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Abstract
Interpolation has wide application in signal processing, numerical integration, Computer Aided 
Geometric Design (CAGD), engineering technology and electrochemistry. Block based bivariate 
Newton-like blending rational interpolation can also be calculated based on information matrix 
algorithm in addition to block divided differences. The paper studied interpolation theorem, dual 
interpolation of block-based rational Newton interpolation and information matrix algorithm of 
them. Numerical example is given to illustrate the effectiveness of the method.
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1. Introduction
Interpolation is a hot topic in recent years. Many 

scholars have devoted themselves to the study of in-
terpolation theory and its applications[1-6].The prob-
lem of constructing a continuously defined function 
from given discrete data is unavoidable whenever one 
wishes to manipulate the data in a way that requires 
information not included explicitly in the data. In this 
age of ever-increasing digitization in the storage, pro-
cessing, analysis, and communication of information, 
it is not difficult to find examples of applications where 
this problem occurs. So interpolation method plays 
an important pole in numerical analysis. The polyno-                                                                                      
mial interpolation and rational interpolation have been 
widely applied to the numerical approximation[1], 
and in the construction of circular [1], graphics image 
processing, image processing[1,7-10]. Some schol-
ars has been studying their application in image pro-                                                                                                             
cessing, numerical integration, Computer Aided 
Geometric Design(CAGD),engineering technolo-
gy, curves/surface[1,7-8]. In recent years, Dyn and                   
Floater[11] et al studied the new multivariate polyno-

mial interpolation based on Lower subsets. Zhao 
divided the original set of support points into some 
subsets(blocks), then construct each block by using 
linear or rational and finally assemble these blocks 
by Newton method to shape the whole interpola-
tion scheme[1,12,13], which include many classical                  
interpolation as its special cases. The general form of 
block based bivariate blending rational interpolation 
with the error estimation is established by introducing 
two parameters[14], four different block based inter-
polations are included. Then an efficient algorithm 
for computing bivariate lacunary rational interpo-
lation is constructed based on block based bivariate                                                                                      
blending rational interpolation. Li also studied mo- 
dified Thiele-Werner blending rational interpola-
tion[15], Werner[16] Combined The Newton inter-
polation with Thiele continued fractions combined to 
construct a flexible and stable Thiele-Werner Ration-
al interpolation formula. Wang and Gu generalized 
Thiele-Werner-type blending rational interpolation to 
vector-valued osculatory Thiele-Werner type  rational 
interpolation. One of the authors of this paper has con-
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structed several interpolation general formate [18-21], 
which include Newton interpolation scheme, block-
based rational interpolation based and Thiele-Werner-
type rational interpolation and generalized the results 
of Kahng [22,23] to bivariate interpolation case.

Our contribution in this paper is to obtain                       
information matrix algorithm of block based biva-                                                                                     
riate Newton like blending rational interpolation. 
The organization of the paper is as follows. In Sec-
tion2, we give the algorithm of block based bivariate 
Newton-like blending rational interpolation, and we 
discuss information matrix algorithm of block-based 
bivariate Newton-like blending rational interpolation. 
In Section 3, we present dual interpolation of block-
based rational Newton interpolation, recursive algo-
rithm, the information matrix algorithm of block , ba-    

(2)

sed Newton like blending rational interpolation. Nu-
merical example is given to show the effectiveness of 
the results in Section 4.

2. Information Matrix Algorithm of Block 
Based Bivariate Newton Like Blending Rational 
Interpolation

Given a set of two dimensional points
{ }, ( , ) 0,1, , ; 0,1, ,m n i jx y i m j n∏ = = =  . Suppose 

2
,m n D R∏ ⊂ ⊂ ,and ( , )f x y  is a function defined in

D , and

    ,( , ) , 0,1, , ; 0,1, ,i j i jf x y f i m j n= = =  ,         (1)
We devided ,m n∏ into ( 1) ( 1)u v+ × + subsets:

{ },
, ( , ) ,s t

m n i j s s t tx y c i d h j r∏ = ≤ ≤ ≤ ≤                                                      ( 0,1, , ; 0,1, , )s u t v= =  . 
Tan and Zhao constructed block based bivariate 

Newton like blending rational interpolation[12]

                                  , ( 0 1 0 0 1, ) ( , ) ( , ) ( ) ( , ) ( ) ( )m n u uP x y Z x y Z x y x Z x y x xω ω ω −= + + +  ,                        (3)
For 0,1, ,s u=  ,

