MCS 471 Formula Sheet for MCS 471 - 2005 C. Tier

1. Secant: g1 = T — %ﬂxh), k=1,2,...

2. Newton: Tpy1 = xp — ]{,((”;")), k=0,1,...

or Ti1 = Tk — mf((T )), k=0,1,... for f(z) = (x — r)™h(z), h(r) # 0.

3. Fixed-Point Iteration: 11 = g(zx), k=0,1,...

n n 1/2
4. norms for x € R™: ||x[[y = Y |zi|  [|x[loe = max|z;|  [[x][2 = <Zx3>
i=1 =t i=1
5. norms for A € R™*™:
n m
m n
1Al = max " fai;|  [|Alloo = max D ||
j=1 “ i=1 4
=1 j=1
1/2
n m
1Al = (DD ai 1Al = max [|Ax]|
— [Ixl|=1
= j_

6. condition number cond(A) = ||A]|||[A7!]| for Ax=b, r =b — Ax:

||| 1 [Ix — x| Ll Ilx =] miz i
TERT! < < IAI[A™ 3 or <ANA 7z E=A—-A
[[bI[ [JAJ[[|A1] 1] |[bl| 1] 1Al
for A: AT = A, with Av) = \v® and [A\| > [Ao| > > [\
-1 -1 -1 A1
1Al = Al [AT 2 = 127 llAlRIAT 2 = | =
7. Newton for system: f1(x) =0, fa(x) =0, ..., fu(x) =0
3 3 3
il R f1(x)
Ofs  Ofz .. Of2 fo(x)
xFD = x®) L Ax, k=0,1,..., 8?1 6%2 _ aa_;" Ax = —
a.}‘n 8‘}"” . 8}” (
oz Bz, Oz, fn (X)
8. Eigenvalue problem: Find z # 0, Ax = Ax
9. L int lati f ts. i,i7':0,... lz = 7J, n = lz g
agrange interpolation for pts. (x;, f;), 4 n: 1;(x) Jl:[ P P (2) ; (x)f

(" —zj)pi.j—1 — (2" —@i)pit1. 4

10. Neville interpolation: p;. ; =

Xr; — .’ﬂj
11. Divided differences: example f[zg,x1,x2] = W

pn)(a:) :( f(zo) —I—)f[xo,xl](x—xo) + flzo, x1, 2] (x — x0) (@ — 1) + -+ - + flwo, 21, ... Tp](® — 2o) (. —

12. Interpolation error for p,(z): E(x) = f((::l))(,g) (x —xo)(x —x1) - (T — my).
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A central-difference approximation: f”(z;) = f(:”i*h)”fh(;”"Hf(mﬁh) +O(h?), h > 0.

Richardson extrapolation:

Af(x,h) =Af(z)/h improved = Af(z,h) + Afwh)=Af(.2h)

271
Of(x,h) =46f(x)/(2h) improved =0 f(x,h) + W
Tit1 . .

Trapezoidal rule: / f@)dx = %h,

. . h b—a
composite Trapezoidal rule: T'(h) = §(f0 +2fi+2fo+ - +2fn_1+ fn), h= —

Tita CLAf )
Simpson’s 1/3 rule: / f(z)dx = Jit fzgl t firo h,
T

. . , h b—a
composite Simpson’s 1/3 rule: S(h) = g(fo +4fi+2fa+--+4fn1+ fn), h= —
Romberg integration (trapezoidal example): improved = T'(h) + W,

1 n
Gaussian Quadrature (n-point): / f(z)dz =~ Z w; f(t;) where w; are the weights and ¢; are Gaus-
~1

i=1
sian points.

Euler’s method: yn41 = yn + hf(Tn,yn) to solve % = f(z,y(z))

modified Euler’s method: y,11 = yn + % (f(xmyn) + f(znt1, y;ZH)) s Ynir = Yn + hf(Tn,yn).

A fourth-order Runge-Kutta formula to solve % = f(z,y(x)):

1
Yntl = Yn + 5 (k1 + 2kg + 2k3 + k4)

ks = hf(.%‘" =+ %h, Yn + %kQ) ky = h’f(xn + hayn + k3)

Some Adams-Bashforth formulas to solve % = f(z,y(x)):
Yn+1 = Yn + ﬁh (_gfn—?) + 37fn—2 - 59fn—1 + 55fn)
Adams-Moulton Predictor-Corrector formula to solve % = f(z,y(x)):

y;",,+1 = Yn+ Qljh (=9fn—3+37fn2—59fn_1+55f)
Yn+1 = Yn + ;jh (fn72 - 5fn71 + 19fn + 9f7>1k+1)
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