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Transformation of Multiple Random Variables

Probability Distribution
one function transformation

Definition
The probability distribution of Y = g(X 1, ...,XN)

FY (y) = P{Y ≤ y}= P{g(X1, ...,XN)≤ y}

this probability is associated with all points in the (x1, ...,xN)
hyperspace that map such that g(X1, ...,XN)≤ y for any y
integrate all such points according to

FY (y) = P{g(X 1, ...,XN)≤ y}

=
∫
· · ·
∫

g(X1,...,XN )≤y

fX1,··· ,XN
(x1, · · · ,xN)dx1 · · ·dxN
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Transformation of Multiple Random Variables

Probability Density
one function transformation

Definition
The probability density of Y = g(X 1, ...,XN)

fY (y) =
dFY (y)

dy

=
d

dy

∫
· · ·
∫

g(X1,...,XN )≤y

fX1,··· ,XN
(x1, · · · ,xN)dx1 · · ·dxN
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Transformation of Multiple Random Variables

Multiple Function Transformation(1)
multiple function transformation

Definition

Yi = Ti (X1, ...,XN)

Xj = T−1j (Y 1, · · · ,Y N)

∫
· · ·
∫

RX

fX1,··· ,XN
(x1, · · · ,xN)dx1 · · ·dxN

=
∫
· · ·
∫

RY

fY1,··· ,YN
(y1, · · · ,yN)dy1 · · ·dyN
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Transformation of Multiple Random Variables

Multiple Function Transformation(2)
multiple function transformation

Definition

J =

∣∣∣∣∣∣∣∣
∂T−1

1
∂Y1

· · · ∂T−1
1

∂Y N
...

. . .
...

∂T−1
N

∂Y 1
· · · ∂T−1

N
∂Y N

∣∣∣∣∣∣∣∣∫
· · ·
∫

RX

fX1,··· ,XN
(x1, · · · ,xN)dx1 · · ·dxN

=
∫
· · ·
∫

RY

fX1,··· ,XN
(x1 = T−11 , · · · ,xN = T−1N )dy1 · · ·dyN

fY1,··· ,YN
(y1, · · · ,yN) = fX1,··· ,XN

(x1 = T−11 , · · · ,xN = T−1N )|J|
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