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Abstract 

Social network has become the important platform for the current social individual to 

exchange information and access various media. Traditional searching and locating 

method is faced with the characteristics of the high order correlation and implicit 

correlation for large-scale users, and user-association multidimensional and 

heterogeneity. In order to effectively deal with large-scale social network data, and 

improve the efficiency of user’s locating, this article introduces the peer-to-peer 

distributed searching mechanism with the help of the cloud computing platform. This 

searching mechanism assigns user a logical identifier, and matches the underlying 

physical address and the upper users’ logical address, so as to build the cloud logical 

topology structure of social network. This paper designs a K neighbor discovery 

algorithm. It is used to cluster the nodes according to the features of the user, so as to 

realize the quickly locating of social network. The performance of the algorithm is 

analyzed according to the user’s searching logic path length of social network, and 

information amount of routing state. The simulation of the algorithm is evaluated by 

maintenance costs of average network aggregation coverage and query time. The 

performance analysis and simulation results demonstrate that social network cloud has 

good performance and searching efficiency. 

 

Keywords: Big data storage；Peer-to-peer network；Cluster;DHT 

 

1．Introduction 

Social Networks originates from in the Online Friendship. Users use social network 

services to organize and maintain the existing social relationships, to discovery new social 

relations, to present a social person in the virtual network, and to conduct the related 

social activities
[1]

. Social network can provide rich images, audio, video and other 

multimedia data. With the mature of Web2.0 and the widespread popularity of the mobile 

terminal, it has become one of the most extensive internet applications.
1
 

Large online social network “Facebook” has about 1 billion active users
[2]

. About 60 

hours’ video data are uploaded in every minute in Website “YouTube”
 [3]

. As can be seen 

that online social network has a huge number of users and data. These users are not 

isolated, but connected by social relations and various activities. Online social network 

has complex correlation, and is a heterogeneous complex network. In order to realize the 

value of social media, it is key how to accurately and efficiently react and compose of 

complex network community, to research the mutual dependent and supporting 

relationship, to deal effectively with large-scale social network data, and to implement 

high efficiently searching and locating
 [4]

.  
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These studies mainly focus on the study of the correlation between social network and 

location information, the network topology structure of some user’s characteristics, so as 

to improve the locating efficiency of social networks. They do not use the underlying 

network hierarchy structure and network protocols to solve the problems such as user’s 

high order correlation, implicit correlation, user-association multidimensional and 

heterogeneity in the process of the social network locating. In order to effectively deal 

with large-scale social network data, and improve the efficiency of user’s locating, this 

article introduces the peer-to-peer distributed searching mechanism with the help of the 

cloud computing platform. This searching mechanism assigns user a logical identifier, 

and matches the underlying physical address and the upper users’ logical address, so as 

to build the cloud logical topology structure of social network. This paper designs a K 

neighbor discovery algorithm. It is used to cluster the nodes according to the features of 

the user, so as to realize the quickly locating of social network. 

 

2．Related Work 

In social network, traditional searching and locating method is faced with the 

characteristics of the high order correlation and implicit correlation for large-scale users, 

and faced with user-association multidimensional and heterogeneity. The searching and 

locating research in the current social network mainly includes as follows. (1)Literature
 

[5-7]
 designs the information recommendation system. It mines the characteristics of data 

according to the social network and user's location information, so as to recommend 

useful information to users. (2) Some queries and services are provided for users to use
 

[8-12]
. Literature

 [13]
 has researched the connection between the social network and the 

location information. It has confirmed the correlation between the marks on a 

geographical location given by the user's friends and those given by user. It has proposed 

the location recommend system based on the social network. (3)Literature
[14]

 has built the 

network topology model based on friend group，and put forward the time delay tolerance 

routing protocol based on cluster structure. The protocol can effectively control the 

network resources consumption brought by the infection of data copy, on the condition of 

ensuring high routing performance. (4) The formation of the social network is essentially 

the user interaction behavior, including creating, maintaining and updating of social 

relations; and generation and transmission of the content, etc. The action of user to user, 

and the operation of user to the content, has a strong dynamic feature. In the dynamic 

environment, the application of social media eventually will distribute the contents to the 

users through the network. The development of online social network has great influence 

on how for the user to use multimedia. The deployment of data gradually evolve from the 

traditional distribution pattern by the network center to the edge of network (content 

providers - user), into the pattern that the media contents transmit on the edge of the 

network, and conduct archival storage in the center of the network (user - the user). In this 

pattern, traditional content deployments are faced with great challenges.  