                                  
* * *

,0 ,1 0 , 0 1( , ) ( , ) ( , ) ( ) ( , ) ( ) ( )s s s s v vZ x y I x y I x y y I x y y yω ω ω −= + + +  ,                      (4)
where

                                 
( ) ( ), 0,1, , 1

s

s

d

s i
i c

x x x s uω
=

= − = −∏ 

, * ( ) ( ), 0,1, , 1
t

t

r

t j
j h

y y y t vω
=

= − = −∏  ,
                (5)

and , ( , )s tI x y ( 0,1, , ; 0,1, , )s u t v= =   are bivariate 
polynomials or rational interpolants on the subsets 

,
,

s t
m n∏ .
Block based bivariate Newton like blending ra-

tional interpolation can also be calculated based on 
information matrix algorithm in addition to block di-

vided differences.
Algorithm 1
Step1: Initialization. Let

 
( )0,0
, ,( , )i j i j i jf f x y f= = , 0,1, , ; 0,1, , .i m j n= =    (6)

and define the following initial information matrix

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( )

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 1 0 1 0 1

0 1 0 1 0 1

0 1 0 1 0 1

0,0 0,0 0,0
, , 1 ,

0,0 0,0 0,0
1, 1, 1 1,

0,0 0,0 0,0
, , 1 ,

0,0 0,0 0,0
, , 1 ,

0,0 0,0 0,0
1, 1, 1 1,

1

0,0 0,0 0,
, , 1 ,

c h c h c r

c h c h c r

d h d h d r

c h c h c r

c h c h c r

d h d h d r

f f f

f f f

f f f

f f f

f f f
M

f f f

+

+ + + +

+

+

+ + + +

+

=





  







  

 ( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( )

1 0 1 0 1 0

1 0 1 0 1 0

1 0 1 0 1 0

0 0 0

0 0 0

0 0 0

0,0 0,0 0,0
, , 1 ,

0,0 0,0 0,0
1, 1, 1 1,

0,0 0,0 0
, , 1 ,

0

0,0 0,0 0,0
, , 1 ,

0,0 0,0 0,0
1, 1, 1 1,

0,0 0,0 0,0
, , 1 ,

v v v

v v v

v v v

c h c h c r

c h c h c r

d h d h d r

c h c h c r

c h c h c r

d h d h d r

f f f

f f f

f f f

f f f

f f f

f f f

+

+ + + +

+

+

+ + + +

+





  



  





  



( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( )

1 1 1 1 1 1

1 1 1 1 1 1

1 1 1 1 1 1

1 1 1

1 1 1

1 1 1

,0

0,0 0,0 0,0
, , 1 ,

0,0 0,0 0,0
1, 1, 1 1,

0,0 0,0 0,0
, , 1 ,

0,0 0,0 0,0
, , 1 ,

0,0 0,0 0,0
1, 1, 1 1,

0,0 0,0
, , 1 ,

v v v

v v v

v v v

c h c h c r

c h c h c r

d h d h d r

c h c h c r

c h c h c r

d h d h d r

f f f

f f f

f f f

f f f

f f f

f f f

+

+ + + +

+

+

+ + + +

+





  



  





  

 ( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( )

0 0 0

0 0 0

0 0 0

1 1 1

1 1 1

1 1

0,0 0,0 0,0
, , 1 ,

0,0 0,0 0,0
1, 1, 1 1,

0,0 0,0 0,0
, , 1 ,

0,0 0,0 0,0
, , 1 ,

0,0 0,0 0,0
1, 1, 1 1,

0,0 0,0
, , 1

0,0

u u u

u u u

u u u

u u u

u u u

u u

c h c h c r

c h c h c r

d h d h d r

c h c h c r

c h c h c r

d h d h

f f f

f f f

f f f

f f f

f f f

f f

+

+ + + +

+

+

+ + + +

+



 

  






 

  









( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

1

0,0
,

0,0 0,0 0,0
, , 1 ,

0,0 0,0 0,0
1, 1, 1 1,

0,0 0,0 0,0
, , 1 ,

u

u v u v u v

u v u v u v

u v u v u v

d r

c h c h c r

c h c h c r

d h d h d r

f

f f f

f f f

f f f

+

+ + + +

+

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  





  



(7)
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The above matrix can be simplified into partitioned    information matrix representation

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

0 0 0 0 1 1 0 0 0 0

0 0 1 1 1 11 1 1 1

0 0 1 1

0,0 0,0 0,0
, , , , , , , , ,

0,0 0,00,0
, , , , , ,, , ,

2

0,0 0,0 0,0
, , , , , , , , ,

u u

u u

v v v v u u v v

c d h r c d h r c d h r

c d h r c d h rc d h r

c d h r c d h r c d h r

A A A

A AA
M

A A A

 
 
 

=  
 
 
  





 


                  

where

( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

0,0 0,0 0,0
, , 1 ,

0,0 0,0 0,0
0,0 1, 1, 1 1,
, , ,

0,0 0,0 0,0
, , 1 ,

s t s t s t

s t s t s t

s s t t

s t s t s t

c h c h c r

c h c h c r
c d h r

d h d h d r

f f f

f f f
A

f f f

+

+ + + +

+

 
 
 

=  
 
  
 





  


,

0,1, , , 0,1, ,s u t v= =  .

