
↪e

1 + 1
22 + 1

32 + 1
42 + 1

52 + . . . + 1
n2

1 − 1
22 + 1

32 − 1
42 + 1

52 + . . . + (−1)n−1 1
n2

1 − 1
1! + 1

2! − 1
3! + 1

4! + . . . + (−1)n 1
n!

1
1 · 2 · 3 + 1

2 · 3 · 4 + 1
3 · 4 · 5 + 1

4 · 5 · 6 + . . . + 1
n · (n + 1) · (n + 2)

1 + x + x2

2! + x3

3! + x4

4! + . . . + xn

n!

x − x3

3! + x5

5! − x7

7! + x9

9! − x11

11! + . . .

1 + x ln a + (x ln a)2

2! + (x ln a)3

3! + (x ln a)4

4! + . . . + (x ln a)n

n!

(x − 1)
x

+ 1
2

(x − 1)2

x2 + 1
3

(x − 1)3

x3 + . . . + 1
n

(x − 1)n

xn



⎧
⎨

⎩
x = (A + a) cos(φ) − λa cos( A+a

a φ)
y = (A + a) sin(φ) − λa sin( A+a

a φ)

A a λ φ

φ x y φ
x y

A = 1.0 a = 0.4
λ = 1.4

x(t)

y(t)

−1 2

−1

1

2

⎧
⎨

⎩
x = (A + a) cos(φ) − λa cos( A+a

a φ)
y = (A + a) sin(φ) − λa sin( A+a

a φ)

W (x) = a0 + a1x + a2x2 + . . . + an−1xn−1 + anxn

x n(n + 1)/2 n n
n

n

W (x) = a0 + x(a1 + x(a2 + . . . + x(an−1 + xan) . . .))

x
N (0, 1)

erf
FX(x) = P (X " x) = 1 − 1

2 erf
(

− x√
2

)

erf

erf(x) ≈ 1 − (a1t + a2t2 + a3t3 + a4t4 + a5t5)e−x2

= 1 − (((((a5t + a4)t) + a3)t + a2)t + a1)te−x2

t = 1
1 + p ∗ x

p ai



a1 = 0.25482 a2 = −0.28449
a3 = 1.42141 a4 = −1.45315
a5 = 1.06140 p = 0.32759

n
n + 1

z w t
⎧
⎨

⎩

dz
dt = (α − βw)z
dw
dt = (γz − δ)w

⎧
⎨

⎩
z = z + δt(α − βw)z
w = w + δt(γz − δ)w

α β γ δ

α

β

γ

δ

(z, w) t

α = 0.66 β = 1.0 γ = 0.8 δ = 1.0
w0 = 10.0 z0 = 10.0 δt = 0.0001



a1, b1, c1, a2, b2, c2
x, y

⎧
⎨

⎩
a1x + b1y = c1

a2x + b2y = c2

xi+1 = (axi + c) m

xi a c m

m = 233280 a = 9301 c = 49297 x ∈ [0...233279]

m = 714025 a = 4096 c = 150889 x ∈ [0...714024]

m

[0, 1) m

[0...1)

x
y [−1, 1]

r0 = 1.0

x0, a, c m



(r, φ)
r0 = 1.0

⎧
⎨

⎩
x = r cos φ

y = r sin φ

π

r = 1.0 π
4

x
y ∈ [−1, 1]

π
4 1

1

N
π π N

xN

N(0.0, 1.0)
x1, x2, x3, . . . , x12 ∈ [0.0, 1.0)

s = x1 + x2 + x3 + . . . + x12

xN = s−6
12

x1, x2 ∈ [0.0, 1.0)

⎧
⎨

⎩
n1 = r

√
−2 log x1 cos(2πx2)

n2 =
√

−2 log x1 sin(2πx2)

N (0, 1)



n1, n2
N (0, 1)

µ
σ σ µ

N (µ, σ) = σN (0, 1) + µ

x y z
v⃗ √

kBT
m m T

kB

2

v̄ = 1
N

N∑

i=1

√
vxi ∗ vxi + vyi ∗ vyi + vzi ∗ vzi

a, b, c

ax2 + bx + c = 0
∆ < 0

x y

f(x, y) = sin(x + y) x

x2 + 1

x −2 2 0.1
y −5 5

f(x) x0

f ′(x0) ∼ f(x0 + h) − f(x0 − h)
2h

x f(x) f ′(x)
sin(x) arctan(x)



#
##
###
####
#####

#
###

#####
#######

#########

#
####

#######
##########

#############

n
n−1

cos(x) x ∈ [0.0, 2.0]

• f(x) cos(x)
xL

1 = 0.0 xP
1 = 2.0

f(xL)×f(xP ) < 0

•
xN

i+1

x2 = 1.0 xL
1 = 0.0 xP

1 = 2.0
x

f(x)

cos x
y < 0

y > 0

y > 0

xL
1 xP

1xL
2

f(xN
i+1) × f(xP

i ) = 0 xN
i+1

f(xL
i ) × f(xN

i+1) < 0
xL

i

xl
i+1 xN

i+1 xP
i+1

f(xN
i+1) × f(xP

i ) < 0 xN
i+1 xL

i+1
xP

i xP
i+1

cos(1.0) × cos(2.0) < 0

xN
1

k 2 ! k !
√

n



f(x) = 0
f ′(x) x0

xi+1 = xi − f(xi)
f ′(xi)

x2/4 + sin(x) = 0 x0 = 1.6

ln x − e−3x = 0 x0 = 2



A a
φ

A(φ) = A(1.0 + 0.25 sin(φ))
a(φ) = a(1.0 + 0.5 · | sin(φ)|)

N

∈ (0...1]

ABCDEFGHIJKLMNOPQRSTUVWXYZ

DEFGHIJKLMNOPQRSTUVWXYZABC

(i + 3)

= 3 = 1



ABCDEFGHIJKLMNOPQRSTUVWXYZ

EKMFLGDQVZNTOWYHXUSPAIBRCJ

ABCDEFGHIJKLMNOPQRSTUVWXYZ

JEKMFLGDQVZNTOWYHXUSPAIBRC

ABCDEFGHIJKLMNOPQRSTUVWXYZ

CJEKMFLGDQVZNTOWYHXUSPAIBR

ABCDEFGHIJKLMNOPQRSTUVWXYZ

RCJEKMFLGDQVZNTOWYHXUSPAIB

k k k = 1

sin(x)

∫ b

a
f(x)dx = h

3 (y0 +4 ·y1 +2 ·y2 +4 ·y3 +2 ·y4 + . . .+2 ·yn−2 +4 ·yn−1 +yn)



yi = f(xi) x
xi = x0 + i ·h h

(x0, y0) (x1, y1)
(x2, y2)

n

sin(x) x ∈ [0.0, π]

x

f(x)

sin x

x1 = 0.5 x3 = 1.5
x2 = 1.0

y1

y2

⎧
⎨

⎩
z0 = 0

zn+1 = z2
n + c

T
600 × 600 T[k][l]

ckl = (−2 + k ∗
0.005, (−1.5 + l ∗ 0.005)̂i)

T[k][l] nmax = 100
n |zn| > 2

z = a + b̂i
z2 = (a2 − b2) + 2ab̂i

xp p PX

p
x0.5 x

(− inf, x] 1/2
x0.1 x0.2 . . .

§0.9



x0.2
N = 1 000

N ∗ 0.2 = 200

N × N

N


