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Abstract 

Social networks provide representations for each user 

and show behavioral patterns in different groups. Many 

researches have been done on the area. One of the 

descriptions on dependence between users and groups is 

very important and not able to be ignored, especially the 

cascade of dependence. In addition, we find that the 

propagation of dependence in users is consistent with 

reliability issue. In this paper, we propose a reliability 

model of a social network and quantify the relationship 

between users and groups. To explore a user’s neighbors, 

we find that the reliability with diameter constraint is 

proper to describe the neighbor relationship and the 

reliability between a user v and a selected group K, which 

can be expanded by (v, K)-trees and the proposed 

definition of (v, K)-opposite trees. Moreover, we apply 

reliability to friend recommendation with physical-

proximity module. The reliability-based method reveals 

that intermediate users are reliable in the propagation of 

reliability. Using synthetic data sets, we validate the 

results of reliability analysis. 

Keywords: Social networks, Reliability, Diameter 

constraint, Friend recommendation 

1 Introduction 

Over the past decade, the rapid growths of social 

networks and smart devices, such as smartphones and 

tablets, have influenced the way people interact with 

each other and built social connections with physical 

world. On one hand, the growths of social networks 

increase the popularity of related services and 

applications, such as Twitter, Myspace, Facebook, 

Skype, QQ, Wechat, etc.; On the other hand, in terms 

of computation and communication, it would take high 

overheads for the infrastructure. To reduce the 

overheads, Proximity-based Mobile Social Networks 

(PMSNs) employ some short-range communication 

techniques, such as WiFi and Bluetooth, to 

communicate with others and provide mobile users a 

new way to enjoy services and applications. 

Social networks provide an intuitive representation 

about individual connections and display interesting 

behavioral patterns [1]. For online social networks, 

data about social interactions is more readily accessible 

and measurable than in off-line social networks, which 

need a strict model to capture their evolutionary 

properties [2]. The analysis about gathering data and 

statistics becomes an important tool for developing 

intelligent systems. Papagelis et al. [3] introduced 

sampling-based algorithms to efficiently explore a 

user’s social network respecting its structure and to 

quickly approximate quantities of interest by collecting 

and analyzing information from a user’s explicit or 

implicit social network. About knowledge sharing, 

Shen et al. [4] studied the online social networks’ 

structural properties, revealing strikingly distinct 

properties such as low link symmetry and weak 

correlation between indegree and outdegree. They 

found that a small number of top contributors answer 

most of the questions in the system.  

Based on the private information of individuals, 

many researchers have concentrated on such 

relationship of individuals as friend matching, 

influence propagation. Li et al. [5] addressed the 

problem that increasing backbone network traffic and 

privacy concerns of the information leakage during the 

friend matching process limit the expansion of users’ 

friend circles, and proposed Small-World to achieve 

secure friend matching over physical world and social 

networks simultaneously. Huang et al. [6] investigated 

the structure of social networks and developed an 

algorithm for network correlation-based social friend 

recommendation. A fundamental research problem in 

social networks is Influence Maximization, which is to 

select a group of K nodes from a social network so that 

the spread of influence is maximized over the network. 

Zeng et al. [7] studied an alternative influence 

maximization problem, which aims to find top-K 

influential nodes given a threshold of influence loss 

due to the failure of a subset of R (R<K) nodes. 

Motivated by resource and time constraints on viral 

marketing campaigns, Goyal et al. [8] studied 

alternative optimization problems and developed a 

simple greedy algorithm to provide bi-criteria 

approximation. Recently, social networks have new 

applications in the fields such as cyber-physical 

systems [25] and other Internet technology [23-24]. 
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For example, Chen et al. [25] developed a social group 

utility maximization framework for cooperative 

wireless networking that takes into account both social 

relationships and physical coupling among users; 

Wang et al. [23] presented TOPK algorithm to rank 

manufacturers and suppliers at the same time. 

Actually, dependence can reflect one of users’ 

interactions in social networks. Social peers have a 

cascade of dependence for each other. Fortunately, 

reliability can evaluate the dependence within all users. 

