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BIHI: Bi cubic Hermite Interpol at ion Code 

ABSTRACT 

BIHI is a bivariate interpolation code which constructs a pice

wise bicubic function that interpolates to a given set of data values 

arranged over a rectangular grid. 

1. INTRODUCTION 

Over the past two years several bivariate int~rpolation codes have 

been developed by the Numerical Mathematics Group (NMG) for solving 

problems in surface approximation. 'These codes use smooth approximating 

functibns such as splines, blending functions, and splines in tension 

which· are quite accurate if the surfaces are 11 Well behaved 11
• For 

surfaces which are not.so.well behaved- such as those which rise nearly 

vertically and abruptly flatten out - the smooth approximations tend to 

overshoot in the neighborhood of the abrupt change. As a result, the 

approximation tends to oscillate in this subregion. This phenomenon is 

referred to as 11 ringing 11
• 

In certain equation of state (EOS) problems the ringing described 

above is unacceptable because the approximant is not monotonic. BIHI 

was developed in an effort to produce a monotonic approximation while 

preserving the accuracy of the higher order techniques used in the other 

codes. The technique used in BIHI does not guarantee monotonicity, but 

it does represent a significant improvement over the techniques which 

use smoother functions. 

In BIHI a bicubic Hermite surface is constructed which interpolates 

to the given data. Partial der~vatives at the mesh points ·(which are 

needed to construct the surface) are approximated using a three point 

difference formula. In Section 2 we discuss the relevant interpolation 
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and approximation results. In Section 3 the code itself is described 

in detail. Numeric~l results for a sample problem are presented in 

Section 4. 

The source code for BIHI is available in the fonn of an ORDER 

input deck in Photostore file 

.295701 :NMS:PROTOLIB:FNF:El :BIHI. 

The turrent NMG consultant for this code is F.N. Fritsch, ext. 2-4275. 

2. INTERPOLATION AND APPROXIMATION RESULTS 

BIHI was developed to solve the following bivariate interpolation 

problem .. let R be a rectangular domain partitioned as shown in Figure 1. 

i . 

• 

• 
i 

y3 --+----:---+----------------·-··--··----------.-

y2 -----+-----~-----------------------------

yl 

xl x2 x3 • • • 

Figure 1. Partitioned Rectangular Domain. 
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It is assumed that data values are known at the mesh points .. The data 

may be interpreted as points on a surface defined by a function f(x,y) 

with domain R. Th~ ptoblem is to construct a function u(x,y) such that 

. u(x,y) is a 11good 11 approximation to f(x,y), and u(x,y), interpolates to 

the given data; i.e., 

( 1 ) u(x. y.) = f(x. y.) 
1,J .1,J 

In BIHI the function u(x,y) is a piecewise bicubic Hermite polynomial. 

The usual bitubic Hermite interpolant of a functi.on f(x,y) not only inter

polates function values as in (1), but also interpolates derivatives of 

f(x ,y). Specifically 

(2) au (x. ,y.) = af (x. ,y.) 
1 J - 1 J ax ax 

(3) au (x. y.) = af (x.,y.) 
ay 1 '. J ay 1 J / 

I 

~ i ~ NX 

~ j ~NY 
.; 

( 4) ) 

It is well known that if f(x,y) s c4 [R], then the bicubic Hermite inter

polant ·of f(x,y) defined by (1 )-(4) is a fourth order approximation to 

f( X ,y). * 

However, in most bivariate interpolation problems, values of the 

partial derivatives of f(x,y) required in (2)-(4) are not known. 

*That is, there exists a constant K such that 1 lu-fl l~ch4 , where h is 
the maximum mesh intefval. 
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In BIHI these derivatives are approximated from the function .values by 

a three point difference fonnula (see Appendix A). Once all derivatives 

in (2)-(4) have been approximated, a bicubic Hermite interpolant of 

f(x,y) can be constructed. In this case, because the derivations are 

only approximated, u(x,y) is only a third order approximation to 
4 . 

f(x,y) E C [R];. 

In order to evaluate u(x,y) at some point (x' ,y') E R, the subrectangle 

containing (x',y') is located and in that subrectangle u(x,y) is written 

in the form 
4 4 

(5) u(x,y) = LL akt Hk(x)Gt(y) 
kCil £:::1 

where the Hk(xJ ana Gt{y) are Hermite basic functions (see Ref. l) and the 

akt are the appropriate values defived from (1)-(4). This representation 

provides for the rapid evaluation of function values and derivatives of 

u(x~y). For completeness, we note th~t the first partial derivatives 

and cross-derivative of u(x,y) are given by: 

(6) ~~ (x,y) =LLaktHk(x)Gt(y); 

k _Q, 

(7) ~~ (x,y) =LLaktHk(x)G_Q,(y); 
k _Q, 

3. CODE DESCRIPTION 

The BIHI main code is intended to be ~ prototype for user-tailored 
. . 

applicatiohs of bicubic Hermite interpolation. It is a driver for the two 

basi~ mathematical subroutines SETBIH, which computes the approximate 

derivatives needed to completely determine the bicubic Hermite interpolant 
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u and SEVALH, which evaluates u at an arbitrary point. The latter two 

routines are design€ld to be used independently of the driver, if desired. 

