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FASRIA)RR
FREESRANT public static double Integral (UnaryFunction f, double low, double up, Iint degree = l)l
REUEE {
N-CRERZR if (degree == 0) n ¢
CotesZRE return (up — low) * f(low); RE
EESRE 2
Sanzt else if (degree == 1) 2|2 4
RombergA return (up — low) *I(f(low) + f(up)) / 2;| i 2
GaussRIAQT 3% 8
Gaussskia else_if (degree == 2) 47 16 2
Tz Sl S return (up - low) * (f(low) + 90 45 15
. 19 25 25

G-LKIR 4 % f((low + up) / 2) + f(up)) / 6; 5| = =
G-CK#A 41 9 9 34
SRSy E else if (degree == 3) 6| 520 P 280 0
&‘Eﬁﬁ 7 751 3577 1323 %

// ...... 17280 17280 17280 17280
TaylorEFH18is g | 989 5888 ~928 10496 4540
RERSSIMNE olse 28350 28350 28350 28350 28350

L

throw new Exception ("{RZEGHLITH, Newton—Cotes>RKAH AKX AT E, ANEXH!T):
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B5RIAlRE et
e | IR
R public static double Trapezoid(UnaryFunction f, double low, double up)

N-CRIAz {
CotesZ return Integral (f, low, up, 1);
RESIREM }

Ay ~
28,7

Romberg/\zt SimpsonZ T,

GaussKfART

public static double Simpson (UnaryFunction f, double low, double up)
Gauss3kfH {

PRIEIESHIEE return Integral (f, low, up, 2);
G-LRFA )

G-CKiR

i Boole ATECotes AT

BRI
A —— public static double Boole (UnaryFunction f, double low, double up)

TRERSSIME {

= } return Integral (f, low, up, 4);
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Ians += f(low) / 2 + f(up) / 2; I———> WAL =SI
ans *= h;
return ans;

v 263KIAR”T, (Compositelntegralzg)

public static double Trapezoid(UnaryFunction f, double low, double up,lint n = lOOO)I

[double h = (up - low) / n:} > FRIEKE
double x = low, ans = 0;
for (int i = 1; i < n: i++)/ FIEIR
{
X += h; . h
ans += f(x); Th(f)'_-i
}
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v 263KIAR”T, (Compositelntegralzg)

public static double Simpson(UnaryFunction f, double low, double up, int n = 1000)

{
double h = (up — low) / n;

double half = h / 2;:

i n n-1 ]
h
dowble x = Tow, ans = 0;  Sa(P) = |f(@ +4kzlf<xk_o.5> + zkzlfock) + £ ()
for (int i = 1; 1 < n; i++) [ n-1 \ -
{ p| D [2fGaos) + Fr]
x = h; = =1 k=1 >
ans += 2 * f(x — half): 3 b
ons 4= £ 42 Crpmo) + 2 4 B2

J

ans += 2 * f(up — half) + f(low) / 2 + f(up) / 2;
ans %= h / 3;
return ans;
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v RombergsKfRT, (Rombergzs)

public static double Integral (UnaryFunction f, double low, double up,

double 1imit = le—10, int maxCount = 15)

/) eeenns
while (error > limit)
{
n k= 2; , b—a b—a
oldTs = Ts; T(,0) =T( 2 ) =T( n )
Ts = new Vector(count + 1):
|Ts[0] = Compositelntegral. Trapezoid(f, low, up, n);: r/’

for (int i = 1; i <= count; i++)

k. . _ _ . _
: o TG k—1) TG -1,k —1)

double beta = Math. Pow(4, 1i); 4k — 1
[Ts[i] = (beta * Ts[i - 1] - oldTsli - 1]) / (beta - 1);r}'
}

|error = Math. Abs (Ts|count] - oldTlslcount — 1]):
}

return Ts[count]; ITG,j))—TG—1,j —1)]
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v KIAZEXEE (Rombergzg) .
H5Ria public static void Sample () — — i
| f(x) =cos(wx) I(x) wsm(a)x)
REUEE double w = 1;
N-CRIRAT UnaryFunction f = x => Math. Cos (w * x): > (FFAERET S [REREY
CotesR# UnaryFunction If = x => 1 / w * Math. Sin(w * x);
IRESREN double low = 0, up = 2;
SAAR double I = If(up) — If(low): > 1o E RN ERE
Romberg/ Az Console. WriteLine ("#EHffE: ~ + T + "\n");
Gauss3KFHAT int degree = 1;

