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f(x) = 0 [a, b] ( ) ( ) 0f a f b f(x) [a, b]
[a, b] c = (a+b)/2 f(c) f(c) = 0

c ( ) ( ) 0f a f c [a, c]
[c, b] [a, b] c = (a+b)/2

f(c)
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c(a' )a
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1.1   

 
f(x)  

1 a b E1 E2 M  
2 f(x) [a, b] f(a) f(b)  
3 | ( ) | 2f a E | ( ) | 2f b E a b  
K = 1, 2, , M 4 6  



 

4 f(x) c = (a+b)/2 f(c)  
5 |f(c)|<E2 c f(c)f(a)<0 [a, c]

b = c f(b) = f(c) [c, b] a = c f(a) = f(c)  
6 |b a|<E1 (a+b)/2  
7 M  

1.1.2   

1.2  

 

1.2   

 

Imports System.Math 
Public Class frmMain 

Dim E1 As Double, E2 As Double, M As Integer, SS As String, ShowGuoCheng As 
Boolean 

  Private Function Func(X As Double) 
' f(x)  

Func = 2^( X) cos(X) 
  End Function 

' X Y  

  Private Sub SwapXY(ByRef X As Double, ByRef Y As Double) 
Dim T As Double 

T = X: X = Y: Y = T 
  End Sub 

' BtnClear Click Memo  

Private Sub BtnClear_Click(sender As Object, e As EventArgs) Handles BtnClear.Click 
Memo.Clear() 
End Sub 



 

' BtnCurve Click [a, b]  

Private Sub BtnCurve_Click(sender As Object, e As EventArgs) Handles BtnCurve.Click 
Dim I As Integer, A As Double, B As Double, X As Double, Y As Double, Dx As Double 
A = Val(EdtA.Text) 
B = Val(EdtB.Text) 
If A > B Then SwapXY(A, B) 
Chart.Series(0).Points.Clear() 
Dx = (B  A) / 200 
For I = 0 To 199 

X = A + I * Dx 
Y = Func(X) 
Chart.Series(0).Points.AddXY(X, Y) 

Next 
End Sub 
' BtnResult Click SwapXY

OutputResult ErFen 

Private Sub BtnResult_Click(sender As Object, e As EventArgs) Handles BtnResult.Click 
 Dim X As Double, F As Double, X0 As Double, X1 As Double, K As Integer, Msg As String 
X0 = Val(EdtX0.Text): X1 = Val(EdtX1.Text) 
E1 = Val(EdtE1.Text): E2 = Val(EdtE2.Text) 
M = Val(EdtM.Text) 
ShowGuoCheng = CheckBox.Checked 
If X0> X1 Then SwapXY(X0, X1) 
Msg = "" 
SS = " " 

ErFen(X, F, K, Msg, X0, X1) 
If (ShowGuoCheng = True) And (SS <> "") Then 
  Memo.Text = SS & vbCrLf 
End If 
If Msg = "" Then 
  OutputResult(X, F, K) 
Else 
  MessageBox.Show(Msg) 
End If 

End Sub 
' ErFen E1 E2 M

X0 X1 X F K
SS Msg 



 

Private Sub ErFen(ByRef X As Double, ByRef F As Double, ByRef K As Integer, 
ByRef Msg As String, X0 As Double, X1 As Double) 

Dim C As Double, Fa As Double, Fb As Double, Fc As Double, I As Integer 
Fa = Func(X0): Fb = Func(X1) 
Msg = "" 
If Abs(Fa) < E1 Then 
  X = X0: F = Fa 
  K = 0: SS = SS + Str(X) + ";" 
  Exit Sub 
End If 
If Abs(Fb) < E1 Then 
  X = X1: F = Fb 
  K = 0: SS = SS + Str(X) + ";" 
  Exit Sub 
End If 
For I = 1 To M 
  C = (X0 + X1) / 2: Fc = Func(C) 
  If Abs(C  X0)< E2 And Abs(Fc) < E1 Then 

X = C 
F = Fc 
K = I 
SS = SS + Str(X) + ";" 
Exit Sub 

End If 
  If Fa * Fc < 0 Then 

X1 = C 
Fb = Fc 
SS = SS + Str(X1) + ";" 

  Else 
X0 = C 
Fa = Fc 
SS = SS + Str(X0) + ";" 

End If 
Next 
X = 0 
F = 0 
K = M 
Msg = " " + Str(M) + " " 



 

