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Abstract: In numerical integration, classical trapezoidal formula and parabolic formula play an important role in the theory 

and application of numerical integration, but trapezoidal formula and parabolic formula are relatively independent quadrature 

formulas, and the reasoning of error formula requires that the integrand function be second-order differentiable and fourth-order 

differentiable respectively, these conditions limit the wide application of the formula. For this reason, recent relevant documents 

have studied the error estimation of trapezoidal formula and parabolic formula under the condition that the integrand has a 

continuous first derivative in the integral interval except for the most limited points, but sometimes the integral integrand of 

practical problems can be derived almost everywhere, and the breakpoints between its derivatives are countable. In this paper, the 

unified integral formula format and its complex quadrature formula of two classical quadrature formulas are constructed firstly, 

and then appropriately relaxed the limiting conditions of the integrand function, under the condition that the integral interval is 

almost everywhere differentiable and the non-differentiable points are the first kind of discontinuities. Finally, the error 

estimation of the quadrature formula is studied. The research results weaken the restrictions of the integrand, thus expand the 

conditions for the use of the complex trapezoidal quadrature formula and the complex parabolic quadrature formula, and modify 

and improve the existing literature results. 
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1. Introduction 

The research on the approximate calculation of definite 

integral is of great significance. The classical quadrature 

formulas include trapezoidal quadrature formula and its 

complex quadrature formula, parabolic quadrature formula 

and its complex quadrature formula, Newton Cotes 

quadrature formula and Gauss quadrature formula [1, 2]. The 

error estimation of these quadrature formulas requires the 

higher-order derivative of the integrand function. The 

trapezoidal quadrature formula requires the integrand 

function to be the second-order derivative, the parabolic 

quadrature formula requires the integrand function to be the 

fourth derivative, which limits the application of the classical 

quadrature formula method to a great extent. 

When the integrand function ����  is a first-order 

differentiable function, Dragomir [3], Pearce et al. [4] and 

Kirmaci [5] respectively studied the middle quadrature formula, 

complex quadrature formula and their error estimates, parabolic 

quadrature formula, complex quadrature formula and their error 

estimates of the first-order differentiable function; When the 

integrand function ���� is an integrable but non-differentiable 

function, Zheng Liu et al. [6] studied the trapezoidal quadrature 

formula under the condition that the integrand function is non 

differentiable in 2004. Zhizhu Lai et al. [7, 8] and Zheng Liu et 

al. [6] studied the quadrature formula corresponding to the 

classical quadrature formula under the condition that the 

integrand function has continuous derivatives everywhere 

outside at most finite points in the integral interval. 

If the integrand function of the integral does not have good 

properties, the approximate calculation of the integral can 

only get an approximate value of the integral, but the 

truncation error of the approximate value may not be 

obtained, or there is no theoretical support, which brings 

inconvenience to the practical work. 
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According to paper [6, 9-16], the conditions of the 

quadrature formula are: 

Condition I: Let the function �: [�, 	] ⊆ � → �  be a 

continuous function, and at most finite points ����������	in the 

open interval ��, 	� , there is a continuous derivative 

everywhere, and there is a positive number �  such 

that	|�′���| ≤ �[3-5]. 

In order to obtain the unified format of trapezoidal 

quadrature formula and parabolic quadrature formula, as well 

as their complex quadrature formula and corresponding error 

estimation problems, the general assumption is: 

Condition II: Let the function �: [�, 	] ⊆ � → �  be 

differentiable in interval [�, 	] , except at most multiple 

points ���������� that can be listed, and the points in the point 

set ����������  are the first kind of discontinuities of the 

derivative function �′���. 

Obviously, the left and right derivations �±�����  of all 

points in the set exist, so there is a positive number �, 

which makes ��±����� ≤ �, � ∈ [�, 	]. 