 

3．Topological Structure of Social Network Cloud Coverage and 

System Architecture Based on DHT 
 

3.1 DHT 

DHT(Distributed Hash Table) is the resources locating algorithm adopted by a 

peer-to-peer network (P2P). It is based on graph theory. The figure plays a more and more 

important role on effectively describing the data structure of the big data
 [15]

. Hash table, 

as a kind of data structure, can establish certain corresponding relationship between the 

storage locations of the files and the keywords of its content. Each keyword corresponds 

to a unique storage location. In recent years, DHT is introduced into the massive P2P 
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system, to improve the efficiency of resource locating query and system scalability. 

The main thought of DHT algorithm is as follows. (1) Each file index is represented as 

(K, V); the key word K is the hash value of file name (or other description information of 

the file); V is IP address to store file node (or other description information of the node). 

K and V are evenly distributed in the namespace. The index entries of all files (that is, all 

pair of the (K, V)) compose a large hash table of file index. Only by inputting K value 

representing the target file, We can find out the addresses of all the nodes to store the file. 

(2) The above large hash table of file index is divided into some small local block. These 

small pieces of local hash table are distributed into the participating nodes in the system 

according to the specific rules. Each node is responsible for the maintenance of a hash 

table. 

 

3.2 Basic Conception  

Definition 1(Social Cluster) Nodes determine the logical position of these data in the 

social network according to the characteristics of the data to store. These nodes self- 

organize into social cluster. The maximal value of social cluster is set equal to M. 

Definition 2（Social Cluster Identifier）Nodes calculate the eigenvector of the local 

storage data, and gather data object with similar characteristics into a cluster. The 

maximal cluster is taken as social cluster identifier, in order to determine the position of 

the node in the social cluster. If the node stores the data of different types of features, the 

feature subspace stored most of the data objects is saved. The cluster identifier is 

computed before or in the middle of joining the network or to join the network. 

Definition 3(Degree) The number of the adjacent nodes connected directly to the node, 

its default value is less than or equal to M. 

Definition 4(Intra-cluster link) The link between the cluster head node and any 

ordinary node in the cluster. 

Definition 5(Inter-cluster link) The link between the cluster head node and any node in 

the non-adjacent cluster. The distribution C/d
k
 is utilized to randomly select one point in 

social cluster space to build inter-cluster link. Where, k is the dimension of the social 

cluster space; d is the difference of the eigenvector between the two nodes; C is the 

standard constants whose sum of probability is 1.  

Definition 6 (Cluster Coefficient) The probability of which a pair of nodes connected a 

third node at the same time is connected. It is the ratio of the number of the real existing 

connected edges, to the total number of edges when all the nodes are fully connected. 

Given a node d∈D，Ad is the local cluster coefficient of d, then            . A(G) is 
the cluster coefficient of the graph G , then              . It describes the close degree 

of graph G.  

Note: In Ad，ld is the total link number of the node d∈D. Whereas the neighbor of the 

node d is a group of nodes                . 
 

 

3.3 Description of System Level Architectural  

Chord、CAN、Pastry、Tapestry is the current four typical P2P structured overlay 

network model. The comparison of several aspects according to the topological structure, 

routing principle, routing performance aspects, demonstrates that Chord has simplicity, 

reliability and stable performance. This is the characteristics that other structured overlay 

network does not have. It has a better scalability and higher searching efficiency. This 

article is on the basis of Chord to build social network cloud. It is located in the upper 

layer of Chord. Social network cloud is composed of social network user layer and cloud 

platform, its layers architecture diagram is shown in Figure. 1. 
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3.4 Description of Overlay Logical Topological Structure  

