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Abstract

With the development of micro-blog advertising industry, micro-blog ads present a new
perspective to people. It is observed that the communication effect would be maximized
only when the ads spread on optimization path consisted of some crucial nodes. Conse-
guently we define these critical nodes as storm eyes of ads. Referring to the theory of the
shortest path and scale-free characteristics of complex networks, we build a model to de-
tect the storm eyes of ads based on the elements closely related to micro-blog ads, com-
bined with the thought of dividing and conquering-merge. A detecting algorithm is pro-
posed based on the model, the time complexity of which is just O (n). The dataset of our
experiment obtained from SinaWeibo API has reached the number of 1 billion. And the
results show that detection time is much less than artificial statistical approach on the
premise of the algorithm with high detection accuracy.
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1. Introduction

After Sina micro-blog came into being, the advertisement industry has been perfectly com-
bined with Sina micro-blog, thus giving rise to an emerging industry, the micro-blog adver-
tising industry. This paper focuses on solving the following question: which key customers
should the micro-blog ads make use of to be spread in the largest scope, through the shortest
communication time and with the maximum communication effect. Due to the low mi-
cro-blog ads launch accuracy and the difficulty of real-time update in the current stage, the
launching effect of micro-blog ads is far from being satisfying. In order to solve these prob-
lems, many scholars both home and abroad have conducted relevant technical researches
based on Twitter and Sina micro-blog. David Kempe et al. pointed out in their paper that the
optimization issue of choosing the most influential nodes is an NP problem [1]. Wei Chen et
al. put forward two ideas to improve the influence maximization in the social network [2].
Yao Zhang et al. adopted a simple but effective evaluation method as the influence function,
and put forward greedy algorithm of greedy evaluation expectation [3]. Wei Chen et al. put
forth a heuristic algorithm, which can easily measure the million-level nodes and sides.
Moreover, the algorithm boasts the balance adjustment parameters to control the user opera-
tion time and influence communication of the algorithm [4]. Cheng-Te Li et al. put forward in
their paper issue of influence communication maximization of the diversified social network
[5]. However, Kyomin J. et al. thought that the influence maximization in the social network
refers to the maximization of the influence coverage of these nodes by choosing the number
of “k” top nodes [6]. Bo Liu et al. put forward the issue of influence maximization with time
limit [7].

The structure of this paper is as follows: The first part gives a brief introduction of some
new concepts related to micro-blog ads; the second part puts forward a key launching node, or
the detecting model of the storm eyes of the ads, to detect the ad communication flow; the
third part provides the algorithm related to the detecting model and applies it to support the
detecting model; the fourth part proves the feasibility and effectiveness of the detecting mod-

ISSN: 2005-4246 |[JUNESST
Copyright © 2015 SERSC



International Journal of u— and e— Service, Science and Technology
Vol.8, No.4 (2015)

el, conducts experiments of the detecting model and algorithm and shows the experimental
results; the last part is a summary of the whole paper.

2. Ads communication

The ad communication network based on Sina micro-blog puts its advertising on the com-
munication flow formed by the advertising nodes. After several node transmissions, the
maximum communication scope (referring to the condition that the ad communication flow
covers the most communication nodes) is achieved through the shortest communication path
(or the shortest communication time). In this way, the maximum ad influence (ad communi-
cation effect) and advertising value can be realized. The research objective of this paper is to
find the users for the advertisement launching so as enable the ads to achieve the maximum
communication effect through the fewest transmission times. All these users are the storm
eyes mentioned in this paper, and they are the central and key element that gives rise to the ad
storm. The exposition and experiment in this paper is based on the assumption that commu-
nication time between the nodes is the same. Based on the assumption, this paper uses the
fewest node transmission times to represent the shortest communication time of the ad com-
munication flow, and uses the maximum covered nodes under the condition of fewest trans-
mission times to represent the maximum communication effect within the shortest communi-
cation time. The following part will give a brief introduction of the concept of the micro-blog
ad communication flow and the storm eyes of the micro-blog ads. Ad communication net-
work is defined as “G”; the node collection in the network as “V”’; and side collection as “W.”
Then the ad communication network constitutes the following relationship:

G()=(V\W),(1)

In which i stands for node item; n stands for the total number of nodes; m stands for the
total number of sides; Vi stands for the node whose node item is i; W; stands for the side
whose node item is j; G(.) stands for the ad communication network made of n nodes and m
sides. Diagram 1 is a typical ad communication network. The following part will give the
definition of three major concepts in the communication network of the micro-blog ads,
namely ad communication flow, storm eyes of the ads and step length.

Diagram. 2 Schematic Diagram of

Diagram. 1 Typical Ad Communica- Micro-blog Ad Communication Flow

tion Network

Definition 1 Ad Communication Flow: it is an ads communication path. The source of ad
communication is called the ad communication source, which originally comes from the pub-
lisher of the ads. The ad communication flow is shown in Diagram 2.

In diagram 2, nodes stand for the registered users of Sina micro-blog. If there exist sides
between the nodes, it suggests there is ad communication flow between them. The arrow di-
rection stands for the communication direction of the ad communication flow. For example,
1->2->5 in the diagram stands for the ad communication flow from 1 to 2 and then to 5.
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Definition 2 Storm Eyes of the Ads: in the communication path formed by the nodes on the
micro-blog ad communication flow, if there is a key path, which can enable the ad communi-
cation flow to arrive at the largest communication scope within the shortest time, the nodes on
the key path are called as the center nodes, or the storm eyes of the ads. See Diagram 3.

)
© () QL}N )
@ O~®
Diagram. 4 Model Schematic Dia-

gram of Weighted Communication
Effect Index

Diagram 3. Schematic Diagram of
the Storm Eyes of Micro-blog Ads

It can be seen from Diagram 3 that node 2 connects the other six nodes in total. If the ad is
launched in node 2, the ad information can be transmitted to the other six nodes at most at
once. Since the total number of the nodes in the network is 8, node 2 only needs to transmit
the ad information once to achieve 75% of the ad communication scope, which is larger than
any random node in the network. In this way, node 2 can be defined as the center node, or the
storm eye of the ad.

Definition 3 Step Length: The distance between nodes on the ad communication flow start-
ing from the node of the ad communication source. The step length will be increased by 1 for
each extra communication of one node. In this paper, the step length is represented by “s.”
Then, the step length between two nodes, namely | and j, can be represented by s (i, j). Just as
Diagram 3 shows, is an ad communication flow. The step length between
node 1 and node 2 is s (1, 2)=1; the step length between node 2 and node 5 is s (2, 5)=1; and
the step length between 1 and 5 is s (1, 5)=2.Based on Diagram 3, the micro-blog ads com-
munication effectindex n is further defined as follows:

=50 (i =1..n)

()

in which, i stands for node item, n stands for the total number of nodes, F (i) stands for
the fans’ number of node I, and the micro-blog ads communication effect index n is used to
measure the communication influence dimension of Sina micro-blog ads.

In Diagram 4, the numbers 1-8 with circles stand for the eight communication nodes in ad
communication network. The arrows stand for the communication direction of the ad com-
munication path. The numbers on the connecting lines with the arrows stand for weight,
which is the fans’ number of the node that the arrow points at. The algorithm model of the
micro-blog ads communication effect index is worked out based on the practical case provid-
ed in Diagram 3. The communication effect index of every communication path worked out
according to formula 2 is as follows: (1)The communication effect index of node 1 is: (9+5+2
) In=16/n; (2)The communication effect index of node 2 is: 5/ n;(3)The communication effect
index of node 3 is: 2/ n;(4)The communication effect index of node 4 is: 9/ n; (5)The commu-
nication effect index of node 5 is: 1/ n; (6) The communication effect index of node 6 is: 5/ n;
(7)The communication effect index of node 1 is: 9/ n;(8)The communication effect index of
node 8 is: 2/ n. Based on the above result, it is known the center node of the network in the
area is nodel. Furthermore, the concept of the communication effect index of the ad commu-
nication flow can be extended to overall communication effect index and partial communica-
tion effect index. Therefore, the two concepts can be defined as follows: when the whole Sina
micro-blog is regarded as the ad communication network, the calculation formula of the over-
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(o)