2. A Unified Scheme of Trapezoidal and 

Parabolic Quadrature Formulas and 

Its Error Estimation 

2.1. Unified Format of Trapezoidal and Parabolic 

Quadrature Formulas 

In order to establish the unified format of trapezoidal 

quadrature formula and parabolic quadrature formula, two 

lemmas are introduced: 

In 1998, Dragomir established the following integral 

equation for differentiable functions in paper [3]: 

Lemma 1 [3]: Let the function �:  ⊆ � → �, and the 

function ����  be differentiable in the open interval  ∘ , 

�, 	 ∈  , � < 	. If �� ∈ #��[�, 	]�, then 

$ ����%
& '� − %)&

* [���� + ��	�] = �%)&�-
* $ �1 − 20��

1 ���0� + �1 − 0�	�'0,                (1) 

where #2�[�, 	]� represents the set of Lebesgue integrable functions |�|2 on interval [�, 	]. 
In 2004, Kirmaci established the integral equation of differentiable functions: 

Lemma 2 [5]: Let the function �:  ⊆ � → � be differentiable in the open interval  ∘, �, 	 ∈  , � < 	. If �� ∈ #��[�, 	]�, 

then 

�	 − ��� 3&4%
* 5 − $ ����'�%

& = �	 − ��* 6$ 0���0� + �1 − 0�	�'0 + $ �1 − 0����0� + �1 − 0�	�'0�7
-

7
-1 8.    (2) 

The following theorem generalizes the results of lemma 1 and lemma 2: 

Theorem 1: Let the function �: [�, 	] ⊆ � → � satisfy the condition II in the interval [�, 	], 9 ≥ 0, if �� ∈ #��[�, 	]�, 

then 

%)&
<4* =���� + 9� 3&4%

* 5 + ��	�> − $ ����'�%
&   

= �%)&�-
? × =$ 30 − *

<4*5 �� 631 − A
*5 � + A

* 	8�
1 '0 + $ 30 − <

<4*5 �� 3�)A
* � + �4A

* 	5�
1 '0>.              (3) 

By using the results of theorem 1, the unified format of trapezoidal quadrature formula and parabolic quadrature formula can 

be obtained. 

Theorem 2 (Unified format of trapezoidal and parabolic quadrature formulas): Let the function �: [�, 	] ⊆ � → � satisfy 

the condition II in the interval [�, 	], 9 ≥ 0, if �� ∈ #��[�, 	]�, then there is quadrature formula: 

$ ����%
& '� ≈ %)&

<4* =���� + 9� 3&4%
* 5 + ��	�>.                              (4) 

According to the unified format of theorem 2, trapezoidal quadrature formula and parabolic quadrature formula can be 

obtained. 

Corollary 1: Let the function �: [�, 	] ⊆ � → � satisfy the condition II in the interval [�, 	], 9 ≥ 0, if �� ∈ #��[�, 	]�, then 

(1) if 9 = 0, then there is trapezoidal quadrature formula: 

$ ����%
& '� ≈ D = %)&

* [���� + ��	�],                                 (5) 

(2) if 9 = 1, then there is quadrature formula: 

$ ����%
& '� ≈ %)&

E =���� + � 3&4%
* 5 + ��	�>,                               (6) 

(3) if 9 = 4, then there is trapezoidal quadrature formula: 

$ ����%
& '� ≈ G = %)&

H =���� + 4� 3&4%
* 5 + ��	�>.                           (7) 



 Applied and Computational Mathematics 2022; 11(5): 116-122 118 

 

2.2. Unified Format Error Estimation 

The error estimate of the unified format (4) is: 

Theorem 3: Let the function �: [�, 	] ⊆ � → � satisfy the condition II in the interval [�, 	], 9 ≥ 0, there is a positive 

number M, such that ��±����� ≤ �, if �� ∈ #��[�, 	]�, then 

I$ ����'�%
& − %)&

<4* =���� + 9� 3&4%
* 5 + ��	�>I ≤ �<-4?��%)&�-J

?�<4*�-                          (8) 

Prove According to theorem 1, there is 

I$ ����'�%
& − %)&

<4* =���� + 9� 3&4%
* 5 + ��	�>I  

≤ �%)&�-
? =$ I0 − *

<4*I I�� 6�1 − 0�� + 0 &4%
* 8I�

1 '0 + $ I0 − <
<4*I I�� 6�1 − 0� &4%

* + 0	8I�
1 '0>  

≤ �%)&�-J
? =$ I0 − *

<4*I
�
1 '0 + $ I0 − <

<4*I
�
1 '0> ≤ �%)&�-�<-4?�J

?�<4*�- . 

Certificate completion. 

