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' BIHI: Bicubic Hermite Interpolation Code
ABSTRACT
BIHI is a bivariate interpolation code'which constructs a pice-

wise b1cub1c function that interpolates to a given set of data va]ues

-arranged over a. rectangu1ar grid.

1. INTRODUCTION

Over the past. two years several bivariate intérpolation codes have

been deve]oped by the Numerical Mathemat1cs Group (NMG) for so]ving'
problems in surface approx1mat1on These codes use smooth approximating
| functions such as splines, blending functions, and splines in “tension
which:-are quite aCcurate if the surfaces are “we]]lbehayed”. For
surfacesvwhich are not;so.we]1xbehaved,-'suth as those which risevnearly
’vertjca11y and abruptlyiflatten out - the smooth'approximations tend to
overshoot.in the neiohborhood of the'abrupt change. As avresult, the’
'approx1mat1on tends ‘to oscillate in this subregion. This phenoméndn is
referred to as r1ng1ng |

In certa1n‘equatjon of state (EOS) oroblems the-ringing’described
above is'unacceptab1e 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
7c0d95¢ .The_technjque.used in‘BIHI does'not_guaranteevmonotonicity, but
it does represent_a.stgnificant improvement over the techniques which
useAsmoother functtons | v |

In BIHI a b1cub1c Herm1te surface is’ constructed wh1ch interpolates
to the given data Part1a1 der1vat1ves at the mesh points (wh1ch are
needed to construct the surface) are approx1mated us1ng a three point

difference formula. In Section 2 we.d1scussAthe relevant interpolation



and_appfOxfmatioh fesu]ts; in Section 3 fhe codevitse1f:is déscribed :
in detaiI; Numerica1 résU]té for a samp]é»prob]em are presented in
Section 4. ? | | |

The sourteucode for BIHI is avai1abje_in tﬁe form of an QRDER 3
input deck in Photostore file | |
o 295701 :NMS:PROTOLIB :FNF:E1 :BIHI.

The current NMG.consu]tant for this code is F.N. Fritsch, ext. 2-4275,

2. INTERPOLATION AND APPROXIMATION RESULTS
. BIHI was'developed to solve the following bivariate intefpo]ation

pkob]em. Let R be a rectangular domain partitiohedxas shown_in Figure 1.

X1 X X3 NX

Figure 1. Partitioned Rectangular Domain.
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It 1s'a$suméd'that‘data values. are known at the mesh points._ The'data

“may be interpreted és-points-bn a surfacé defined by a function f(x,y)

'with;domain R.: The prob]em 1s to construct a funct1on u( ,y) sdch that

(',y) is a good" approx1mat1on to f(_,y), and u(x ,y), 1nterpo1ates to

_the g1ven data, i.e.,

(M) ulxg yi) = £l y5) 1<igNX, T<jsNY.
In BIHI the funct1on u( ,y) is a piecewise: b1cub1c Hermite polynomial.

The usua] b1cub1c Herm1te 1nterpo1ant of a funct1on f(x ,y) not only inter-

po]ates_funct1on vg1ues as in (1), but also interpolates derivatives of

f(x,y),Q:Sp6cifica]1y

i*Yj |
(3) 2u (x5 y5) = 3F (x;.¥5) ; T<i<MX
3y > 3y |
e | | | TN
(4) ;_5_2_[_,_ (X1 ‘yJ) - a_zf_ (Xi. .Yj) )
’ 3X3y ? ) Xay .' :'3‘ .
It is well known that if f(x,y) € [R] then the b1cub1c Herm1te 1nter-

pb]antvbf f(x,y) deffned by (1)-(4) is a fourth order approximation to

Flxy)x

However, in most biVaniate.interpolation problems, values of the

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

*That 1s, there ex1sts a constant K such that l[u f|l<Ch4s where h is
the maximum mesh 1nterva1 :
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In'BIHI these derivatives are approximated from'the function values by
a three po1nt d1fference formu]a (see-Appendix'A) FOnce a]] deki?ativeS'

in (2)- (4) have been approx1mated, a bicubic Herm1te 1nterpo]ant of

f(x,y) can»be'constructed. In th1s case, because the der1vat1ons.are
v onlyvapproximatedgiu(x,y) isonly a third order approximation to