To be compatible with the array names actually used in the program, 

we shall use. the following notation throughout this section:· 

F = f 

FX - af;ax 

FY - 3f/dy 

FXY - ·if;axay. 

3.1 .The Driver. 

3.1.1. Code Structure. Initially the driver calls GENl and GEN2. 

These routines read and check data from the user supplied 

disk file INBIH (described below) and print out the input 

values. After this initialization phase, SETBIH is called 

to calculate the arrays of approxi~ate derivative values 

which completely describe the fit. If requested, the next 

routine called is OUTNOD, which produces a table of function 

values and various partial derivatives at the user's initial 

data mesh. Finally, SEVALH, the fit evaluator, is called 

to produce a table of function values and partial derivatives 

on a second user>-specifi.ed ,uniform x, y-net. This evaluator 

allows extrapolation, and\a flag is printed which indicates 

the type of extrapolation. Note: It would be an easy 

matter to modify this portion of the. driver to put out the 

interpolated function values in a form suitable for input 

to a 30 plot package. 
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INBIH 
\ J '· /· '-..-. ---··--···-----/ 

OUTBIH 

MAIN. 

I 

GENl [-:N:-] [sETB;H- ] OUTNOD 
. or-----

\,/ 
SEVALH 

Figure 2. Structure of BIHI Driver. 
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3.1.2. Input. All data_are read from the user supplied d.isk 

file INBIH. This section describes the format of this 

file in detail. 

Line 1: NX, N, Y, ILOGl, ILOG2, (MFLAG(k), k = 1,4), lOPT 

as read with a 9!5 format. 

As above, NX and NY are the number of x andy mesh lines, 

respectively. As presently dimensioned, these must satisfy 

3 ~NX, NY~ 100. 

ILOGl and ILOG2 are flags used for EOS applications. 

If ILOGl is nonzero~ logarithms of ·the independent variables 

are taken before calling SETBIH. Specifically, if ILOGl = 0, 

then no logarithms are taken. If ILOGl = 1, then logarithms 

of the x values are taken. If ILOGl = 2, then logarithms of 

the y values are taken. If ILOGl = 3, then logarithms are 

taken of both x andy va]ues. ILOG2 is similar to ILOGl but 

it applies to the dependent variable. If ILOG2 = l, then 

logarithms are taken of the given function values, f, before 

fitting, and if ILOG2 = 0, then no logarithms are taken. 

MFLAG is an array of four values which control boundary 

derivatives over R. MFLAG attempts to help preserve monotone 

behavior of a function when the data is monotone. The range 

of values for this flag is -1 ~ MFLAG(k) ~ 1. 
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MFLAG(k) = 0: No motonicity control. 

MFLAG(k) = +l: Assume monotone increasing at boundary 
k and use a two point derivative approxi- . 
mation* if the three point formula produces 
a nonpositive result. 

MFLAG(k) = -1: Assume monotone decreasing at boundary k; use 
two point formula if necessary. 

The index k has the following meaning: 

k = for left boundary (x = x1) 

k = 2 for right boundary (x = xNX) 

k = 3 for bottom boundary (y = yl) 

k = 4 for top boundary (y = yNY) 

This flag is perhaps best understood by example. Suppose 

one knows that when x is held fixed andy is varied, starting 

at y1, the function is monotone increasing. To approximate 

af /'dy at' the boundary y = y1, the normal procedure is to 

fit a parabola through f(xi ,y1), f(xi~y2 ), and f(xi ,y3). 

Then FY(xi,y1), the approximate derivate, is set equal to 

the derivative of this parabola at y1. In certain cases, even 

though the data is monotone increasing, the derivative from 

this three point formula may be negative*. This could be avoided 

by using the (theoretically less accurate) two point formulat 

FY = (f(xi,y2)- f(xi,yl)) I (y2 - Y1). 

This is precisely what is done in SETBIH if MFLAG(3) = +1 

and the three point formula gives a zero or negative value. 

Some suggested values for MFLAG: 

(a) Iff is known to be monotone increasing in both variables, 

set MFLAG(k) = +1 for k = l, ... , 4. 

*Note, however, that the formula used to approximate interior derivatives 
automatically produces positive val,ues for monotone increasing data. 

twhich will necessarily~be positive if the data is strictly increasing. 
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(b) -Iff is known to be monotone decreasing in both variables, 

set MFLAG(k) = -1 fork= l, ... , 4. 

(c) If f is something like a paraboloid, with a minimum interior 

to R, a reasonable setting might be MFLAG\1) = -1, 

MFLAG(2) = +1, MFLAG(3) = -1, MFLAG(4) = +1. 

(d) If no special structure is present, then set all values 

of MFLAG to zero. 

!OPT may be 0 or 1. If !OPT= 1, then OUTNOD is called to 

produce a table ofF, FX, FY, and FXY at the points of the input 

mesh. (Incidently, OUTNOD prepares this table by calling the 

evaluator SEVALH.) lf !OPT= 0, then OUTNOD is not called. 

