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Corrected trapezoidal rule to approximate (1) for ' exists on [a, .b] is given
b— —a)?
7o = C2 (50 + £t - E=L ) - (), ®

with Epe = &%‘,ﬂf{‘”({) where £ € (a,b) and f € C%[a,b]. This method has an order O(h?)
and needs two functions and two end derivative evaluations for single use. Corrected midpoint
rule to approximate (1) for f’ exists on [a, b] is given

a+b (b_'a}a ' '
)+ O - . Q

This method has an order O(h*) and needs two functions and two end derivative evaluations
for single use.[1, 2, 7]

We see that the approximation error of the midpoint rule needs the same smoothness as the
trapezoidal rule. We only require the second derivative of f instead of the fourth derivative of
f for Simpson rule. The absolute value of midpoint approximation error is slightly smaller than
the trapezoidal rule, by comparing the constant in front of the derivative of f. However the
trapezoidal rule is better for a periodic function, Engeln-Miillges & Uhlig [3]. The absolute value

of corrected trapezoidal rule error is seven times smaller that the absolute value of Simpson rule
error.
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Figure 1: Graph of approximation of f: f(z)dz using (a) Trapezoidal rule, (b) Midpoint rule,

(c) Simpson rule, and (d) Trapezoidal and Midpoint rule
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Figure 2: The best o € [0,1] that has the smallest error for finding a best convex combination
of T and M

In the same way, we can obtain a composite trapezoidal rule in n subintervals, that is

T = bg‘ﬂ“(ﬁ, +2fi+2fa 4 +2fn 2+ 2fn1 + fa). (12)

Here f; = fai, i =0,1,...,n. If we multiply (11) by § and (12) by } respectively, we obtain

4 b—
§T2n = ﬁna@fu +4fi +4fs + -+ 4fon-2 + 4fon-1 + 2f24) (13)
el i i¥
— (I
ETn = ﬁ(fo +2fa+2fa++2fon—a+2fan-2+ fon). (14)

Subtracting (14) from (13) and call it as S, we obtain

4 1
Sh===§TEu'- Ej;
bh—

= ﬁ—na(fu +4fi+2f2+ -+ 2fan_2 +4fan-1 + fon)

Sn= %‘(fu +4f1+2fz + -+ 2fan-2 + 4fan-1 + fam) (15)

where h = bz;: and the value of f; are multiplied by 4 and 2 alternately, fori =1,2,...,2n— 1.
Thus we obtain a composite Simpson rule [7]. Following this idea and noting (9), we can also
obtain a composite Simpson rule, as combination of T, and M,,, a composite midpoint rule, as
follows

1
n = E(ann +‘ﬂdﬁ)-

Following the idea obtaining Simpson rule, can we obtain a corrected simpson rule, from
a convex combination of the corrected trapezoidal rule, T, and the corrected midpoint rule,
M¢?. To answer this question, we write

TMe = (1 - a)Tc + aMc. (16)
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If we take o = 2 as Horwitz [4] use we obtain (1 - a)Tc, as follows

37 = L2910 + 700 - L2 0) - £(@), an)
and 3
2m0 = 200~ s (2 + C2 (1) - e, 19)
Adding (17) into (18) and simplifying, we end up wzth
TMoy = 3Tc + 2Mc
= 829D 50) 1 @) + 20— s 22D
Tier = L2 (s(0) + 4722 oo (19)

Thus we obtain again S, which is not better than T or Mc.
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Figure 3: The best a € [0, 1] that has the smallest error for finding a best convex combination
ofﬂ}:and ﬂJC

Now we play the same strategy as finding a best convex combination ending up with Simpson
rule. We use erf function, (10), as test function. Then, we vary & € [0, 1]. We do this by dividing
[0,1] into 150 node points and applying a composite (16) for n = 100. We plot the results as

depicted in Figure 3. We see that a = 0.533 &~ % which has a smallest error. Inserting this o
into (16), we have

TMcGEch—l-EMg
175(( )(.f( )+ s - & )(f’(b) #@)
+ 2 (- ar®E + “’ L (76) - £/(@)
- &= a')(?'f()+16f(a+b)+7.f(b))~(b () - Fa) =S (20)
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