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Abstract. Based on statistical data of National Statistical Bureau of China, and given the
least-squares fitting of Legendre polynomial, the data of total energy consumption from 1978 to
2014 is analyzed by least squares method and Legendre polynomial least squares method
respectively. The results showed that Legendre polynomial least squares fitting method is excellent
and the data of total energy consumption from 2015 to 2016 is predicted by this method.

Introduction

In the scientific research and production practice, the data is obtained from observation,
prediction and calculation should be analyzed and processed, and then the conclusions concerning
the problems can be found out. The polynomial least square method is an effective method.
However, the accuracy and reliability of the least square method relies on the condition number of
the coefficient matrix of its normal equation. In this article, Legendre polynomial is adopted as
basis function, so as to obtain the small condition number of coefficient matrix of the normal
equation of the least square method. With China's increasingly affluent urban, rural living modern
and living energy consumption increasing every year, energy conservation has become important
part of China's energy conservation. Therefore, the total energy consumption is predicted accurately
is very important for socio-economic development.

The Fundamental Principles of the Least Square Method
The Linear Least Square Fitting of General Polynomial[1]

Let Q, (x) =span(1, x,L ,x") denote the linear space formed by, then for any p_ (x)eQ,(x),
thereare a,,a,,L,a,, which satisfy the following equation

p,(x)=a, +a,x+L+a x" 1)
Supposing there is a set of data {(x. Y. )}_m_l, where x,x,L,x, are different each other. Then the

coefficients a_,a,,---,a, Will be found, which satisfy as follows

m 2 [ _ 2 (2)
Ez(a07al’L’an) :Z|yi - pn(Xi)| :Z{Z:ajxiJ - yi}

i=1
The method is called the least square, the functions 1 x ... x" are the basis of the linear least
square, E,(a,,a,,---a,) Is called the residual sum of squares. It is well known that the least square

problems must have a solution and it is the solution the linear equation.

Copyright © 2016, the Authors. Published by Atlantis Press. 376
This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).



£

ATLANTIS

Advances in Engineering Research, volume 103

PRESS

n aO lJO ! (3)

PA: Sl SZ L Sn+1 al — ul
M M M || M
sn Sn+1 L SZn an n
_p wher m m . The linear ion i | h
A=P U, eesk:zxik’ :Zyi .k k=01L.n € ea equato s called the

normal equation of the least square. So the accuracy of the linear least square relies on the accuracy
of normal equation. The solution of the linear equation is unreliable while the condition number of
the coefficient matrix of the linear equation 3! is very big. For example:

1 2 3[x] [12 (4)
4 5 6|x,|=[30
7 8 9|x,| |48
The exact solution of the equation is (2,2,2), but the solution obtained by using the Matlab is

(0,6,0) and the condition number of the coefficient matrix of the linear equation is 1 55x10%8. It

can be seen that the condition number of the coefficient matrix of the normal equation of general
polynomial linear least square is big correspondingly with the consecutive natural numbers {x } "
The Linear Least Square of Legendre Polynomial[2]

The expression of the Legendre polynomial is that:

1 d (=" N1 ()
dt" o

P (D) =3

Po (t) =1
Moreover, the Legendre polynomial in the interval [-1, 1] can be obtained by the following
recurrence relations

2n+1 n=21,2,-- (6)

n+1(t)_ 1tP (t)_ nl()

P,(t)=1 P(t) =t
By transformation, the Legendre polynomial can be obtained in the interval [a,b].