Corollary 2: Let the function �: [�, 	] ⊆ � → � satisfy the condition II in the interval [�, 	], 9 ≥ 0, there is a positive 

number M, such that ��±����� ≤ �, if �� ∈ #��[�, 	]�, then 

(1) if 9 = 0, then the error estimate of trapezoidal quadrature formula is: 

I$ ����'�%
& − %)&

* [���� + ��	�]I ≤ �%)&�-J
?                            (9) 

(2) if 9 = 1, then the error estimate of quadrature formula (6) is: 

I$ ����'�%
& − %)&

E =���� + � 3&4%
* 5 + ��	�>I ≤ K�%)&�-J

36
                      (10) 

(3) if 9 = 4, then the error estimate of parabolic quadrature formula is: 

I$ ����'�%
& − %)&

H =���� + 4� 3&4%
* 5 + ��	�>I ≤ K�%)&�-J

36
                        (11) 

3. The Complex Formula of Unified Scheme and Its Error Estimation 

3.1. The Unified Complex Quadrature Formula 

Theorem 4: Let the function �: [�, 	] ⊆ � → � be differentiable in the interval [�, 	], except at most multiple points ���������� 

that can be listed, and the function ���� satisfy condition II, L ∈ M4, if �� ∈ #��[�, 	]�, 9 ≥ 0, then complex quadrature formula 

$ ����%
&  d� ≈ �

<4* =N������ + ∑ �N�� + N��+1��)���� ����� + 9 ∑ N��� 3PQR74PQ
* 5���� + N����	�>,      (12) 

where N�� = �� − ��)��S = 1,2,⋅⋅⋅, L� represents the length of the ith cell. 

Prove Applying theorem 2 on the interval [��)�, ��]�U = 1,2,⋅⋅⋅, L�, can be got 

$ ����PQ
PQR7

 d� ≈ VPQ
<4* =����)�� + 9� 3PQR74PQ

* 5 + �����>, U = 1,2,⋅⋅⋅, L                    (13) 

sum formula (13) with respect to U = 1,2,⋅⋅⋅, L, get 

$ ����%
& d� ≈ �

<4* ∑ N�� =����)�� + 9� 3PQR74PQ
* 5 + �����>����   

= �
<4* =N������ + ∑ �N�� + N��+1��)���� ����� + 9 ∑ N��� 3PQR74PQ

* 5���� + N����	�>,  

Certificate completion. 

3.2. Error Estimation of the Unified Complex Quadrature Formula 

Theorem 5: Let the function �: [�, 	] ⊆ � → � satisfy the condition II within [�, 	], L ∈ M4, there is a positive number �, 

such that ��±����� ≤ �, � ∈ [�, 	], 9 ≥ 0, if �� ∈ #��[�, 	]�, then 
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I$ ����%
&  d� − �

<4* =N������ + ∑ �N�� + N��+1��)���� ����� + 9∑ N��� 3PQR74PQ
* 5���� + ����	�>I  

+4∑ N������ � 3PQR74PQ
* 5 + N����	�>I ≤ W<-4?XJ

?�<4*�- ∑ �N���*���� ,                    (14) 

where N�� = �� − ��)��S = 1,2,⋅⋅⋅, L� represents the length of the ith cell. 

Prove Applying theorem 3 and theorem 4 on the interval [��)�, ��]�U = 1,2,⋅⋅⋅, L�, can be got 

I$ ����%
&  d� − �

<4* =N������ + ∑ �N�� + N��+1��)���� ����� + 9∑ N��� 3PQR74PQ
* 5���� + ����	�>I  

≤ ∑ IVPQ
<4* =����)�� + 9� 3PQR74PQ

* 5 + �����>I���� ≤ W<-4?XJ
?�<4*�- ∑ �N���*���� .  

Certificate completion. 

4. The Complex Formula of Trapezoid and Parabola Quadrature Formula and Its 

Error Estimation 

From above, the complex trapezoidal quadrature formula can be obtained. 

4.1. Non-equidistant Complex Trapezoidal Quadrature Formula 

Theorem 6: Let the function �: [�, 	] ⊆ � → � satisfy the condition II within [�, 	], L ∈ M4, if �� ∈ #��[�, 	]�, then 

complex quadrature formula 

$ ����'�%
& ≈ �

* [N������ + ∑ �N�� + N��+1��)���� ����� + N����	�]                    (15) 

where N�� = �� − ��)��S = 1,2,⋅⋅⋅, L� represents the length of the ith cell. 

Prove Take 9 = 0 in theorem 4, can be proved. 

Certificate completion. 

The procedure and algorithm steps of quadrature formula (15) are as follows: 

Step 1: input a, b, n; 

Step 2: output parameter I; 

Step 3: set ℎ�U� = ��U� − ��U − 1�; Z: = 0; 

Step 4: loop = 1: L − 1; 

Z ≔ Z + Wℎ�U� + ℎ�U + 1�X ∗ �W��U�X; 

Step 5: output  = �ℎ�1� ∗ ���� + Z + ℎ�L� ∗ ��	��/2. 

