Mathematical Statistics Il
STA2212H S LEC9101

Week 11 March
312021 Start

recording!

L STUDY DESIGN

% P RERLLY
_FANCY STATISTICS

link


https://twitter.com/ecologyofgavin/status/1376220172533465089

Today Start Recording

1. HW 10 (current) not due until Monday April 5
HW 11 posted April 2 due April 9
Take-home posted April 9 due April 19 April 7 if I can
No class Friday April 2; no office hour Monday April 5

2. Course evaluations available until April 12
Bayesian methods for text classification; discriminant analysis
4. Intro to graphical models and causality
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Multinomial distribution A0S §14.4; SM Ex.2.36

X; = number of obs in category j
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Multinomial distribution A0S §14.4; SM Ex.2.36

(see Ch (5 ¢ Aug
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multivariate and multinomial distributions used to study the joint distribution

analogous to unsupervised learning &— WO” /\ﬂ—é@k%&u L Mmﬁug

AoS §15.1,2: 2 binary variables; 2 discrete variables

multinomial

A0S §14.2: pairs ofy&mal variables

AoS §15.4 one discrete, one continuome 3’7 (?é ) J"“ {-7/ (?9 )
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AoS Ch.s Inference about independence T C
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supervised vs unsupervised mn [L- % s continuous
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Models for dependent data SM Ch. 6

« Markov chains SM §6.1
« continuous time Markov models finite state space S SM §6.2
« Markov random fields; directed acyclic graphs SM §6.2
. Multivariate normal SM §6.3
. Time series SM 6.4
« Point processes SM §6.5
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Markov random fields

Pr(Xj+1 = Xjt1 | Ays = >

2
- setofsites 7 = {1,...,n} ¢~ (Xj==, ‘X-J’—J"—_J) = Ta(X5=x ‘Xﬂ,f:%
* neighbourhood system V' = {\,j € J} -

* XX, a random sequence
« Markov property: ¢ X = X;=
C )= P"(Xjﬂ:(xr \i' )

Figure 6.4 Markov
random fields. Left:
neighbourhood structure
for first-order Markov
chai its cliques and

their subsets. Right:
first-order neighbourhood @—@—@— .
structure, cliques and their

subsets for rectangular
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Directed acyclic graphs SM §6.2.2

+ can be convenient for studying relationships between variables — quS«LC I
« through a probability distribution on the graph

. . = 1 1 1 i JL
+ that is specified by a factorization of the joint density PM ;I%L;

ding S @ 2;23

Figure 6.6_“Directed
acyclic and moral graphs.

Left: directed acyclic
graph representing (6.17).

Right: moral graph, C(7c1,0.f
formed by moralizing the
Ys direc?tetg acycli.c g,raph, CJ/ LM 5)
U that is, ‘marrying’ parents
and dropping arrowheads. Cco “(ﬁ (Z
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DAGs and Markov random fields SM §6.2.2

Figure 6.6 Directed
acyclic and moral graphs.
Left: directed acyclic
graph representing (6.17).
Right: moral graph,
formed by moralizing the
directed acyclic graph,
that is, ‘marrying’ parents
and dropping arrowheads.

31/2 and p.250
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Figure 6.7 Directed
acyclic graph representing
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presentation of six
WC@ possible diseases that
would lead to a ‘blue’

2: Disease?

S
3: Age at baby (Spiegelhalter e al.,
gl presentation? 1993). LVH means left
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] 5: Duct 6: Cardiac 7: Lung 8: Lung s J "
4:LVH? flow? mixing? parenchema? flow? 9: Sick?
- o~ L —_— —_— —
Z - >y <
e k= Y,
D 0: Hypoxia 11: Hypoxia ) 13: Chest ' )
distribution? in 02? 12: CO2? X-ray? 14: Grunting? \,&
- . ()
15: LVH 16: Lower 7: Right up. 18: CO2 19: X-ray 20: Grunting ‘JLE (- J
report? body 02? quad. 02? report? report? report?
—




Graphical Gaussian models

264 6 - Stochastic Models

Figure 6.10  Graphs for
the full model (left) and a
reduced model (right) for
Vectors the maths marks data. The
interpretation of the
reduced model is that
given the result for
algebra, results for vectors
Algebra and mechanics are
independent of those for

/ \ analysis and statistics.
Analysis Analysis Mechanics
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DAGs and Causality AoS Chay

* Fig 17.2, Example 17.4

 Fig17.3
( v
verweight smoking
2 W

heart disease cough

FIGURE 17.2. DAG for Example 17.4.
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DAGs and Causality AoS Chay

overweight smoking

heart disease cough

FIGURE 17.2. DAG for Example 17.4.

17.4 Example. Figure 17.2 shows a DAG with four variables. The probability
function for this example factors as

f(overweight, smoking, heart disease, cough)

= f(overweight) x f(smoking)

x  f(heart disease|overweight, smoking)

x  f(cough|smoking). m
17.5 Example. For the DAG in Figure 17.3, P € M(G) if and only if its A S ( 7€)
probability function f has the form Q /\'I a.l
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