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Parametric Curve

f(t)=a,t3+b,t? +ct+d, similarly foryandz

Straightforward implementation
by Horner's Rule 1

e.qg.
void x(double t) T
{ f(t)

return t*(t*(t*a,+b,)+c )+d,;

¥

5 multiplies 3 additions e
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Scan Conversion
Of Polynomials

f(t)=a t3+b,t? +c,t+d,

Repeated Evaluation of Cubic by
Forward Differences

Definition : Af (D) =F(1+0)-F(1) OO

rewriting: f(t+0)=Af (1)+F(1)

Rewriting iteratively: fu.q = f, + Af,
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Definition:

Af(t)=f(t+0)-f(t)

f(1) = at3+bt4+ct+d

Af(t) = alt+8)% + b(1+8)% +c(1+8) +d
~ (at3+bt+ct+d)

Af(t) = 3Zat?0+t(3ad+2bd)+ad3+bo%+cd ——(1

So Af(t) s second degree. Applying forward
differences agam to reduce this further:

A2 (1) = AAF(L)) = AF(1+8)-Af(t)

applying by writing (£+8) for t in (1)
Af(t) or (3at28+1(3ad%+2b8)+ad>+bd%+cd)

‘Yields A2f(1) = 6ad?t + 6ad> +2bd2 ——(2) \

A1) = AA%F (1)) = A% (1+8)-A%f(1)
substituting (t+0) for t in (2)

A(1) = 6ad® —(3)



By Definition :

Few rﬁ;n‘ng:

Af(L)=F(1+0)-f(1)
F(L+O0)=F(1)+Af(T)

for = Tn + Afy,

In other words t, = nd and f,=f(1,)

f 1s evaluated at equal intervals of size O,

At t=0 ‘FO = d
Af 4 = ad3+bd?+cd
A%f = 6ad> +2pd?
A?).FO = 6ad’
by definition: A% (1) = Af(t+3)-Af(t)
or A%, = Af,.q — AF,
Af i = Af, + A*f,
similarly
A1) = AH(1+3)-AH (1)
At g = Kot + A%,

and A%f, is constant

Repeat {ollowa‘ng steps m
times with n initially O:-

T+ = fy + Af,
AF e Af, + A*F,
AZ'FH.H = Az{n = AB'FO

Il

n=0
3 = fo + Afy
A‘F1 =A‘FO+A2‘FO
AZ‘F1 = Az‘lco 5 AS‘FO

=1
fo = £, + Af,
Af, = Af, + A%F,
AZ‘FZ = A2{1 ot AB‘FO

Suppose we want 64 steps
n=64 or 0=1/64

tg = 00= O

t, =10 = 1/64

t, =20 = 2/64 etc.



\
Forward Differences
continved
_ fx(t) = axt3+bxt?+ext+dx
fo = ¢ similarly for vy and =z
Afg = ad®+bd?+cd
Nfo = 6ad® +2b5° so we have:
Ag‘Fo = 6883
r_ e [ — — = P
e | P 1 L7 fo and can T
oo 2 7 ? : < Af o calculate Af
Af g o3 0% O 0 b A2 A2
AZ‘FO = 683 2864 O O < AS-FO A3-Fn
A3, 685 0 o ol |d = e
L = L =) L S x and vy and z x and v and z
\ v \
. algorithm writing Ax for Af, etc.
D, = E(B)C y
>, E(S))CX Fa i
Yy o Y AS{O x+=Ax; Ax+=A%x;  A2x+=A3x;
Dz = E(S)CZ Ao y+=Ay; Ay+=A2y; A2y+=A3y;
2+=Az; Az+=A%z; Alz+=A3z
neAbs(x,y,z);
}
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An Example:

taking 100 steps 0=0.01

At 1=0
f o = d = O
Afo = add+bd?+cd = 0.029702
AZ‘FO = 4383 +7bd2 = ~0.000588
AS‘FO = 4383 = Q.000012
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a=2

c=3
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Example:

f =f,=d=0
df = Af,=ad3+ b52+ c5 = 0.029702
d2f = A2f, = 6ad® + 2b52 = -0.000588
d3f = A3f, = 6a53 = 0.000012

f df

0.000000 0.029702
0.029702 0.029114
0.058816 0.028538
0.087354 0.027974
0.115328 0.027422
0.142750 0.026882
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d2f

-0.000588
-0.000576
-0.000564
-0.000552
-0.000540
-0.000528
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d3f

0.000012
0.000012
0.000012
0.000012
0.000012
0.000012