The complex trapezoidal quadrature formula can be obtained. 

4.2. Equidistant Complex Trapezoidal Quadrature Formula 

Corollary 3: Let the function �: [�, 	] ⊆ � → � satisfy the condition II within [�, 	], L ∈ M4, there is a positive num M, 

such that ��±����� ≤ �, � ∈ [�, 	], if �� ∈ #��[�, 	]�, then 

$ ����%
&  d� ≈ %)&

*� [���� + 2∑ ������)���� + ��	�],                            (16) 

where �� = � + U %)&
� �U = 0,1,2,⋅⋅⋅, L�. 

The program algorithm steps of quadrature formula (16) are as follows: 

Step 1: input �, 	, L; 

Step 2: output parameter  ; 

Step 3: set ℎ = �	 − ��/L; 

Step 4: loop U = 0,1,⋯ , L; 

��U� = � + U ∗ ℎ; 

Step 5: set Z = 0; 

Step 6: set U = 1,2,⋯ , L − 1. 

Z = Z + �W��U�X; 
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Step 7: output  = �	 − �� ∗ W���� + 2 ∗ Z + ��	�X ∗ �λ+2�. 

The complex parabola quadrature formula is derived as follows. 

4.3. Quadrature Formula of Non-equidistant Complex Parabola 

Theorem 7: Let the function �: [�, 	] ⊆ � → � satisfy the condition II within [�, 	], L ∈ M4, if �� ∈ #��[�, 	]�, then 

complex parabola quadrature formula 

$ ����%
& d� ≈ �

H =N������ + ∑ �N�� + N��+1��)���� ����� + 4∑ N������ � 3PQR74PQ
* 5 + N����	�>,       (17) 

where N�� = �� − ��)��S = 1,2,⋅⋅⋅, L� represents the length of the ith cell. 

Prove Take 9 = 0 in theorem 4, can be proved. 

Certificate completion. 

The procedure and algorithm steps of quadrature formula (17) are as follows: 

Step 1: input �, 	, L; 

Step 2: output parameter  ; 

Step 3: set D = 0; 

Step 4: loop U = 1,2,⋯ , L; 

ℎ�U� = ��U� − ��U − 1�; 
Step 5: set Z1 = 0, Z2 = 0; 

Step 6: loop U = 1,2,⋯ , L − 1. 

Z1 = Z1 + Wℎ�U� + ℎ�U + 1�X ∗ �W��U�X; 

Step 7: loop U = 1,2,⋯ , L; 

Z2 = 	Z2 + ℎ�U� ∗ �����U − 1� + ��U��/2�; 

Step 8: output  = �ℎ�1� ∗ ���� + Z1 + 4 ∗ Z2 + ℎ�L� ∗ ��	��/6. 

4.4. Quadrature Formula of Equidistant Complex Parabola 

Corollary 4: Let the function �: [�, 	] ⊆ � → � satisfy the condition II within [�, 	], L ∈ M4, there is a positive num M, 

such that ��±����� ≤ �, � ∈ [�, 	], if �� ∈ #��[�, 	]�, then 

$ ����%
&  d� ≈ %)&

H� =���� + 2∑ ������)���� + 4∑ � 3PQR74PQ
* 5���� + ��	�>,               (18) 

where �� = � + U %)&
� �U = 0,1,2,⋅⋅⋅, L�. 

The procedure and algorithm steps of quadrature formula (18) are as follows: 

Step 1: input �, 	, L; 

Step 2: output parameter D; 

Step 3: set ℎ = �	 − ��/L; 

Step 4: loop U = 0,1,⋯ , L; 

��U� = � + U ∗ ℎ; 

Step 5: set Z1 = 0, Z2 = 0; 

Step 6: loop U = 1,2,⋯ , L − 1; 

Z1 = Z1 + �W��U�X; 

Step 7: loop U = 1,2,⋯ , L; 

Z2 = 	Z2 + �����U − 1� + ��U��/2�; 

Step 8: output D = �	 − 1� ∗ ����� + 2 ∗ Z1 + 4 ∗ Z2 + ��	��/�9 + 2�. 

Now the error estimate of the non-equidistant complex trapezoidal quadrature formula is given. 

