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The Essence Of Science In 60 Seconds (Richard Feynman)



Model checking



Newcomb's experiment (1882)



μ

σ

xn

∼ U(−1000, 1000)

∼ U(0.1, 1000)

∼ N (μ, σ ) for n = 1, … , 66.2



p(μ, σ ∣ x )1:N
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= μ = 26.20949771717204 nanoseconds.μ̂
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Credible intervals

p(θ, x) θ x

1 − α [a, b]

P (a ≤ θ ≤ b ∣ x) = 1 − α.

1 − α



μ

[μ , μ ] = (23.71, 28.89).2.5% 97.5%

x



Posterior predictive checks

p(x ∣ x) = p(x ∣ θ)p(θ ∣ x)dθrep ∫ rep

xrep x

xrep

x



• 

• 

(μ , σ ) ∼ p(μ, σ ∣ x )(m) (m)
1:N

x ∼ N (μ , σ )n
rep(m) (m) 2(m) n = 1, … , N

m = 1, … , M





T (x) p(T (x )∣x)rep







P (T (x ) ≥ T (x) ∣ x) = P (T (x ) ≥ T (x) ∣ θ)p(θ ∣ x)dθ.rep ∫ rep

T

P (T (x ) ≥ T (x) ∣ θ)rep

θ



• 

• 

• 



Residual analysis

x1:N

x = f(θ) + σϵ ,n n

σ ϵ ∼ p(ϵ)n

r =n
σ

x − f(θ)n

n = 1, … , N θ ∼ p(θ ∣ x )1:N



p(r ∣ x )1:N

p(r ∣ x )rep

p(ϵ)



r = ,n
σ

x − μn

n = 1, … , 66 μ, σ ∼ p(μ, σ ∣ x )1:66









Model comparison



μ

σ

ν

ϵn

xn

∼ U(−1000, 1000)

∼ U(0.1, 1000)

∼ Gamma(2, 0.1)

∼ tν

= μ + σϵ for n = 1, … , 66.n



p(μ, σ, ν ∣ x )1:N



Bayes factors

M1 M2

p(M )1 p(M )2

x

p(M ∣ x)2

p(M ∣ x)1 =
p(x ∣ M )2

p(x ∣ M )1

p(M )2

p(M )1

BF1,2



• 

• 

• 

BF > 11,2 M1 M2

log BF ≈ 30t,Gaussian



p(x ∣ M ) = p(x ∣ θ, M )p(θ ∣ M )dθ,i ∫ i i



= arg max p(θ ∣ x, M)θ̂ θ

p(θ ∣ x, M) ≈ N (θ ∣ , Σ)θ̂

Σ − log p(θ ∣ x, M) θ̂



p(x ∣ M) =
p( ∣ x, M)θ̂

p(x ∣ , M)p( ∣ M)θ̂ θ̂

≈ p(x ∣ , M)p( ∣ M)(2π) ∣Σ∣θ̂ θ̂ d/2 1/2

(2π) ∣Σ∣d/2 1/2





log p(x ∣ M) ≈ −26
log p(x ∣ M) ≈ −45



Cross-validation

x1:N M



x1:N k N/k

k − 1
k



E [log p(x ∣x)]p (x )true
′

′

p (x )true
′ p(x ∣x)′

x

−48
−68






