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Abstract — A new strategy for urbanization construction layout is of great importance for healthy development of economy and 
urbanization. In this paper we aim to design an effective new optimization strategy for urbanization construction layout. Firstly, 
we introduce the multiple linear regression model, and point out that we utilize the maximum likelihood estimator to compute the 
model parameters. Secondly, eight variables of the multiple linear regression model are defined and then EM algorithm is adopted 
to estimate the maximum likelihood for the weight vector. In order to speed up the new optimization process, parallel computing is 
utilized in our proposed maximum likelihood estimator. Thirdly, to test the effectiveness of our proposed optimization strategy, a 
case study based on a city in China is provided. After analyzing the current area and optimization area for different construction 
land types, the conclusions can be drawn that the proposed optimization strategy is able to optimize the new urbanization 
construction layout design. 
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I. INTRODUCTION 

As is well known that land is belonged to the limited 
and non-renewable resources, and it is the most important 
factor in the development of economy and modern society. 
In general, with the rapid development of economy and 
urbanization, there are more and more land resources which 
are required [1][2].How to effectively plan and utilize land 
resources relies on optimizing the structure and layout of 
land and realize suitable land utilization. Hence, It is 
important to land management and the development of 
economy and society only if the land use planning is 
scientific [3]. That is to say, optimize the internal structure 
and layout mode of construction land between urban area 
and rural area is a key problem in modern society 
development [4].  

Currently, the metropolitan city controls the pattern of 
urbanization, and it tends to the regionalization. Particularly, 
China's urban development has been in the era of 
"metropolitan area", meanwhile, the big cities achieve high 
urbanization level, its urban consolidation may extend to the 
entire city limitation, moreover, big cities represents the 
advanced form of current urban development of our 
country[5][6]. 

On the other hand, wasting resources and unreasonable 
exploting land resources can cause great conflicts and 
contradictions in the society, which has been paid more and 
more attentions[7].Hence, how to optimize the structure and 
layout of urban and rural construction land is very crucial in 
the economic healthy development[8]. Furthermore, it also 
plays an important role in the urban and rural economic and 

social development and then is may help to effective 
integration urban areas and rural areas. 

The rest of the paper is organized as follows. Section 2 
presents related works of multiple Linear Regression model. 
Section 3 gives overview of the multiple regression model. 
In section 4, the proposed method for new urbanization 
construction layout optimization problem is provided. 
Section 5 provides experimental results to verify the 
effectiveness of the proposed approach. In the end, section 6 
concludes our works. 

II. RELATED WORKS 

As is a powerful computing tool, Multiple Linear 
Regression model has been successfully and widely utilized 
in many fields. Therefore, in this section, we try to discuss 
related works about applications of the Multiple Linear 
Regression model. 

Chong et al. exploited Central Composite Design and 
adaptive neuro-fuzzy inference system are adopted to 
identify and forecast the output intensity ratio of light which 
passes through a plastic optical fiber sensor in Remazol 
Black B dye solution of various concentrations. The 
predictive performances of these models are compared with 
the Multiple Linear Regression model[9]. 

Yano et al. tested the bitterness intensity of a panel of 
P-gp substrates and non-substrates using different taste 
sensors, and then exploited multiple linear regression model 
to estimate the correlation between P-gp-inhibitor/substrate 
status and different physical properties. Particularly, the 
authors computed the first principal component analysis 
score as the representative value of bitterness [10]. 
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Moon et al. analyzed the estimated calibration accuracy 
with indoor environmental conditions exploiting multiple 
temperature sensors for a W-band direct detection 
radiometer system. The proposed approach is designed to 
compute the radiometer calibration coefficient using the 
Multiple Linear Regression model[11]. 

Mahmoud et al. provided two kinds of approaches to 
tackle the problem of profile monitoring with sample sizes 
lower than the number of regression parameters. 
Experimental results demonstrate that both these approaches 
perform better than the existing approaches which are 
utilized to detect multiple linear regression profile[12]. 

Bhosale et al. test the accuracy of artificial neural 
networks and multiple linear regression model for forecast 
of first lactation 305-day milk yield adopting monthly test-
day milk yield records of 443 Frieswal cows. Particularly, 
the performance of ANN is discovered to be higher than the 
multiple linear regression model to forecast milk yield[13]. 

Li et al. proposed a multivariate sparse group lasso 
variable selection and estimation approach for data with 
high-dimensional predictors and high-dimensional response 
variables. In general, this approach is developed through a 
penalized multivariate multiple linear regression model 
through an arbitrary group structure[14]. 