.'ef(x,y) e ¢ tRj;A‘

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

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

~in the form

4 4

(5) ulxy) =) ) a, K (X8, ()
| kel £=1

'where the Hk(x) ana G (y)fare-Hermite basic functions (see Ref. 1) and the

akz are the appropriate Va1ues~de¥1ved from (1)-(4). This representation
prov1des for the rap1d eva]uat1on of funct1on values and der1vat1ves of
( ,y) For comp]eteness, we note that the first part1a] der1vat1ves

and cross-der1vat1ve of u(x,y) .are given by:

(6) §£ (x,y) =ZzakQH§(X)GR(y),
k 2 |
(xsy) ;Zzaszk(x)Gé(y);
k 2 .
2
* »g——- .’y ZE:E: 3 g (5).

(7)

LlE

3. CODE DESCRIPTION

The BIHI main code is intended to be a prototype for user-tailored
applicatiohs of bicubic Hermite intehpo]ation It is a driver for the two
bas1c mathemat1ca1 subrout1nes SETBIH which computes the approx1mate

der1vat1ves needed to comp]ete]y determ1ne the bicubic Hermite interpolant



u and SEVALH wh1ch eva]uates u at an arb1trary p01nt ~The latter two

routines are des1gned to be used independently of the driver, if desired.

To be compatible with the array namesfactua]]y used in the program,

we shall use

the following notation throughout this section::

P ;
FX: = 3f/ax e |
FY = /oy 5
FXY 2 azf/éxay.
1:3.1a,The Drfver.“._ _ _
| 3.1.1.. Code Structure. _Ihitia11y theJdriver.ca1ls GEN1 and GEN2.

:These routines read and'check.data from the user'supp11ed

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

values. After this initialization phase, SETBIH is called

to_ca]cu]ate the.arrays of approximate derivative values
1"-whi§h‘¢omp1ete1y 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 meshf Fina]]y, SEVALH, the fit evaluator, is called

to.produce a table of function values and partial derivatives

on a second user-specified .uniform x, y-net. This evaluator

allows extrapolation, and‘a flag is printed which indicates
the type of extrapo]atﬁon.' Note: It would be an easy

matter tobmodify this portion of the,driver to put out the

v1nterpo]ated funct1on values in a form suitable for 1nput

to a 3D p]ot package



[ mem . L \
u . | . OUTBIH
v\\\‘ / - ‘ . . .
{GEN]
CSEVALH

Figure 2. Structure of BIHI DkiVér.



,’Input.-’A]1 data are read from the user supplied disk

3.1.2.

file INBIH._ THiS'section describes the format of this-

~file in detail.

Line 1:

NX, N, Y, ILOG1, ILOG2, (MFLAG(K), k = 1,4), 10PT

as read with a 915 format.

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

respectively. As presently dimensioned, these must satisfy

3 < NX, NY < 100.

~ ILOGT and ILOG2 are flags used for EQS applications.

~If ILOG1 s nonzero, logarithms of"the‘independent_variabTesv'

'are taken before calling SETBIH. Specifically, if ILOGI = 0,

ﬁhen nb logarithms are taken. If ILOG1 = 1, then logarithms
of the x values are taken, If ILOGI =.2,,then lbgarithms of
the y values are taken., If ILOGI = 3, then 1ogarithms are
fakeh of both x and y vé]ues. :ILOGZ,is similar to ILOGI but
it applies to the dependent variabTe. If I1L0G2 = 1, then

logarithms are taken of the given function va]ues,'f, before

- fitting, and if IL0GZ = 0, then'no logarithms are taken.

MFLAG 1is 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 fTag is -1 < MFLAG(k) < 1.
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- MFLAG(K)

= (0: No motonicity control.
MFLAG(k) = +1:  Assume monotone 1ncreasing at boundary
: ~ k and use a two point. derivative approxi-
mation* if the three po1nt formula produces :
v ~a nonpositive result.
MFLAG(k)\=”-]: ,ASsume’monotone decreaSing'at_boundary k; use

two  point formula if necessary.

