Euclidean Distance

The Euclidean distance of a point & = (z1,72)" € R? from p = (1, 12) " € R%:

d=+v/(x —p)T(x— p) (Square root of the inner product)

=/ (21 — 1) + (29 — p19)? (Length of the line segment)



Geometry of Euclidean Distance d = /22 + z2

Contour (u = 0) Cone (p =0)




Mahalanobis Distance

The Mahalanobis distance of a point & = (21, z3,...,7,)" € R"froma
multivariate Gaussian distribution A/ (p, X):

d=y/(@ - =@ - p)

with mean vector i € R™ and covariance matrix 3 € R"*".
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The dataset is available at https://arxiv.org/abs/2605.16361
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Compute Mean & Covariance

(Desktop)

_ 2.5 x 104
Mean vector: B = (Mobile)

1.6 x 10*

8 8
Covariance matrix: X = [4'6 x 10° 3.2 x 10 }

3.2 x 108 2.7 x 10%



Covariance Matrix X € R2*?2

Eigenvalue decomposition:
> = )\1’11,1’1,1,1T + A2u2u;
with eigenvalues:

A = 6.98 x 108
Ay = 0.28 x 108

and eigenvectors:

[0 _ [-06
1= 106 27|08



Covariance Matrix X € R2*?2

Eigenvalue decomposition:

3 = )\1’1,[,1’1,[,1T -+ )\QUQ'U;; L e E
. . 3S = np.array ([[4.57602874e+08,
with eigenvalues: 3.21703384e+08], [3.21703384e
+08, 2.68455504e+0811])
A = 6.98 x 108

eig_val, eig_vec = np.linalg.eig(S)
Ao = 0.28 x 10°

, eig_vall[0])
, eig_vall[1])
, eig_vec[:, 01)
, eig_vecl[:, 11)

and eigenvectors:

[0 _ [-06
1= 106 27|08
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Contours of squared Mahalanobis distance are ellipses.
& =(x —p) 7z —p)

=(z—p)" (Muwu] + )\ngu;)_l (x — p)



Contours of squared Mahalanobis distance are ellipses.
& =(x —p) 7z —p)
=(z—p)" (Muwu] + )\ngu;)_l (x — p)

1 1
=(x — M)T (>\—1U1U1T + A—Quzul) (x—p)=c



Contours of squared Mahalanobis distance are ellipses.
& =(x —p) 7z —p)
=(z—p)" (Muwu] + )\gugu;)_l (x — p)

1 1
=(x—p)’ (A—luluf + )\—QWUQT) (x—p)=c

(uj (@ = p)?  (wp(@=p)? _ o

~ N N

(ellipse)

with eigenvalues A\, A\, and eigenvectors uq, us.
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Geometry of Mahalanobis Distance

(Elliptical cone)
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Geometry of Mahalanobis Distance

Contour Elliptical cone
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Mahalanobis distance d = 2.98
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Outlier Detection

Mahalanobis distance d = 1.78
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Mahalanobis distance
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Machine_learning 88,260 56,966 2.982756
Algorithm 38,905 36,203 1.776715
Computer_science 47,723 40,321 1.700476
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Reinforcement_learning 30,393 9,841 1.493654
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Deep_learning 36,741 15,321 1.422524
Statistical_classification 3,947 1,403 1.001899
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Thanks for your attention!

About me:
A Homepage: https://xinychen.github.io
¥ How to reach me: chenxy3460gmail .com
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