4.5. Error Estimation of Non-equidistant Complex Trapezoidal Quadrature Formula 

Theorem 8: Let the function �: [�, 	] ⊆ � → � satisfy the condition II within [�, 	], L ∈ M4, there is a positive num M, 
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such that ��±����� ≤ �, � ∈ [�, 	], if �� ∈ #��[�, 	]�, then 

I$ ����%
&  d� − �

* [N������ + ∑ �N�� + N��+1��)���� �����+N����	�]I ≤ J
? ∑ �N���*���� ,       (19) 

where N�� = �� − ��)��S = 1,2,⋅⋅⋅, L� represents the length of the ith cell. 

Prove Take 9 = 0 in theorem 5, can be proved. 

Certificate completion. 

4.6. Error Estimation of Equidistant Complex Trapezoidal Quadrature Formula 

Corollary 5: Let the function �: [�, 	] ⊆ � → � satisfy the condition II within [�, 	], L ∈ M4, there is a positive num M, 

such that ��±����� ≤ �, � ∈ [�, 	], if �� ∈ #��[�, 	]�, then 

I$ ����'� − %)&
*� [���� + 2∑ ������)���� + ��	�]%

& I ≤ �%)&�-J
?�                        (20) 

where �� = � + U %)&
� �U = 0,1,2,⋅⋅⋅, L�. 

The error estimation of the quadrature formula of non-equidistant parabola is given below: 

4.7. Error Estimation of Quadrature Formula of Non-equidistant Complex Parabola 

Theorem 9: Let the function �: [�, 	] ⊆ � → � satisfy the condition II within [�, 	], L ∈ M4, there is a positive num M, 

such that ��±����� ≤ �, � ∈ [�, 	], if �� ∈ #��[�, 	]�, then 

I$ ����%
&  d� − �

H [N������ + ∑ �N�� + N��+1��)���� ����� +4∑ N������ � 3PQR74PQ
* 5 + N����	�>I ≤ KJ

36
∑ �N���*���� , (21) 

where N�� = �� − ��)��S = 1,2,⋅⋅⋅, L� represents the length of the ith cell. 

Prove Take 9 = 4 in theorem 6, can be proved. 

Certificate completion. 

4.8. Error Estimation of Equidistant Complex Parabolic Quadrature Formula 

Corollary 6: Let the function �: [�, 	] ⊆ � → � satisfy the condition II within [�, 	], L ∈ M4, there is a positive num M, such 

that ��±����� ≤ �, � ∈ [�, 	], if �� ∈ #��[�, 	]�, then 

I$ ����%
&  d� − %)&

H� [���� + 2∑ ������)���� +4∑ � 3PQR74PQ
* 5���� + ��	�>I ≤ K�%)&�-J

EH� ,           (22) 

where �� = � + U %)&
� �U = 0,1,2,⋅⋅⋅, L�. 

Theorem 10: Let the function �: [�, 	] ⊆ � → � satisfy the condition II within [�, 	], L ∈ M4, there is a positive num M, 

such that ��±����� ≤ �, � ∈ [�, 	], if �� ∈ #��[�, 	]�, then complex quadrature formula 

$ ����%
&  d� ≈ �

E [N������ + ∑ �N�� + N��+1��)���� �����+∑ N������ � 3PQR74PQ
* 5 + N����	�>,       (23) 

and 

I$ ����%
& d� − �

E =∆������ + ∑ �N�� + N��+1��)���� ����� + ∑ N������ � 3PQR74PQ
* 5 + N����	�>I ≤ KJ

36
∑ �N���*���� ,  (24) 

where N�� = �� − ��)��S = 1,2,⋅⋅⋅, L� represents the length of the ith cell. 

Prove Take 9 = 1 in theorem 6, can be proved. 

Certificate completion 

Corollary 7: Under the condition of theorem 10, then 

$ ����%
&  d� ≈ %)&

E� =���� + 2∑ ������)���� + ∑ � 3PQR74PQ
* 5���� + ��	�>,                   (25) 

and 

I$ ����%
&  d� − %)&

E� =���� + 2∑ ������)���� + ∑ � 3PQR74PQ
* 5���� + ��	�>I ≤ K�%)&�-J

EH� ,              (26) 

where �� = � + U %)&
� �U = 0,1,2,⋅⋅⋅, L�. 

