HEK. NCCP International Journal of Intelligent Information and Management Science
ISSN: 2307-0692, Volume 5, Issue 4, August 2016

International Journal of Intelligent
Information and Management Science

Volume 5, Issue 4, August 2016
Part 11

http://www.hknccp.org

President: Zhang Jinrong
Chief Planner: Hu Yuejuan
Executive Chief Editor: Chen Lihua, Cui Shuzhen, Shuyu
Editorial Board: Li Shu, Xu Ya, Gao Shufen, Ya Hui, Su Daqi, Albert, Yu Borui,
Souza, Pei Liu, Chun Hao, Li Dhidai, Meng Yu
Audit Committee: Lin Lichan, Xu Lijuan, Dong Peiwang, Su Jianmin, Ali Coskun, You Wenying, Chen Xingeng,

An Xin, Yan Yanhui, Tang Ming, Yang Ming, Zhi Zhong, Xiao Han, Sun Wenjun,
Yoon-seon Lee, Bom Sook Kim, Chang-Duk Jun, Jin Hong Cha, Tan Ker Kan,
Tian-Hua Huang, Jorge Serra Colina, Yong Shao, Vikram Kate

Publisher: HongKong New Century Cultural Publishing House

Address: Unit A1, 7/F, Cheuk Nang Plaza, 250 Hennessy Road, Wanchai, Hong Kong

Copyright© 2016 HongKong New Century Cultural Publishing House -All Rights Reserved




HEK. NCCP International Journal of Intelligent Information and Management Science
ISSN: 2307-0692, Volume 5, Issue 4, August 2016




HEK. NCCP International Journal of Intelligent Information and Management Science
ISSN: 2307-0692, Volume 5, Issue 4, August 2016

Contents

Applied Research of Multi-objective Optimization Algorithm in the Wireless Networks

Shualll WANG .......................................................................................................................................... (89)
Research on the Concrete Shrinkage Cracking Factorsand Experimental Methods of Earth Early

YUeXUan ZOU .......................................................................................................................................... (95)
Application of Analytic Hierarchy Process in Selection Decisions

Yuting MAO .......................................................................................................................................... (102)
The Application of Fuzzy Comprehensive Analysis Method in the Purchase of Private Cars

Shenlin L| ............................................................................................................................................. (107)
The Problems and Strategies of Structure Design of High-Rise Buildings with Beam Type Conversion Layers
Dongdong WANG .................................................................................................................................... (113)
On Applied Research of Super Trust Model in P2P Networks

Zh|ke KUANG ....................................................................................................................................... (116)

The Application of Fuzzy Comprehensive Evaluation Method in The Evaluation of Customer Satisfaction in Lo-
gistics Enterprises

Yisa KU #ooeoeeesonnneeneeneeeeneeeeeneaeenneeesoneeesoneeosoneeosoeeeesoseosoesssssessossessosseseosssseosssssosossssssssssssssssssssssssssssssssasns (124)
Research on Relationship between Traffic Volume and GDP in Tianjin

xiaoyuan LU oo ooeeensesonaaaennnasaaneosesesonesssoneaeseseosesssosssssoneessoseossessososssssssssossosssssosasssssssssssssssosssssssssssassccnsns (129)
EIA - a Tool for Sustainable Development: A Case Study of Mynyddy Gwair Wind Farm

HaOyUe ZHANG ....................................................................................................................................... (133)
Analysis and Development Countermeasures of Farm Produce Cold-chain Logistical China

LiUrUi L| ................................................................................................................................................ (139)
Breakthrough of Traditional Internet Marketing Thinking

Pe”inen ................................................................................................................................................ (142)
Research Summary on the Evaluation Methods of Tunnel Excavation Schemes in High Altitude Area

Tingdong YANG ....................................................................................................................................... (145)
Analysis on Urban Overpass Landscape Design

Xiao WANG .......................................................................................................................................... (151)
The Pricing Analysis of Real Estate Big Data

