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DETERMINATION
OF AN INTERPOLATING QUADRATIC SPLINE FUNCTION

1. Procedure declaration. For a given number % > 0, nodes ;
(¢=0,1,...,n) and numbers y; (¢+ =0,1, ..., n+1), procedure interp2cf
determines the coefficients of the quadratic spline function s such that

(1) Se ézo,:cn)’
(ii) in each subinterval {(@;, ;,;) ({ =0,1,...,2—1), s is a poly-

nomial of degree at most 2,

(iii) s(@p) = Yoy S(2,) = Yni1s

(iv) for ¢, = (»;_,+=;)/2, the equality s(t;) =v; (1 =1,2,...,n)
holds.

Data:
n — number of nodes of the function s less 1;
x[0: n] — array of nodes of the function s (ordered in an increasing

way);
y[0:n+1] — array of ordinates of the function s at nodes z, and =,,

and at the points ¢; (¢ =1, 2, ..., n).
Results:
a,b,c[0:n—1] — arrays of coefficients of the function s.

In each subinterval {«;,#;,) (¢ =0,1,...,n—1) the function s
is of the form

(1) 8(2) = a;(x —m;)*+b; (2 —2;) +c;.

2. Method used. Let us write
8, =8(x;) (¢=0,1,...,m)

(in virtue of (iii) we have s, = ¥, 8, = Yn11),
h‘i =wi—'$."__1 (’i=1’2,...’n),
di=hi+1/(hi+hi+l)7 ¢ =1—d; (¢=1,2,...,n—1).
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procedure 1nterp2cf(n,x,y,a,b,c);‘
¥alug n;
integer n;
2Iray X,y¥,8,b,c;
Regin
integer 1,1i1,n2;
xeal hi, hil,s,sl,xi,xil,yi,yil;
arxay h{1:n];
xi1:=x|1];
h[1]:=hi:=xi1-x[0];
xis=xi1;
xi1:=x[2];
h{2):=hi1:=xi1-xi;
s:=c[1]:=hi/(hi+hil1);
8l1:=1.0-8;
hi:=hi1;
P xis=xit;
yis=yl[2];
yiti=c[0]:=y[0];
b{1]t=4.0%(81>xy[1]+s>xyi)-a1xyil;
n2s=n=-2;
for 1:=2 gtep 1 watil n2 do
kegin
11s=i41;
xit:ax[i1];
yitemy[i1];
h{i1]s=hits=xit-xi;
t=c[1]:=hi/(hi+hi1);
sl:=a[i]):=1,0-8;
b(1)1=4.0%(s81xyi+axyil);
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xis=xi1s

yis=yii;

hi:=hi1

end 1i;

n2:=n2+1;

hin]:=hits=x[n]-xi;
s1:=a[n2]s=hi1/(hi+hi1);
8:=1.0-81;
b[n2]:=4.0%(s1xyi+sxy[n])-sxy[n+1];
xis=c[1]:=-.3333333333»c[1];
yi:=b[1]:=.3333333333xb[1];
Zer 1:=2 gtep 1 uutdl 72 do
kezin

hi:=afi]:

asshirxi+3.0;
xis=c[ils=-c[i]/m;
yis=b[i]:=(b[i]-hixyi)/s
end i;

c[n2]s=yi;

n2:=n2-1;

for i:=n2 giep -1 until 1 do
yit=e[1]e=c[i]xyi+b[1i];
his=h[1];

yi:=yl0];

yite=y[1];

sl:=c[1];
b[0]:=(-~3.0xyi-81+4.0xyi1)/hi;
al0]:=2.0x(yi+81-2.0xyi1)/(hixhi);
n2:=n2+1;

Lor 1:=2 gtep 1 until n2 do
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kegin
113=1-1;
hi:=h[i];
xit=c[i];
yis=y[il;
b[11)s=(~3.0xs1-x1+4.0xyi)/hi;
a[11]1=2.0x(814x4-2.0%y1)/ (hixhi);
s1:=xi -
- and 1;
his=h[n];
81:1=2.0xy[n];
si=y[n+1];
b[n2]s=(-3.0xxi-s+2.0%81)/hi;
al[n2]s1=2.0x(xi+s-81)/(hixhi)
end interp2cf

The function s must satisfy the following system of equations [2]
with unknowns s;:

(2) disi__l +3Si—{—6i8i+1 == 4di3/i+4é??/i+l (?; = 1, 2, csey 'n—l).

In the body of the procedure the method described in [1] is used
to find the solution of system (2). In fact, we have

s(w;) =s8;,, 8(wy) =8, and s(ty) =¥ (¢ =0,1,...,n-1).
Thus, by (1), we obtain
¢ =84 @i bl Te; =38, @i [Ad4bh 240 =y,

(¢ =0,1,...,n—1).
Hence

a; = 2(8;+ 81— 20 )iy, by =(—38;— 8 +4Y; ) iy, € =38
(i=0,1,...,n—1).

3. Certification. Procedure interp2¢f has been extensively tested
on the Odra 1204 computer. The obtained results were correct.
Example. We have

n=3, ®=1(0=0,1,2,3), Y=Y=9Y =0, Yy, =y3=1.
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The exact values of the coefficients a;, b; and ¢; are the following:
ao == az = —20/7, al = 16/7’ bo - 24/7, b]_ - —-bz = —'16/7,
00 =0’ 01 =02 =4/7-

The calculated values of the coefficients of the function s are con
tained in Table 1.

TABLE 1
7 ‘ a; b; Ci
0 —2.857142857 3.428571429 0.0
1 2.285714286 —2.285714286 0.5714285714
2 —2.857142857 2.285714286 0.5714285714

The time of execution of the procedure inierp2¢f is approximately
equal to 0.03n-+0.99 sec.
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WYZNACZENIE INTERPOLUJACE] FUNKCJI SKLEJANE]J STOPNIA DRUGIEGO

STRESZCZENIE

Dla danej liczby » > 0, wezlow #; (¢ = 0,1, ...,n)ilieczby; 4 =0,1,...,2+1)
procedura interp2¢f wyznacza wspélezynniki interpolujacej funkeji sklejanej s stopnia
drugiego, takiej, ze

(i) s‘Gézo.z,p’
(i) w kazdym podprzedziale <{z;, x;41) (¢ = 0,1, ...,n—1) 8 jest wielomianem
stopnia co najwyzej 2,

(iil) 8(xy) = Yo, 8(xy) = Ynigls
(iv) dla ¢; = (x;—1+2;)/2 mamy s(t;)) =y; (6 =1,2,...,n)
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Dane:
n — liczba okreslajaca liczbe wezléw funkeji ¢;
x[0:n] — tablica wezléw funkeji 8 (uporzadkowanych w spos6b rosngey);
y[0:n+ 1] — tablica rzednych funkeji 8 w wezlach z, i x, oraz w punktach ¢;
t=1,2,...,n).

Wyniki:
a,b,c[0:n— 1] — tablice wspélezynnikow funkeji s.

W kazdym podprzedziale <{z;, x;.1) (¢ = 0,1, ...,n—1) funkeja § ma postaé

s(x) = ay(w— x5)% + by (@ — 2;) + ¢4.

Przyklady kontrolne potwierdzily poprawnodéé procedury.