End Sub 
' OutputResult X F K 

Private Sub OutputResult(X As Double, F As Double, K As Integer) 
With Memo 

  .Text = .Text & "======= =======" & vbCrLf 
  .Text = .Text & " " + Str(Round(X / E2) * E2) & vbCrLf 
  .Text = .Text & " " + Format(F, "0.####E+00") & vbCrLf 
  .Text = .Text & " " & Str(K) & vbCrLf 

  .Text = .Text & "====================" & vbCrLf 
End With 

End Sub 
End Class 

1.1.3   

f(x) = 2 x cos(x) [4, 6]  
1.3  

 

1.3   

1.2   

1.2.1   

f(x) = 0 x = (x) x0

x1 = (x0) x1 x2 = (x1) xk+1 = (xk)
k = 0, 1, 2, { xk } { xk } xk  x* k

x* = (x*) k *| |kx x x*

xk  



 

x = (x) y = (x) y = x x*

1.4 x0 y = (x0)(P0 )  x1 = (x0) y = (x1)(P1 ) x2 = (x1) y = (x2)     
(P2 ) (x) x

1.4 a 1.4 b xk x* 1.4 c
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c                                   d  

1.4   

f(x) = 0  
1 x0 E M  
2 f(x0) |f(x0)|<E x0  
K = 1, 2, , M 3 5  
3 x1 = (x0)  
4 |x1 x0|<E |x1 f(x1)|<E x1  
5 x0 = x1 3  
6 M  

1.2.2   

1.5  



 

 

1.5   

 

Imports System.Math 
Public Class frmMain 

Dim E1 As Double, M As Integer, SS As String, ShowGuoCheng As Boolean 
' (x)  

Private Function Fai(X As Double) 
Fai = X + Func(X) 

End Function 
  ' BtnResult Click OutputResult

FixedP 

  Private Sub BtnResult_Click(sender As Object, e As EventArgs) Handles BtnResult.Click 
Dim X As Double, F As Double, K As Integer, Msg As String 
X = Val(EdtX0.Text) 
E1 = Val(EdtE1.Text) 
M = Val(EdtM.Text) 
ShowGuoCheng = CheckBox.Checked 
Msg = "" 
SS = " " 

FixedP(X, F, K, Msg) 
If (ShowGuoCheng = True) And (SS <> "") Then 
  Memo.Text = SS & vbCrLf 
End If 
If Msg = "" Then 
  OutputResult(X, F, K) 
Else 
  MessageBox.Show(Msg) 
End If 



 

  End Sub 
' FixedP X0 F K

Msg 

  Private Sub FixedP(ByRef X0 As Double, ByRef F As Double, ByRef K As Integer, 
ByRef Msg As String) 

Dim I As Integer, X1 As Double 
Msg = "" 
F = Func(X0) 
If Abs(F) < E1 Then 
  K = 0 
  SS = SS + Str(X0) + ";" 
  Exit Sub 
End If 
For I = 1 To M 
  X1 = Fai(X0) 
  F = Func(X1) 
  SS = SS + Str(X1) + ";" 
  If Abs(X1 - X0) < E1 Or Abs(X1 - F) < E1 Then 

K = I 
X0 = X1 
Exit Sub 

  End If 
  X0 = X1 
Next 
K = M 
Msg = " " + Str(M) + " " 

End Sub 
End Class 

f(x) Func(x) SwapXY
OutputResult BtnCurve Click BtnClear Click

1.1  

1.2.3   

f(x) = 2 x cos(x) 5  
f(xk) 0 x+f(x) x x = x+f(x)

(x) = x+f(x) = x+2 x cos(x) 1.6  



 

 

1.6   

1.3   

[a, b] f(x) = 0 [a, b]
 

1.3.1   

f(x)

[a, b] f(x) = 0 f(a) f(b)<0 | f(b)| | f(a)|
 

1 c = a f(c) = f(a)  
2 0.5|c b|< f(b) = 0 b

 
3 a = c x a c (a, f(a)) (b, f(b))

(c, f(c)) X = b+P/Q P =S[T(R T)(c b)
(1 R)(b a)] Q = (T 1)(R 1)(S 1) R = f(b)/f(c) S = f(b)/f(a) T = f(a)/f(c)  

4 b a x b  
b P/Q b

P/Q x [c, b]
 

5 2
 

f(x)  
1 a b E1 E2 M  
2 f(x) [a, b] f(a) f(b)  
3 |f(a)|<E1 |f(b)|<E1 a b



 

4 ( ) ( ) 0f a f b [a, b] ( ) ( ) 0f a f b  
5 |f(a)|<|f(b)| a b ( ) ( )f a f b  
6 c = a ( ) = ( )f c f a  
K = 1, 2, , M 7 9  
7 |c b|/2<E2 f(b)<E1 b  
8 a = c X a c (a, f(a)) (b, f(b))