The logical topological structure of social network cloud is a ring structure. As shown 

in Fig. 2. After joining and leaving some nodes, the whole social network is divided into 

six clusters (M = 4, k = 3). The ordinary node 11 in Cluster E maintains the intra-cluster 

link of cluster header node 15. The cluster header node 15 maintains the inter-cluster link 

between the cluster A and the cluster B. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

4．Social Network Aggregation and Discovery Algorithm Based on 

DHT 
 

4.1 Network Aggregation and Cluster Segmentation 

The eigenvector of data stored by social network user is high-dimensional, whose 

range is between 50 ~ 300. This may bring about the complexity of network aggregation 

process. Therefore, dimensionality reduction of eigenvector is needed to conduct. This 

paper linearizes data clusters in the high-dimensional space into a low dimensional data 

by means of the cluster segmentation. When the Node Node (a) to join the network, 

perform the following steps: 

Step 1: The node Node(a) send a join request message to the known friend Node Node(f) 
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in the network. The message contains the eigenvalue of the stored dat. 

Step 2: The node Node(f) forward retransmit the request message recursively. At the 

process of retransmitting, search the cluster C contained the eigenvalue of the data to 

store the Node Node (a) in index area. 

Step 3: Judge whether the node Node(a) is to join the cluster C, or to perform cluster 

segmentation. If mc<M，the node Node(a) will establish connection with the cluster 

header node in the cluster C, and join the cluster C; Otherwise, perform cluster 

segmentation. 

The strategy of cluster segmentation is as follows: 

Step 1: The cluster header node Node(m) take a vote in all the intra-cluster nodesin the 

form of flooding. 

Step 2: Select two nodes Node(b) and Node(c) whose the difference of the eigenvalue is 

maximal. 

Step 3: The two nodes Node(b) and Node(c) are respectively taken as the boundary node 

of new cluster. Assign other nodes in the cluster C into the new sub-cluster C1 and C2 

according to the minimal distance to the two nodes. 

Step 4: The cluster header node of each cluster update it’s the intra-cluster link and 

inter-cluster link, and notify all intra-cluster nodes. 

The Coding and naming process of social cluster identifier is as follows: 

All the bits of the identifier represented the first social cluster in the network are set 

equal to 0. If the cluster segmentation is triggered, then the cluster is separated into two 

sub-clusters. The zone bit of the first sub-cluster is set equal to 0; another is 1. The other 

zone bits are the same as the initial cluster identifier. When more nodes join the network, 

the sub-clusters obtained by cluster segmentation conduct the same process to acquire the 

cluster identifier.  

 

4.2 Description of Discovery Algorithm 

When the node Node (a) wants to find similar k nodes stored data eigenvector, firstly 

generate a query request message, including query eigenvector SV. Perform the following 

steps: 

Step 1: The node Node(a) send a query request to all connected nodes and cluster header 

node in the cluster contained the node. The eigenvector of query is SV. 

Step 2: If k nodes can be found out in the cluster, then the information of the k nodes is 

sent into the node Node(a). If the number of the found nodes h is less then k, then 

perform Step 3. 

Step 3: The node Node(a) calculate the cluster identifier according to eigenvector SV. 

Then we trace the other related cluster identifier by means of each bit of the cluster 

identifier. The cluster header node of the cluster C contained the node Node(a) send 

the query requests recursively. If k-h nodes can be found out, then the information is 

sent into the node Node(a). Otherwise, perform Step 4.  
Step 4: Calculate R, SVR=[SV-R0, SV+R0], R0 is equal to the average distance between 

eigenvector SV of Node(a) and eigenvector SV’ of the nodes found in the cluster. The 

node Node(a) calculate the range of the cluster identifier according to eigenvector 

SVR. Then we trace the other related cluster identifier by means of each bit of the 

cluster identifier. The cluster header node of the cluster C contained the node Node(a) 

send the query requests recursively, till the query successfully terminate. 

 

5．Performance Analysis and Simulation 

This article mainly adopts the logical path length, information amount of routing state 

two things to analyze the performance of social network cloud. Let N represent the 
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number of nodes; t the number of clusters; s the number of inter-cluster link; Mi the 

number of the nodes within the i-th cluster. Therefore,           is the average number 

of the nodes,       。 

(1) Logical Path Length 

The logic path length obtained by performing one resource location or query in 

social network cloud is analyzed as follows. 