The index k has the following meaning:

k =1 for left boundary (x = x1)

k = 2 for right boundary (x = xy,)
k = 3 for bottom boundary_(y‘= yj)

k = 4 for top boundary (y = yNY)

Thiéhflag is perhaps best understood by eXamp1e.v Suppose

one knows that when x is held fixed'and y.is varied, starting
at y], the function is monotone increasing. To approximate

af/ay at the boundary y F the norma] procedure is to

fit a parabo]a through f( 1.,y]), f(-1°Y2>’ and f(x 1,y3).
' ThenuFY(xi,y]), the approximate dertvate, is set equa]Ito
,the'deriuative of thié parabo]a'at Yy- In certain cases, even

though the data is nonotone increasing,vthe derivative from
~this three point forhu]a may:be negative*. This could be avoided

by using:the (theoreticaT]y 1e§s accurate) two point formula¥

FY = (f(x;.y,) - fx -,y])) / ¥y - ¥q).
Th1s is prec1se1y what is done in SETBIH if MFLAG(3) = +]

and the three p01nt formula gives a zero or negative value.

Some suggested values for MFLAG:
'(a) If t is known to be monotone increasing in both variables,

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

*Note, however, that the formula used to approx1mate interior derivatives
automatlcally produces pos1t1ve va]ues for monotone 1ncreas1ng data

TWh1ch w111 necessar1]y be pos1t1ve 1f the data is strwct]y 1ncrea51ng
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(b) -If f s known to be mohotbne'decreasing in both variab]es,.

set MFLAG(k) = -1 fork=1, ..., 4. |
(c) Iff iélsomething Tike a parabo1oid, with a minimum interior

:tovR,.a reasonable seftihg might be MFLAG(1) = -1,

MFLAG(2) = +1, MFLAG(3) = -1, MFLAG(2) = +1.
(d) if no special structure is presént,'then_sef all values

of MFLAG to zero. o

IOPT may be 0 or 1. If IOPT = 1, then OUTNOD is called to
produce a table of F, FX, FY, and FXY at the points of the input
mesh. (Incidently, OUTNOD prepares.fhis table by ca111ng the
evaluator SEVALH.) If I0PT = 0, then OQUTNOD is not called.

Line 2 through Line NX*NY+1:

These cards contain the X, Y, F-values in a 3E14.7 format.
The data are read as follows:

| ((XGi), YA3)s FGi53), 3 = 1, NY), 4 = 7, NX)
A11 of the above data are read in GEN1. If the user wished
to modify the way in which the data is read, a simple
modification could be made here. The formatting uséd was.
designed for a specific EOS surface fit.

The LaSt Line: NXP, NYP, XP1, YP1, DXP, DYP

as read with the format 213, 6X, 4E12.5.

This 1ihe is read in GEN2. It specifies a uniform rectangular
net over which the interpolating function and its partiaf
derivatives will be ca]éu]ated, The x, y points are given by:

XP1 + (i-1)*DXP i

x = XVAL. 1, ..., NXP

1]
N
1}

y = YVAL = YPT + (j-1)*DYP. j =1, ..., NYP

If ILOGY 1s.non;éro, fhe'approximate'x or y value of both will

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

“then the partial derivatives caléu]ated_wi]] be derivatives
of the logged quantities and not the derivatives of the
original sUrface. Formulas can be found which approximate -

_the derivatives of the original surface given the calculated

derivatives, but these are not included in BIHI.

-Odtput. The output from BIHI is written in the BIHI-

created file OUTBIH. The dutput consists of three parts:

_(l)t.Thé input data is written out. (This is done in |

© GENT and GENZ.) o |
(2) If IOPT =1, OUTNOD produces a'téb1e of F, FX, FY,
'vand FXY over the inferpo]ation mesh. This is done
by calling the_eva1uator‘SEVALH. | |
(3)v A table is produced (withinithe main che),of F;'FX,-
FY, and FXY over a uniform_rectanguiar domain, as
"specified by the user's input NXP, NYP, XP1, YP1, DXP,
_‘;‘gnd'DYP (read'by GEN2).,vAn extrapolation flag having
‘.four bossib]e values is also prinfed, The table bé]ow

" explains this flag.