Sen ZHAO ............................................................................................................................................. (155)
Analysis of Small and Medium Sized Enterprise Mobile Internet Marketing Mode

Cope|and ............................................................................................................................................. (158)
Situation Analysis of Public Participation in Polluting NIMBY Facilities Planning and Construction

QiUXia YAO .......................................................................................................................................... (161)
Investigation of Multi-cycle Working Process on the Pulse Detonation Engine

TaO \]|ANG’ Chunsheng WENG ..................................................................................................................... (164)
The Analysis of Construction Related to Gravity Caisson Wharf

Yongyi WANG ....................................................................................................................................... (172)
Analysis of Urban Road Engineering Design

Ylnplng (D|A()Y Zhljle CHEN ........................................................................................................................ (176)

Research on Quality Control and Management of Municipal Road Engineering




HEK. NCCP International Journal of Intelligent Information and Management Science
ISSN: 2307-0692, Volume 5, Issue 4, August 2016




HEK NCCP

International Journal of Intelligent Information and Management Science

ISSN: 2307-0692, Volume 5, Issue 4, August 2016

Applied Research of Multi-objective
Optimization Algorithm in the Wireless
Networks

Shuaili WANG
Modern Education Technology Center, Hunan City University, Yiyang Hunan 413000, CHINA

Abstract: Due to the cost, reliability and quality of communication equilibrium of the traditional FM radio
network optimization algorithms during the construction , hierarchical multi-objective optimization algorithm
is put forth. First, increase FM wireless networks mobile node and select new-adding link waypoints’ optimal
vector set, then design a hierarchical optimization model, and then use hierarchical multi-objective optimiza-
tion algorithm to solve the problems of VHF wireless networks. Finally, compared simulation experiment of
stratified multi-objective optimization algorithm and Glid algorithm and violent search algorithm is conducted,
and the experiment shows that: stratified multi-objective optimization algorithm is smaller than traditional op-
timization algorithms in areas such in the network nodes, the average communication jump and the average
attenuation of communication after running 50 times, i.e. lower cost, better network reliability and communi-

cation quality.

Keywords: Path discrete; Constraints; Objective function; Network node

1. Introduction

Different from the usual wired communication networks,
wireless ad hoc networks can be laid easily and quickly
without pre-infrastructure. Self-organizing wireless net-
work’s data link layer technology is one of the key tech-
nologies of self-organizing wireless networks. Based on
TCP/IP protocol, FM radio network with self-
organization is different from conventional WLAN, it use
frequency hopping transmission and static TDMA MAC
technology.This FH-TDMA transmission system helps
ensure the reliability of the communication node and
anti-jamming, It is easy to implement self-organizing
network environment changes. But features and defects
of FH-TDMA transmission system presents special re-
quirements for FM channel link layer protocol’s design
[1-4]. FM wireless networks have an important role in
disaster relief and other emergency communication, but
the way to build its network is still very backward. The
traditional FM radio network is built based mainly on
experience of the network optimization engineers and
field measurements, but this approach is not only slow
and costs highly, but also it’s far away from the actual
optimal network [5-7]. Therefore, it is necessary to build
the network planning before construction, thereby im-
prove network’s reliability and communication quality,
and reduce the cost of network construction [8].

At home and abroad studies on the FM radio network
planning are not many, Wi-Fi hotspot planning focuses
on 3G wireless networks and wireless sensor networks.

However, FM radio network planning and 3G wireless
network planning have a degree of similarity. Therefore,
we can draw on 3G wireless network planning algorithms.
FM wireless networks have different planning methods
under different needs and application contexts.

Under different needs and application contexts, FM wire-
less networks have different planning methods. This pa-
per studies how to constitute optimal network with a giv-
en number of necessary conditions of network nodes and
some adding mobile node as a relay node. Optimal net-
work refers to the lowest-cost network construction, best
network reliability and best quality of communication.