 
Conclusion 1: Social network cloud more optimizes the logic path length. The logic path 

length in Chord is       hops; Social network cloud                    hops.  

 

Proof: Suppose L(i,j) be the distance between the clusters Mi and Mj, 

then            . 

The inter-cluster links are generated according to the following probability density 

function. 
 

 

The probability of far links the clusters Mi and Mj is as the following equation. 
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When query messages are retransmitted the intermediate nodes whose distance is y 

inter-cluster hops to the target nodes, we assume CHy to be inter-cluster hops from the 

intermediate nodes to the target nodes. 

 

 

 
 

 

Assume H to be the total hops of object searching algorithm, then 

 

 

 

 

 

 

 

(2) Information Amount of Routing State 

Conclusion 2: each node of social network cloud averagely maintain less routing 

(neighborhood) state information, and have lower expenditure to join and exit the node. 

Proof: The routing information of each node in Chord is             ; the routing 

information of each ordinary node in social network cloud is average        ; the 

routing information of each cluster header node is        ; the average routing 

information of nodes is  
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Figure 3 Average coverage maintenance costs
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As the increasing velocity of the nodes number N is much larger than the intra-cluster 

nodes number M and the number of inter-cluster link s, n1>n2. It is visible that as social 

network cloud divides nodes into several levels, each node maintains less routing 

information. 

 

5.2 Simulation 

In order to analyze the performance of social network cloud, the article simulates a 

dynamic social network. Two aspects, maintenance costs of average network aggregation 

coverage and query time, are utilized to evaluate and simulate the performance of social 

network cloud. When the number of nodes attains N, nodes will join to the network at six 

nodes per second according to poisson distribution. The life cycle of nodes is set as 

TTL=[10,30]min. The number of nodes contained in each cluster is in the interval [5, 10]. 

Each node stores 0~10 data. After network size reaches a steady state by go through some 

nodes to join or leave, the nodes number N=256. Therefore, about total 2000 files are 

stored. In two different conditions, the nodes number k=4 and k=8, the nodes in the 

network are randomly selected to generate 50 k-nearest neighbor query respectively. The 

simulation results are shown in Fig.3 and Fig.4. 

Fig.3 describes the cover maintenance costs for social network cloud to take in the file 

storage, query (respectively set K = 4 and K = 8). It can be seen from Fig.3 that if K 

increases, the cover maintenance costs to store and search the target file will increase. 

This may be related to frequent cluster division and cluster merger when M is small.  

Fig. 4 describes the query time for social network cloud to take in file query 

(respectively set K = 4 and K = 8). The query time refer to the average times from sending 

the query to returning all the results to meet the query condition. It can be seen from Fig.4 

that if K increases, the query time will correspondingly increase. As can be also see that 

social network cloud has higher searching efficiency. 

 

6．Conclusions and Future Work 

In social network, traditional searching and locating method is faced with the 

characteristics of the high order correlation and implicit correlation for large-scale users, 

and user-association multidimensional and heterogeneity. This article analyze the main 

reason. This is because that the current studies mainly focus on the study of the 

correlation between social network and location information, the network topology 

structure of some user’s characteristics, so as to improve the locating efficiency of social 

networks. They do not consider using the underlying network hierarchy structure and 

network protocols to solve the problems. This article introduces the peer-to-peer 

Figur 4  Average  query time
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distributed searching mechanism with the help of the cloud computing platform. This 

searching mechanism assigns user a logical identifier, and matches the underlying 

physical address and the upper users’ logical address, so as to build the cloud logical 

topology structure of social network. This paper designs a K neighbor discovery 

algorithm. It is used to cluster the nodes according to the features of the user, so as to 

realize the quickly locating of social network. The performance of the algorithm is 

analyzed according to the user’s searching logic path length of social network, and 

information amount of routing state. The simulation of the algorithm is evaluated by 

maintenance costs of average network aggregation coverage and query time. The 

simulation results demonstrate that social network cloud has good performance and 

searching efficiency. On the basis of the construction of a social network cloud, the 

further researches are about the semantic query, complex query etc.  
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