{a) IEXT = Q: fnterpo1étioﬁ; that is

X(1) §rXVAL < X(NX) and
- Y(1) < YVAL < Y(NY).

(b) IEXT = j; extrapoTation\with kespect to

X only. That is, XVAL < X(1)
| o XVAL > X(NX).
(c) iEXT.= 2:; extfapo]ation with respect to Y only.
¥'3 extrapolation With respeqt to both

o (d) IEXT =3
” | X and Y.' 
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Data Restrictions'and*ErrOr Exits. Both the driver and the

.'méthematical algorithm have condffidhé which mUst'be satisfied
by the data fér sucCessfu} execution. These condifioﬁs are

- summarized here, ahd an indication is.given-as to the type of
error message produced if thé'conditjéns are not met.

(a) Conditions of GENI:

(1) 0 < ILOPT < 3.
(2) 0 f_ILO?Z < 1.
(3) 3 < NX <100 .
. (8) 3<NY <100 .
(5) 0 < IOPT <1 . |
(6) -1 < MFLAG(K) 5;1,_for K=1, .s 8.
. ”(7) The points X(f),,Y(j)_must Ifé on a_rectangﬁ1ar

mesh._'The_data’afe being read a Tine at a time:
X(i), Y(3), F(i,i).

In order for the data to'lie.on a rectangular

meéh, all values read for X(i), for a”fixed i,

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

I
w

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

and NY. = 2, we would have as cards: ;

Card 2: X(1) Y(1) F(1,9)
~ Card 3: X(1) Y(2).F(],2)
Card 4: X(2) Y(1) F(2,1)
CCard 5: X(2) Y(2) F(2,2)
Card 6: X(3) Y(1) F(3,1)
Card 7: X(3) Y(2) F(3,2)

The number read in for X(])_on cards 2 and 3 must
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be the same. 'Simi]afly_fokVX(Z)idn 4‘ahd‘5,fetc{
Also, the same number must be read in for Y(1) on
cards 2, 4, and 6. Similarly for Y(Z).
" (8) .If ILOGI # 0 or ILOGZ # O, then the appropriate
' quantity to be logged ﬁust be a pbsitive number.
For example, if ILOGI =1, then we must have
that X(i) > 0 for i =1, ...; NX.
If ényvofvthe above conditions is not met, the driver will
exit with a message that oné of the conditions was not satis-

fied in GENI.

(b) Conditidns of GEN2:

The on]y poséib]e‘error here is if ILOG1 is nonzero

and a generated XVAL or YVAL js negative or zero.

Suppose ILOG1 = 1 (x'svére logged); if some XVAL to

be generated js negative or zero then exif will occur

with an error message indicafing this and saying that

the exit occurred in GENZ2. Recall that in this case we would
Tog XVAL before calling the evaluator. Similar remarks apply

to Y. Note that, singe this exit occurs in-GENZ,_neither

SETBIH nor SEVALH will have been called yet.

(c) Conditions-of SETBIH:. | »
If a]i fhé checks in GEN1 and GENZ have been success;'
: fu]]yvpaésed by the user's data,'thé on1y additional
requirément imposed by SETBIH is that the x and y arrays
muét both be strictly ihcreasing; _(Seé SETBIH déscription,

below, for the reasons for this restriction.)
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Mathematically, we must have

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

vand

Y(3-1) < Y(3), for § =2, ..., NY.
If‘ahy‘of thése conditions fails, SETBIH
will return a nonzero value‘of IER, which will
cause the driver to exft after printing an appro-
‘priate error messége. Printed values of IER
have the foi]owing meanﬁng:" |
IER ¥'1i X array hﬁt'sirict]y increaéing."

IER

2: Y array not strictly increasing.

IER

3: Neither array is strictTy increasing.