2. Models and Definition
2.1. Definition of objective function

Main objective of FM radio network planning is the cost
of network construction, network reliability and quality
of communication and get the optimum of the three
through the use of appropriate network planning algo-
rithm. To lower construction costs and obtain savings is
an important goal of network planning when the commu-
nication needs and quality are satisfied .In building a
VHF radio network, adding an additional vector way-
point means an increase in a communication vehicle. The
reduction of the number of adding vector waypoints is
particularly important to cost control. Therefore, the ob-
jective function is defined as the following:

fl(X) = %

€]
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Wherein, f,(x) represents the average number of re-

quired adding vector waypoints when connect a neces-
sary network node; x represents an increase of a set of
vector coordinates of the waypoint; |x| represents the
increase in the number of vector waypoints; m indicates
the number of necessary network nodes.

In the VHF wireless network, problems of arbitrary hop
communication of any link between two necessary net-
work nodes can let this link fail. Therefore, the fewer the
average number of communication hops between the
necessary network nodes, the higher the reliability of the
network. The objective function is defined as the follow-

Ing.
I<i< Zl<i<j hij
fz(x) = == 7
m(m-1)/2

Wherein, f,(x) represents the average number of com-
munication hops between necessary network nodes; X
represents an increase of a set of vector coordinates of
the waypoint; h; (x) represents the shortest hops of the

communications link between the necessary network
node i and j. The communication attenuation between
necessary network nodes directly determines the com-
munication quality of the entire wireless network. There-
fore, another objective function is defined as:

)

2.2. Hierarchical
model

network planning optimization

Hierarchical network planning optimization mathemati-
cal model is:
Wherein, T represents the minimum solution of hierar-
chical multi-objective; Ps (s = 1,2,, L) for the first level
of the mark, which means the corresponding objective
function fs (x) (s = 1,2,, L) is the s priority level, and the
relationship between the Ps satisfy s> s' Ps> Ps', which
means that the s priority level "prior” to s' priority lev-
el.Under the condition of satisfying the constraint condi-
tions. Firstly, get the minimal solution set of the objective
function value of the second priority based on the mi-
nimal solution set of the objective function value of the
first priority levels, and the rest can be done in the same
manner. In general, multi-objective minimization of s+1
priority level should be done based on the solution set of
the s priority level. In the last layer, solution set of Multi-
objective minimization is the solution set of type (4).
In this paper, L = 3, i, three priority level’s problem of
hierarchical multi-objective minimization:

R=min[p, (), P, (), p; (0] ()

In VHF radio network planning, the cost factor is at the
highest priority, the next is reliability of the network, and
the last one is the communication quality of the net-
work .Therefore, function of the first priority level is
supposed as the average number of required-adding way-

points vectors f, (x) which is needed to connect a neces-

sary network node , and the function of the second priori-
ty level is supposed as the average number of average

communication hops f,(x) between necessary network

nodes ,and the function of the first priority level is sup-
posed as the average number of the average communica-

tion attenuation f,(x) between necessary network nodes.

During the optimization process, partially focusing on
certain optimization goals through a hierarchical ap-
proach can ensure that a more important optimal perfor-
mance goal priority can be optimized firstly. Layering is
usually not used alone, but more used in conjunction with
other optimization algorithms.

2.3. Propagation model

For the planning wireless network, simulation and verifi-
cation are conducted; communication attenuation be-
tween nodes is calculated by using Longley-Rice model.
The communication attenuation through Longley-Rice
model does not only consider the communication fre-
quency and the distance between nodes, but also consider
the terrain information, such as terrain irregularities, the
average surface refractive and other factors. Therefore,
attenuation communication by using Longley-Rice model
can be a good fit the actual communication attenuation
between nodes.

3. Hierarchical Multi-objective Optimiza-
tion Algorithm Networks

3.1. Multi-objective network planning algorithm

Multi-objective network planning algorithm can be di-
vided into linear programming algorithm, heuristic algo-
rithms, and decomposition methods.