Network reliability is defined as the probability that 

surviving nodes and edges span an operating sub 

network [9-10]. Mathematically, for a graph modeling 

the network, if there exists a path between a pair of 

nodes, nodes connect to each other [11]. Moskowitz 

[12] studied a node-failure network model and 

proposed factoring algorithm to calculate network 

reliability. The work of Theologou Carlier [13] used a 

modified method of factoring algorithm and reductions 

to calculate the reliability in networks with imperfect 

vertices. As evaluating network reliability is an NP-

hard problem, network reduction methods may lead to 

important computational gains. Cancela et al. [14] 

investigated the source to terminal reliability model, 

proposed diameter constraint D to limit that the length 

of each path from the source node to the terminal node 

should not be greater than D, and a polynomial-time 

algorithm based on it to detect and delete irrelevant 

edges.  

The remainder of this paper is organized as follows. 

In Section 2, we present problem formulation and 

propose the system model on reliability of social 

network. Section 3 analyzes small world effect and 

introduces diameter constraint in social networks from 

the perspective of reliability. In Section 4, we conduct 

experiments to demonstrate the algorithm performance. 

Finally, we summarize this research. 

2 Problem Formulation and System Model 

2.1 Problem Formulation 

The extent users depend on another user or a 

selected group can be quantified as probability. The 

probability evaluation of dependence, i.e. dependability 

[15], is basically a reliability problem, as reliability can 

account for the communication between any pair of 

users in networks. Consequently, reliability is proper to 

evaluate the trust or dependence relationship between 

users. Traditional reliability based on (v, K)-trees can 

evaluate the extent of trust or dependence relationship 

from v to K but is not able to evaluate the relationship 

from K to v. Hence, it needs further discussion to 

quantify the extent K depends on v. 

2.2 System Model 

2.2.1 Edge Reliability  

We consider a social network S where each node 

represents a user and each user interacts with friends 

by social connections. In network S, we denote the 

edge set as ES and the edge from u to v as edge eu, v, 

then 

Definition 2.1. The reliability of edge eu, v, denoted by 

pu, v, is defined as the extent that user u trusts or 

depends on v.  

To better description of reliability, we give the 

following analysis and observations: 

(1) Randomness: The reliability between any pair 

of people is randomly given. 

(2) Dual reliability: For two nodes vi and vj, vi 

depends on vj and conversely vj depends on vi. For 

example, in Figure 1, as ev5, v6 = 0.2 and ev6, v7 = 0.4, 

user v5 depends on v7 at probability 0.2×0.4=0.08 and 

conversely user v7 depends on v5 at probability 

0.2×0.5=0.1. Based on two aspects, there is dual 

influence on reliability for vi, vj. In the physical world, 

if people meet frequently at the same place and at the 

same time, they are probably socially related [16]; in 

social network, a potential friend recommended by 

existing friends would be likely to be a new friend [5]. 

(3) Non-reversibility: The reliability between any 

two persons cannot be reversed directly and equally. 

That is, generally evi, vj ≠ evj, vi. In Figure 1, user v4 

depends on v5 at probability 0.8 (ev4, v5 = 0.8) while user 

v5 depends on v4 at probability only 0.1 (ev5, v4 = 0.1). 

 
 

(a) (b) 

Figure 1. An example G with 7 users and its v4, K-trees 
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(4) Multi-hop propagation: Similar to influence, 

reliability can also be propagated through social links. 

It is of high possibility that a friend’s friend (1-hop 

friend) can be a friend and further extend (more than 1-

hop friend) in the social network may also result in 

making more friends, but the probability should be 

lower than 1-hop friend. 

2.2.2 The Reliability Between a User and a 

Selected Group 

In Figure 1(a), we model an example with a directed 

graph G (V, E) where V = {v1, v2, v3, v4, v5, v6, v7} is the 

set of users, K= {v2, v6}. We use the method of 

spanning trees to compute the reliability between a 

given user and the selected group K. 

Definition 2.2. A tree T is called a (v, K)-tree if it is 

rooted at v (i.e. v has indegree 0), covering all vertices 

in set K and any pendant vertex u (i.e. u has indegree 1 

and outdegree 0) of T belongs to K [21]. 

Figure 1(b) shows all v4, K-trees for node v4 and K = 

{v2, v6}. According to reliability theory, the reliability 

between v4 and nodes in K is the union of all v4, K-trees.  