NOTICE: The reader who does not wish to learn about the details of the
mathehaticaT subroutines SETBIH and SEVALH may now skip forward

to the numerical examp]e, Section 4.
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_SETBIH

SETBIH pérforms the first part of the mathematical algorithm, the

evaluation of therapprdximétiOns FX, FY, FXY to the derivatives

 af/3x, af/ay, azf/aXay (respective]y).

1 ”3;2.]. Code Structure. After checking for valid input,.SETBIHica1]s

~ SMCHEK to‘check thaf the X and Y arrays are both strictly monotone -
: increasing. If all checks pass, SETBIH then.calls‘thé oneQ
.dimensiona1 dérivaﬁive approximation routine DAPROX three
times to set up FX, FY, and FXY. DAPROX evaluates the interior
defivatives interna]]y,'but calls FUNDA3 for the endpoint
dgrivative approximations.. |
Thevétrict monotonicity éondition is required both to
'fnsure fﬁatbdivisfon by zero doesvnof occur in DAPROX and to
inSufe proper operation. of the‘search foutihevca11ed5by the

“evaluator SEVALH.

SETBIH

CSCHK DPROX

FUNDI3

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

- 3.2.2.

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

'F?" On 1hgdt; 

' 0n 0ut9ut:

MX is the row dimension (maximum value for the first

index) of the arréy F._[_.

7NX,NY are the number of elements in the X and Y arrays,

respectively. (Restrictﬁons: 3.< NX < MX, 3 5ﬂNY.)

MFLAG s the integer arraybof endpoint monotonicity

~controls discussed in section 3.1.2, above. It must.
.. be dimensioned at_]east 4. o 7
(Restrictions:' -1,5_MFLAG(k)_5,41,-k =1, ..., &)
X,Y ;_Are arrays of independent Qariab]é vaTues défining
H a rectangulér}ﬁesh R. (Restrictibns: Both arrays
must be strictiy.increasing.)
Foo IS the two-dimensional array of data values:

F(i,3) = F(X(i), Y(3))s i =1, «uuy NXo G =1, ..., NY.

W Contains the approximate defivétives FX, FY, FXY
needed to define a bicubic Herhite fnterpo1ant to f on R.
It must be dimensioned at least 3*MX*NY; _The derivatives
are stored in W as thQgh thevaere.tw§7dimensiona1 arrays

~of the same structure as F: _ |

FX in W(1) ~ through W( MX*NY)
FY in W(MX*NY+1) through W(2*MX*NY)
FXY in W(2*MX*NY+1) through W(3*MX*NY)
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s an error flag. If IER # 0, one or more of the_

‘above restrictions on the input variables has been

violated. In this case, W has not beenvchanged[

IER = 1:- The X afray is not stkftf]y inéreasing;

_. that is, for éomévi,“x(541) 3_X(f).

IER = 2: The Y“akréy fs not §trict1y.ihcreasing;

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

IER = 3: Neither the X nor the Y array is strictly
- increasing. |

'IER = 4: Ohe'or more of.the'following conditiohs

has been violated: 3 < NX, 3 < NY,
-1 < MFLAG(k) < +1 for k=1, ..., 4.
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eGiven'the_derivetive approximations from SETBIH (br the actua]

derivative va]ues, if known), SEVALH evaluates the bicubiC»Hermite

approx1mant u- at an arb1trary point (x ,y) (XVAL YVAL).

3.3.1.

 Code Structure. SEVALH first 1ocates the x- and y-intervals

cdntéining the evaluation point (XVAL,YVAL). Th1s is done

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

Extrapolation is a110wedvby using the first'eubic for values
less than'X(l) or Y(1), or the last cubic for values greater
than X(NX) or Y(NY). NOTE: This search procedure is not
especia]ly efficientf: The user whe anticipates making heavy
’USévof‘éEVALH should contact the NMG consultant for ideas

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

| ticu]ar:application;__-

SEVALH

SEARCH FHE ... FiH

FHID, . .FHAD

Figure 4.. Structure of SEVALH

* This box represents the four one- d1mens1ona1 Herm1te basis funct1ons
FHi and their der1vat1ves FHiD. :
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',:After the Séarch, the appropriate one-dimensional
Hermite basis functions and their derivatives are-eva]dated
and stored in Tocal arrays. In the notation of Section 2, |