(8)

(9)

Constructing bivariate polynomial interpolation or 

rational interpolation function 0,0 ( , )I x y  on 0,0
,m n∏ , 

that is 0,0
0,0 ,( , )i j i jI x y f= ,

Step 2: Newton type recursive along with y  

For 0,1, , ,t v=  0,1, , ; , 1, , ,t ti m j h h n= = + 

              
 

0, 1
, 0, 10,

, *
1

( , )
( )

t
i j t i jt

i j
t j

f I x y
f

yω

−
−

−

−
= ,

         (10)

where

          

* ( ) ( ), 0,1, , 1
t

t

r

t j
j h

y y y t vω
=

= − = −∏ 

, 
 (11)

The recursive procedure is intended to transform

2M  into the following partitioned matrix by means of 
(row transformation).

                                  

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

0 0 0 0 1 1 0 0 0 0

0 0 1 1 1 11 1 1 1

0 0 1 1

0,0 0,0 0,0
, , , , , , , , ,

0,1 0,10,1
, , , , , ,, , ,

3

0, 0, 0,
, , , , , , , , ,

u u

u u

v v v v u u v v

c d h r c d h r c d h r

c d h r c d h rc d h r

v v v
c d h r c d h r c d h r

A A A

A AA
M

A A A

 
 
 

=  
 
 
  





 


      

                           (12)

where

                                 

( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

0, 0, 0,
, , 1 ,

0, 0, 0,
0, 1, 1, 1 1,
, , ,

0, 0, 0,
, , 1 ,

s t s t s t

s t s t s t

s s t t

s t s t s t

t t t
c h c h c r

t t t
t c h c h c r

c d h r

t t t
d h d h d r

f f f

f f f
A

f f f

+

+ + + +

+

 
 
 

=  
 
  
 





  



, 0,1, , , 0,1, ,s u t v= =  .     (13)

Constructing bivariate polynomials or rational 
interpolants 0, ( , )tI x y ( 1, , )t v=  , on the subsets 

0,
,
t

m n∏ , 
using function value transformation results

( )
0 0

0,
, , ,t t

t
c d h rA ,  

namely
0,

0, ,( , ) t
t i j i jI x y f= , 0 0 , , 1, ,t tc i d h j r t v≤ ≤ ≤ ≤ =  .  (14)
Step 3: Newton type recursive along with x
For 1,2, ,s u=  ,
             

                

1,0
, 1,0

,
1

( , )
( )

s
i j s i js

i j
s i

f Z x y
f

xω

−
−

−

−
= ,            (15)
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( ) ( ), 0,1, , 1

s

s

d

s i
i c

x x x s uω
=

= − = −∏ 

,                                                  (16)

                                
* * *

,0 ,1 0 , 0 1( , ) ( , ) ( , ) ( ) ( , ) ( ) ( )s s s s v vZ x y I x y I x y y I x y y yω ω ω −= + + +  .                  (17)

                                           

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

0 0 0 0 1 1 0 0 0 0

0 0 1 1 1 11 1 1 1

0 0 1 1

0,0 1,0 ,0
, , , , , , , , ,

0,0 ,01,0
, , , , , ,, , ,

4

0,0 1,0 ,0
, , , , , , , , ,

u u

u u

v v v v u u v v

u
c d h r c d h r c d h r

u
c d h r c d h rc d h r

u
c d h r c d h r c d h r

A A A

A AA
M

A A A

 
 
 

=  
 
 
  





 


                                     

(18)

where

( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

,0 ,0 ,0
, , 1 ,

,0 ,0 ,0
,0 1, 1, 1 1,
, , ,

,0 ,0 ,0
, , 1 ,

s t s t s t

s t s t s t

s s t t

s t s t s t

s s s
c h c h c r

s s s
s c h c h c r

c d h r

s s s
d h d h d r

f f f

f f f
A

f f f

+

+ + + +

+

 
 
 

=  
 
  
 





  



, 0,1, , , 0,1, ,s u t v= =  .  