Proposition 2.1. Let T1, T2, …, Tm be all (v, K)-trees, 

the reliability between node v and nodes in K can be 

computed by 

 
1 2

( , ) Pr( )
m

R v K T T T= ∪ ∪�∪  (1) 

By the inclusion-exclusion method [12], the 

probability that at least one event of C1, C2, …, Cn 

happens can be calculated by 

1 2

1

1 2

1

Pr( )

Pr( ) Pr( ) ( 1) Pr( )

n

n
n

i i j n

i i j

C C C

C CC CC C
+

= <

= − + + −∑ ∑

∪ ∪�∪

� �
(2) 

Each (v, K)-tree represents one kind of dependent 

relationship between v and K. The reliability is the 

extent that node v depends on group K, i.e. the event 

that at least one (v, K)-tree holds, which is consistent 

with the property of Eq. (2). Hence, the reliability 

between node v4 and K = {v2, v6} is 

4 1 2 3

1 2 3 1 2

1 3 2 3 1 2 3

( , ) Pr( )

( )
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                0.3 0.1

=
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∪ ∪

∩
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0.6182662
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⋅ ⋅ ⋅ − ⋅ ⋅ ⋅ ⋅ ⋅

− ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅
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Proposition 2.1 gives the method of calculating the 

probability that node v depends on nodes in set K. 

Actually, the extent that nodes in set K depend on node 

v should also be evaluated. 

Definition 2.3. Suppose T is a (v, K)-tree of G, S is 

obtained by reversing the direction of each edge in T, 

then we call S to be a (v, K)-opposite-tree.  

Actually, a (v, K) -opposite-tree is not a tree. Node 

v4 in subgraph S1 has no outdegree and nodes in K has 

no indegree. The reliability from nodes in K to node v4 

can be computed by paths from nodes in K to node v4. 

Proposition 2.2. Suppose S1, S2, …, Sr are (v, K)-

opposite-trees for given v and K. For each Si, paths 

1 2

, ,

ri
i i i
P P P…  start with some node in K and end with 

node v. The reliability from nodes in K to node v is 

 
1 1

( , ) Pr
i
rr

ij

i j

R K v P

= =

⎛ ⎞
= ⎜ ⎟

⎝ ⎠
∪∪  (3) 

In Figure 1(b), we denote the corresponding v4, K-

opposite-tree of Ti as Si. 

In v4, K-opposite-tree S1 
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In v4, K-opposite-tree S2 
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In v4, K-opposite-tree S3 
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The reliability from nodes in K to node v4 is 
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3 Small-world Network and Diameter 

Constrained Reliability 

3.1 Small-world Network and Diameter 

Constraint 

A small-world network is a type of mathematical 

graph in which most nodes are not neighbors of one 

another, but the neighbors of any given node are likely 

to be neighbors of each other and most nodes can be 

reached from every other node by a small number of 

hops or steps [17, 22]. The small world property 

preserves low average distance (or diameter) and high 

clustering for social networks [2]. Evidence suggests 

that in most real-world networks, particularly in social 

networks, nodes tend to create tightly knit groups 

characterized by a relatively high density of ties; this 

likelihood tends to be greater than the average 

probability of a tie randomly established between two 

nodes [18-19]. Hence, small-world networks tend to 
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contain cliques, and near-cliques, meaning sub-

networks, which have connections between almost any 

two nodes within them.  

From the perspective of reliability, diameter 

constraint, introduced by Cancela and Petingi [19], is 

consistent with the properties of small-world network 

because the constraint is to bound lengths of paths not 

greater than a given value d. [20] investigates the 

source-to-K-terminal reliability model and utilizes the 

definition of domination to computer the proposed 

reliability with diameter constraint. After the removal 

of edges that only belong to paths greater than d, path 

lengths between the source node and the terminal node 

or between the source node and the terminal node set K 

in the residual network do not exceed d, which 

corresponds to the properties of small-world network. 

Hence, diameter constraint is effective in social 

network.  

3.2 The Reliability Between a User and a 

Selected Group with Diameter Constraint 

In a social network, the reliability may not be 

propagated to the user far from the given user. By 

using diameter constraint, we would like to obtain the 

set of nodes in the neighborhood Nd(v) of a node v at 

some specific depth d ∈ [1, 6] (at most d hops away 

from v). Correspondingly, the reliability of one user 

and a selected group K is considered in Nd(v). 

Definition 3.1. The maximum distance between v and 

any of the nodes in K is called (v, K)-diameter [21]. 

