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Ch. 14 Probabilistic Reasoning Over Time

DYNAMIC MODELS
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Dynamic Model: An Example from Biology

pre-mRNA
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Hidden Markov Model (HMM)

A=0.25 A=0.05 =0.4
[Source: Wikipedia] g 2 832 8 z 8.95 z 8}
T=0.25 T=0 =0.4

5’ Splice-site recognition problem

Start: OEnd
To identify transitions from exon to 1.0
intron
Tov hidd Mark del: Sequence: CTTCATGTGAAAGCAGACGTAAGTCA
Oy hidaen lviar 9vm° el N statepath. EEEEEEEEEEEEEEEEEES I I 1 | 1 || logP
* Exons have a uniform base composition L Y] ] —41.22
on average (25% each base) ; =0 | 1 —43.90
 Introns are A/T rich (say, 40% each for Parsing: I =) - : :23-32
A/T, 10% each for C/G) : O — ] —42.58
e 5'SS consensus nucleotide is almost : 46% . B il
o) o)
always a G (say, 95% G and 5% A) SO ) 28%
decoding: . -____”f i o

orof | Sean R. Eddy, “What is the hidden Markov model?’ Nature Biotechnology, 22, pp.1315-1316, 2004. 3




Notations

e X,, state variables at time ¢

e E;, evidence variables at time ¢

e e;, actual observations at time ¢, i.e., a realization of E;.
e State evolution: Xy, X1, Xo,...

e Observation sequence: Eq, Eo, ...

® X—CL:b = {X-CL) Xa—|—1; sty Xb_lj Xb}

Bayesian Network
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Transition Model

e Transition model: specifies the probability distribution over the latest state
variables, given the previous values, i.e., P(X:|Xp:t—1)-

e Markov assumption: the current state depends on only a finite fixed number
of previous states.

e First-order Markov chain: the current state depends only on the previous
state and not on any earlier states, i.e.,

P(X|Xo:t-1) = P(Xe|Xi-1)

e Stationary process: the probability distribution does not change when shifted
over time, i.e., P(X:|X:_1) is the same for all t.

First-order Markov chain %’%@’H&}@’;M’@_’

Second-order Markov chain ’@f—"j_\:Ct /{ in\k H/ ’@[Q -
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Sensor Model

e Sensor Markov assumption: The evidence E; depends only on the current

state, 1.e.,
P(E{|Xo:t, E1:-1) = P(E¢|Xy).

e Observation model or sensor model is P(E:|X4).

R, , | P(Rp
t 0.7
f 03
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Joint Distribution

P(Xo., Ert) = P(Xo) ] P(X: | Xi1) P(E; | X,)

Initial state model

transition model sensor model
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