AC(k,2) =

A2 '
l : o k=1, ..., 4
- -Bl(k) = Hk(XVAL), ‘ BZ(k) =YH&(XVAL)
IR ’ o R=1, ..., 4
CC1(2) = G (YWAL),  €2(2) = G; (XVAL)

. The same functions FH1, ..., FH4, FHID, ..., FH4D are used
" here as in UNI (see Ref. 2). Finally, the épproximant.and its
derivatives are evaluated viavequafiohs_(S) - (8) of Section 2.

- 3.3.2. ‘Ca]]fng Sequence. SEVALH assumes that the W array has been

set'up as,describgd in Section 3.2.2, either by the user or
by SETBIH. 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:
: CALLASEVALH.(MX, NX, NY, X, Y, F, W, XVAL, YVAL, V, IEXT)
~On inpu;f
MX,v..., F are.the_same as tﬁe correspohdingTy;named inputs
| to SETBIH. |
W ‘ s the array of deri?ative values as output by SETBIH.
XVAL,YVAL are the x- and y—éomponents'of the point at which
: ‘the interpolant is to be evaluated. |
~ on oﬁtgut: | o
v V, d‘, is set to.the values of the interpolant and its
| derivatives. It‘hust bé'diménsioned at least 4.
V) |
v(2)

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

FX(XVAL,YVAL) = du/3x (XVAL,YVAL)



Y(NY)

= 19-

FY(XVAL,YVAL) = au/dy (XVAL,YVAL)

V(3) =
V(4) = FXY(XVAL,YVAL) =e32U/axay (XVAL,YVAL)
OIEXT is an eXtrapo]ation'flag, nith the following meanings:
" IEXT = 0:  No extrapolation; i.e., X(1) < XVAL < X(NX),
Y(1) < YVAL < Y(NY).
CIEXT = i: Extrapolation in x; i.e.,FXVALné X(1)
or XVAL > X(NX).
- IEXT = 2: Extrapolation in y;_f.e., YVAL < Y(T1)
or YVAL > Y(NY).
IEXT = 3: Extrapolation in both x and y.

This may be interpreted by the calling program either -

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

strongly caution against the use of BIHI for extra-
epo]étion much beyond the boundaries of R. Figure 5
shows pictoria]]y,ﬁheAregfons corresponding to

various values of IEXT.

IEXT = 3 IEXT = 2 IEXT = 3

IEXT = 1 TEXT = 0 IEXT = 1

IEXT = 3 CIEXT = 2 IEXT = 3
X() XN

Figure 5: Correspondence between Reg1ons
- ‘and IEXT Values '
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4, NUMERICAL EXAMPLE

A sample data set is brbvided with

listing of this file and its associated

~ from the function

f(x,y) = xy? + 5

on the'rectangular mesh R defined by

X1+ (i-1)%DX - i

bed
It

Y1+ (§-1)%DY

<
"

with X1 = 2., DX = 2., Y1 = 3., DY = 2.

For gompTeteness, we note_fhat the true

of

. _ 2 .
ax X)Y) - Y s
of Ly .
ayvx,y) = 2Xy ;

2 .
o f _
axay(xsy) - 2y.

The net over which the interpolant

is defined by

5,  XPl

il .
1]

CNXP

CNYP =4,  XP1 = 2., DYP

This choice will test the extrapolation

1., DXP

BIHI. We include in Appendix B a

output. These data were generated

1)

T, ..., NX (NX

T, ..., NY (NY

3)

This mesh is illustrated in Figure 6,

partial derivatives of this function are

and its dérivatives are calculated

2;,

2.

features in BIHI. Figure 6 shows the

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

‘evaluation net by dashed Tines.-
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Figure 6. Data and Interpolation Meshes

Thé flags for thié fun are as
| ILOGT
~IL0G2
MFLAG(k)
- I0PT

follows:

it

"

0
0
0 .
1

for Sample Problem

(no logarithms)

for k=1, ..., 4 (no monotonicity control)

(Print interpolated values on original mesh.)