In Figure 1, the maximum distance between v4 and v2 is 

3 and the maximum distance between v4 and v6 is 2. 

Hence, v4, K-diameter is 3. 

Definition 3.2. Given a node v and a selected group K, 

the reliability between node v and nodes in K with 

diameter constraint d is the probability that node v 

depend on any node in set K within a neighborhood 

Nd(v) of a node v at some specific depth d.  

Definition 3.3. A (v, K)-tree is called a (v, K)-d-tree if 

its (v, K)-diameter is at most d [21]. 

In Figure 2, if d=2, then tree T3 is a not (v, K)-d-tree 

as its (v, K)-diameter is 3. 

 

Figure 2. Social reliability between v and u 

To evaluate the reliability from K to node v, we also 

define the maximum distance between any of the nodes 

in K and v is called (K, v)-diameter. 

Definition 3.4. A (v, K)-opposite-tree is called a (v, K)-

d-opposite-tree if its (K, v)-diameter is at most d. 

Hence, the reliability for a node v and a node set K 

with diameter constraint d can be computed by  

 ( )( , , ) Pr ( )
i

i

R v K d T d= ∪  (4) 

 ( )( , , ) Pr ( )
i

i

R K v d S d= ∪  (5) 

where T(d)i is the ith (v, K)-d-tree and S(d)i is the ith (v, 

K)-d-opposite-tree. 

Based on the above analysis, we propose an 

algorithm (Algorithm 1) to compute the reliability 

between node v and a selected group K.  

 

 

Algorithm 1. Reliability in network G = (V, E) 

Input: A connected graph G = (V, E) with the node 

set V, edge set E, node reliability set P, 

diameter constraint d, node v and set K. 

Output: R(v, K, d) and R(K, v, d) 

Step 1 If G is not (v, K)-connected, R (v, K, d) = R 

(K, v, d) = 0, return; else go to step 2. 

Step 2 If the least distance from node v to any node 

in K is greater than d, R (v, K, d) = R (K, v, 

d) = 0, return; else go to step 3. 

Step 3 Generate all (v, K)-trees. 

Step 4 For each (v, K)-tree, if its diameter is greater 

than d, delete it. 

Step 5 Compute R (v, K, d) and R (K, v, d) with Eq. 

(4) and Eq. (5). 

 

We have: 

Theorem 3.1. For a given node v and a selected group 

K, reliability with diameter constraint is less than that 

without diameter constraint. 

Proof. Suppose G = (V, E) is a social network. Given v 

and set K, we can obtain (v, K) - trees T1, T2, …, Tm. 

Hence, the reliability can be computed by 

 
1 2

( , ) Pr( )
m

R v K T T T= ∪ ∪�∪   

Given constant d, for graph G = (V, E), we can 

obtain its subgraph G* = (V*, E*) by deleting irrelevant 

arcs. Let T(d)1, T(d)2, …, T(d)n (n ≤ m) be (v, K)-d-

trees, the reliability can be computed by 

 
1 2

( , , ) Pr( ( ) ( ) ( ) )
n

R v K d T d T d T d= ∪ ∪�∪   

G* = (V*, E*) is a sub graph of G = (V, E), hence 

 
1 2 1 2
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+
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1 1 2 2

( ) , ( ) , , ( )
n n

T T d T T d T T d= = =�   

Based on the probability theory, we have 
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 □ 

3.2 An Application: Friend Recommendation 

Friend matching or recommendation is a common 

problem in social network. Li et al. [5] designs 

physical proximity module and builds a Katz score-

based social strength proximity module to describe the 

similarity between Social Network users to help match 

potential friends.  

To consider the importance that the co-occurrences 

at different places are to the social reliability, we use 

location entropy [21] to calculate the physical 

proximity. Let l be a location, Vl, u be a set of check-ins 

at location l of user u and Vl be a set of all check-ins at 

location l of all users. According to [5, 16], the 

importance function can be denoted as  

 
,

1

exp( )
n

uv uv l l

l

f c H
=

= −∑  (6) 

 
,

, ,

, 0

| | | |
log

| | | |
u l

l u l u

l

u P l l

V V
H

V V
≠

= − ∑  (7) 

for u and v, where cuv, l denotes the times of the user 

pair’s co-occurrence at location l, exp(−Hl) means how 

important the co-occurrences at the place l are to the 

social strength. As the social-strength is based on 

reliability, our friend recommendation is based on the 

combination of physical similarity and social-reliability. 