all communication effect index of a certain node o in the network is 7{ &)= OKI(—) , which

means the ratio of the number of degrees of node o to the total number of nodes in the com-
munication network. When a certain influence area on the Sina micro-blog is regarded as the
ad communication network, the calculation formula of the partial communication effect index

F (o
of node o in the network is 7 o0)= M which means the ratio of the total number of

N(-)

nodes in the communication network to the output number of degrees of node o.

Definition 4 Detecting Precision: The connecting number of the storm eyes of the ads and
their output number of degrees or input number of degrees. The corresponding practical quan-
tized calculation formula is:

in which i stands for the item of the storm eyes of the ads, n stands for the total number of the
storm eyes, Bfi stands for the shared fans’ number of the storm eyes of the ads, Foi stands

for the number of fans, and the detecting precision P is used to measure the detecting preci-
sion of the storm eyes of the ads.

In the following part, this paper will focus on researching into the detecting model of the
storm eyes of the Sina micro-blog ads.

3. Detecting Models

Due to the complex network characteristics of the ad communication flow network on Sina
micro-blog, this paper thus puts forward an assumption about the rule of the shortest path in
the ad communication flow network:

Assumption 1 In Sina micro-blog ad communication network with the complex network
characteristics, most of the nodes are connected through the center node, and there is a com-
paratively large probability that the shortest path between any nodes passes through the center
node. The center node here refers to micro-blog user with highly converged fans’ number.
The area with several center nodes as the core can divide the ad communication network on
the Sina micro-blog into several partial areas. As long as the strategies are adopted to find the
center node in the area, the center node of each partial area can be found out. If all these
nodes become the storm eyes of each area, all the storm eyes of the areas can be connected.
Then it is possible for us to find a similar virtual key path, or the shortest path, so as to max-
imize the ad communication effect. In the complex network, if a node in a certain area is the
center node, then most of the nodes within the area will pass the center node. Similarly, in the
ad communication network, most of the nodes will pass through the center node, thus sug-
gesting that the center node is definitely connected with a majority of the other nodes, which
directly shows the large exit number of degrees of the center node. Then, the center node col-
lection is defined as C. On the original state, it is shown as follows:

According to the node collection V defined in formula 1 and combining with the scale-free
characteristics and the thought of dividing and conquering-merge, the collection of the nodes
can be divided into several sub-collections, A0,Al,...,Al, then
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A=UJA=q)0

i =0

In which | stands for the collection item, k stands for the total number of the
sub-collections, and Al stands for the sub-collections, whose item is 1. Formula 1 and f sug-
gests that the ad communication network made up of node collection and side collection can
be divided into the number of k sub-networks. Then, in the above sub-networks composed of
the above node sub-collections, the maximum value of node fans’ number contained in each
sub-collection is worked out in turn. Max{F(Vi|Aq)}(=0...k),(i=1...n), in which | stands for
the node item, n stands for the total number of the nodes in the sub-collection, Vi stands for
the nodes, whose node item is i, 1 stands for the collection item, A, stands for the node
sub-collection, whose collection item is k, and then F(Vj|Ax) stands for the fans’ number of
the node, whose item is I in the k sub-collection and Max{F(Vi|Ax)} stands for the maximum
value of the fans’ number of the node. In particular, the maximum value of the fans’ number
of each node in the sub-collection AO can be represented as Max{F(VilAy)}, (i=1...n), in
which i stands for the node item of each node in the sub-collection A0 and n stands for the
total number of the nodes in the sub-collection A.