Wang et al. utilized Multiple linear regression to 
choose the best subset of descriptors and to construct linear 
models. Moreover, nonlinear models are designed through 
an artificial neural network. The given models with 6 
descriptors demonstrate good predictive power: the linear 
model has the average absolute relative deviation for the 
training and test sets[15]. 

Apart from the above works, there are some other 
researches about Multiple Linear Regression model in 
recent years, such as factors affecting the simulated Basic 
Life Support (BLS) performance with Automated External 
Defibrillator (AED) in Flemish lifeguards[16], Quantitative 
Volumetrics Reveal Abnormalities in the Inferior Lateral 
Ventricles[17], estimate time-frequency 
electrophysiological responses in single trials[18],solubility 
of some fullerenes derivatives[19], Predicting internal bond 
strength of particleboard under outdoor exposure[20], Pan 
Evaporation Simulation Based on Daily Meteorological 
Data[21], Tropical Cyclone Intensity[22]. 

Overview of the multiple linear regression model 
Multiple linear regression model is defined as follows. 

 ' , 1, 2, ,i i iy x i n                          (1) 

where iy  refers to responses, ix  denotes the 1p  

vectors of covariates, and 

  1 2, , , p   


    

refers to an unknown 1p  vector of the parameters of 

the multiple regression model. Particularly, i  means the 

unobservable random errors, and i  is also defined as a first 

order random coefficient autoregressive process as follows. 

   1 , 1, 2, ,i i i iz e i n                  (2) 

where parameter   denotes auto regression parameter, 
and iz , ie  denote zero and mean independent process 

respectively. 
In particular, maximum likelihood estimator is usually 

exploited to calculate parameters in multiple regression 
model. In maximum likelihood estimator model, parameter 
  is defined as follows. 

   arg min
T

Y X Y X


           (3) 

We also can represent   by the following equation. 

  1T TX X X Y


                     (4) 

Supposing that 1 2, , , Js s s  denote weights of 

maximum likelihood estimator for innermost intervals 

1 2, , , JH H H . Afterwards, the following condition should 

be satisfied. 

  *
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n J

ij j
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                   (5) 

where ij j iI H A      and  I  refers to the usual 

indicator function. Furthermore, the aim of multiple 
regression model is to maximize the likelihood satisfying 
the following constraints: 

  
1

1, 0, 1, 2, ,
J

j j
j

s s j J


                 (6) 

III. THE PROPOSED METHOD FOR NEW URBANIZATION 

CONSTRUCTION LAYOUT OPTIMIZATION PROBLEM. 

 
To study on the new urbanization construction layout 

optimization strategy, variables of the multiple linear 
regression model are defined in advance (shown in Table. 
1). 

TABLE I.  TABLE 1. VARIABLES OF THE MULTIPLE LINEAR 
REGRESSION MODEL 

Variable Factor 
X1 F1: Second industrial added value 
X2 F2: Third industrial added value 
X3 F3: Industrial added value 
X4 F4: Increase in transportation 
X5 F5: Construction land 
X6 F6: Urban land 
X7 F7: Independent industrial and mining land 
X8 F8: Land used in transportation 

Multiple linear regression model is belonged to 
regression analysis, and it is used to analyze the 
relationships between Independent variables and Dependent 
variables. Mathematical model of multiple linear regression 
model is defined as follows. 

0 1 1 2 2 n ny b b x b x b x                         (7) 

where y  refers to a Dependent variable, ix  denotes an 

Independent variable, and n  means the number of variables. 
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Therefore, we should constrain the search space, and 
then utilize symbol   to represent the parameter space as 

follows. 

 
1

, 1, 0, 1,2, ,
J

J
j j

j

s R s s j J


        
  

         (8) 

Next, in order to estimate the maximum likelihood for 
vector s , EM algorithm is exploited. 

(1) E-step: Supposing that the expected value of ij  is 

defined as the parameter  ij s , which is calculated as 

follows. 
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                             (9) 

(2) M-step: In this maximiztion process, the overall 
proortion of failures for jH  is defined as follows. 

   
1

1 n

j ij
i

s s
n

 


                            (10)
 

To speed up the new urbanization construction layout 
optimization process, we introduce the parallel computing 

technology in maximum likelihood estimator, and the 

computing process of the parallel maximum likelihood 
estimator is illustrated in Fig. 1 as follows. 
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r



 
Figure 1.  Figure 1. Structure of the parallel maximum likelihood 

estimator 

In this section, we provide a case study to test 
performance of our proposed new urbanization construction 
layout optimization strategy. Particularly, we choose a city 
in east of China to construct this case study, and the 
economy and society index and each type construction land 
are listed as follows. 

