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Exponential Family



Exponential Family

* Represents a broad class of distributions
* Includes Gaussian, exponential, gamma, chi-squared, beta, Dirichlet,
Bernoulli, binomial, multinomial, Poisson, geometric, ...

n: natural parameters

o) [ hx)exp {n"u)} ax =1

p(xln) = h(x)g(n) exp {n"u(x)}
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Maximum Likelihood Estimators and Sufficient Statistics

Q(ﬂ)/h(x) exp {‘nTu(x)} dx =1 Vg(n)/h(x) exp {nTu(x)} dx
+ 9(n) / h(x)exp {n'u(x)} u(x)dx =0

1
9(n)

—Vlng(n) = E[u(x)]

Vag(n) =g(n) / h(x) exp {'I)TLI(X)} u(x)dx = E[u(x)]

X =Ax1,...,Xn}

N N
p(X|n) = (H h’(xn)> g("?)N exp {UT Z u(xn)}

n=1

MLE: N - i N
1 Sufficient Statistic:
~Ving(nuy) = N Z u(x,) Z u(xn)

As N — oo, RHS — E[u(x)] by the law of large numbers.
Hence, nyr, = n as N — oo as desired.
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Exponential Family: a Gaussian random variable

. 1 1 .
ol 2y __ e (i — )2
plzlp, %) = DIV exp{ 92 (x —p) }
B 1 I o |
= B RSP T30 Tt T gt
"
p(x|n) = h(x)g(n) exp {n"u(x)} u(@)
h(x)
g9(n)
1 N
—Ving(nu) = N Z u(xn)
n=1
_Ologg(n) _ m _  p/o’ y
o 2n2  2-1/(20%)
_81(;;;9(77) — o2 4 2
2

Prof. Songhwai Oh Estimation Theory