(c, f(c))  

R = f(b)/f(c) S = f(b)/f(a) T = f(a)/f(c) 

P = S[T(R T)(c b) (1 R)(b a)] 

Q = (T 1)(R 1)(S 1) 

X = b+P/Q 

9 a = b b = X  
10 M  

1.3.2   

1.2  
 

Imports System.Math 
Public Class frmMain 

Dim E1 As Double, E2 As Double, M As Integer, SS As String, ShowGuoCheng As 
Boolean 

  ' BtnResult Click SwapXY
OutputResult Brent 

Private Sub BtnResult_Click(sender As Object, e As EventArgs) Handles BtnResult. 
Click 

Dim X As Double, F As Double, K As Integer, Msg As String, A As Double, B As 
Double, X0 As Double, X1 As Double 

X0 = Val(EdtX0.Text) 
X1 = Val(EdtX1.Text) 
E1 = Val(EdtE1.Text) 
E2 = Val(EdtE2.Text) 
M = Val(EdtM.Text) 
ShowGuoCheng = CheckBox.Checked 
If X0 > X1 Then SwapXY(X0, X1) 
  Msg = "" 



 

SS = " " 

Brent(X, F, K, Msg, X0, X1) 
If (ShowGuoCheng = True) And (SS <> "") Then 
  Memo.Text = Memo.Text + SS & vbCrLf 
End If 
If Msg = "" Then 
  OutputResult(X, F, K) 
Else 
  MessageBox.Show(Msg) 
End If 

  End Sub 
  ' Brent E1 E2 M

X0 X1 X F K
SS Msg 

Private Sub Brent(ByRef X As Double, ByRef F As Double, ByRef K As Integer, 
ByRef Msg As String, X0 As Double, X1 As Double) 

Dim I As Integer, A, B, C, Fa, Fb, Fc, Xm, D, E, P, Q, R, S, T, Tol, AA 
A = X0 : Fa = Func(A) 
B = X1 : Fb = Func(B) 
If Abs(Fa) < E1 Then 
  X = A : F = Fa 
  K = 0 : SS = SS + Str(X) + ";" 
  Exit Sub 
End If 
If Abs(Fb) < E1 Then 
  X = B : F = Fb 
  K = 0 : SS = SS + Str(X) + ";" 
  Exit Sub 
End If 
If Fa * Fb > 0 Then 
C = (A + B) / 2 
  Fc = Func(C) 
  If Abs(Fc) < E1 Then 
X = C : F = Fc 
K = 1 : SS = SS + Str(X) + ";" 
Exit Sub 
  End If 
  If Fa * Fc < 0 Then 



 

B = C : Fb = Fc 
  Else 
A = C : Fa = Fc 
  End If 
End If 
K = 1: Fc = Fb 
For I = 1 To M 
  If Fb * Fc > 0 Then 

C = A : Fc = Fa 
D = B - A : E = D 

  End If 
  If Abs(Fc) < Abs(Fb) Then 

A = B : B = C : C = A 
Fa = Fb : Fb = Fc : Fc = Fa 

  End If 
  Xm = 0.5 * (C - B) 
  Tol = 2 * E2 * Abs(B) + 0.5 * E1 
  If Abs(Xm) < E2 Or Abs(Fb) < E1 Then 

X = B: F = Fb 
SS = SS + Str(X) + ";" 
Exit Sub 

End If 
If Abs(E) > E2 And Abs(Fa) > Abs(Fb) Then 

S = Fb / Fa 
If A = C Then 
  P = 2 * Xm * S 
Q = 1 - S 

Else 
  Q = Fa / Fc 
  R = Fb / Fc 
  P = S * (2 * Xm * Q * (Q - R) + (B - A) * (R - 1)) 
  Q = (Q - 1) * (R - 1) * (S - 1) 
End If 
If P > 0 Then Q = -Q 
P = Abs(P) 
If 3 * Xm * Q - Abs(Tol * Q) < Abs(E * Q) Then 
  AA = 3 * Xm * Q - Abs(Tol * Q) 
Else 



 

  AA = Abs(E * Q) 
End If 
If 2 * P < AA Then 
  E = D : D = P / Q 
Else 
  D = Xm : E = D 
End If 

Else 
D = Xm : E = D 

End If 
A = B : Fa = Fb 
If Abs(D) > Tol Then 

B = B + D 
Else 

If Xm > = 0 Then 
B = B + Abs(Tol) 

Else 
B = B - Abs(Tol) 