Since BIHI is ‘exact for.biquadratic'functions; we expect the values

obe, FX, FY, and FXY as ca]cu]ated‘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 éeétion we derive the three point difference-formu1as‘uséd
in BIHI. - Let (xq»¥)> (xz,yz) and (x3,y3) be three points in the plane

“as shown in ngure.A—l;

y]T 2.
l ! —
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

. 'y3-y2 r’k‘zl‘xi‘TE 'ryz’y11 [Xé'*z
() v ) 3 A ) IS IS Y s | e
s N e S I e R ,1J "3 M

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

At boundary mesh points it dis necessary'to approximate y'(xT) or y'(x3).
These formulas are given below.

S | Youyp 11 2(x -x')+(x ) T Tyaey, | -(xyx f]
(2) y*(xﬂaq'(x])s[xg_x:][ e 1372 1, |3 ZM Z_XH
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,_t:'-: .  '. ,   ‘ y2%y] _(Xj_xé)» y3;y2} {é(x3-xz);(*é-xi)
(3) Y'(*3) %lq (x3) ) Xo=X] . v'x3-x] | o x3fxzj:& T X3mXy

" 'Each of .the above values of g'(x;) is a sechdvofdékvapprOximation

toby'(xi).
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* APPENDIX B. Sample Problem

' -BeTow is ablisting of the sample input file described 1n‘Sectioh'4} The

following pagés‘contaih the output produced by BiHI_from'these data.

4 3 7 g 7 7 2 o 1

2.90R2000E 00 3.900F30QE+50 2.30QLG0FE+L1 -
2.00Q0E20QE+G0 5. 00ARIGAE+TH 5. 5000050 E+41
2. ABEEDBAE+20 7 . Q0CITEHBE+ST

4. f 3. PREEOGHE+IT 4

4. 5.0080700E+38 1 ;

4.9 7. BOFLIBIE+TH 2. . F1Q0YRLRZE+GH2
6. 3.0FBRIRBE+IY B5.92008HHE+H1
6. 5.96R6030E+58 1

6. 7.003088BE+LF 2.9

2. . 3.905088BE LG 7.7
B.OGALBIOEE+DA 5. 0G00CQRE+LF 2.1 e

8 . AICHIRTE+93 7 . GOLBSHRE+ED 3. 9THHETAE+82
5 4 1.8

GEeRE+Qg8 Z.QEﬂEfE+HE 2.JB00QE+900 2.9080CE+LY



INTERPOLATION PARAMETERS:

NX = 4

MFLAG =

INPUT DATA:

3.C000LBRE+E

NY = 3

g 8 & %

5.9090380E+89

7. 000RBHBEED

"OUTPUT MESH PARAMETERS:

NXP = 5

NYP = 4

- -26-

BiCUEICvHERMITE INTERPOLATION CODE

ILOGL = @
X 1)
2.950B0EHE +30

2.300008HE+D]
5.5688002E+91

1.0308080E+82

XP1
bXxp

1L0G2 =. @&
X( 2} .
4. 98DIACTEL+OD

4.150008FGE+EL

1.4550853E+82

2. D10RBRTE+H2

1.266B8E+3F YP1
2.9328BE+5Y DYP

X 3)
FIBEEBE 9K

LSS RE+E
BSAFUETE+D2

LOCIEGTIE+E2

3.97%%

X 4)
8.22309%

7.7EFOBERE D]

2.8058688

VALUES OF INTERPOLANT AND DERIVATIVES ON INPUT MESH

T

B

X
2.92829E+28
2.00480E+ 50
2.0GTXBE+HL

A.00050E+80

4.00099E+139 -

4. HTHIDE B

6.0809E+2Q
6.05390E+37
6.0NGPE+FF

8.0CATOE +00
8. OOLBOE +58
8. OLLSAE+00

ow ~ U W

¥
3.90G0NE+QR

S5.0000%E+658
7.000853E+80

DEERIE+BY
BRBEEE+O8
BOUEZE+ED

BOBAIE+BY
OBFAIE+0H

7.00969E+B2

3.0080RE+Q0

5. F0IDIE +00
7. B0EDLE + 00

F

2.30R0QE+Q]
5.59000E+31
1.0360RE~Z2

4.10008E+21
1.05000E+22
2.018008E+02

5.90080E 01
| .55800E+52
2.99085E+02

7.70090E+41
2.85R@00E+H2
3.97400E+82

S S RVo)