Definition 3.5. The Friend Recommendation Index 

(FRI) between u and v is defined as  

 
( , ),

( , ),

uv uv

vu uv

FRI f R u v v is the receiver
FRI

FRI f R v u u is the receiver

= ⋅⎧
= ⎨

= ⋅⎩
  

For a selected group K = {u1, u2, …, uk}, the 

proximity is defined as  

 
( , ),

( , ),

vK vK

Kv vK

FRI f R v K K  is the receiver
FRI

FRI f R K v v is the receiver

= ⋅⎧
= ⎨
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where fvk is the physical proximity between user v and 

K, and  

 
,

1 1 1

1 1
exp( )

i i

k k n

vK vu vu l l

i i l

f f c H
k k

= = =

= = −∑ ∑∑   

Repeat the procedures, user v can obtain the most 

likely friend based on physical proximity and social 

reliability 

 
1 2

max{ , ,..., }
k

vu vu vu
U FRI FRI FRI=   

Theorem 3.2. Our method is social connection tree 

establishment reliable. 

Proof. Since weight-aware spatiotemporal matching 

does not involve intermediate nodes [5], we just need 

to discuss the reliability of the two-hop and the multi-

hop social reliability-aware matching.  

(1) |K|=1, the model is to estimate the reliability 

between a pair of users as Figure 3 shows.  

 

Figure 3. Social reliability between v and K 

During the two-hop social reliability-aware matching 

(Figure 2(a)), {1, 2, …, l} is the intermediate nodes set. 

Users v and u receive and operate on the reliability 

propagated from intermediate nodes. It is hard for u to 

know the dependence between v and each intermediate 

user. Similarly, user v just knows the reliability from 

{1, 2,…, l}, but is unable to distinguish the reliability 

between u and intermediate nodes.  

During the multi-hop social reliability-aware 

matching (Figure 3(b)), both u and v are not aware of 

the reliability propagation among intermediate nodes in 

social network because it is impossible for u and v to 

know explicit social connections in these nodes.  

Hence, the dependence between u and v is reliable 

(2) Similarly, for |K|>1, the model is to estimate the 

reliability between a user and a selected group as 

Figure 4 shows. 

 

Figure 4. An example with eight nodes 

During the two-hop and multi-hop social 

connections (Figure 3(a)), {1, 2, …, l} is the 

intermediate nodes set. The users v and K receive and 

operate on the reliability propagated from intermediate 

nodes. In this case, if K is the receiver, the social 

reliability that K receives is based on paths from user v 
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and through intermediate nodes. Users in K know the 

reliability is propagated from intermediate nodes, but 

they cannot guess the reliability between v and 

intermediate nodes. Hence, the intermediate nodes are 

reliable. 

4 Performance Evaluation 

4.1 Social Reliability Evaluation 

Let G be a graph depicting connections between 

users in a social network, where each node in the graph 

represents a user and each edge stands for the 

reliability between two nodes. Table 1 shows the 

reliability evaluation of Figure 1. As the social 

connections in users of Figure 1 are not complex, there 

are three cases where the reliability with diameter 

constraint equals to that with no diameter constraint, 

because their (v, K)-diameter is less than the value of d. 

In the other three cases, their reliabilities with diameter 

constraint is 0 since the shortest path between the given 

node and one node in K is greater than d. From the 

perspective of social connections, these cases do not 

mean that users cannot be friends. The reliability 0 

indicates that users, including the given user and K, do 

not depend on those who are d-hops away from them. 

Figure 4 is an example with eight nodes, where the 

edge reliability for each pair of nodes is listed in Table 

2.  

Given |K|=3, we illustrate several selected groups for 

each given node in Figure 4. Table 3 shows the results. 