The recursive procedure is intended to transform 
2M  into the following partitioned matrix by means of

(column transformation).

(19)

Constructing bivariate polynomials or rational 
interpolant ,0 ( , )sI x y ( 1, , )s u=   on the subsets

 ,0
m n∏ , 

using function value transformation results
( )

0 0

,0
, , ,s s

s
c d h rA ,

 

(20)

namely
,0

,0 ,( , ) s
s i j i jI x y f= ,

0 0, , 1, ,s sc i d h j r s u≤ ≤ ≤ ≤ =  . 

Step 4: Newton type recursive along with y
For 1,2, ,s u=  , when 1,2, ,t v=  ,

, 1
, , 1,

, *
1

( , )
( )

s t
i j s t i js t

i j
t j

f I x y
f

yω

−
−

−

−
= , , 1, , ; , 1, ,s s t ti c c m j h h n= + = + 

(21)

The recursive procedure is intended to transform 
4M  into the following partitioned matrix by means of

(row transformation).

                              

                                

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

0 0 0 0 1 1 0 0 0 0

0 0 1 1 1 11 1 1 1

0 0 1 1

0,0 1,0 ,0
, , , , , , , , ,

0,1 ,11,1
, , , , , ,, , ,

5

0, 1, ,
, , , , , , , , ,

u u

u u

v v v v u u v v

u
c d h r c d h r c d h r

u
c d h r c d h rc d h r

v v u v
c d h r c d h r c d h r

A A A

A AA
M

A A A

 
 
 

=  
 
 
  





 



                   

      (22)

where
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( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

, , ,
, , 1 ,

, , ,
, 1, 1, 1 1,
, , ,

, , ,
, , 1 ,

s t s t s t

s t s t s t

s s t t

s t s t s t

s t s t s t
c h c h c r

s t s t s t
s t c h c h c r

c d h r

s t s t s t
d h d h d r

f f f

f f f
A

f f f

+

+ + + +

+

 
 
 

=  
 
  
 





  



, 0,1, , , 0,1, ,s u t v= =  ,    (23)

Step 5: Constructing bivariate polynomials or 
rational interpolants , ( , )s tI x y , on the subsets

 
,
,

s t
m n∏  

using function value transformation results 

( ),
, , ,s s t t

s t
c d h rA ( 1, 2, , ; 1, 2, , )s u t v= =  , 

namely

                              
,

, ,( , ) s t
s t i j i jI x y f= , , , 1, 2, , ; 1, 2, ,s s t tc i d h j r s u t v≤ ≤ ≤ ≤ = =  .      (24) 

Constructing bivariate Newton-like polynomials ( , )sZ x y  about y  using , ( , )s tI x y , namely

        
* * *

,0 ,1 0 , 0 1( , ) ( , ) ( , ) ( ) ( , ) ( ) ( )s s s s t tZ x y I x y I x y y I x y y yω ω ω −= + + +  ,  0,1, , ,s u=         (25) 

Step 6: Let

                      , 0 1 0 0 1( , ) ( , ) ( , ) ( ) ( , ) ( ) ( )m n s sP x y Z x y Z x y x Z x y x xω ω ω −= + + +  ,                    (26)

Then , ( , )m nP x y is the block based bivariate New-
ton-like blending interpolant on the whole set.

Theorem 1. If all the above interpolants , ( , )s tI x y

( 1, 2, , ; 1, 2, , )s u t v= =   satisfy (21) and (24)             

exist．Then

, ,( , )m n i j i jP x y f= , 0,1, , ; 0,1, ,i m j n= =  .(27)

Proof: Suppose ,s s t tc i d h j r≤ ≤ ≤ ≤ .
From (25)-(26) we can get

, 0 1 0 0 1( , ) ( , ) ( , ) ( ) ( , ) ( ) ( )m n i j i j i j i s i j i s iP x y Z x y Z x y x Z x y x xω ω ω −= + + + 

and
* * *

,0 ,1 0 , 0 1( , ) ( , ) ( , ) ( ) ( , ) ( ) ( ),s i j s i j s i j j s t i j j t jZ x y I x y I x y y I x y y yω ω ω −= + + + 

From (21) and (24) we can get
* * , * *

, 0 1 , 0 1

, 1 * *
, , 1 0 2

( , ) ( ) ( ) ( ) ( )

( ( , )) ( ) ( ),

s t
s t i j j t j i j j t j

s t
i j s t i j j t j

I x y y y f y y

f I x y y y

ω ω ω ω

ω ω
− −

−
− −

=

= −

 



