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Abstract—Based on the theory of the regular Hermite
interpolation polynomial, two new calculating methods
including undeter mined coefficient and L agrange inter polation
have been proposed to solve the complex irregular Hermite
inter polation polynomial.
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I.  THEORY OF THE HERMITE INTERPOLATION

Set'y = f(X) has definition in interval [@,b], and has
corresponding  values Y, Y,;,:-, Y, on the points
of a<X,<Xx<--<X <b, if there is a simple
function P(X) satisfied the following formula

P(x)=y, (=12--n) @
where P(X) is the interpolation function of f(X), X,, X,
-+, X, are the interpolation nodes, interval [a, b] is the
interpolation interval!¥.

If P(X) is the polynomial with the number not more
thann, namely

P(x)=a,+aXx+---+a,X, %)
where & (i =0,1,---,n) are the rea numbers, we can
say P(X) isainterpolation polynomial.

Suppose y, = f(x;),m, = f (x;)(j=0,1,---,n) on
the nodes a< x, <x <---<X,<b , if there is an
interpol ation polynomial H (X) satisfied the conditions (3):

H(x)=y,H(x)=m (j=0L--n) (3
then H (X) is the Hermite interpolation polynomial!?.

If y, and m; (i=0,1,---,n) are al known on the
nodsa< x, < X <---< X, <b, we can say H(X)is the
regular Hermite interpolation polynomial, correspondingly,
the methods of seeking H(X) is the regular Heremite
interpolation ; If only some of m; (i=0,1,--,n) are

known on the nodesa < x, < X, <---< X, <b, we can
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say H (X) is the irregular Hermite interpolation polynomial,
the methods of seeking H (X) is the irregular Heremite
interpolation ¥,

Il.  TWOPLANSFOR SOLVING THE IRREGULAR HEREMITE
INTERPOLATION POLYNOMIAL

Ify, (i=01---,n) and m (j=0,1--k;k<n)
are al known on the points a< X, <X <---<X <D,

and m, (j =k+1,--,n) are unknown. In this paper, we

want to seek an irregular Heremite interpolation polynomial
to meet the following equations:

H(x)=y, (i=0,1---,n)
H'(x)=m, (i=01-kk<n)

]

4

A. Undetermined coefficient

Bring the known conditions into the irregular Hermite
interpolation polynomial, and to determine the required
irregular Hermite interpolation polynomial through solving
equations to determine its coefficients.

By equations (4), we can know that the equations own
N+k+2 known conditions. Due to N+Kk+2 known
conditions can uniquely determine a polynomia with the
number not more than N+ K +1, namely

H n+k+1(X) =H (X) (5)
so we can suppose the formof H ., ., (X) asfollows:
H n+k+1(X) = ao + alx +oF anJrkJrlanrkJr1 (6)

Bring the unknown conditions H(x)=y (=01--n)
andH'(x)=m (j=01:k;k<n) into the formula (6), we
can get the following equations:

o+ Xo + -+ 8y, X" = Y,

Qo+ X+t A, X =Y
H ....... @
aO + a1Xn +oF an+k+lxn = yn

a, +2a,X, + -+ (n+k+1)a,,, X" =m,

a, +2a,x, + -+ (n+k+Da,,, X" =m

a, +2a,Xx +--+(n+k+a,,,  x"" =m,
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Solving eguations (7), we can obtain the coefficients
ay,8, 8., and determine H ., ., (X) finaly.
B. Lagrangeinterpolation

Using the known conditionsH(x) =y, (i=0,1---,n),
we can seek a Lagrange interpolation polynomial L ,(X) .
Suppose H ., ., (X) exists, and bring the known conditions
H(x)=y, (=01 nandH(x)=m (j=01--kk<n)
into H,,,,,(X) , and we can determine the required

irregular Hermite interpolation polynomial.
ThroughH (x) =y, (i=0,1---,n), we can seek the

Lagrange interpolation polynomial L (X) :

L) =2 yih(x) (8)
where -
() = XX (KX (X=X, (X X,)
| (% =%) - (6 =X ) (6 = %0) - (% = X,)
(i=01-n) ©)
Due to |/(X)(i=0,1---,n) saisfy the following
conditions on the nodes X, <X <:-- <X,

1L i=j,
Ii(Xj):{O

i # ]
namely 1,(x),1,(X),--1,(X) are the interpolation basis
functions on the nodes X, X, -+, X, . By formula (8), we
can obtain the expression (11) and (12):

L0¢)=3 vl (x) =y, (1=01--n)

(i,j=01,---,n) (10

(11)

Lln(Xj)zzyilli(Xj)zmj (j:O1:L"'1n) (12)
i=0

H n+k+1(x) = Ln(X) + Qn+k+1(x) (13)

Set the highest coefficients of Q,,,,,(X) as 1, and

bring (X, Y,) into (13), through L (X,) =Y, , we can
obtain

Suppose

Qn+k+1(XD) =0 (14)
namely X, is one of the zero point of Q,,,,,(X). Then
bring (X, ;) (X, Y,) into (13), through L (X)) =Y,, we

can obtain
Qn+k+1(xl) =0 (15)
namely X, is one of the zero point of Q. .,.;(X). Similarly,

bring (X,, ¥,),(Xss ¥a)s--+ (X, Y,) into (13), through
L.(x)=> yl(x)=y, (i=23-n), we can
i=0

obtain
Qn+k+1(xj) =0 (J = 2,3,"',n)
namely X; (j=23,---,n) are the zero points of

(16)

Q.. 1.1 (X) . Because the number of Q, ., .,(X) isn+k+1,
SO We can suppose

Quoscan (¥) = (X=2)(X=%) - (X=X, ) A, (X) (D)
where A, (X) isapolynomial with the number of d .

Through H ., .,(X) =L, (X)+Q,,.,(X) , we can
obtain

H 'n+k+1(X) = Lln(X) + an+k+1(x) (18)

bing H'(x;)=m;, (j=01,---k;k<n) into (17),

through L' (x,) = 3"y, (x,) = m, (j =01 kk<n),
i=0

we can obtain
an+k+1(xj)=O (J :0111,k,k<n) (]_9)

namely xj(j =0,1---,k;k<n) are the double roots

of Qn+k+1(X) » S0
Qi (¥) = (X= %) (X = %)%+ (X=X )* (X = Xy ) -+
(x=x%,)B(X) (20)
Owning to the number of Q,,,,,(X)isn+k+1, and
the number of the polynomial
(X= %) (X= %)% -+ (X=X )2 (X~ Xp) -+ (X—%,) (2D)
isn+ K+ 2, so the number of B(X)is—1, namely
B(x)=x"
To sum up, H,,.,(X) can be uniquely determined

by L ,(X)andQ,,, ,(X).
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