In the following part, the value of each node from the source node is compared. The steps
are as follows: Initialize the node item as I; Compare the value of F(Vi) and F(Vi+1) and the
ads communication effect Y; If F(Vi)>F(Vi+1), put the node Vi into the center node collec-
tion C, and move down the source node as Vi+1, in which the node item is added with a, and
then repeat Step 1; When F(Vi)<F(Vi+1), the node Vi flows toVi+1 and the node item is
added by 1, thus forming the ad communication flow, then repeats Step 1; When the node
item is i=n, the cycle ends;

m
1. The center node collection of the ad communication flow is acquired as C = U ij
j =0

in which j stands for the center node item, m stands for the total number of the nodes in
the center node collection, A stands for the center node whose node item is j and C is the
collection of the center nodes. After the collection of the center nodes is gained, a virtual
shortest path can be constituted by connecting all the acquired center nodes, and the path
is definitely quite close to the practical shortest path. Then node 1 and node n on the path
is exactly the storm eyes of the ads. After extending the algorithm method of the mi-
cro-blog ad index in formula 2, the area node communication effect algorithm in the mi-
cro-blog ad network is shown in formula 6:

(i) =P @
in which, matrix S is alxn matrix, S=(7,,17,,...,7,), matrix P is a nx1 matrix,
and 7, =% (i=0, 1..., n) .In particular, n, stands for the ad effect index of the

source node. Therefore, we make an assumption here 5 =0.
In the above formula 7, 7 stands for the ads communication effect index in the Sina mi-

cro-blog add communication network and stands for the node dimension. When the source
node is regarded as the root node of the tree, the node dimension can be regarded as the depth
of the tree. In other words, when i=0 represents the source node, i=1 stands for 1°sub-node,
which is 1°fans’ nodes; i=2 stands for 2°sub-node, which is the 2° fans’ node of the source

node, and the follow-up sub-node can be deduced likewise. 7, stands for the ad effect index
of i° sub-node of the source node, which is the ads communication effect index of the i°
sub-node of the source node. 7 (i) stands for the ad effect of the i° fans of the source node.
F(i) stands for the fans’ number of the i° fans, and si¢) stands for the shared fans’ number

of the i° fans of the source node. In fact, it is meaningless to launch the ads in the acquired
communication flow node of the ad information, because the ad information quantity will be
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zero to the node if it receives the ad information the same to the acquired one. In this way, the
value of the ad communication will be lost. Therefore, while establishing the detecting mode,
it is necessary to avoid closed loop circuit on the weighted directed graph (Diagram 4) and
closed rings on the nodes as much as possible. When the idea is applied to the Sino mi-
cro-blog, it means that the shared fans’ relationship should avoided in the users’ ad commu-
nication flow. Though, the whole social network of Sina micro-blog is in itself a closed loop,
the number of the ads are too numerous to count. Therefore, it is assumed that the communi-
cation flow an ad cannot be spread in the whole micro-blog, but each user knows the ad in-
formation.

In the following part, this paper will introduce the algorithms related to the detecting mod-
el.

4. Algorithm Description

This part will introduce the algorithms related to the detecting model of the storm eyes on
the Sina micro-blog mentioned in Part 4.

Detecting the eyes of Advertising Storm Algorithm

1. Input: NODE-List V and Edge Set W

2. Output: Set C of Center Node and Advertising communication effect of every node in Set C;
3. Initialize: NODE-List V, Edge Set W, Node-ID i, Node-Count n, Source-Node V,, Fans-Count of every node;
4. VOZVI‘ H

5. Compare F(V;) , F(V,,) andY of every node;

6+ if F(V)>F(V,,,), then

insert V; to Set C of Center Node and Source node Vy = V1,

i++ , jump to step 4;

