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Characterizing the joint distribution of multiple random variables
• The joint cdf of X1, . . . , Xn: FX1,...,Xn

(x1, . . . , xn) = Pr(X1 ≤ x1, . . . , Xn ≤ xn), (x1, . . . , xn) ∈ Rn

• Discrete X1, . . . , Xn

– Joint pmf pX1,...,Xn(x1, . . . , xn) = Pr(X1 = x1, . . . , Xn = xn), (x1, . . . , xn) ∈ Rn

– supp(X1, . . . , Xn) = {(x1, . . . , xp) ∈ Rn : pX1,...,Xn
(x1, . . . , xn) > 0}

– Marginal pmf of Xi:

pXi
(xi) =

∑
x1,...,xi−1,xi+1,...,xn

pX1,...,Xn
(x1, . . . , xn)

• Continuous X1, . . . , Xn

– Joint pdf fX1,...,Xn
(x1, . . . , xn) = (∂n/∂x1 · · · ∂xn)FX1,...,Xn

(x1, . . . , xn), (x1, . . . , xn) ∈ Rn

– supp(X1, . . . , Xn) = {(x1, . . . , xn) ∈ Rn : fX1,...,Xn
(x1, . . . , xn) > 0}

– Marginal pdf of X1:

fXi(xi) =
∫
Rn−1

fX(x)dx1 · · · dxi−1dxi+1 · · · dxn

(Mutual) independence
• RVs X1, . . . , Xn are (mutually) independent ⇔

FX1,...,Xn
(x1, . . . , xn) =

n∏
i=1

FXi
(xi)

– Joint pmf pX1,...,Xn(x1, . . . , xn) =
∏n

i=1 pXi(xi) (for discrete X1, . . . , Xn)
– Joint pdf fX1,...,Xn

(x1, . . . , xn) =
∏n

i=1 fXi
(xi) (for continuous X1, . . . , Xn)

• (Optional) The mgf of Xi exists for all i, say MXi
(ti). Then X1, . . . , Xn are (mutually) independent ⇒

MX1,...,Xn
(t1, . . . , tn) =

∏n
i=1 MXi

(ti)
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