Then we recursively get 
* * *

,0 ,1 0 , 0 1

* , 1 * *
,0 ,1 0 , , 1 0 2

* , 1 *
,0 ,1 0 , 0

( , ) ( , ) ( , ) ( ) ( , ) ( ) ( )

( , ) ( , ) ( ) ( ( , )) ( ) ( )

( , ) ( , ) ( ) ( )

s i j s i j s i j j s t i j j t j

s t
s i j s i j j i j s t i j j t j

s t
s i j s i j j i j j t

Z x y I x y I x y y I x y y y

I x y I x y y f I x y y y

I x y I x y y f y

ω ω ω

ω ω ω

ω ω ω

−

−
− −

−

= + + +

= + + + −

= + + +

 

 

 

*
2

,0
,

( )

,
j

s
i j

y

f
−

= =

From (21) it follows
,0 1,0

, 0 1 , 1 0 2( ) ( ) ( ( , )) ( ) ( )s s
i j i s i i j s i j i s if x x f Z x y x xω ω ω ω−

− − −= −  ,
It is easy to drive recursively
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, 0 1 0 0 1

,0
0 1 0 , 0 1

0 1 0

1,0
, 1 0 2

0 1

( , ) ( , ) ( , ) ( ) ( , ) ( ) ( )

( , ) ( , ) ( ) ( ) ( )

( , ) ( , ) ( )

( ( , )) ( ) ( )

( , ) ( ,

m n i j i j i j i s i j i s i

s
i j i j i i j i s i

i j i j i

s
i j s i j i s i

i j i

P x y Z x y Z x y x Z x y x x

Z x y Z x y x f x x
Z x y Z x y x

f Z x y x x

Z x y Z x y

ω ω ω

ω ω ω

ω

ω ω

−

−

−
− −

= + + +

= + + +

= + +

+ −

= +

 

 





1,0
0 , 0 2

0,0
, ,

) ( ) ( ) ( )

.

s
j i i j i s i

i j i j

x f x x

f f

ω ω ω−
−+ +

= = =

 



3. Information Matrix Algorithm of the Dual 
Interpolation of Block Based Bivariate New-
ton-Like Blending Rational Interpolation

With the help of the function value of the block 
information matrix, we can get information matrix             
algorithm of the dual interpolation of block based bi-
variate Newton like blending rational interpolation.

Algorithm 2
Step 1: Initializing. Let

( )0,0
, ,( , )i j i j i jf f x y f= = ,

               0,1, , ; 0,1, , .i m j n= =              (28)
the initial value information matrix (7) is represented 
by a block matrix (8) - (9).

Constructing bivariate polynomial interpolation or 

rational interpolation function 0,0 ( , )I x y  based on

0,0
,m n∏ , 

namely 0,0
0,0 ,( , )i j i jI x y f= ,

Step 2: Newton type recursive along with x .

For 0,1, ,s u=  , , 1, , ; 0,1, , ,s si c c m j n= + = 

              

1,0
, 1,0,0

,
1

( , )
( )

s
i j s i js

i j
s i

f I x y
f

xω

−
−

−

−
= , 

          (29)
where

    
( ) ( ), 0,1, , 1

s

s

d

s i
i c

x x x s uω
=

= − = −∏ 

   (30)
The recursive procedure is intended to trans-

form 2M  into the following partitioned matrix by 
means of (column transformation).

                                     

 

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

0 0 0 0 1 1 0 0 0 0

0 0 1 1 1 11 1 1 1

0 0 1 1

0,0 1,0 ,0
, , , , , , , , ,

0,0 ,01,0
, , , , , ,, , ,

6

0,0 1,0 ,0
, , , , , , , , ,

u u

u u

v v v v u u v v

u
c d h r c d h r c d h r

u
c d h r c d h rc d h r

u
c d h r c d h r c d h r

A A A

A AA
M

A A A

 
 
 

=  
 
 
  





 



                         

           (31)

where

              

( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

,0 ,0 ,0
, , 1 ,

,0 ,0 ,0
,0 1, 1, 1 1,
, , ,

,0 ,0 ,0
, , 1 ,

s t s t s t

s t s t s t

s s t t

s t s t s t

s s s
c h c h c r

s s s
s c h c h c r

c d h r

s s s
d h d h d r

f f f

f f f
A

f f f

+

+ + + +

+

 
 
 

=  
 
  
 





  



, 0,1, , , 0,1, ,s u t v= =  .        (32)