1) Linear Programming Algorithm

Linear programming is a classic algorithm on solving
combinatorial optimization, but in the wireless network
planning, the method is not widely applied. Wong JKL
created the problem linear programming model due to
this reason. Since integer solution of the problem requires,
the authors use the simplex method combined branch and
bound to solve the problem. The algorithm can get exact
solutions for simple indoor network planning. Although
this algorithm has the advantage of accurate solution, but
due to the problem NP-HARD characteristic problem for
large linear programming method; this algorithm is still
in combination with other methods.

2) Heuristic Algorithm

Due to the NP-HARD features of multi-target wireless
network planning, many papers on heuristic algorithms
have been studied, including greedy algorithms, simu-
lated annealing, tabu search, genetic algorithms. Greedy
algorithm has high efficiency, so it is easy to be seen on
many papers. Amaldi E and other people constructed two
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kinds of greedy algorithm for wireless network planning.
Zhang Chisheng and so on combined the limited enume-
ration with the greedy algorithm to construct GLiD cost
algorithm for solving constrained wireless network up-
grade issues. Since the greedy algorithm is easy to con-
verge to a local solution, so it is often used as sub-
problems of other algorithms. Other advanced heuristic
algorithms have been studied extensively in wireless
network planning problems. Liu Shangyun and other
people designed an algorithm based on simulated anneal-
ing to optimize the location and topology of UMTS net-
work node. Xhafa F and so on constructed tabu search
method to solve the wireless Mesh network planning
issues.By optimizing the control of law, genetic algo-
rithm’s initial solution is getting closer to the optimal
solution through preferable choice, hybridization and
evolutionary approach. The main drawback of genetic
algorithm is the calculation of time can not be controlled.
Abdelkhalek O, etc. designed a genetic algorithm to
solve the multi-objective node’s deployment of heteroge-
neous network.

3) Algorithm Based on Decomposition

Due to multi-target wireless network planning problems
are basically NP-HARD, to meet the actual computing
needs, the decomposition algorithm also appeared in the
literature. Assuming that all users and the candidate
nodes are distributed in a set of plane, the entire structure
is divided into different partitions through the difference
of zoning optimize plane .In each partition structure, the
partition of the optimal solution can be obtained by par-
tial exact algorithm, the combination of these local opti-
ma is the global result. It can be shown that in the struc-
ture of these partitions, there must be a global solution of
the partition structure approximates the optimal solution
of the original problem.

3.2. Stratified multi-objective optimization algorithm

On VHF wireless network planning, linear programming
methods and algorithms based on decomposition do not
apply. Linear programming optimization goal needs to be
specified as a linear function of certain variables, which
corresponds to the target to determine the weight of each
optimal value. However, the corresponding weight value
of FM wireless network cost, reliability and the commu-
nication quality can not be determined simply. The geo-
graphical scope of FM wireless network in this paper is
50 km x50 km, its scope is too small to divide vector
waypoint according to the physical distance. Therefore,
algorithm based on decomposition does not apply.

This article will combine greedy algorithm with dynamic
programming and propose hierarchical multi-objective
optimization approximation algorithm for the FM radio
network planning .The following Network-Planning
process expresses the algorithm in pseudo code. Assum-
ing the necessary network node set S = {s1, s2, s}, the

vector waypoints set C = {cl, c2, c, }, the maximum
traffic attenuation between nodes as |, , the maximum

communication hops permissible between necessary
network nodes as h,_,, .

Wherein, |; represents node communication attenuation
between s and s; , then set the initial set that has been

connected as S '; Otherwise, if necessary network nodes
s, and s, meet:

l, =mins; <m<k<s,l; (4)
The optional node is s, or s , set the initial set that has

been connected as { s, }or { s, }.