Line 2 through Line NX*NY+l: 

These cards contain the X, Y, F-values in a 3El4.7 format. 

The data are read as follows: 

( (X ( i ) , Y.( j ) , F ( i ; j ) , j = 1 , NY) , i = 1 , NX ) 

All of the above data are read in GENl. If the user wished 

to modify the way in which the data is read, a simple 

modification could be made here. The formatting used was 

designed for a specific EOS surface fit. 

The Last Line: NXP, NYP, XPl, YPl, DXP, DYP 

as read with the format 213, 6X, 4El2.5. 

This line is read in GEN2. It specifies a uniform rectangular 

net over which the interpolating function and its partial 

derivatives will be calculated. The x, y points are given by: 

x = XVAL = XPl + (i-l)*DXP = l ' " .. ' NXP 

y = YVAL = YPl + {j~l)*DYP j = l, ... ' NYP 

If ILOGl is. nonzero, the approximate x or y value of both will 

be logged before calling the evaluator. 
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Note: If logarithms have been used to transform the data, 

then the partial derivatives calculated will be derivatives 

of the logged quantities and not the derivatives uf the 

original surface. Fonnulas can be found which approximate 

the derivatives of the original surface given the calculated 

derivatives, but these are not included in BIHI. 

3.1~3. ·Output. The output from BIHI is written in the BIHI

created file OUTBIH. The output consists of three parts: 

(1) The input data is written out. (This is done in 

GENl and GEN2.) 

(2) If IOPT = 1, OUTNOD produces a table of F, FX, FY, 

.and FXY over the interpolation mesh. This is done 

by calling the evaluator SEVALH. 

(3) A table is produced (within the main code) ofF, FX, 

FY, and FXY over a uniform rectangular domain, as 

specified by the user's input NXP, NYP, XPl, YPl, DXP, 

and DYP (read by GEN2) .. An extrapolation flag having 

four possible values is also printed. 

explains this flag . 

The table below 

. (a) IEXT = 0: interpolation; that is 

X(l) ~ XVAL ~ X(NX) and 

Y(l) ~ YVAL ~ Y(NY). 

(b) !EXT= 1: extrapolation with respect to 

X only. That is, XVAL < X(l) 

or XVAL > X(NX). 

(c) IEXT = 2: extrapolation with respect to Y only. 

(d) ·!EXT = 3: extrapolation with respect to both 

X andY. 
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3.1.4. Data Restrictions and Error Exits. Both the driver and the 

mathematical algorithm have conditions which must be satisfied 

by the data for successful execution. These conditions are 

summarized here, and an indication is given as to the type of 

error message produced if the conditions are not met. 

(a) Conditions of GENl: 

(1) 0 < ILOPl < 3. 

(2) 0 < ILOP2 < 1. 

(3) 3 < NX < 100 

(4) 3 < NY < 100 

(5) 0 < !OPT < 1 

(6) -12_MFLAG(k) 2_ 1, fork= l, ·~·· 4. 

(7) The points X(i), Y(j) must lie on a rectangular 

mesh. The data are being read a line at a time: 

X(i), Y(j), F(i,j). 

In order for the data to lie on a rectangular 

mesh, all values read for X(i), for a fixed i, 

must be equal, and all values for Y(j), for a 

fixed j, must be equal. For example, if NX = 3 

and NY= 2, we would have as cards: 

Card 2: X(l) Y(l) F(l ,9) 

Card 3: X(l) Y(2) F(l ,2) 

Card 4: X(2) Y(l) F(2,l) 

Card 5: X(2) Y(2) F(2,2) 

Card 6: X(3) Y(l) F(3,1) 

Card 7: X(3) Y(2) F(3,2) 

The number read in for X(l) on cards 2 and 3 must 
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be the same. Similarly for X(2) on 4 and 5, etc. 

Also, the same number must be read in for Y(l) on 

cards 2, 4, and 6. Similarly for Y(2). 

(8) . If ILOGl t 0 o~ ILOG2 t 0, then the appropriate 

quantity to be logged must be a positive number. 

For example, if ILOGl = 1, then we must have 

that X(i) > 0 fori= 1, ... ; NX. 

If any of the above conditions is not met, the driver will 

exit with a message that one of the conditions was not satis-

fied in GENl. 

(b) Conditions of GEN2: 

The only possible error here is if ILOGl is nonzero 

and a generated XVAL or YVAL is negative or zero. 

Suppose ILOGl = 1 (x's are logged); if some XVAL to 

be generated is negative or zero then exit will occur 

with an error message indicating this and saying that 

the exit occurred in. GEN2. Recall that in t~is case we would 

log XVAL before calling the evaluator. Similar remarks apply 

to Y. Note that, since this exit occurs in GEN2, heither 

SETBIH nor SEVALH will have been called yet. 

(c) Conditions of SETBIH: 

~ If all the checks in GENl and GEN2 have been success-

... 