Constructing bivariate polynomials or rational 

interpolants ,0 ( , )sI x y ( 1, , )s u=   on the subsets

 
,0
,

s
m n∏ , 

using function value transformation results
( )

0 0

,0
, , ,s s

s
c d h rA , 

 namely
,0

,0 ,( , ) s
s i j i jI x y f= ,                                                                                                                                                    

         0 0, , 1, ,s sc i d h j r s u≤ ≤ ≤ ≤ =  .  (33)
Step 3: Newton type recursive along with y  

For 1, ,t v=  ,
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0,
, 10,

, *
1

( , )
( )

t
i j t i jt

i j
t j

f S x y
f

yω
−

−

−
= , 0,1, , ; , 1, ,t ti m j h h n= = +  ,                         (34)

                                                         

* ( ) ( ), 0,1, , 1
t

t

r

t j
j h

y y y t vω
=

= − = −∏  ,                                             (35)

                 0, 1, 0 , 0 1( , ) ( , ) ( , ) ( ) ( , ) ( ) ( )t t t v t vS x y I x y I x y x I x y x xω ω ω −= + + + 

.                    (36)

Information technologies

The recursive procedure is intended to transform
2M  into the following partitioned matrix by means of

(row transformation).

                                         

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

0 0 0 0 1 1 0 0 0 0

0 0 1 1 1 11 1 1 1

0 0 1 1

0,0 0,0 0,0
, , , , , , , , ,

0,1 0,10,1
, , , , , ,, , ,

7

0, 0, 0,
, , , , , , , , ,

u u

u u

v v v v u u v v

c d h r c d h r c d h r

c d h r c d h rc d h r

v v v
c d h r c d h r c d h r

A A A

A AA
M

A A A

 
 
 

=  
 
 
  





 


 

                                   (37)

where

                

 

( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

0, 0, 0,
, , 1 ,

0, 0, 0,
0, 1, 1, 1 1,
, , ,

0, 0, 0,
, , 1 ,

s t s t s t

s t s t s t

s s t t

s t s t s t

t t t
c h c h c r

t t t
t c h c h c r

c d h r

t t t
d h d h d r

f f f

f f f
A

f f f

+

+ + + +

+

 
 
 

=  
 
  
 





  



, 0,1, , , 0,1, ,s u t v= =  .          (38)

Constructing bivariate polynomials or rational 

interpolants 0, ( , )tI x y ( 1, 2, , )t v=  , on the subsets

0,
,
t

m n∏
, using function value transformation results

( )
0 0

0,
, , ,t t

t
c d h rA , 

namely

 0,
0, ,( , ) t

t i j i jI x y f= ,                           

        0 0 , , 1, 2, ,t tc i d h j r t v≤ ≤ ≤ ≤ =  .   (39)
Step 4: Newton type recursive along with x
For 1,2, ,t v=  , when 1,2, ,s u=  ,

                        

1,
, 1,,

,
1

( , )
( )

s t
i j s t i js t

i j
s i

f I x y
f

xω

−
−

−

−
= , , 1, , ; , 1, ,s s t ti c c m j h h n= + = +                          (40)

The recursive procedure is intended to transforme 
7M  into the following partitioned matrix by means of

(column transformation).

                                       

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

0 0 0 0 1 1 0 0 0 0

0 0 1 1 1 11 1 1 1

0 0 1 1

0,0 1,0 ,0
, , , , , , , , ,

0,1 ,11,1
, , , , , ,, , ,

8

0, 1, ,
, , , , , , , , ,

u u

u u

v v v v u u v v

u
c d h r c d h r c d h r

u
c d h r c d h rc d h r

v v u v
c d h r c d h r c d h r

A A A

A AA
M

A A A

 
 
 

=  
 
 
  





 



 

                                 (41)

where
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( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

, , ,
, , 1 ,

, , ,
, 1, 1, 1 1,
, , ,

, , ,
, , 1 ,

s t s t s t

s t s t s t

s s t t

s t s t s t

s t s t s t
c h c h c r

s t s t s t
s t c h c h c r

c d h r

s t s t s t
d h d h d r

f f f

f f f
A

f f f

+

+ + + +

+

 
 
 

=  
 
  
 





  



, 0,1, , , 0,1, ,s u t v= =  ,         (42)

Step 5: Constructing bivariate polynomials or 
rational interpolants , ( , )s tI x y on  

,
,

s t
m n∏ , 

namely

                     
,

, ,( , ) s t
s t i j i jI x y f= , ( , , 1, 2, , ; 1, 2, , )s s t tc i d h j r s u t v≤ ≤ ≤ ≤ = =  .              (43)