Gauss3KiA double I1 = NewtonCotes. Integral (f, low, up, degree):
Fam S o Console. WriteLine (degree + “#&XNewton—Cotes: 7 + I1);
G-L3KFR Console. WriteLine("i%Z: ~ + (I1 — I) + "\n");

G-C3RiH int n = 1;

EERRS double 12 = Compositelntegral. Trapezoid(f, low, up, n); PUEDEN
BB Console. WriteLine(n + "EXE &K 7 + 12); —> SRTIZRIR
Console WriteLine ("i%7%: ” + (12 — 1) + "\n");
double I3 = Romberg. Integral (f, low, up);
Console. Writeline ("Romberg: 7 + 13); » Romberg>ki
Console. WriteLine("i%Z: ~ + (I3 — I) + "\n");
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SEERSKFANT public static double Integral (UnaryFunction f, double low, double up, int degree = 1)
HRasr {

v’ Gauss-LegendresT\, ( GaussLegendrezg)

”n Vector xs, ks: . b A . - A
N-CRIRAz ’ ' 0 0 9 5 | +0.932469514 2 0.171 324 492 4
"
Cotes&RE ( ) T | +o.577 350 269 2 ] +0. 661 209 386 5 0.360 761 573 0
SO =R 1f degree == O +0.238619 1861 0.467 9139346
RESIREM 2 | 40,774 596 669 2 0. 555 555 555 6 T T0 5151075173 535181 9502
I=F=UNW { 0 0. 888 888 888 9 +0.741 531 185 6 0. 279 705 391 5
RombergZy=( xS = new Vector ((). ()) , 3| +0.8611363116 0. 347 854 845 1 +0. 405 845 151 4 0. 381 830 050 5
— ) +0.339 981 043 6 0.652 145 154 9 0 0.417 959 1837
Gausss I:II\I kS — new VeCtOI' (2. 0) ,
R } 4 | 40.906 179 8459 0. 236 926 885 1 7 io' :60 229 8*:5 S 0.101 228 536 3
GausssKio 0.796 666 4774 | 0.222 3810345
lse if (d == 1) +0.5384693101 | 0.4786286705 +0.5255324099 |  0.313706 6459
a5 S else 1 egree
EASIE S 0 0.568 888 888 9 +0.183 434 642 5 0. 362 683 783 4

G-L3k7#R {

e xs = new Vector (-0. 5773502692, 0.5773502692) : > SHfS(/ &
e ks = new Vector(l, 1);

b—a b—a
S /] e o~ 5 PRI RHIRIRFRAL ). [ Cac+ D) +a| A

TaylorEFai& 2 2

Eﬁ‘iﬁ‘%%”& double scale = (up — low) / 2;
ﬁ*ﬁ*ﬂ% returnl XS.Mapping(X :> f((X + 1) %k Scale + 10W)> %k kS x SCale;= > |Z|\EU§}Q
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S(0,1)
S(0,0.5) S(0.5,1)
S(0,0.25) S(0.25,0.5) S(0.5,0.75) S(0.75,1)

\ >
15(0.5,0.75) + S(0.75,1) — S(0.5,1)|
S(0,0.125) S(0.125,0.25) S(0.25,0.375) S(0.375,0.5) HREBHEIREREK (< 10&,,) |
MiRE]S(0.5,1) + S(1,1.5) fE9[0.5,1]
X[BJHIFR D25
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protected static double SimpsonSimpRe (UnaryFunction f, double low, double up,

double parent, double limit, int maxCount, |ref int count)
1CREREHRE IR

count++; ., BIX[EXo2L
double mid = (low + up) / 2;

double |left = NewtonCotes. Simpson(f, low, mid); NNy

double |right = NewtonCotes. Simpson (f, mid, up) : HESEIH R, BFPR

if (Math. Abs (1eft + right — parent) < 10 * limit) .
return left + right: e KNNRElFT5 =2

return SimpsonSimpRe (f, |low, mid,| left, |limit / 2,] maxCount, ref count) iR EK
+ SimpsonSimpRe (f, mid, up, right, limit / 2, maxCount, ref count) : NFF3 &5

