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1.1 Representation
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1.3 Stability

en=(In)y = (In)p = ((In-1) 4 — (In-1)p) = a1 = "1

2 Polynomial interp

2.1 Vandermonde matrix
(1 x x? x")c=y det(V) = H(Jcl — ;)
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2.2 Lagrange basis
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2.3 Hermite
pi(x)=a;+b; (x —x;) + ¢ (x— wi)2 +d; (z— wi)?’
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e Natural: S”(x1) =0, S"(x,) =0
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e Clamped: S'(z1) = s7, S'(xy) = s
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2.5 Arc-length parameterization

tip1 =1; + \/(%‘H - xi)z + (Yir1 — yz‘)z

3 Time stepping

3.1 Taylor series
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3.2 Schemes
e Forward Euler: O(h?)

Yn+1 = Yn + hf(tnvyn)
Backward/implicit Buler: O(h?)

Yn+1l = Yn + hf(thrl, yn+1)
Trapezoidal: O(h®)

h
Yn+1 = Yn + b (f(tmyn) + f(tn+17yn+1))

Modified Euler: O(h?)
y:+1 =Yy + hf(tnvyn)

h X
Yn+1 = Yn + 5 (f(tn,yn) + f(tn+17yn+1))

e RK2: O(h?)
kl = hf(tnayn)
ko = hf(tn +h,yn + k1)
_ ki ko
Yn+1 —yn+ 2 + 2
o RK4: O(h5)
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e BDF2: O(h3)
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3.3 Truncation error
LTE = En+1 = y(tn-‘rl) — Yn+1
3.4 Stability
Use

y'(t) = =My (t); y(0) = o
For most explicit schemes:
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3.5 Adaptive time stepping

€=~ |y:1+1 - y7z+1|

4 Fourier transforms

4.1 Identities
27
/ cosktsink't dt =0, Vk, k'
0
2m
/ cosktcosk't dt =0, k # k'
0
2w
/ sinktsink't dt =0, k # k'
0

27 27
/ sinkt dt =0 / coskt dt =0
0 0

4.2 Roots of unity

W =en~
> wikWw I = Ny,
j=0
py = (k=1
4.3 DFT
N—-1
fo =Y FxW™ =
k=0
1 = 1
_ —nk __ EVas
Fo=+ S W = NMTF
k=0
ij EVa 1
Mij=W9  MTM = I
4.4 FFT
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5 Linear algebra

5.1 FLOPS

e LU factor: % + O(n?)
e Forward+backward solve: 2n? + O(n)
e Matrix multiply: 2n® +n? (n® multiplys)

5.2 Norms

1/p
S 4] = max 1421
Iz, = (D |l EEIE
=1
- Al = maXZ|aw|
2y = ||
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(n )1/2 ||A||w=m3XZ\aijl
e

Iz, = 2%2
= | All, = mas [\ [M T 2]
]|, = max ] 2o
2] = 0 é o [AB| < [|All + || B]|
a - [AB|| < [ A]l[|B]
5.3 Conditioning
Alx +Az) =b+ Ab k(A) = ||A] ||A ol
Az = A"'Ab K(A) >
Az|| < [|A7Y] A r(ad) = (A>
Az AA
18z _ 4y 124 AL 24l
=+ Azl IA] | + Azl (Al
6 PageRank
6.1 PageRank matrix
1
Py =———(Gi; =1)
deg(j)

d; = (deg(i) = 0)
P=pP+ %edT

1
M=aP +(1- oa)ﬁeeT

M| =1 |Ao| ~ o|" = a™ = tol

6.2 PageRank sparse

Mp:a(Pp—&—e((i—rI;)))—i—(l—a);
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