Table 1. Reliability evaluation for Figure 1 

v K d R((v, K)) R((K, v)) R((v, K), d) R((K, v), d) 

v1 {v3, v7} 2 0.6584 0.8647 0 0 

v2 {v1, v5} 4 0.6895 0.3689 0.6895 0.3689 

v3 {v2, v6} 3 0.6587 0.9852 0 0 

v4 {v1, v7} 2 0.5974 0.6589 0 0 

v5 {v4, v6} 3 0.2800 0.9000 0.2800 0.9000 

v6 {v1, v7} 3 0.4090 0.2768 0.4090 0.2768 

Table 2. Reliability for each pair of nodes in Figure 4 

 1 2 3 4 5 6 7 8 

1 0 0.6 0 0.5 0.7 0.4 0 0.7 

2 0.5 0 0.6 0 0.5 0.8 0.1 0 

3 0 0.7 0 0.4 0 0.7 0.8 0.9 

4 0.9 0 0.1 0 0 0 0 0.6 

5 0.4 0.1 0 0 0 0 0 0.2 

6 0.1 0.6 0.9 0 0 0 0 0 

7 0 0.7 0.2 0 0 0 0 0 

8 0.3 0 0.3 0.5 0.8 0 0 0 

Table 3. Reliability evaluation for Figure 4 

v K d R((v, K)) R((K, v)) R((v, K), d) R((K, v), d) 

1 {2, 6, 8} 4 0.9877 0.9588 0.9624 0.9466 

1 {2, 5, 7} 3 0.8655 0.8749 0.8655 0.7854 

2 {4, 5, 6} 5 0.8744 0.7566 0.8744 0.7022 

2 {3, 7, 8} 4 0.9465 0.6574 0.9288 0.6085 

3 {5, 6, 8} 3 0.8966 0.7544 0.6877 0.7544 

3 {2, 4, 8} 3 0.8674 0.6988 0.7411 0.6988 

 

The social connections in Figure 4 are more 

complex than Figure 1. The results in Table 3 verifies 

the practical significance of Theorem 3.1. For example, 

for given user No. 1, K = {2, 6, 8} and d=4, tree {1, 2, 

3, 4, 6, 7, 8} is not taken into consideration, which 

results that user No. 1 loses the reliability between No. 

7 and No. 8. As reliability is to quantify the extent of 

trust or dependence for users, lacking of the reliability 

between No. 7 and No. 8 definitely reduces the 

reliability between No. 1 and {2, 6, 8}. 

4.2 Friend Recommendation Evaluation 

Figure 5 is a small social network in a campus, 

where (a) is an ichnography of a schoolyard, (b) shows 

the dependence of 24 students. Table 4 shows the 

corresponding reliability of each edge. 
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(a) (b) 

Figure 5. A small social network in a campus 

Table 4. Reliability for each pair of nodes in Figure 5 

Edge Reliability Edge Reliability 

Node u Node v p
uv 

p
vu

 Node u Node v p
uv 

p
vu

 

1 2 0.9 0.7 9 12 0.3 0.6 

1 9 0.3 0.3 10 11 0.5 0.8 

3 7 0.4 0.7 11 16 0.7 0.8 

3 8 0.8 0.7 15 19 0.4 0.5 

4 7 0.7 0.6 16 17 0.3 0.4 

5 6 0.6 0.5 17 18 0.8 0.3 

6 14 0.3 0.8 17 22 0.6 0.2 

6 15 0.2 0.4 19 20 0.7 0.7 

7 13 0.4 0.2 19 22 0.3 0.8 

7 14 0.7 0.7 19 24 0.4 0.4 

8 12 0.5 0.8 21 22 0.5 0.7 

9 10 0.1 0.3     

 

We aim to investigate the study relationship of these 

students, so we just consider the frequency they go to 

the library 20 and classroom buildings 21-27. The 

students share their locations via Wechat. Based on 

investigation of two months, we obtain the dataset of 

these students. Taking student No. 11 as an example, 

we list the FRI to show the likelihood of friend 

matching in Table 5. Within students {1, 12, 17}, No. 

17 is most likely to be friend of No. 11. In addition, we 

can find that higher social reliability generally 

corresponds to higher physical proximity. This 

observation shows the coherence of social connections 

and physical behaviors. The exception is that the group 

{2, 19} shares high physical proximity but low social 

reliability with No. 11. It can be seen that in social 

networks, the hops between No. 11 and group {2, 19} 

is not less than 4. Multi-hops reliability propagation 

reduces the trust or dependence between No. 11 and 

group {2, 19}, so No. 11 is less likely to join the group 

{2, 19} in spite of their high physical proximity. 