End If 
End If 
X = B: Fb = Func(B) 
F = Fb: 
SS = SS + Str(X) + ";" 
K = K + 1 
Next 
K = M 
Msg = " " + Str(M) + " " 

End Sub 
End Class 

f(x) Func(X) SwapXY
OutputResult BtnCurve Click BtnClear Click
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1.7

 



 

 

1.7   

1.4   

1.4.1   

f(x) = 0
f(x) = 0 x* f(x) = 0 x0 x*

(x0, f(x0)) y = f(x) L1 0 0 0( ) ( )( )y f x f x x x L1 x

1 0 0 0( ) / ( )x x f x f x x1 x* (x1, f(x1)) y = f(x)
L2 1 1 1( ) ( )( )y f x f x x x L2 x 2 1 1 1( ) / ( )x x f x f x

x2 x* x* { xk } { xk }
xk  x* k  

f(x) = 0 [a, b] x* x0 = (a+b)/2  
1.8  

y

x

y=f(x)

x* x0x1x2

P0

P1

P2

O

L1

L2

 

1.8   



 

 

1
( )
( )

k
k k

k

f x
x x

f x
 

f(x) = 0  
1 x0 E1 E2 M  
K = 1, 2, , M 2 3  
2 f(x0) f (x0) 1 0 0 0( ) / ( )x x f x f x  
3 |x1 x0|<E1 |f(x1)|<E2 x1 f(x1) x0 = x1

2  
4 M  

1.4.2   

1.9  

 

1.9   

 

Imports System.Math 
Public Class frmMain 
  Dim E1 As Double, E2 As Double, M As Integer, SS As String, ShowGuoCheng As 

Boolean 
' f(x) FuncP 

Private Function FuncP(X As Double) 
FuncP = 2 ^ (-X) +Sin(X) 

End Function 
' BtnResult Click OutputResult

Newton 

Private Sub BtnResult_Click(sender As Object, e As EventArgs) Handles BtnResult. Click 
Dim X As Double, F As Double, K As Integer, Msg As String 



 

X = Val(EdtX0.Text): E1 = Val(EdtE1.Text) 
E2 = Val(EdtE2.Text): M = Val(EdtM.Text) 
ShowGuoCheng = CheckBox.Checked 
Msg = "": SS = " " 

Newton(X, F, K, Msg) 
If (ShowGuoCheng = True) And (SS <> "") Then Memo.Text = SS & vbCrLf 
If Msg = "" Then 
  OutputResult(X, F, K) 
Else 
  MessageBox.Show(Msg) 
End If 

End Sub 
' Newton X E1 E2 M

X F K SS Msg 

Private Sub Newton(ByRef X As Double, ByRef F As Double, ByRef K As Integer, 
ByRef Msg As String) 

Dim I As Integer, Fp, X1, X2, Fp1, Fp2, DX 
F = Func(X) 
If Abs(F) < E1 Then 
  K = 0: SS = SS + Str(X) + ";" 
  Exit Sub 
End If 
For I = 1 To M 
  Fp = FuncP(X) 
  Do While Abs(Fp) < = 0.00000001  '  

X1 = 0.99 * X: X2 = 1.01 * X 
Fp1 = FuncP(X1): Fp2 = FuncP(X2) 
If Abs(Fp1) > Abs(Fp2) Then 

X = X1: Fp = Fp1 
Else 

X = X2: Fp = Fp2 
End If 

Loop 
DX = Func(X) / Fp 
X = X – DX: F = Func(X) 
SS = SS + Str(X) + ";" 
If Abs(DX) < E2 And Abs(F) < E1 Then 

K = I 



 

Exit Sub 
End If 

Next 
K = M  
Msg = " " + Str(M) + " " 

End Sub 
End Class 

f(x) Func(X) SwapXY
OutputResult BtnCurve Click BtnClear Click

1.1  

1.4.3   

f(x) = 2 x cos(x) 5  
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f(x) = 0 [a, b] x* x0 = (a+b)/2  
f(x) = 0  

1 x0 E1 E2 M  
K = 1, 2, , M 2 5  
2 f(x0) f (x0)  = 1  
3 1 0 0 0( ) / ( )x x f x f x 1( )f x  
4 | f(x1)| |f(x0)|  = 0.5 3  
5 |x1 x0|<E1 |f(x1)|<E2 x1 f(x1) x0 = x1

2  
6 M  

1.5.2   

1.9  
 

Imports System.Math 
Public Class frmMain 
  Dim E1 As Double, E2 As Double, M As Integer, SS As String, ShowGuoCheng As 