—41%

protected static double SimpsonSimp(UnaryFunction f, double low, double up,

double 1imit = le—10, int maxCount = 10000)

double |root = NewtonCotes. Simpson (f, low, up): | » ITERT =S(a,b)
int count = 0;
return [SimpsonSimpRe (f, low, up, root, limit, maxCount, ref count);f— JEFBEITEREL




FASRIA)RR
TRERKIRRT
REUEE
N-CREAR
Cotes&#
RESREN

Ay =
I=h=UN

Romberg/A=t

Gauss KR QT
Gauss3kfH
eSSt
G-L3kFH
G-Ck#H

Bi&ERFRSE

3 L=t b
TaylorRFFHEiE
TREKSSINE

YmiEsclE

{

v SRKFEEXSEL (Adaptivelntegralzg)

public static void Sample ()

UnaryFunction f = x => 0.5 / Math. Sqrt (x) ;
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=== 1) =F

2v/x

UnaryFunction If = x => Math. Sqrt (x) ;

double low = 0.1, up = 1;
double T = If(up) — If(low);

> (FRARE S REREL

Console. WriteLine ("#EM{EH: ~ + T + "\n”);

[ eevees

> 197 E NSRRI ERSE

double 14 = GaussLegendre. Integral (f, low, up, degree):
Console. WritelLine (degree + “"XGauss-Legendre: ” + 14);
Console.WriteLine ("ixZ: 7 + (14 - 1) + "\n");

——> Gauss-LegendreskiH

// ......

double 15 = Adaptivelntegral.Simpson(f, low, up);
Console. WriteLine (" Hi& N Simpson: ~ + 15);

Console. WriteLine("1%%: 7~ + (I5 - 1) + "\n”) ;

» E1& N Simpsonskil
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v k& (Differential2g)

public static double ThreePoint (UnaryFunction f, double x0, double h = le-5) =L/ %
{

}

return (f(x0 + h) - f(x0 - h)) / h / 2;

public static double FivePoint (UnaryFunction f, double x0, double h = le-5) AR
{

J

return (f(x0 — 2 *h) -8 % f(x0 —h) +8 % f(x0+h) - f&x0+2x*h)) /h/ 12;

public static double Order (UnaryFunction f, double x0, int order = 1, double h = le-5h);

SKERETEMN SRS L, 1RER0(R?)

public static double Richardson(UnaryFunction f, double x0, int order = 1,
double 1limit = 1e—-10, int maxCount = 15)

ETOrderf5i%, KF3RichardsonyMERIKEREEEM SEL, BIIRERIAEIMEIXEL
MR EINERENHIRE S h=1/2"
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v k& (Differential2g)

public static void Sample ()

{

|UnaryFunction f=x=> Math.EXp(X);I > FRSERZEL

| double x0 = 0, f1 = 1; | > Hirm 3TN AISEUE
double h = 1;
/] =R

— =\

Console. WriteLine (" =&~z ” + (ThreePoint(f, x0, h) - f1)); — A \%ififtﬁﬂfiﬁi
// RN NIVTE—S2
Console. WriteLine ("L i/~ x: 7 + (FivePoint(f, x0, h) — f1));

int degree = 2;

Console. WritelLine (degree + "M 5Z0”7) ;

Console. WriteLine ("% k5. 7 + (Order (f, x0, degree, h) - f1));

Console. WritelLine ("#MfERS: 7 + (Richardson(f, x0, degree, limit: le-5) — f1));

| !

1T & degreel 1 S48
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v IS EHUICRSEY G (T RSE)

public class UnaryFunctionExtension

{

publicdouble Integral (Ithis UnaryFunction f,l double low, double up,
double limit = 1le—10, int maxCount = 10000) =SCINE ea)
=> AdaptiveIntegral. Simpson(f, low, up, limit, maxCount) ;

public static double Differential (this UnaryFunction f, double x0, int order = 1,
double 1imit = le—10, int maxCount = 15) HNES MY
) =) [1
=> NumNet. Differential. Richardson(f, x0, order, limit, maxCount) : IS

public static double FindZero(this UnaryFunction f, double low, double up)

=> Bisection. FindZero(f, low, up): TANERES
public static double FindZero(this UnaryFunction f, double x0)
=> NewtonIteration. FindZero(f, x0, x0 + le-5); F| sk E S

TLXE?%iﬂﬁﬁflntegral(low, up). f.Differential(x0). f.FindZero(x0)iH{T—IcRERIFRS . MO LUK
ERFHETET!
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