Table 5. Friend recommendation for No. 11 

No. 11 Physical proximity Social reliability FRI 

1 3.421 0.072 0.2463 

12 2.432 0.072 0.1751 

U
se
rs

 

17 4.223 0.21 0.8868 

{10, 16} 5.211 0.94 4.8983 

{9, 17} 4.409 0.3996 1.7618 

G
ro
u
p
s 

{2, 19} 5.807 0.1124 0.6527 

 

Table 6 gives the results of reliability evaluation for 

Figure 5. We find that in general, R (v, K) is less than R 

(K, v). In a social network, the construction of a group 

is based on high trust or dependence of each other. The 

growth of a group is also related to its dependence on a 

new comer. For example, the extent the group {6, 20, 

22} depends on No. 19 shows that they think No. 19 

can join their group. 
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Table 6. Reliability evaluation for Figure 5 

v K d Number of (v, K)-d-tree R(v, K, d) R(K, v, d) 

8 {1, 3, 10} 4 1 0.6223 0.8245 

10 {1, 8, 17} 3 1 0.2306 0.2939 

19 {6, 20, 22} 2 2 0.7287 0.8124 

22 {16, 18, 19} 2 2 0.6891 0.7166 

 

5 Conclusions 

This paper mainly discusses the problem of 

reliability and diameter constraint in social network. 

According to the available information of the network, 

we analyze the reliability between a given node v and a 

selected group K and propose an algorithm to calculate 

it. The diameter constraint efficiently investigates the 

neighborhood of a given node v at a specified depth d. 

We prove that reliability with diameter constraint is 

less than that without diameter constraint. Further, we 

apply the reliability method to friend recommendation. 

This work is helpful in understanding the relationship 

between a given node v and a selected group K in 

social network. 

Acknowledgements 

The authors would like to thank the anonymous 

referees for their constructive comments for 

significantly improving this paper. 

References 

[1] S. Wasserman, K. Faust, Social Network Analysis: Methods 

and Applications, Cambridge University Press, 1994. 

[2] D. J. Watts, S. H. Strogatz, Collective Dynamics of “Small-

world” Networks, Nature, Vol. 393, pp. 440-442, June, 1998. 

[3] M. Papagelis, G. Das, N. Koudas, Sampling Online Social 

Networks, IEEE Transactions on Knowledge and Data 

Engineering, Vol. 25, No. 3, pp. 662-676, March, 2013. 

[4] H. Shen, Z. Li, J. Liu, J. E. Grant, Knowledge Sharing in the 

Online Social Network of Yahoo! Answers and Its 

Implications, IEEE Transactions on Computers, Vol. 64, No. 

6, pp. 1715-1728, June, 2015. 

[5] F. Li, Y. He, B. Niu, H. Li, Small-world: Secure Friend 

Matching over Physical World and Social Networks, 

Information Sciences, Vol. 387, pp. 205-220, May, 2017.  

[6] S. Huang, J. Zhang, L. Wang, X.-S. Hua, Social Friend 

Recommendation Based on Multiple Network Correlation, 

IEEE Transactions on Multimedia, Vol. 18, No. 2, pp. 287-

299, February, 2016. 

[7] Y. Zeng, X. Chen, G. Cong, S. Qin, J. Tang, Y. Xiang, 

Maximizing Influence under Influence Loss Constraint in 

Social Networks, Expert Systems with Applications, Vol. 55, 

pp. 255-267, August, 2016. 

[8] A. Goyal, F. Bonchi, L. V. S. Lakshmanan, S. 

Venkatasubramanian, On Minimizing Budget and Time in 

Influence Propagation over Social Networks, Social Network 

Analysis and Mining, Vol. 3, No. 2 179-192, June, 2013. 

[9] R. K. Wood, Factoring Algorithms for Computing K-

Terminal Network Reliability, IEEE Transactions on 

Reliability, Vol. R-35, No. 3, pp. 269-278, August, 1986. 

[10] M. L. Shooman, Reliability of Computer Systems and 

Networks: Fault Tolerance, Analysis, and Design, John Wiley 

& Sons, 2002. 

[11] B. Bollobás, Random Graphs, Cambridge Studies in 

Advanced Mathematics, Cambridge University Press, 2001. 

[12] F. Moskowitz, The Analysis of Redundancy Networks, 

Transactions of the American Institute of Electrical Engineers, 

Part I: Communication and Electronics, Vol. 77, No. 5, pp. 

627-632, November, 1958. 