Boolean 
' BtnResult Click GetParameters

OutputResult NewtonDown 

Private Sub BtnResult_Click(sender As Object, e As EventArgs) Handles BtnResult. Click 
Dim X As Double, F As Double, K As Integer, Msg As String 
X = Val(EdtX0.Text) 
E1 = Val(EdtE1.Text) 
E2 = Val(EdtE2.Text) 
M = Val(EdtM.Text) 
ShowGuoCheng = CheckBox.Checked 
Msg = "": SS = " " 

NewtonDown(X, F, K, Msg) 
If (ShowGuoCheng = True) And (SS <> "") Then 
  Memo.Text = SS & vbCrLf 
End If 
If Msg = "" Then 
  OutputResult(X, F, K) 
Else 



 

  MessageBox.Show(Msg) 
End If 

  End Sub 
' NewtonDown X E1 E2

M X F K SS

Msg 
Private Sub NewtonDown(ByRef X As Double, ByRef F As Double, ByRef K As 

Integer, ByRef Msg As String) 
Dim I As Integer, Fp, X1, X2, Fp1, Fp2, DX, Lmd, F0 
Msg = "" 
F = Func(X) 
If Abs(F) < E1 Then 
  K = 0 
  SS = SS + Str(X) + ";" 
  Exit Sub 
End If 
For I = 1 To M 
  Fp = FuncP(X) 
  Do While Abs(Fp) < = 0.00000001  '  

X1 = 0.99 * X: X2 = 1.01 * X 
Fp1 = FuncP(X1): Fp2 = FuncP(X2) 
If Abs(Fp1) > Abs(Fp2) Then 

X = X1: Fp = Fp1 
Else 

X = X2: Fp = Fp2 
End If 

  Loop 
  F0 = Func(X): DX = F0 / Fp 
  Lmd = 1 
1:X = X - Lmd * DX 
  F = Func(X) 
  If Abs(F) > = Abs(F0) Then 

Lmd = 0.5 * Lmd 
GoTo 1 

  End If 
  SS = SS + Str(X) + ";" 
  If Abs(DX) < E2 And Abs(F) < E1 Then 

K = I 



 

Exit Sub 
End If 

Next 
K = M 
Msg = " " + Str(M) + " " 

End Sub 
End Class 

f(x) Func(X) SwapXY
OutputResult BtnCurve Click BtnClear Click
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f(x) = 2 x cos(x) 5  
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6 x x

DX = f(x)/f (x) |DX|<E2 x f(x)
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8 - M  

1.6.2   

- 1.2  

Imports System.Math 
Public Class frmMain 
  Dim E1 As Double, E2 As Double, M As Integer, SS As String, ShowGuoCheng As 

Boolean 
' BtnResult Click GetParameters

OutputResult NewtonDown 

Private Sub BtnResult_Click(sender As Object, e As EventArgs) Handles BtnResult. 
Click 

Dim X As Double, F As Double, K As Integer, Msg As String 
X = Val(EdtX0.Text) 
E1 = Val(EdtE1.Text) 
E2 = Val(EdtE2.Text) 
M = Val(EdtM.Text) 
ShowGuoCheng = CheckBox.Checked 
Msg = "": SS = " " 

NewtonDown(X, F, K, Msg) 
If (ShowGuoCheng = True) And (SS <> "") Then Memo.Text = SS & vbCrLf 
If Msg = "" Then 



 

  OutputResult(X, F, K) 
Else 
  MessageBox.Show(Msg) 
End If 

  End Sub 
' - NewtonRaphson X E1 E2

M X F K SS
Msg 

Private Sub NewtonRaphson (ByRef X As Double, ByRef F As Double, ByRef K As 
Integer, ByRef Msg As String) 

Dim I As Integer, FL, FH, XL, XH, DX, Fp, DXOLD, Tem 
FL = Func(X0) : FH = Func(X1) 
If Abs(FL) < E1 Then 

X = X0 : F = FL 
K = 0 : SS = SS + Str(X) + ";" 
Exit Sub 

End If 
If Abs(FH) < E1 Then 

X = X1 : F = FH 
K = 0 : SS = SS + Str(X) + ";" 
Exit Sub 

End If 
If FL * FH > 0 Then 

X = 0.5 * (X0 + X1) 
F = Func(X) 
If Abs(F) < E1 Then 

K = 0 : SS = SS + Str(X) + ";" 
Exit Sub 

End If 
If FL * F > 0 Then 

X0 = X : FL = F 
Else 

X1 = X : FH = F 
End If 

End If 
If FL < 0 Then 

XL = X0 : XH = X1 
Else 


