


- Exponential Family
Once we choose global structure and local structure of the network .
we define a family of all distributions that can be attained by
different parameters for this specific choice of OPDS

let X be a set of variables . An exponential family P over

is specified by 4 components
A sufficient statistics function TH from assignments to X to Rt sufficient statistics function
A parameter space that is a convex see ⑦ ERM if legal parameters parameter space
A natural parameter function TH ti Iti '→ A legal parameter

An auxiliary measure A over

each parameter 0 C- ② specifies a distribution Po in this family as

Pok) = zig AKI exp[Lt 1. TED ]
2-101=-3 AK) ekpftlol.TK) >] the partition function, must be finite

The parametric family P is defined as

P = { P. I 00-03

The exponential family is a concise representation of a class of probability distribution that

share a similar function form .

A member of this family is specified by a parameter term 00-0

The sufficient statistic function To summarizes the aspects of an instance that one relevant for assigning it
a probability

the function t.tl maps the parameters to space of the sufficient statistics
A assigns additional preferences among instances that do not depend on the parameter (His constant in most cases)

g. Bernoulli
fix
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g- Gaussian

pm = -1m£ exp [-2%-1]
THI -- tea . 04=11%1 Zlu. A- Two exp(Ea)



- Linear Exponential Family

( parameters have the same dimension as data 's tepksenthtiim THI )
0 is called the natural parameters for thegiven sufficient statistic function

p.IN = zios-expko.TW}

legume that each 0 o_0 goes a legal distribution
define the set of allowable natural parameters , the parameter space , to be

D= {0£ IN : fexpko.TW/dx < co }
( every choice of 0 leads to a valid distribution f- ✗ is discrete 1

An exponential family over the natural parameter parameter space ,

and for which the

natural parameter space is open and convex , is called a linear exponential family
(we need to define only the function 171 to specify such a family )

g. Bernoulli
in the previous example .

-49=[4%-01] is not a convex see

let TN = 14=13 to = h¥o

exp / <to . THI >
I
= exp [ In ¥o

. 28×-43 ]

exp-LL-lou.TN >7- ¥0 } zig = to +1 = ¥
exp -11-1101 . -110) ) ] = I

Pon = (1-0) expflnf-o.tl K-1 } ]

Poly = 0 Palo) = to

g. Multinomial
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Pow = exp [4101,17×17] zlo) = I explain >
71×1>1 = Off + ¥. t.ro?--l--tfY- + I = on

Polk = :) = {E-
. Ok = 0:

Ok - I = Ok

-1101 is not a convex see



' Factored Exponential Family
the log - linear model is

Plk ix. .
. xn ) ✗ exp {¥5 of:( Dil }

it's a linear exponential family to :( On ,

- - OK) THI -- LfHI , - , f-KIND

By choosing appropriate features . we can devise a log - linear model to represent a given discrete Markov network structure

discrete Markov networks are them exponential families

• Factored Exponential Family : Produce Distribution

An funnormalized) exponential factor families 20 is defined by AT, t.lt and 0

A farm in this family is

0/01×1 = AIN exp{410%71×17}

let E. .

- - r

.
Ek be exponential families .

the family composition of ☒ , -
- Er is the family

③ ,
× -
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X Or ✗ -
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Poth • T.IO/o.lH--l-HA:M)exp(FLt:l0:) . F. xD}
where Boi is a factor in family Zi

the
composition of exponential factors is an exponential family

THI = THI ° Talk) -
- ' 0%1×1 tag = t.la ) . t.la)
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' Factored Exponential Family : Bayesian Network

if we have a set of CPDS from an exponential family . then their product is also in the exponential family
Po

.
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exp{ L t.to:1 .
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A Bayesian network with exponential CPDS defines an exponential family

of table - OPD PIHU )

Talk4)=L L{X=x . U=u } : Kerala) , utvallu ) )

txlulbt =L h PIMM : HE raw
.
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PAID = exp { Ltxiuloj , Twila >}

can use similar representation to capture any
table CPD / free CPD



g. linear Gaussian
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A Bayesian network that is the product of exponential CPD, defines an exponential family
we cannot construct a Bayesian network from a product of unarmoured exponential factors

g. A CPD PLAN with both A and B binary ¥0: $
An Bernoulli a
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T*s(A.B) = [ L{A-a'3 . 1{B=biA=a '}
.
L{B=b

'

-Aoi} PCB /A=aD PIBI A-a)

exp{<torsos , Kola:b'D = 1 Pla:b) = -2*1%1 ' zp.la#exp83--Oblai.Oai
exp { < timid . Kola

:b't] = %Y!÷ ixa.by = oa.
.

. %!÷. = bbyao.ba .

exp{<talk Tmlai.by } = w Pca:b') =z-rioay-zp.la#eipG3--OaoOb4ci.0oai---bb.1ai-OaiexpKtooslo) . Toda
'

.by } -- %µ%!÷, Pla:b't Oao O⑧ - %ae.%fF-oi-oai-bb.la'

to have an exponential representation of a Bayesian network , need to ensure that each OPD is locally normalized
can have an extra 1 in 71×1 and tyzlo, in -401
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Though a Bayesian network with suitable CPDS defines an exponential family .
This family is not generally a linear one .

Any Bayesian rework that contain immoralities does not induce a linear exponential family