7 if F(V}) <F(Vi.1), then

8. Vo = Vi q» i++ , jumptostep 4;

9, if i=nthen

10, end;

c=UizoA;

11. return J, m is Node-Count of Center Node

From formula 1, it can be seen that Step 1 to Step 4 is the preparation work of the algo-
rithm, including the initialized point collection V, side collection W, node item i, the number
of the nodes n, source node V, and the fans’ number of each node. From Step 5, the iterative
process of the algorithm begins, which ends until in Step 10. Step 11 returns to the center
node in the ad network, which forms the key path, and the time complexity of the algorithm is
only O(n). Through the above algorithm of detecting the storm eyes of the ad, the center
nodes in the ad network can be gained, or the storm eyes of the ads. Through the calculation
results, we can gain the approximate key path so as to work out the maximum approximate
value of the ad communication effect.

In the following part, this paper will discuss the experiment process so as to prove the
above model and algorithm.

5. Result and Analysis of the Simulation Experiments

Before introducing the experiment, this paper will firstly describe the experiment data col-
lection. After that, this paper will show the experimental result so as to prove the effective-
ness of the experiment model and algorithm.

5.1. Data Collection and Experiment Preparation

The data collection employed by the experiment is the sub-collection of the originally col-
lected data. All the data in the originally collected data are collected through Sina microblog’s
API before December 2012, whose total number is more than 2 billion. This paper adopts the
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data in November and December of 2012 as the experiment data. The experiment is conduct-
ed on the server equipped with the operation system of Linux operation platform. The server’s
configuration is an 8-eight CPU with 32G internal storage. After the data are acquired, pro-
gramming and simulation experiment are conducted on Matlab. The specific steps of the sim-
ulation experiment are shown as follows: firstly, repeatedly select all these data gathered
through the Sina micro-blog’s API; then import them into Matlab and make them into the
simulation data collection required by the experiment; later, realize the algorithm models and
algorithms mentioned in the previous part in the programming of Matlab; finally, draw the
result of the simulation experiment.

5.2. Analysis of the Experimental Result

The experiment draws randomly 1 billion pieces of data from the data collection, and ran-
domly divides them into ten groups, each of which contains 100 million pieces of data. After
several iterative comparison and combination through the above mentioned models and algo-
rithms, we gain ten center nodes with the maximum ad communication effect. Then, the sta-
tistical method is adopted for comparison and combination to find the genuine center node
among the 1 billion pieces of data. Due to the limited article length, this following part just
lists the ads communication effect result when the number of the center nodes is 10. Then, the
two methods are compared and go through the normalization processing. After that, the ac-
quired experimental result is shown in Chart 5.
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In Chart 5, Number of Center Nodes is the x-coordinate, and Ads Communication Effect is
the y-coordinate, standing for the ads communication effect passing through the ads commu-
nication path formed by each center node. The red curve stands for the maximum value of the
ten nodes’ ads communication effect worked out through the statistic method after a compar-
atively long period of time. The blue curve stands for the center nodes gained in the experi-
ment employing the models and algorithms mentioned in the above. This paper divides the
ads communication effect into 0-5 levels, which is the value of the ads communication effect
within the scope of 0-5. When the ad is launched on one center node, its ads communication
effect is 2.8772. When the number of the center nodes is 2, the ads communication effect will
be increased to 2.9063. The number of the center nodes is continuously increased to 10, and
then its ads communication effect reaches 4.2468. Table 1 shows the ads communication ef-
fect value through manual statistical ad launching method and the experiment method in this

paper.