Constructing bivariate Newton-like polynomials ( , )tS x y  about x  using , ( , )s tI x y , namely

                     0, 1, 0 , 0 1( , ) ( , ) ( , ) ( ) ( , ) ( ) ( ).t t t s t sS x y I x y I x y x I x y x xω ω ω −= + + +                           (44) 

Step 6:let

                     
* * *

, 0 1 0 0 1( , ) ( , ) ( , ) ( ) ( , ) ( ) ( )m n t tDP x y S x y S x y y S x y y yω ω ω −= + + +                                  (45)

Then , ( , )m nDP x y  is the dual interpolation of block 
based bivariate Newton-like blending interpolant on 

the whole set , ( , )m nP x y .

Theorem 2 If all the above interpolants , ( , )s tI x y

( 1, 2, , ; 0,1, , )s u t v= =  satisfying (40),(43)              
exist, then

                         , , ,( , ) ( , )m n i j m n i j i jDP x y P x y f= = , 0,1, , ; 0,1, ,i m j n= =  .                                  (46) 
proof: from theorem 1 we can get

, ,( , )m n i j i jP x y f=
suppose       ,s s t tc i d h j r≤ ≤ ≤ ≤ .

From (44) and (45), we can get
* * *

, 0 1 0 0 1( , ) ( , ) ( , ) ( ) ( , ) ( ) ( )m n i j i j i j j t i j j t jDP x y S x y S x y y S x y y yω ω ω −= + + + 

0, 1, 0 , 0 1( , ) ( , ) ( , ) ( ) ( , ) ( ) ( ).t i j t i j t i j i s t i j i s iS x y I x y I x y x I x y x xω ω ω −= + + + 

From (40) and (43) we can drive
,

, 0 1 , 0 1

1,
, 1, 0 2

( , ) ( ) ( ) ( ) ( )

( ( , )) ( ) ( ),

s t
s t i j i s i i j i s i

s t
i j s t i j i s i

I x y x x f x x

f I x y x x

ω ω ω ω

ω ω
− −

−
− −

=

= −

 



Then we recursively get 

0, 1, 0 , 0 1

1,
0, 1, 0 , 1, 0 2

1,
0, 1, 0 , 0 2

( , ) ( , ) ( , ) ( ) ( , ) ( ) ( )

( , ) ( , ) ( ) ( ( , )) ( ) ( )

( , ) ( , ) ( ) ( ) ( )

t i j t i j t i j i s t i j i s i

s t
t i j t i j i i j s t i j i s i

s t
t i j t i j i i j i s i

S x y I x y I x y x I x y x x

I x y I x y x f I x y x x

I x y I x y x f x x

ω ω ω

ω ω ω

ω ω ω

−

−
− −

−
−

= + + +

= + + + −

= + + +

=

 

 

 



0,
, ,t

i jf=
From (34) it follows

0, * * 0, 1 * *
, 0 1 , 1 0 2( ) ( ) ( ( , )) ( ) ( )t t

i j j t j i j t i j j t jf y y f S x y y yω ω ω ω−
− − −= −  ,It is easy to drive recursively

* * *
, 0 1 0 0 1

* 0, * *
0 1 0 , 0 1

* 0, 1 * *
0 1 0 , 1 0 2

0

( , ) ( , ) ( , ) ( ) ( , ) ( ) ( )

( , ) ( , ) ( ) ( ) ( )

( , ) ( , ) ( ) ( ( , )) ( ) ( )

( ,

m n i j i j i j j t i j j t j

t
i j i j j i j j t j

t
i j i j j i j t i j j t j

i

DP x y S x y S x y y S x y y y

S x y S x y y f y y

S x y S x y y f S x y y y

S x y

ω ω ω

ω ω ω

ω ω ω

−

−

−
− −

= + + +

= + + +

= + + + −

=

 

 

 

* 0, 1 * *
1 0 , 0 2

0,0
, ,

) ( , ) ( ) ( ) ( )

.

t
j i j j i j j t j

i j i j

S x y y f y y

f f

ω ω ω−
−+ + +

= = =

 


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4. Numerical Example
In this section, we take a simple example to show 

how the algorithms are implemented and how flexible 
our method is．

Example Assume that the interpolation points 
and the function values at the support nodes ( , )i jx y  
are given as follows