" 
> \ 

fully passed by the user's data, the only additional 

requirement imposed by SETBIH is that the x and y arrays 

must both be strictly increasing. (See SETBIH description, 

below, for the reasons for this restriction.) 
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Mathe~atically, we must have 

X ( i- 1) < X ( i), for i = 2, ... , NX, 

and 

Y ( j -1 ) < Y ( j ) , for j = 2, ... , NY. 

If any of these conditions fails, SETBIH 

will return a nonzero value of IER, which will 

cause the driver to exit after printing an appro

priate error message. Printed values of IER 

have the following meaning: 

IER = 1: X array not strictly increasing. 

IER = 2: Y array not strictly increasing. 

IER = 3: Neither array is strictly increasing. 

NOTICE: The reader who does not wish to learn abbut the details of the 

mathematical subroutines SETBIH and SEVALH may now skip forward 

to the numerical example, Section 4. 
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3.2. SETBIH 

SETBIH performs the first part of the mathematical algorithm, the 

evaluation of the approximations FX, FY, FXY to the deriv.atives 

af/ax, af/ay, a2f;axay (respectively). 

3.2.1. Code Structure. After checki~g for valid input, SETBIH calls 

SMCHEK to check that the X and Y arrays are both strictly monotone 

increasing. If all checks pass, SETBIH then calls the one

d.imensi onal derivative approximation routine DAPROX three 

times to set up FX, FY, and FXY. DAPROX evaluates the interior 

derivatives internally, but calls FUNDA3 for the endpoint 

derivative approximations. 

The strict monotonicity condition is required both to 

insure that division by zero does not occur in DAPROX and to 

insure proper operation of the. search routine called by the 

evaluator SEVALH. 

SETBIH 

. sr'CHEK DAPROX 

FU~IDA3 

Figure 3. Structure of SETBIH 
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Calling Sequence. SETBIH is used as follows: 

CALL SETBIH (MX, NXs NY, MFLAG, X, Y, F, W, IER) 

On input: 

MX is the row dimension (maximum value for the first 

index) of the array F. 

NX,NY are the number of elements in the X and Y arrays, 

respectively. (Restrictions: 3 ~ NX ~ MX, 3 ~NY.) 

·MFLAG is the integer array of endpoiht monotonicity 

controls discussed in section 3.1.2, above. It must 

be dimensioned at least 4. 

(Restrictions: -l.~MFLAG(k) ~+1, k = l, ... , 4.) 

X,Y Are arrays of independent variable values d~fining 

a rectangular mesh R. (Restrictions: Both arrays 

must be strictly increasing.) 

F Is the two-dimensional array of data values: 

F(i,j) = f(X(i), Y(j)), i = 1, ... , NX, j = 1, ... ,NY. 

On Output: 

W Contains the approximate derivatives FX, FY, FXY 

needed to define a bicubic Hermite interpolant to f on R. 

It must be dimensioned at least 3*MX*NY .. The derivatives 

are stored in W as though they were two-:dimensional arrays 

of the same structure as F: 

FX in W( l) 

FY in W(MX*NY+l) 

through W( MX*NY) 

through W(2*MX*NY) . 

FXY in W(2*MX*NY+l) through W(3*MX*NY) 
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IER -Is an error flag. If IER i 0, one ot more of the 

above re~tricti6ns on the input variables has been 

violated. In this case, W has not been changed. 

IER = 1: The X array is not strictly increasing; 

that is, for some i, X(i-l) ~ X(i). 

IER = 2: The Y array is not strictly increasing; 

that is, for some j, Y(j-1) ~ Y(j). 

IER = 3: Netther the X nor the Y array is strictly 

increasing. 

IER = 4: One or more of the following conditions 

has been violated: 3 ~ NX, 3 ~NY, 

-1 ~ MFLAG(k) ~ +l fork= 1, •.. , 4. 
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3.3. SEVALH 

Given the derivative approximations from SETBIH (or the actual 

derivative values, if known), SEVALH evaluates the bicubic Hermite 

approximant u ·at an arbitrary point (x,y) = (XVAL,YVAL). 

3.3.1. Code· Structure. SEVALH first locates the x- andy-intervals 

containing the evaluation point (XVAL~YVAL). This is done 

by two calls to a one-dimensional search routine SEARCH. 

Extrapolation is allowed by using the first cubic for values 

less than X(l) or Y(l), or the last cubic for values greater 

than X(NX) or Y(NY). NOTE: This search procedure is not 

especially efficient. . The user who anticipates making heavy 

use of SEVALH should contact the NMG consultant for ideas 

on improving the efficiency of the search for his/her par

ticular application. 

SEVALH 

SEARCH FHl II I FH4 

FH1D I II FH4D 

Figure 4. Structure of SEVALH 

* This box represents the four one-dimensional Hermite basis functions 
FHi and their derivatives FHiD. 
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After the search, the appropriate one-dimensional 

Hermite basis functions and their derivatives are evaluated 

and stored in loca 1 arrays. In the notation of Section 2, 

AG(k,t) = ak,t } k = 1 ' ... ' 4 
Bl (k) = Hk (XVAL) , B2(k) = Hk(XVAL) 

i = 1 ' .. · . ' 4 
Cl(1) = G1(YVAL), C2(1) - G• {XVAL) 1 

·.The same functions FHl, ... , FH4, FHlD, ... , FH4D are used 

here as in UN! (see Ref. 2). Finally, the approximant and its 

derivatives are evaluated via equations (5) - (8) ofSection 2. 

