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Numerical Algorithms

Taylor Series

2
fOx+h) =£()+ | h f (x) + hf"(x) o1 f(n)(x) +..+R, (aremainder term)

The terms of hlgher orders are often neglected!
Newton method algoithm:
f(x+h)=f(x)+hf'(x)=0
—f(x)=Ax f'(x
) ) kel _ _k f(X)
—f(x)=(x""=x) f'(x) TN T




Modeling of geochemical processes
Numeric mathematics

Taylor Series of the Function of two Variables:

f(x; +hy, x5, +hy)=f(x{,x,) +h, of (x1,X,) +h, of (x,X,) N

5X1 8X2
2 2
Hp? 2 O°F(x1,%)) | +2hh, O TGLX2) 2 f(Xlz’Xz)}+...+Rn(remainder)
2 6}(1 6X1 8X2 6}(2

of(x,x,) of (x1,%,)
f(x,+h,,x, +h,)=1(x,,x,)+h + h +
( 1 1 2 2) ( 1 2) 1 5X1 2 5X2
2 2 2
Ly 0*f(x1.%5) Do, O0Gexy) 1 07F(x5) 150 f(Xlzaxz) Fo R,
"3 ox > 3 ox, 0x, 2 ox, 0x, 2 ox;
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A vector form: gradient
CON(x1.x,)
f(x, +hy, x, +h,) =f(x;,x,)+[h; h,] o T
of (x{,X,)
| aXZ _
2 2 2 2
+ lhl 0 f(X19X2)+lh2 071 (x,,X,) lhl 0 f(X19X2)+lh2 07 f(x,.X,)
2 ox* 2 ox, 0x, 2 ox, 0x, 2 ox 3
[ Of(x,X,) |
0X
f(x; +hy, x5 +hy) =f(x1,x,)+[h;  h,] OF(X,,X,) *
0X :
) T Hessian _
Ph(x1%y) O F(xpX%0)
2
+l[hl h,]| _, i 28X1 o
2 Ph(x1xy)  T(x1%0)
| 0x, 0, ox; |

f(x, +h,, x, +h,)=f(x,,x,)+h'grad f(x,,x,) +%hTH h

I

|
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Taylor Series of the System of the Functions of more Variables
Two functions of two variables (only the first order terms; the first derivations)

ot (x,,X;) +h ot (x,,X,)

f +h,,x, +h,)="1(x,, +h
(x4 1> X2 ) =1(xy,x,) 1 o, 2 o,
f,(x, +h,, x, +h,) =f,(x,,x,) +h, 8fz(xl’xz)mz oty (X1, X5)
0X, 0X,
In vectors: Jakobian
of,; (X;,X,) Of;(xy,X,)
fi(x; +hp,x, +hy) || H(Xx.%x5) 0X, 0X 5 h,
= +
fo(x,+h,x, +hy) | [f,(x.x,)| | FhL(XXy) 96(X,X,) || h,
BER2S X,

f(x+h)=f(x)+Jh

alternatively f(X+h)=f(x)+Dh
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Newton-Raphson methods
Equation system: f (x.,X,...x,) =0 f(x)=0
Taylor Series (first order terms only):
f; (xk+1 ): f; (xk )+ grad f; (xk )Ax
In matrix form (some matrix elements are vectors), it is:

£ Xk+1 _ £5 xk N : 1 . n AX»
5 : o) okt
| In X | | In X

1 Oxp | LN

S

S
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For f(xk*1) =0, then it is:

fy
f

2

()

in vectors: 0= f(xk) + DAX

~Ax=D"! f(xk)

k+1

where X

Rearranging gives the algorithm:

k _ _

8f1 X AXI

a),(n AXz
of, x© '

0X | AX |

—xK1AX and Ax=x"'—x

After rearranging;: 0=D_1f(xk) + D 'DAx

k




