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NUMERICATL, APPLICATIONS
OF
DAMPED CUBIC SPLINE FUNCTIONS
Jonathan D. Young
Tawrence Radiation Laboratory
University of California
ABSTRACT
Formulation for a damped cubic spline and its application as a
fitting function for a set of points:
(ti, xi); i =1, I with 23 and
ti+1 > ti; i=1,1-1
is presented.
Introduction
‘Let x be a function of t for which only the following is known:
x; = x(ti) i=1,1
oy and either
1 t 1 1
. x; = x (t) and Xp = X (tI)
Ng? )
] " 1" 1" 1" .
or x) =x (tl) and x; = X (tI).

Reterence (1) describes the cubic spline function, s(t), which



can be used to fit the given data and outlines its properties.
References (2) and (3) point out that extreme local curvature may be
implicit to the data and that in this case the cubic spline curve will
contain infleétion points or oscillations which are undesirable, These
references propose a parametric hyperbolic spline fit, fp(t), which for
sufficiently large value of a positive parameter, p, will have no such
extraneous inflection points. ‘
We propose a pargmetrically damped cubic spline fit, sp(t), which
likewise for sufficiently large p will have no extraneous inflection
points. The Sp fit is computationally more convenient than f,. How-
ever either the hyperbolic fit or the damped cubic fit achieve their
end (elimination of extraneous inflection) at some sacrifice of the
curvature minimization property possessed by the cubic spline. With

D D

accepting whichever has the more desirable curvature.

some data it may be desirable to try both f_ and s_ with the view to

The Damped Cubic Spline

Al

The damped cubic spline function, sp(t) has the following properties:

(1) over any subinterval, [t;, t5,9]5 1 =1, 1T - l)sp(t) coincides
with the segment function -

hi(7) =‘Xi + ait + bie'paYr3—r) + cie'pr(m3-m)

where T= (t-ti)/(ti+l—ti), w=1-7,
and a3 = (x5,-%)/(%5 5-%5)
so that

(2) sp(ti) = x5



The coefficients bi and Ci are determined so that

(3) sp(t) has continuous first and second derivatives over the

whole interval, [tl, t.].

I _
(4) for p =0, s (t) is infact the cubic spline fit but for

sufficiently large p, sp(t) has no extraneous inflection
points

Rather than defining sp in terms of the coefficients s bi and

cy it is computationally convenient to caleculate

1 1
S = s (t i=1,1I
b = 5(t) ;

and define Sp in terms of -

1
(ti’ X5 sp.); i=1, I.
i
since for any i; i'=1, I - 1, the segment function, hi is completely
. ‘ 1 1
determined by (t;, %y, Spi) and (t; .95 X{,1> spi+l),

-

First Derivative at Table Points, sé
i

The values of s; 3 i =1, I can be'readily computed for any value .

i

of p.

For s € C_ we requife;—
p 2 -

sp. =B03(0) =hy 1(1) = x4 i=2, I-f
sp = 1y(0)/(ty41-t5) = by 1(1)/(5 - %5 _y)
S = BLO)/(6y - 1% = (/s )2

2, T-1
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract’
with the Commission, or his employment with such contractor.
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