3.3.2. ·calling Sequence. SEVALH assumes that theW array has been 

set up as described in Section 3.2.2, either by the user or 

by SETB!H; The numbers MX, NX, NY and the X, Y, F, and W arrays 

must not be changed from those used in the call to SETBIH. 

For each desired evaluation point, SEVALH is called as follows: 

CALL SEVALH (MX; NX, NY, X, Y, F, W, XVAL, YVAL, V, IEXT) 

. On input: 

MX, ... ' F are the same as the correspondingly-named inputs 

to SETBIH. 

W is the array of derivative values as output by SETBIH. 

XVAL,YVAL are the x- and y-components of the point at which 

On output: 

v 

the interpolant is to be evaluated. 

is set to the value~ of the interpolant and its 

derivatives. It must be dimensioned at least 4. 

V(l) = F(XVAL,YVAL) = u(XVAL,YVAL) 

V(2) = FX(XVAL,YVAL) = au/~x (XVAL,YVAL) 
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V(3) = FY(XVAL,YVAL) = auj'dy (XVAL, YVAL) 

V(4) = FXY(XVAL,YVAL) = a2ufaxay (XVAL,YVAL) 

IEXT is an extrapolation flag, with the following meani~gs: 

IEXT = 0: No extrapolation; i.e., X(l) ~ XVAL ~ X(NX), 

'"' Y ( 1) ~ YVAL ~ Y (NY). 

IEXT = 3 

IEXT = 1: Extrapolation in x; i.e., XVAL < X(l) 

or XVAL > X(NX). 

IEXT = 2: Extrapolation in y; i.e., YVAL < Y(l) 

or YVAL > Y(NY). 

IEXT = 3: Extrapolation in both x and y. 

This may be interpreted by the ca 11 i ng program either · 

as an error flag or a warning flag, but·the authors 

strongly cautiori against the use of BIHI for extra

polation much beyond the boundaries of R. Figure 5 

shows pictorially the regions corresponding to 

various values of IEXT. 

IEXT = 2 IEXT = 3 

Y(NY)--------!~-------1-----

IEXT = 1 IEXT = 0 IEXT = 1 

Y(l)---------t'----------4-----

IEXT = 3 IEXT = 2 IEXT = 3 

X (1) X(NX) 

Figure 5. Correspondence between Regions 
and IEXT Values · 
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4. NUMERICAL EXAMPLE 

A sample data set is provided with BIHI. We include in Appendix B a 

listing of this file and its associated output. These data were generated 

from the function 

f(x,y) 2 = xy + 5 

on the-rectangular mesh R defined by 

x. = Xl + (i-l)*DX 
1 

y. = Yl + (j-l)*DY 
J 

= 1 , ••• , NX ( NX = 4) 

j = 1, ... , NY (NY = 3) 

with Xl = 2., OX= 2., Yl = 3., DY = 2. This mesh is illustrated ~n Figure 6. 

For completeness, we note that the true partial derivatives of this function are 

afr ) 2 ax'x,y = Y 

af · · 
· *'(x ,y) = 2xy 

a2f 
axay(x,y) = 2Y· 

The net over which the interpolant and its derivatives are calculated 

isdefined by 

NXP = 5, 

NYP = 4, 

XPl = 1., DXP = 2., 

XPl = 2. , · DYP = 2 . 

This choice will test the extrapolation features in BIHI. Figure 6 shows the 

relation between Rand the evaluation net. R is given by solid lines; the 

evaluation net by dashed lines. 
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Figure 6. Data and Interpolation Meshes 
for Sample Problem 
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The flags for this run are as follows: 

ILOGl = 0 
(no logarithms) 

. ILOG2 = 0 

X 

MFLAG(k) = 0 for k = 1' ... ' 4 (no monotonicity control) 

!OPT = 1 (Print interpolated values on original mesh.) 

Since BIHI is exact for biquadratic functions, we expect the values 

ofF, FX, FY, and FXY as calculated by BIHI to be equal to those computed 

from exact functions, given at the beginning of this section. 
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APPENDIX A. Three/Point Difference Formulas 

In this Section we derive the three point difference formulas used 

in BIHI .. Let (x1 ,y1), (x2,y2) and (x3,y3) be three points in the plane 

as shown in Figure.A-1. 

-- i Y3, 

y,r Y2; 
i 

x, x2 x3 

Figure A-1. 

There is a unique quadratic polynomial q(x) which passes through these 

three points. By differentiating q(x) we get an approximation to y•(x). At 

each interior mesh point we use 

Note that this is the weighted average of the forward and backward differences. 

At boundary mesh points it is necessary to approximate y• (x1) or y• (x). 