Table 1. Comparison of the Statistical Method and Experiment Algorithm

Number of center nodes Experiment method Statistical method
1 2.8772 2.9810
2 2.9063 3.0315
3 3.0063 3.0387
4 2.9810 3.0950
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5 3.0387 3.0971
6 3.0950 3.1580
7 3.2580 3.1647
8 3.4647 3.3351
9 3.6412 3.4412
10 4.2468 4.0456

The ideal effect of ads communication is to make all micro-bloggers learn the existence of
an ad, that is, the ads communication effect value reaches 5. In fact, due to the offline status
of the micro-bloggers and the existence of factors, like weak ties between the micro-bloggers
and the data sparity [13], ads communication effect will just get infinitely close to the ideal
value. Therefore, in Table 2, the ads communication effect percentage is given to represent
the gap between the ideal value, and experiment value and genuine value respectively. As-
suming that the ads communication effect percentage of the ideal value is 100%, their gap can
be compared through the ratio of the ideal value to the experiment value and to the genuine
value respectively.

Table 2. Comparison of the Ads Communication Effect and Ideal Value

Ads communication effect percentage

Number of the center nodes Experiment vale Statistical value Ideal value
T 57-544% 59:626%
2 58.126% 60.630%
3 60.126% 60.774%
4 59.620% 61.900%
5 60.774% 61.942%
6 61.900% 63.160% 100%
7 65.160% 63.294%
8 69.294% 66.702%
9 72.824% 68.824%
10 84.936% 80.912%

It can be seen from Table 2 that, when the number of the center nodes reaches 10, the ads
communication effect percentage already reaches 84.936%, while that gained through the sta-
tistical method is just 80.921%. Compared with the ideal value, the ads communication effect
gained through the experiment method is comparatively high, which is higher than that gained
through the statistical method by 4.024%.

In Chart 6, the Number of Center Nodes is the x-coordinate; and the Detecting Precision is
the y-coordinate. Based on formula 3, it can be known that, as long as the degree of the center
node is the largest in the area scope divided by the sub-collection, it can be ensured that it is
the center node in the area, thus guaranteeing the detecting precision. It can be seen from
Chart 6 that, with the increase of the number of the storm eyes of the ads, the detecting preci-
sion is higher and higher. Thus, it is suggested that, due to the similar properties of the storm
eyes, as long as one storm eye is found, more storm eyes can be found according to the simi-
lar properties, thus achieving the purpose of improving the detecting precision.

The experimental result shows that a shortest path composed of center node sequence can
be found through the models and algorithms mentioned in the paper. At the same time, the
models and algorithms mentioned in the paper can help us gain the approximate key commu-
nication path in the ads communication network within a short time period, and can detect the
center node with comparatively high precision. As long as the center nodes are precisely de-
tected, the ad can be launched through the shortest path composed of the central node se-
guence to achieve the goal of obtaining the maximum ads communication effect through a
small number of center nodes.

6. Conclusions

Through analyzing the rules of Sina micro-blog ads launching and communication, this
paper puts forward the new concepts of micro-blog ads communication effect and their com-
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munication effect index and the storm eyes of the ads, and the model of detecting the storm
eyes of the ads on Sina micro-blog through combining the complex network’s idea of acquir-
ing the shortest communication path. Based on that, the storm eyes of the ads are abstracted
into the center nodes in the complex network. By employing the idea of detecting the center
nodes and combining the experiment method, this paper preliminarily solves the problem of
detecting the center nodes and approximate communication path for the advertising. The main
contributions of the article can be boiled down as follows: (1) define the storm eyes of the
ads, ads communication effect and their communication effect index; (2) put forward the de-
tecting model of the storm eyes of the ads based on the Sina micro-blog platform; (3) prove
through the experiment that the storm eyes detecting model of the ads based on the Sina mi-
cro-blog platform can better solve the problem of ads communication effect maximization
and can largely promote the benefits of the advertising. The time complexity of the detecting
algorithm is only O (n), so it can largely improve the time to detect the advertising nodes. At
the same time, the experimental result proves that the algorithm boasts higher detection preci-
sion, thus suggesting the feasibility and effectiveness of the detecting model. Besides, the ex-
position of the paper provides a novel thinking for the ad launching benefits and increase of
the ad return benefits on the Sina micro-blog for the further research work of the researchers
in the future.
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