Table 1. Interpolation data

0 0y = 1 1y = 2 2y = 3 3y =

0 0x = 4 5 -1 6

1 1x = 3 7 2 0

22 =x 5 3 1 2

3 3x = 1 2 -1 4

For convenience, we merely present a few 
schemes. Let

0 0 1 1 0 0 1 10, 2, 3, 0, 2, 3c d c d h r h r= = = = = = = = ,
i.e., 33∏  is divided into the following 4 subsets 

0,0 0,1 1,0 1,1
3,3 3,3 3,3 3,3, , ,∏ ∏ ∏ ∏

                 

(0,0) (0,1) (0,2) (0,3)
(1,0) (1,1) (1,2) (1,3)
(2,0) (2,1) (2,2) (2,3)

(3,0) (3,1) (3,2) (3,3)   

                 

(47)

Scheme 1 Suppose 0,1( , )I x y , 1,0 ( , )I x y  are 
the Thiele-type continued fractions based on

0,1 1,0
3,3 3,3,∏ ∏ , and 0,0 ( , )I x y , 1,1( , )I x y  are the bivariate 

Newton interpolation polynomial based on 
0,0 1,1
3,3 3,3,∏ ∏  respectively, then we can get

1,1
3 7 9 11( , ) 4 3 ( 1) ( 1) ( 1) ( 1) ( 1) ( 1)
2 2 2 4

26 60 3 4( 1)( 2) [ ( 1)( 2)] ( 1)( 2)
18 4 2 15

P x y x y xy x x y y x x y xy y x x y y

x y y y y y y x x x
x y

= − + + + − − − − − − − + − −

−
+ − − + − − − − −

− −
Scheme 2 information matrix algorithm of 

block based bivariate Newton polynomial inter-
polation

Suppose 0,1( , )I x y , 1,0 ( , )I x y are the Thiele-type

continued fractions based on 0,1 1,0
3,3 3,3,∏ ∏ , and 

0,0 ( , )I x y , 1,1( , )I x y  are the bivariate Newton                  
interpolation polynomial based on 0,0 1,1

3,3 3,3,∏ ∏  re-
spectively, using the algorithm 1, we can get

* *
2 0,0 0,1 0 1,0 1,1 0 0( , ) ( , ) ( , ) ( ) ( ( , ) ( , ) ( )) ( )

3 7 94 3 ( 1) ( 1) ( 1)
2 2 2

11 26 60( 1) ( 1) ( 1) ( 1)( 2)
4 18

3 4[ ( 1)( 2)] ( 1)( 2)
4 2 15

P x y I x y I x y y I x y I x y y x

x y xy x x y y x x y

xxy y x x y y y y y
x

y y y x x x
y

ω ω ω= + + +

= − + + + − − − − −

−
− − + − − + − −

−

+ − − − − −
−

Scheme 3 information matrix algorithm of 
dual interpolation of block based bivariate New-
ton polynomial interpolation

Suppose 0,1( , )I x y , 1,0 ( , )I x y  are the Thiele-type

continued fractions based on 0,1 1,0
3,3 3,3,∏ ∏ , and

0,0 ( , )I x y , 1,1( , )I x y are the bivariate Newton inter-
polation polynomial based on 0,0 1,1

3,3 3,3,∏ ∏  respec-
tively, using the algorithm 2 we can get

4 0,0 1,0 0 0,1 1,1 0 0( , ) ( , ) ( , ) ( ) ( ( , ) ( , ) ( )) * ( )
3 7 94 3 ( 1) ( 1) ( 1)
2 2 2

11 3( 1) ( 1) ( 1) ( 1)( 2)
4 4 2

26 60 4[ ( 1)( 2)] ( 1)( 2)
18 15

P x y I x y I x y x I x y I x y x y

x y xy x x y y x x y

xy y x x y y x x x
y

x x x x y y y
x

ω ω ω= + + +

= − + + + − − − − −

− − + − − + − −
−

−
+ − − − − −

−
5. Conclusions
In this paper, we disscuss the information ma-

trix algorithm for the block based Newton-like                                                                                                 
blending rational interpolation and its dual interpola-
tion. Algorithm 1 and 2 have the advantages of using 
the concept of linear algebra of elementary transfor-

mation, but here the row and column transform are 
block partial divided difference. In addition, the algo-
rithm results 1 and 2 are neat and beautiful. From The-
orem 1 and 2, we know block coefficient can be got-
ten by the s th column element ( ) , 0,1, ,i if x f i n= = 

of the matrix 5 8,M M , this is convenient for the prac-
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tical problems.

One can generalize the results to bivariate com-
posite schemes by the method in the paper[25] and 
one can drive the vector-valued and matrix-valued 
interpolation by Samelson[26].
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