These formulas are given below. 
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Each of the above values of q•(x1) is a second o~der approximatipn 

to y• (xi). 

0 
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APPENDIX B. Sample Problem 

Below is a listing of the sample input file described in Section 4. The 

following pages contain the output produced by BIHI from these data. 

4 3 B B B B B 
2. fi1fffJ0.fJB!iJE ,. 0.0' 3. JiJ!lJfff!!"JJJBE + fJB 2. 3fJBffJ3.0JiJE +B 1 
2. fffff!fffiJJUJE +ffB 5. JiJfiJfiJJJ:JfffiJE + iJJJ 5. 5fJfJfJ.0::.:fJE + Rf1 
2. Bfff:.CiJJRffJE +JOB 7. JiJZ!J!JZ!iJBE + iJJiJ 1 • fJ3JiJJJff.C;.JE +.0'2 
4 .fJfJfJ[;r!J!J!iJE+fJfJ 3 .ZfJ£if!!JZZE+!J.CJ 4 .lfffJfi.0'f.1'HE+fJ1 
4 • fJjJfJDf.lf3fJE + Rfff 5 • fiJ!JZfhf!JfJE + JiJ!iJ 1 • ff5f6JJ.02.JE + Z2 
4 .fffJMJYJ!.?f!JE+RfZ 7 .fflo!H!:JZfJE+.CffJ 2 .kf1.0.UB'.'.'.0'E+.0'2 
6. fHJfif.UJ.JfJJJE +ffli1 3. fJJJJJfJ:JfJRJE +!JfJ 5. 9fJfJfJ.0DfJE +fJl 
6. fFJf:IJ.'?iXffJE +RfRJ 5. PJZiJfJ!JJJBE + :Jff 1 • S 5.0'JiJ,0;:;;zE + fJ2 
6 .2L~rfJi.,:JfJ.CJE+QifJ 7 .fJRJP.JZZfJZE+f.ff 2. ~l9fJfJEDxfE+JiJZ 
8. JJ::rcc:,qfiJUE + fJfJ 3. PJJO'fJ.0fffJfJE +ffJ 7. / fJP.f0Jifk1fiJE +JJ 1 
8. l'fi2'0<'JYJfJfJE +fJB 5. fJZR!Rf.0'fi1fJE + Uf 2. ;:rsz.t .0.J.0E +.0'2 
8 • J?J:JE;·:.CJ fJ.'JE + fJ fl 7 • fJfJ JJZ :Jf:ffJE + 2 fJ 3 • ~J 7 fffli3 :?HE + fJ 2 

5 4 1.fW!Jf00E+BfJ 2 .JJ!iJi:JRJ;:E+JJ0 2 .fJ!OfJZBE+f?JfJ 2 .JJfJ!JZfJE+ZfJ 
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BICUE!C HERMITE INTERPOLAT!O~ CODE 

I~TERPOLATJON PARAMETERS: 

NX .= 4 NV 3 ILOG1 ILOG2 !0' T 

~jF LAG 

JNPUT DATA: 
X<Il X<2l X(3l X{4l 

.2. fiJ!<Jl?JtUJ!if.CJE +fiffi! 4 • . 0fJZfiJ!if£':!E +JJfiJ 5. z;:•mm.cJJE +JJ£r a. rc.:~.raraJJ£.'iJE + JJ!if 
------------------~-----:-----------------------------~----~-------------------------

v ( 1 ) 3. fJfiJfiJJFJf.J!OE +fJfiJ 

V< 2) .5. liJ!Ol.Jf1JJJ~.I'JE +fffiJ 

V< 3 l 7 . .rlf.rlfflffiff.JfifflfE+fJ.rlf 

OUTPUT MESH PARAMETERS: 

NXP = 5 NYP = 4 

5. 5.(i£ffiJfJfnJE +fiJ 1 1 • kf5f:ffifZ!FJE +ff2 1 • 5 ':· ·~1£Y.U.0.'~'E + Z2 2. ff~ .. 0J:fB.0JJE + ff2 

1 .!03ZZ.rlfZ!JE+flf2 2 .ZlfiJZZZ0E+ff2 2. ~··::mfi.':':.JE+ff2 3. g·i::fiJ!Jfi!dE+fr2 

XP 1 
DXP 

1 • 3.qjf?ff3fOE + fJfiJ 
2. fJ!iJZJiffO£ ;. fJJif 

VPl 
DVP 

2 ~ D'2JJ2i.YJ~ + Z:z; 
2. !:'fJ!i.Hill[ +fJ'.0 

VALUES OF INTERPOLANT AND DERIVATIVES ON INPUT MESH 

X v F FX FV FXV 

2. fJJif.i]fiJfJE +flffiJ 3. fiJfiJ!iJ!MJE + fiJfiJ 2. 3ffllff3fiJE + fiJ 1 9.ZfiJfiJZfiJE+fiJ!iJ 1.2fJfffjfl +.0'1 5. f!JZ.0'Z!JE + fffiJ 