(L 2=@rb) o teld] 7)
b_a
~ 2x—(a+b (8)
R0 =P, (0 =P, (281D
Giving a set of data, i(x i’yi)}izl, and =X <X < <Xy =b o Pk(x), kK=0L-N pethe
basis functions, there are %0*¢1""" ' € Rsych that
P(X) =y +6,P(X) ++++C, P, (X) )
m 2 m n - 2 (10)
E,(CorCyr-Co) = D |Yi — ()| :Z{ZCjPJ—(Xi )—yi}
=1 i-1| j-0

where |SJ_ =[F~’,-(X1),"'|5,-(Xm)]T , J=01-n, y=[y,,--y. T » C=[c,,-~c, ] - Therefore its
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normal equation of the least square is GC=b, whereg (P, R )] (P,,P,) refers to the inner
1 I

product of |SJ_ andp b =[(y,P,), - (y,P,)]" - The condition number of the coefficient matrix of this

normal equation is very tiny, so the fitting accuracy and practicability is high.

The Prediction of Total Energy Consumption

Fitting Function

The data of total energy consumption from 1978 to 2014 is analyzed and the data of total energy
consumption from 2015 to 2016 is predicted by the least square fitting method. Data from 1978 to

2014 isas Tab. (a).

Tab. (a) The data of total energy consumption from 1978 to 2012 x 10" kg (standard coal)

Year Yield Year Yield Year Yield

1980 60275 1997 135909 2006 286467
1985 76628 1998 136184 2007 311442
1990 98703 1999 140569 2008 320611
1991 103783 2000 145531 2009 336126
1992 109170 2001 155547 2010 360648
1993 115993 2002 169577 2011 387043
1994 122737 2003 197083 2012 402138
1995 131176 2004 230281 2013 416913
1996 135192 2005 261369 2014 426000

By using the Matlab mathematic software, the fitting result of the polynomial least square is as

follows:

p(x) = 341.7294x* —1.3551x10° x +1.3435 % 10°

The fitting result of Legendre polynomial least square is that

2x—(a+b
Let 3=1978, b=2014 and t = 2x=(a+b)

o(t) =1.4991x 10° +1.4234 x 10°t + 0.6584 x 10° x % (3% -1)

b-a

x 10°

a.5

then we have

al

3.5

3k
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Fig.1 The actual fitting curve energy consumption from 1978 to 2012

(11)

(12)

It can be seen from Fig.1 that the effect of the general polynomial least square is bad, but the
fitting result of the Legendre polynomial least square is more accurate. By calculating, we get the
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condition number of the coefficient matrix of the linear least square of general polynomial is
2.6472x10% byt that of the Legendre polynomial is just 4.6746.

Evaluation on the Fitting Results
Evaluation on Unbiased Variance[5]

The following formula is used to evaluate the unbiased variance

MSE:iief :ii(yi _9i)2 (13)
N 4= N =

where §, is the fitting evaluation value of x;. When using the unbiased variance to evaluate, the

usually followed principle is the smaller the mean square error, the better the method used. The

linear least square of general polynomial MSE = 2.7283x10°, but the linear least square of the

Legendre polynomial MSE = 2.1131x10°.

Determination of the Coefficient[4]
The formula of the determination coefficient is as follows

Rz_l_Z(Yi_yi)z (14)

- Z(yi _y)z

In the formula, Y is the average value of Yi When using the determination coefficient R? to
evaluate, usually we follow the principle that R? closes to 1 is the best method. the linear least

square of general polynomial is R®=0.7368 put the linear least square Legendre polynomial is
R? =0.9729

Conclusion

Firstly, when analyzing the data of scientific research, the linear least square of the Legendre
polynomial is better method.

Secondly, by establishing the Legendre polynomial least square model of the data of the total
energy consumption from 1978 to 2012, energy consumption per capita from 2015 to 2016 can be
predicted, which is 4.3114 x 10'?kg, 4.4353 x 10*2k kg, respectively. Therefore, saving
energy in our lives is a very important problem.

Thirdly, Residential energy conservation has become a part of important China's energy
conservation by developing good saving habits, using of scientific methods of energy, China's 1.3
billion people can make an important contribution to energy conservation. For example: choosing
energy-saving air-conditioning, one degree Celsius increase in summer air-conditioning, using
energy-saving lamps, using energy-efficient refrigerator, etc.
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