[13] O. R. Theologou, J. G. Carlier, Factoring & Reductions for 

Networks with Imperfect Vertices, IEEE Transactions on 

Reliability, Vol. 40, No. 2, pp. 210-217, June, 1991. 

[14] H. Cancela, M. E. Khadiri, L. A. Petingi, Polynomial-time 

Topological Reductions that Preserve the Diameter 

Constrained Reliability of a Communication Network, IEEE 

Transactions on Reliability, Vol. 60, No. 4, pp. 845-851, 

December, 2011. 

[15] IEC, Electropedia del 192 Dependability, http://www. 

electropedia.org. 

[16] P. Huy, S. Cyrus, L. Yan, EBM- An Entropy-based Model to 

Infer Social Strength from Spatiotemporal Data, Proc. of 

ACM SIGMOD 2013, New York, NY, 2013, pp. 1-12. 

[17] S. Milgram, The Small World Problem, Psychology Today, 

Vol. 1, No. 1, pp. 61-67, May, 1967. 

[18] P. W. Holland, S. Leinhardt, Transitivity in Structural Models 

of Small Groups, Comparative Group Studies, Vol. 2, No. 2, 

pp. 107-124, May, 1971. 

[19] L. Petingi, A Diameter-Constrained Network Reliability 

Model to Determine the Probability that a Communication 

Network Meets Delay Constraints, WSEAS Transactions on 

Communications, Vol. 7, No. 6, pp. 574-583, June, 2008. 

[20] H. Cancela, L. Petingi, On the Characterization of the 

Domination of a Diameter-constrained Network Reliability 

Model, Discrete Applied Mathematics, Vol. 154, No. 13, pp. 

1885-1896, August, 2006. 

[21] J. Cranshaw, E. Toch, J. Hong, A. Kittur, N. Sadeh, Bridging 

the Gap between Physical Location and Online Social 

Networks, Proceedings of the 12th ACM International 

Conference on Ubiquitous Computing (Ubicomp ’10), 

Copenhagen, Denmark, 2010, pp. 119-128. 

[22] J. Travers, S. Milgram, An Experimental Study of the Small 

World Problem, Sociometry, Vol. 32, No. 4, pp. 425-443, 

December, 1969. 

[23] L. Wang, Q. Jiang, S. Liu, L. Pan, X. Meng, TOPK: A New 



Reliability Analysis with Diameter Constraint in Social Networks 2055 

 

Bipartite Ranking Algorithm for Enterprise Social Network, 

Journal of Internet Technology, Vol. 17, No. 6, pp. 1207-

1219, November, 2016.  

[24] H.-F. Zhang, F. Xiong, Y. Liu, H.-C. Chao, Modeling and 

Analysis of Information Dissemination in Online Social 

Networks, Journal of Internet Technology, Vol. 16, No. 1, pp. 

1-10, January, 2015. 

[25] X. Chen, X. Gong, L. Yang, J. Zhang, Exploiting Social Tie 

Structure for Cooperative Wireless Networking: A Social 

Group Utility Maximization Framework, IEEE/ACM 

Transactions on Networking, Vol. 24, No. 6, pp. 3593-3606, 

December, 2016. 

Biographies 

Zuyuan Zhang received his BSc 

degree in Mathematics and Ph.D. in 

Applied Mathematics from East China 

University of Science and Technology, 

China, in 2012 and 2017 respectively. 

His research interest includes network 

reliability, wireless sensor network, 

cyber-physical system. 

 

Fang-Ming Shao received his BSc 

and MSc degrees in Mathematics 

from North-East Normal University, 

China, in 1992, and 1997, respectively. 

He received his Ph.D. degree in 

Communication and Information 

System from Dalian Maritime 

University in 2002. From 2002 to 2003, Shao was an 

assistant professor in the Department of Mathematics, 

Dalian Maritime University. From 2003 to 2004, Shao 

was a visiting associate professor in the Center for 

Wireless Communications, University of Waterloo. He 

is a professor in the College of Science, East China 

University of Science and Technology, Shanghai, 

China. His research interests include reliability and 

energy optimization of wireless and wired networks. 
 

 

 



2056 Journal of Internet Technology Volume 19 (2018) No.7 

 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF005B683964DA300C005000440046002800310032003000300064007000690029300D005D0020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 400
        /LineArtTextResolution 1200
        /PresetName <FEFF005B9AD889E367905EA6005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