2. flJPff}fiJfiJE +!JfiJ 5 • J(JfiJ.CJffPfE + fJflJ 5 • 5iJ13.0'fiJE + fiJ 1 2 • SffZ.'J.I'fE + fiJ 1 2 • fJ .l'f.!J fJ ff +fiJI 1 • fiJJ-JiJfJfJE + fiJ 1 
2. fiJ.~.G.riJfiJE +fJfiJ 7. fffHJfJ!Z!E +JOfiJ 1. fiJ3Z!JfiJE .,fiJ2 4.9.0'.0'0.0'£+.0'1 2 • 8.C!f.{)Zfa' +!Jl 1 • 4.0'.0'0'.0'£ + iJ' 1 

4 .rmmJffE+.I?JfiJ 3.fiJ.0'f12ZE+RffiJ 4. 1fiJDfiJDE+Zl .9. !JZIHJJJE +ffi:J 2. 4.J.e'.0'.CC: +!J1 6.fffO.Ci:JffE+DJJ 
4 .JJxW.r?ffifE+IJfiJ S.i:JfiJffKJZE+ffff 1 • .0'5fiJflJZE + !J-2 2.5D.0fJZE+ffl 4 • .IJ.'Jf?ifMJE + .0' 1 1 • .0'ii:f.~'ff.0'E+.n 
4. JJ!JkJ!JfiJE -:·fJZ 7. flfffl!J/JE +ffZ 2. fiJ lfiJZffE + .0'2 4.9.UDL'.0'E+.0'1 5. 6.0'.0'fiJ.G'E +.0'1 1. 40'.0'.0'.0'E +.01 

6. JJro2ff1.0'E + !1.0' 3. ZffZfiJ.(JE +.0'.0' 5.9.0'fiJfiJfiJE+.0'1 9. ZffZP.'JE +ffZ 3. 6.'J.0'.0'fJE +!Jl 6. fiJ.O'iOZfiJE + 1./YJ 
6. iJfJ.cJ!JflE +.fJfJ 5.fiJ.0'.0'fJflE+fJ.0' 1.55ff.0'.0'E+.0'2 2. 5.0'.G'D!il'E +.0' 1 6 .fJ.'JJiJfJffE+fJl l.fJfJiiJ.rJf1E+rJ1 
6 •. 00'.0.\'JffE +ffff 7 • fiJfiJJJfff9E + ZfiJ 2.99fiJ.0'DE+Z2 4. 9.JZf.J.0'E+!Jl 8. 4.0'.0'.0'£[+!J1 1 • 4.0'ffi:J'fiJE +.0' 1 

B. fJ!JJ.1.'iJ.0'E +fiJZ 3.Z.0'fJZZE+ZfiJ 7. 7/JfiJJ(J.rlfE +.0'1 9. fiJ.JJ?:JJZE + .0',.0' 4. 8.\Jffffff(_ +.!J 1 · 6. fflot:fi!fi!E +f.Ifl 
s • .CJ/JJ.mfiJE +JJfiJ 5 .fiJflJkJ!JiJE+fffiJ 2.Z5fffiJ.0'E+.0'2 2. S!JfiJ.GfiJE +.0' 1 8 • .0'.fiJZfiJZE+f?f1 1 : f(Jj(Jfi! fiJjJ E+ [J 1 
8. fiJf:)l'fJflE +fiJZ 7. fiJffflflkfE + .0'.0' 3.97Y.JfiJ.0'E+.0'2 4. 9.'JfJffZE+fiJl 1 • 12fffiJf)'[ +.0'2 1 • 4Ji'!J.0'flE +.\:.'1 
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TABLE OF INTERPOLATED OR ~XTRAPOLATEO VALUES 

X y F FX FY FXV IEXT 

1 • fJf>..0.(JfJE + fJfJ 2 •. 00/JfiJ.'JE +!J!J 9. fJ.0fiJ0fJE +fJfiJ 4. fJfJ.02fJE + fJ!J 4. G.!if.I'J.'JfJE +!JJJ 4 .loE''f3fJE + fJ.f!! 3 
1 • .'J .F ,;)"!Cf fJ E + !JJJ 4. r.JiJIJfJ.!JE +fJ!J 2. 1!3.0'fJ.0'E+.0'1 1 • 60'.rmzE ~ .0' 1 8 .. 0.J.00HE + fJff 8. I1f10.CJZE + £'.'3 1 
1 • . Ui} U ;.JJJ E + fJ fJ 6 • .C:JfJDff:i!E +QffiJ 4. lfiQffJfJE + .0' 1 3. 6.0.0Dfl'E + .0' 1 1 • 2JiJfj.(!ffJ'C i·.0'1 1 • 2£f~'B'ZE+xl'l 1 
1 • Fi/!.U.0fJE +fJfiJ 8 • .cJfJ.0fi·JE +£1!J 6. 9.0'/J.eHJE +.:J 1 6. 4£fX.1'.0'HE + .0' i 1 . 60'0'~r.~;: ~.0'1 1 • 6.0'.'i0'fiJE + .01 3 

