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• Hyperthermophile, 98 C !

• Anaerobic archaeon

• Isolated from Okinawa Trough

• Growth enhanced by Sulfur

• 32 min doubling time (growth rate)

González, J., Masuchi, Y., Robb, F. et al. Extremophiles 2, 123–130 (1998). https://doi.org/10.1007/s007920050051

Pyrococcus horikoshii

https://doi.org/10.1007/s007920050051
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In statistics, an expectation–maximization (EM) algorithm is an iterative method to find

(local) maximum likelihood or maximum a posteriori (MAP) estimates of parameters in

statistical models, where the model depends on unobserved latent variables.

The EM iteration alternates between performing an expectation (E) step, which creates a

function for the expectation of the log-likelihood evaluated using the current estimate for

the parameters, and a maximization (M) step, which computes parameters maximizing

the expected log-likelihood found on the E step. These parameter-estimates are then

used to determine the distribution of the latent variables in the next E step.

EM clustering of Old Faithful eruption data. 

The random initial model (which, due to the different scales of 

the axes, appears to be two very flat and wide elipses) is fit to 

the observed data. 

In the first iterations, the model changes substantially, but 

then converges to the two modes of the geyser. 

https://en.wikipedia.org/wiki/Expectation%E2%80%93maximization_algorithm
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the Baum–Welch algorithm is a special case of the expectation–maximization algorithm (EM) 

used to find the unknown parameters of a hidden Markov model (HMM). It makes use of the 

forward-backward algorithm to compute the statistics for the expectation step.

The forward-backward algorithm makes use of the principle of dynamic programming to

efficiently compute the values that are required to obtain the posterior marginal distributions in

two passes. The first pass goes forward in time while the second goes backward in time;

hence the name forward–backward algorithm.

https://en.wikipedia.org/wiki/Baum%E2%80%93Welch_algorithm


Homework 8 Overview

6

Baum-Welch Algorithm
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• 2-state HMM for detecting GC-rich regions in Pyrococcus horikoshii genome

• state 1: AT-rich, state 2: GC-rich

• starting parameters are given: initiation, transition, emission probabilities

• Use Baum-Welch training to find improved parameter estimates

• each iteration: compute log-likelihood of the sequence, new probabilities

• Run until parameter estimates converge

• stop when log-likelihood increase < 0.1

http://bozeman.mbt.washington.edu/compbio/mbt599/assignments/hw8.html

http://bozeman.mbt.washington.edu/compbio/mbt599/assignments/hw8.html
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http://bozeman.mbt.washington.edu/compbio/mbt599_2022/Lec13.pdf
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http://bozeman.mbt.washington.edu/compbio/mbt599_2022/Lec13.pdf
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http://bozeman.mbt.washington.edu/compbio/mbt599_2022/Lec15.pdf
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http://bozeman.mbt.washington.edu/compbio/mbt599_2022/Lec15.pdf
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Re-estimation of parameters
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See also: other slides/tutorials/videos

https://people.cs.umass.edu/~mccallum/courses/inlp2004a/lect10-hmm2.pdf
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See also: other slides/tutorials/videos

https://people.cs.umass.edu/~mccallum/courses/inlp2004a/lect10-hmm2.pdf
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Relevant (detailed!) slide decks from CX (2022 TA):

http://bozeman.genome.washington.edu/compbio/mbt599_2022/TA_discussion/class15.pdf

http://bozeman.genome.washington.edu/compbio/mbt599_2022/TA_discussion/class16.pdf

http://bozeman.genome.washington.edu/compbio/mbt599_2022/TA_discussion/class17.pdf

http://bozeman.genome.washington.edu/compbio/mbt599_2022/TA_discussion/class18.pdf

See also: 2022 GS540 Discussion Slides

http://bozeman.genome.washington.edu/compbio/mbt599_2022/TA_discussion/class15.pdf
http://bozeman.genome.washington.edu/compbio/mbt599_2022/TA_discussion/class16.pdf
http://bozeman.genome.washington.edu/compbio/mbt599_2022/TA_discussion/class17.pdf
http://bozeman.genome.washington.edu/compbio/mbt599_2022/TA_discussion/class18.pdf
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Underflow – Important!

Problem: numbers too small to be stored in a variable

Solutions:

• Scale weights to be close to 1 

• affects all paths by same constant factor, which can be multiplied back later

• Use log weights, so can add instead of multiplying

• Ex: Instead of 0.0001 * 0.0002, you can do: log(0.0001) + log(0.0002)

What about when you need to sum probabilities in logspace?

• See this blogpost for a solution or Tobias Mann

• https://gasstationwithoutpumps.wordpress.com/2014/05/06/sum-of-probabilities-in-log-prob-space/

https://gasstationwithoutpumps.wordpress.com/2014/05/06/sum-of-probabilities-in-log-prob-space/
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Underflow – Important!

Option 1: Rabiner HMM Scaling Option 2: Tobias Mann & logs
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Notes for debugging
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Homework 8 Questions ?



…
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