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Data



What is data?



• 

• 

f ω

x

f : Ω → X ,

Ω ω

X x



• 

• 

• 

ω ∈ {all humans} → x ∈ R+

ω ∈ {market states} → x ∈ R+

ω ∈ {light intensities} → x ∈ [0, 255]3



Ω p

x = f(ω) p

x ∼ p(x) = p(ω)δ(x − f(ω))dω,∫
ω∈Ω

δ



θ

f : Ω × Θ → X ,

Θ



Ω Θ p

x = f(ω, θ)
p

x ∼ p(x) = p(ω, θ)δ(x − f(ω, θ))dωdθ,∬
ω∈Ω,θ∈Θ



Data types

• 

• 



• 

• 

x ∈ R x ∈ R+

x ∈ Z



• 

• 

x ∈ C = {c , c , ..., c }1 2 n

x ∈ C c ≺ c ≺ ... ≺ c1 2 n



Patient ID: 10847        # Categorical, Nominal 

Age: 34                  # Numerical, Discrete  

Height: 175.2 cm         # Numerical, Continuous

Blood type: O+           # Categorical, Nominal

Pain level: 7/10         # Categorical, Ordinal

Temperature: 38.1°C      # Numerical, Continuous



Data structures

• 

• 

• 

• 

x



['F', 'l''o', 'w', 'e', 'r']



X n d

X = .

⎝⎜
⎜⎛

x11

x21

⋮
xn1

x12

x22

⋮
xn2

⋯
⋯
⋱
⋯

x1d

x2d

⋮
xnd

⎠⎟
⎟⎞

xij j i

X ∈ Rn×d



• 

• 

X ∈ Rd ×d ×⋯×d1 2 k

X ∈ [0, 255]h×w×c

X ∈ [0, 255]t×h×w×c



• 

• 

S = (x , x , ..., x )1 2 T

xt

S = (x , x , ..., x )1 2 T xt t

S = (w , w , ..., w )1 2 T wt t



• 

• 

G = (V , E)
V E

xv xuv



nb02a-tables.ipynb nb02b-jax.ipynb nb02c-data-

wrangling.ipynb



Data quality

• 

• 

• 



X ∈ Rfull
n×d M ∈ {0, 1}n×d

m = 1ij ij m = 0ij

X = X ⊙ Mfull ⊙



• 

• 

• 

p(m = 0∣X ) = p(m = 0)ij full ij

p(m = 0∣X ) = p(m = 0∣X)ij full ij



• 

• 

• 

n = 1000









20.1, 19.8, 20.3, 1000.0, 20.2, 19.9

19.2, 19.8, 20.3, 37.8, 20.2, 19.9



Exploratory data analysis





nb02d-eda.ipynb

―



Univariate analysis

• 

• 

• 

• 

j X ∈ Rn×d

x = (x , x , ..., x )j 1j 2j nj
T







Bivariate analysis

• 

• 

• 

• 

i j

X ∈ Rn×d xi xj











• 

• 

• 

ρ =ij
σ σxi xj

cov(x , x )i j



xi xj

I(x ; x ) = p(x , x ) log ,i j

xi

∑
xj

∑ i j
p(x )p(x )i j

p(x , x )i j

p(x , x )i j p(x )i p(x )j



Multivariate analysis

• 

• 

• 

X ∈ Rn×d







EDA within Box's loop

• 

• 

• 



• 

• 

• 