Under the condition of equidistant partition, it can be seen 

from corollary 6 and corollary 7 that the upper bounds of the 
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errors of the two quadrature formulas both are 
K�%)&�-J

EH� , but 

the truncation errors of the complex parabola quadrature 

formula (25) and the equidistant complex parabola 

quadrature formula are not necessarily equal. 

5. Conclusion 

This paper first constructed the unified format of 

trapezoidal quadrature formula and parabolic quadrature 

formula and their complex quadrature formula. On this basis, 

the complex quadrature formula and parabolic quadrature 

formula are derived by unified method. When the integrand 

function meets condition (II), their error estimation problems 

are obtained, and the existing literature results are modified 

and improved. Thus, the application range of trapezoidal 

quadrature formula and parabolic quadrature formula is 

expanded, which lays a theoretical foundation for the 

construction of integral quadrature formula in the future 

research. 

Acknowledgements 

This paper is funded by Scientific research project of 

colleges and universities in Inner Mongolia Autonomous 

Region (NJZY18160), Startup fund for doctoral research of 

Inner Mongolia Minzu University (BS438), Project 

supported by scientific research fund of Inner Mongolia 

Minzu University (NMDYB18037) and Intelligent farming 

and animal husbandry innovation team of Inner Mongolia 

Minzu University. 

 

References 

[1] Toader G. Some generalizations of the convexity, proceedings 
of the colloquium on approximation and optimization [C]. Univ. 
Cluj-Napoca, Cluj-Napoca, 1985, 329-338. 

[2] ZHOU Yong-Quan, ZHANG Ming, ZHAO Bin. Solving 
numerical integration based on evolution strategy method. 
Chinese Journal of Computers, 2008, 31 (2): 196-206. 

[3] Dragomir S S, Agarwal R P. Two inequalities for differentiable 
mappings and applications to special means of real numbers 
and trapezoidal formula [J]. Appl. Math. Lett. 1998, 11 (5): 
91-95. 

[4] Pearce C E M, Pečarić J. Inequalities for differentiable 
mappings with application to special Means and quadrature 
formulae [J]. Appl. Math. Lett., 2000, 13 (2): 51-55. 

[5] Kirmaci U S. Inequalities for differentiable mappings and 
applications to special means of real numbers to midpoint 
formula [J]. Appl. Math. Comp., 2004, 147: 137-146. 

[6] LIU Zheng, DING Gui-Yan. Some approximate calculations 
of definite integral on the error estimates. Journal of Anshan 
University of Science and Technology, 2003, 26 (4): 
313-317. 

[7] LAI Zhizhu, ZHANG Yunyan. Solving numerical integration 
based on genetic algorithms. Computer Engineering and 
Applications, 2014, 50 (2): 54-57. 

[8] LAI Zhizhu. Solving numerical integration based on shuffled 
frog leaping algorithm. Journal of Liupanshui Normal 
University, 2013, 25 (2): 77-80. 

[9] ZHOU Yongquan, ZHANG Ming, ZHAO Bin. Solving 
Numerical Integration Based on Evolution Strategy Method [J]. 
Chinese Journal of Computers, 2008, 302 (02): 14-24. 

[10] ZHENG Xiaoyang. Several New Numerical Solutions of 
Integral Equation and Differential Equation Based on Wavelet 
[D]. Chongqing University, 2011. 

[11] KANG Hongchao. Research and implementation of efficient 
numerical algorithms for high oscillation problems [D]. 
Central South University, 2012. 

[12] XIAO Huihui, DUAN Yanming. Application of the improved 
bat algorithm in numerical integration [J]. CAAI Transactions 
on Intelligent Systems, 2014, 9 (3): 364-371. 

[13] DENG Zexi, LIU Xiaoji. Differential Evolution Algorithm 
Based on Tent Chaos Search and its Application [J]. Computer 
Simulation, 2013, 30 (06): 304-307. 

[14] LING Weigao, OU Xu, LUO Dexiang. Two Dimensional 
Numerical Integration Based on Chaotic Cuckoo Search 
Optimization Algorithm [J]. Microelectronics & Computer, 
2014, 31 (08): 148-150. 

[15] WEN Weibin. Study of Numerical Manifold Method and Time 
Integration Method based on B-spline Interpolation [D]. 
Chongqing University, 2014. 

[16] CHEN Yating, JI Degang, JIA Li, ZHANG Yajing. 
Numerical Integration Formula by Second Derivative [J]. 
Journal of Hebei University (Natural Science Edition), 2014, 
34 (04): 16-19. 

 


