

1000 0.11 0.15 0.13 0.18
Energy consumption (J) 200 0.59 0.65 0.78 0.91

400 0.61 0.81 0.90 0.99
600 0.64 0.85 0.95 1.05
800 0.73 0.93 0.98 1.12

1000 0.78 0.95 1.05 1.15
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