FX

OORAICE+2T
LSPAAFTE+L]
L9PRIRE+H1

Eo VRN ]

DEESTE+FF
bPLEAE+1
LSUELEE+A]

9.0081TE+DT
2.50650E+81
4.93899E+01

Q. BILHRE+RE

2. 500CPE+1
4.90800E+01

Fy

1.288885+91
2.083965+01
2.80020c+81

2. 428085 +51
4.30000E+H1
5.00000E+81

3.6800068E+01
6.J3GBLE+D]
B.4988EC+F]

4.89890C+01
8.003QFE+81

1.120080+52

XY
6.002FBE LY
1.00250E+01
1. 460005 +51

5. ORTEIELLT

1 .PZERPE+]

1. 4060RQE+51

6.BBFIBE+TH
1.98200E+21
1. 400a9E+F1

-6, 005B0E +0
| | 9ETLPE + 1
1. AGBOE S



5

X.
1.2P98BE+00
1.4 HRETER
1. FRE+PY
1. SUE+O@

HPE+ZH

(2R PV VS RN

crsi g o

NN~

D0 W0
. .

FHE+38

CORETBE A

ARE+8Y
DRE+UF

oV

Qo EN

(COBE+TE

OO N

TABLE OF INTERPOLATED OR IXTRAPOLATED VALUES

Y

.eOIDIE+ D0
TIIGHE + 00

AN

HOIHIE Y

LBRHEZE+ 08

LOOHEHE+OR

OHBHIE+EE
HGEEHE+Od
LEBEGEE+ Ol

LEBRYAIE+TY
HEHRBE+ O
LGRRE+ g
BDPIRZE+QY

Q=N

.IRILGTE +0F
BAGELE+HQ
OBGHIE+8E
L HEASTE +00

TE+QE

EOBTHE+DE

RGHSEE+ED.

L BOTHIE+HT

9.FL0P0E +28

2.1520P0E+21
4. 120@0E+21
6.97099E+T1

1.70000E+51
5.39000E+¥1
1.13080E+32

'1.97EEKE+ZZ

2. BEAEGE+DL
8.50000E 01
1.85880E+02

3.2508BE+02

3.39p90E-01
1.17080E+82
2.57900E+g2
4 .53J0BE+T2

4.19890E+21
1.49000E+82
3.29090E+02
5.81000E+02

. — b
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FX

4. 008Z0E+RY
1.6095BE+H1
3.00RHEE+PL
6.40FFHE+H

BUTTIE+ER
LBYGLE+E

CALEESE+ ]

BEFTCE+D
L6HTFIE+E1
L BAFIUE+E]
LAREEIE+E1

W B

4. 9355 +LH
1. 6L800E+£1
3.6000QE+1
6.40050E+71

4.B00EFE+22
1.68850E+51
3.698C9E+81
6.40255E+01

LBUHAGE+DY

-~ w

——0
MDD

RG]
ABGHIE B
LRSI -8
L8EOBEEAD]

W N -

CESBOEE B

oY AN

MmN

——
Y

0D g
..

LBECOREEY
SHESEHE S

LBIFOUE+]

IEXT

W= W

NEREN NERN NSRN

O o ()
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NOTICE . ¢

““This report was prepared as an account of work
sponsored by the United States Government.
Neither the United States nor the United States
Department of Energy. nor any of; their em-
ployees, nor any of their contractors, subcon-
tractors, or their employees, makes any warranty,
express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness
or usefulness of any information, apparatus,
product or process disclosed, or represents that
its use would not infringe privately-owned rights.”

NOTICE

Reference to a company or product name does
not imply approval or recommendation of the
product by the University of California or the
U.S. Department of Energy to the exclusion of
others that may be suitable. :
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