1) Selection of the Necessary Network Node that Try to
Communicate

Assuming after several cycles, the communicated part of
the network consists of connected necessary network
node s1, s2, s, and the increasing vector of road point of

cl, c2, ¢,.The attenuation from the necessary network

nodes S that has not been connected to the already In-
terconnecting part of the network is defined as following:

®)

Wherein, |;; represents the attenuation between s; and

I = min{min min I.k}
" 1<kss '

necessary network nodes s;; L, represents the attenua-

tion from s, to vector waypoint ck.

The smaller attenuation necessary of network nodes to
the partial network has been connected, the more possi-
ble that it likely takes fewer adding vector waypoints to
communicate it. Therefore, when chose the required net-
work node which attempts to communicate, select the
node sp, if sp met:

l. =minl, (6)

2) Selection of Vector Waypoint that Makes the Con-
nected Partial Network Optimal
Among them, the functions of first priority level are the

average adding number of waypoints vector fl(x) con-

necting necessary network nodes in a connected partial
network; the functions of the second priority layer is the

average communication hops fz(x) connecting neces-

sary network nodes in a connected partial network ; the
functions of priority 3 layer is the average communica-

tion attenuation f;(x) connecting necessary network

nodes in a connected partial network .Pair problem and
the original problem use the same hierarchical multi-
objective optimization model, and this is the reason why
the proposed algorithm can achieve good approximation .
Selection of collection of vector waypoint that makes the
newly adding link the best
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Traversal for all vector waypoint , if adding a vector
waypoint can not communicate the necessary network
nodes sp, then choose vector set of points that makes the
newly adding link the best by using dynamic program-
ming method .Order n; represent the minimum number

of vector roads that connect node s; and s;, there is the

following recursive formula:

0 ifsands; orl;<I.,
M =1 minn, if 1, <1,
Wherein, n; represents the minimum necessary number

()

igm

of vector waypoints connecting network node s; and sp;
N, represents the minimum necessary number of vector

waypoints connecting network node sp and vector way-
points ¢, .

Use previous hop node of each node to record number
when calculating n to derive the necessary collection of

points of vector path. If multiple vectors derive the same
number of waypoints hops, then use the recorded pre-
vious attenuation of hop node of each node when calcu-
lating n,, select the smallest attenuation of vector way-

point of previous hop.

4. Algorithm Analysis and Simulation Expe-
riment

Assuming the necessary number of network nodes is m,
vector waypoint number is n, then this approximation
algorithm will be able to communicate all the necessary
network nodes after executing at most m cycles. In every
cycle, the time complexity of set of vector which is used
to make the newly adding link the best is the largest by
using dynamic programming options. Next, the time
complexity of dynamic programming will be specifically
analyzed.

Wherein, k represents the maximum number of commu-
nication hops between the necessary network
nodes .From the above equation, time complexity of cal-

culating n; is o(n?). For the part of the network that

has been connected, there must be a constant ¢ such that
the number of nodes connected part of the network is less
than cm. Therefore, time complexity of the calculation of

H 2
n, is o(mn?).

It can be obtained from the above analysis that this ap-
proximation algorithm's time complexity is o(m°n?) . As
a polynomial time algorithm, it can be used to guide the
actual FM wireless network construction.

To verify the correctness of the algorithm, this paper se-
lects a 50 km ><50km rectangular area and uses the sim-
plified Longley-Rice model to plan the ultra short radio
network which contains 5 necessary network nodes.

There are 900 vector waypoints after desecrating the vec-
tor path. The constraints are as the following: the number
of destination nodes of the network is not greater than 32,
the attenuation of communication between nodes is not
greater than 130dB, the number of communication hops
between necessary network nodes is not greater than 6.
As compared with the performance of this algorithm, the
simulation also implements GLiD algorithms proposed
by Zhang Chisheng, etc. and violent search algorithm
which can get optimal solutions; the results are shown in
Figure 1. Among them, the square node represents the
necessary network nodes; curve represents the vector
path; circular nodes represent vector waypoint that the
algorithm finally selects to FM radio network; connec-
tions between the nodes represent that the network link
can be connected. As can be seen, under the input condi-
tions and constraints, GLiD vector algorithm requires
five additional waypoints to connect the entire network.
However, the proposed approximation algorithm for hie-
rarchical multi-objective optimization algorithm and vio-
lent search are the same, we only need to add four vec-
tors waypoint to connect all the necessary network nodes,
and both planned network topology is the same.