3 .. ~'f:::-:HJJE + l!fJ 2.H.0'Z.0'0E+fffiJ 1 • 7iiJfJ!Jf1E-~/J1 4 • !JidF5JJ2fE + fJ.IJ 1 . :JJz.vw: .. +ff1 4 • !2ffJ!iJ!J.IJ[ <'JJ 2 
3. f_fi)',C·;oiiJE +!Jf1 4. fiJffXJ.Cf.0E +!JfiJ 5. 3.0'fiJfiJ.0'E + Z 1 1 .6.0.0'.Vlr1E+0'1 2. 4.80lifrJE +.a 1 8 • fiffJf'!J1D'E + D:!i fJ 
3. fl.U::'iJ'IiJE + fiHf 6 •. 0fikf.~r.~;E +fJRJ 1 • 1 3fiJ!J.rJE + Z2 3. 6.U.U£1£1E + fJl 3. r_s 0.0'.cJJiJE + .0' 1 1 • 2fft'D'fiJE + fJ 1 fiJ 
3. NJJ.JfJE +0/J B. fJfJf.lfifiiE +fJZ 1 .97fJfiJfJE+fJ2 6. 40.rJt'fJE +.0' 1 4 • 82!01J.0T. + fJ 1 1 • 6P.J;;·;;Jn + 01 2 

5 .f1JL<rz.rfJE+;JfJ 2 • . fJfJPJfiJi!E +:JRJ 2.5.0'fJfJkiE+fJ1 4.fJ0Z:J.UE+fJZ 2. £f!.J.0'.0DE + JJ 1 4 .J:J£:,7::JfJE+D2f 2 
5. ff:'J!J.'Jfi.iE +k:TfJ 4 •. ~f.ififf.f.0E +ff!J 8. 5.0'.~0'ffE + £l'l 1 • 6fJ.'J0HE + ff 1 4.fJfJ.0fi0[+fJJ. 8. ff0.~'.1JfiJE + JJZ fJ 
5. J.f.f.:.Y.G/Jf3E +f11J 6. f.JZiJfJfJE +flfJ 1 .85fiJ.0'£'E+fiJ2 3. 6.~.0'D.0'E + fiJ 1 6 •. 0fJ0'1if.0T. + .0' 1 1 • 2If_,:rrJY.JE +.:,; 1 z 
5. fff!2/JiJE + f.~fJ 8 .. ufJfJ.GJ.~JE + fJ!J 3.25fffJHE+fJ2 6. 4fJ.0.0.0'E +.0' 1 8. QiH.r:JJJfTE -i-.0' 1 1 • 60;2''!3'Jift +i:>1 2 

7 •. 0.0S.<HJE + !J.C3 2 .. ~rHZ.0E!E + ZH 3. 3.0'.0'0'.0'E + Z 1 4 .!JZE0.0E+f..'!J 2.8ff0!:.1?.C.+0'l 4. !JH/fffJE + fJCJ 2 
7 • .'JEJ.Hfff[ + !JZ 4. ff.0fdfi.!ffE + fffiJ 1 1 7 Z:ilfJE ·:· ff2 1 • 6.0.0.0.0'E + .01 5 . f: .?' f/ 2u~f ~·: ->/J ~- a. PffJ.r:ffJfJt. + .crz fJ 
7 • .fi.!.f.C!f;JfOE +.0.0' 6. fJfir:fr:J;ifE + fffJ 2. 57 fJ/J/JE -> fJ2 3. 6fJ.0D.0E +.0'1 8 • 4 .0.0.0.0'[ + fJ J. 1 • 2 .(i''J.0 f1 E +.Iii 1 fJ 
7 . fJB.C!JfJE +!JfJ 8. fJfJ.0fJO'JE +!J!J 4. 530/JfJE ,.zz 6.4fiJfWfiJE+0'1 1 1 2.0JJDE -:- I32 1 • 5flft.rJB'E + £11 2 

9 •. lH'J0!JfifE + :..r!J 2. fJ!iJfif!J."JE + fJfiJ 4 .1fJ!JfJ.0E+Z1 4. !JZfJJ7J:';;E + :1.1!3 3. 60fJB!)E +D 1 4 . B:'J.CJfJHE ·t- Q!JJ 3 
9 • .f.f!JB/JRJE + fJRJ 4. fiiiJfifRWE +ff!J 1 • 4 9ZfJZE ,, H2 1 • 6£f.0.0.0'E + .0' 1 7. 2.c:JJ'.i'J(/[ +JJI B. kJid;J.1)kfE + .C/if 1 
~1. fJ!'fD/JJJE +QffJ 6 • fJYJZflf.'JE + 0.0' 3.291JfJfJE+fJ2 3. 6.0'.0'.0.0'E +01 1. 0EED'0E ~fJ2 1 • Zf..''!JPJ!JE+J!/1 1 
9 • . Uf:J.!}fJfJE +fJRJ 8. fffif!Jf!.'JE + !JfiJ 5.81fJfJ/JE+/J2 6.4fJB'ZZE+fJl 1 • 4 4 .0£J'f'E +02 1 • 6f!Jf1fJ.0'E ~ !) l 3 

'I 
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