CS340 Machine learning

Final review



Covered in midterm review

e | — Basics:
— Statistics (MLE, posteriors, Bayes factors, model
selection, etc)
— Info theory

— Decision theory



* |I- Models
— Generative vs discriminative
— Nalve Bayes
— MVN
— Markov chains
— DGMs, including expert systems
— UGMSs, including Ising models

|l — Algorithms
— Gibbs sampling



Unconditional density models
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Eg x ~ bernoulli, theta ~ beta
X ~ multinomial, theta ~ dir
X ~ multinomial, theta ~ mixture of dir
X ~ gaussian, theta = (mu, lambda) ~ NormalGamma
X ~ MVN, theta = (mu, Lambda) ~ NormalWishart



Generative vs discriminative models

Generative y->X Discriminative x->y
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p(x,y|m, 0) = p(ylm)p(x|y, 6) p(ylx, w)

P(x]y) = class conditional density
Eg fully factored (naive Bayes)
Markov chain
full covariance Gaussian
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(\/V . P(xj|Y=c) = bernoulli, gaussian, ...
¢ Compute p(theta_j |D)
/ \ Handle missing data
L N Log sum exp trick
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p(Y =c|z,0,7) x exp |logm. + Z I(z; =1)logf;. + I(x; = 0)log(1l — ;)
¢ = [1,I(xy=1),I(x1 =0),...,1(xg=1),I(xg = 0)]
B. = [logme,logOic,log(l—01c),...,logbl4,log(1 — b4.)]
T, ./
p(Y =clz,B) = eXp[ﬁC z'] Becomes sigmoid in 2-class case

> o exp[Bla’]



Multivariate normal
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DN =
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Gaussian classifiers

Tied Sigma, many classes

e €XP [—%(X — pe) T8 (x — Hc)]

e mer exp [ 5 (% = per) TESN (% = per)]
exp [ S~ e — gpd ¥ e + log 7|

D er €XP [MSE_lx — %MSE_lud + log 7rc/]
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p(Y =clx) =

All boundaries ara linear
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Theory
Language Models:

Empirical Bayes on rows of T
leads to backoff smoothing - @ @
R/
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PageRank
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Directed Graphical models

Bayes Ball Moralization, ancestral graphs
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C
\ f£!8e) P /Gric=0) P ()¢,
2-®v :lii"‘: [T | OTd
\ @/ g ) Ll T mm
O o 0o I 1313 1Z7=2] A1
e I Sl prEy EE] o
ps=1w=1,r=1)= L= LEZD g

p(W=1,R=1)



Expert systems

Pedigree trees
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disease

sex=F WBC count ab;omen

- pain_
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Undirected graphical models

State estimation

Assignment | Unnormaelized | Normalized
al |G | cv | av 300000 0.04
al [0 | o0 | d1 200000 0.04
al | B9 [t | d7 300000 0.04
al | B9 | ! | dt 30 4.1-10°%
al | Bl |0 | 7 500 6.9-10°
Pl I e R 500 6.9-10°
a | B[t | 5000000 0.69
1] 1 1 1 = - -5
a’ | B et | d A0 G.0-10
al | B9 | 0 -d? 100 1.4.103
al | B9 [0 | d1 1000000 0.14
1 1] 1 1 —5
al [0 |cl | d 100 1.4/10
al | B9 |l | dl 100 1.4-1073
al | B0 | d° 10 1/4-10~%8
al (B ]cP|dl 100000 0.014
al | B[ el | d7 100000 0.014
al [ B el | dl LMK 0.014




Ising models

p(X, Z) — p(Z)p(X‘Z) — |7 H ¢zg 2% Zy {HP(%!Z@)}

<zj>




Gibbs sampling

Monte Carlo integration

Loz ~p(zi|as,...,25)
2. 25Tt ~ p(xo|zith 23, ..., 23%)
3. x;t Np(xi‘xi:—!;il’xf—i—lzD)

(
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Markov blanket

Full conditional

p(XilX_i) x p(X;|Pa(X;))  []  »p(Y;|Pa(Y;)
Y, ech(X,)