(b) GLIiD

a)Necessary network node
(@ Y algorithm

and the vector path

(d)Violence search

(c)In this ﬁaper,
rithm algorithm

algo

Figure 1. Comparison of different simulation algorithms

In order to validate the correctness of the algorithm when
the input conditions change, we need to maintain the
constraints and necessary number of network nodes, but
randomly change the position of necessary network
nodes, the statistical results of the average after the pro-
posed algorithm and GLiD runs 50 times is expressed in
Table 1. Among them, the average traffic hops and
communication attenuation means the average values
between required network nodes.

Table 1. The statistical results under different input

conditions
_ The number Average hop Ave_ragfa com-
algorithm count of com- | munication loss
of nodes o
munication /Db
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In this paper, 8.96 33 127.947
algorithm
GLl_D algo- 95 3.37 127.968
rithm

As can be seen from Table 1, when the position of the
necessary network nodes randomly changes, compared
with the relative GLiD algorithms, the algorithm’s num-
ber of planned network nodes is less, the average number
of hops and the average communication traffic attenua-
tion is smaller , namely that the cost is lower and the
network reliability and communication quality are better.
For the quantitative study of the number of target net-
work nodes, the average number of communications hops
between necessary network nodes, and the average per-
formance of communication attenuation of the proposed
algorithm when the constraint conditions change, the
paper conducts simulation about different situations of
maximum communication attenuation between nodes, the
results are shown in Figure 2 to Figure 4:

11

In this paper,
algorithm
-+ GLID algorithm

_. Violence search
algorithm

Target number of
network nodes
oo

5 1 1 1 1 1 1 1 1

130 131 132 133 134 135 136 137 138 139
Communication between nodes
allow maximum attenuation / dB

Figure 2. The number of network nodes under different
constraints

In this paper,
algorithm
-+ GLID algorithm

Violence search
algorithm

=
ol
T

=
o

131 132 133 134 135 136 137 138 139

Communication between nodes
allow maximum attenuation / dB

The average communication between
network nodes hop necessary

130

Figure 3. The average number of communication hops
under different constraints

4.0

w
wn

w
o
T

In this paper,
algorithm
+ GLID algorithm
Violence search
algorithm
l,O 1 1 1 1 1 1 1 1
130 131 132 133 134 135 136 137 138 139

Communication between nodes
allow maximum attenuation / dB

-~

N
o

=
o

network nodes hop necessary
N
(8]
T

The average communication between

Figure4. The average communication attenuation under
different constraints

As can be seen from the simulation results, the proposed
approximation algorithm for hierarchical multi-objective
optimization of network planning are significantly better
than the LiD algorithms in terms of cost, reliability,
communication quality and performance, and the per-
formance of all aspects is similar or even identical to the
optimal solution of violent search.

5. Conclusion

This paper studies how to increase certain mobile nodes
as a relay node to constitute the optimal FM wireless
network based on certain given necessary network nodes.
To achieve the balance between network construction
cost, reliability and quality of communication , we design
a hierarchical optimization model and under the model
define the objective function of FM radio network plan-
ning .To solve the model, we propose a hierarchical mul-
ti-objective optimization approximation algorithm, which
combines advantages of the greedy algorithm and dy-
namic programming , and it can achieve the approximate
optimal solution which satisfies the constraints according
to the priority level of the objective function . In addition,
the article also analyzes the time complexity of the algo-
rithm, and compares the algorithm with other wireless
network planning algorithm on simulation .Simulation
results show that the algorithm can find the solution
which is similar or even equal to the optimal solution,
and the planned network is much better than GLiD algo-
rithms in terms of cost, reliability, and communication
quality.
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