TABLE II.  TABLE 2.  VALUES OF EACH ECONOMY AND SOCIETY INDEX OF A GIVEN CITY FOR DIFFERENT YEARS. 

Year X1 X2 X3 X4 X5 X6 X7 X8 

2000 90902.88 14901.27 82323.29 451.92 421.11 115.50 460.27 338.33 

2001 143256.27 22534.67 104508.84 542.63 2008.06 373.34 464.60 341.20 

2002 152258.35 24762.11 135724.24 3295.43 2721.41 1019.91 479.82 356.38 

2003 158672.33 27453.04 153662.79 3646.44 2950.08 1120.52 522.12 359.30 

2004 175898.10 65133.40 174443.09 9144.20 4766.12 1201.05 547.25 370.55 

2005 195108.52 81900.09 213673.18 10708.17 5057.01 1236.07 564.97 378.46 

2006 206798.43 96768.82 232522.79 12834.46 5851.87 1447.40 579.49 395.41 

2007 229792.92 113694.16 312190.54 14861.85 6139.71 1616.03 581.33 398.06 

2008 278351.55 118436.88 317309.72 16914.91 6222.37 1644.37 591.47 408.57 

2009 360545.46 122284.97 341481.92 19070.60 7592.02 1701.52 617.10 426.02 

2010 459192.12 136596.54 344232.96 19490.10 9160.23 1834.60 628.48 427.65 

2011 462504.67 154263.49 376270.79 21053.35 13794.35 1864.00 635.61 438.30 

2012 475751.03 203383.26 412183.71 22280.31 14019.73 1916.50 645.80 445.89 

2013 513269.57 228736.20 414640.76 22785.97 20492.51 1918.46 648.96 480.65 

2014 534011.38 234339.46 449435.30 25703.74 22522.14 2112.24 653.57 488.90 

 
 

Using the correlation analysis of Independent variables and Dependent variables 
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TABLE III.  TABLE 3. FACTOR CORRELATION COEFFICIENT TABLE FOR 
DEPENDENT VARIABLE 

Factor Variable 
X1 0.8745 
X2 0.9208 
X3 0.9517 
X4 0.9166 
X5 0.8270 
X6 0.9439 
X7 0.9589 
X8 0.8976 

Then, based on the above settings, we propose the new 
urbanization construction layout optimization results for the 
given city in the year 2015. Particularly, we utilize six land 
types in the new urbanization construction layout 
optimization problem. 

TABLE IV.  TABLE 4. CURRENT AREA AND OPTIMIZATION AREA FOR 
DIFFERENT CONSTRUCTION LAND TYPE IN 2015 OF THE GIVEN CITY 

Construction land type Current area 
Optimization 

area 
Urban land 2209.12 2550.51 
Rural residential land 3148.42 3183.09 
Independent industrial and mining land 784.22 1367.68 
Special ground 73.58 77.00 
Transportation land 512.05 985.63 
Water conservancy facilities land 16197.27 17042.05 
Total 22924.66 25205.95 

 

Afterward, based on the experimental resutls in Table. 
3, we provide the ratio of different land types before 
optimization and after optimization. 

Integrating all the above experimental results, we can 
find that using the proposed strategy, more reasonable new 
urbanization construction layout results can be achieved. 

Urban land
Rural 

residential 
land

Independent 
industria l and 
mining land

Specia l 
ground

Transportation 
land

Water 
conservancy 
facilities land

Current area 9.64 13.73 3.42 0.32 2.23 70.65 

Optimization area 10.12 12.63 5.43 0.31 3.91 67.61 
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Figure 2. Ratio of different type of land in 2015 of the given city 

Integrating all the above experimental results, we can 
find that using the proposed strategy, more reasonable new 
urbanization construction layout results can be achieved. 

IV. CONCLUSION 

This paper aims to design an effective new 
urbanization construction layout optimization strategy. The 
multiple linear regression model is given in this paper, and 
we use maximum likelihood estimator to compute 
parameters in multiple linear regression model. Next, eight 
variables of the multiple linear regression model are defined 
and then EM algorithm is used as well. Next, to speed up 
the new urbanization construction layout optimization 
process, parallel computing is integrated with the maximum 
likelihood estimator. Finally, a case study demonstrates that 
our method can provide an optimal new urbanization 
construction layout strategy. 
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