Mathematical Statistics Il
STA2212H S LEC9101

Week 10

March2 26 2021

Start recording!

Daily Tests
Mar 7: 1,156,241
7-Day Avg: 1,403,332

NATIONWIDE COVID-19 METRICS. 7-DAY AVERAGE LINES Apr1, 2020 - Mar 7, 2021
Daily Cases Currently Hospitalized Daily Deaths.
Mar 7: 41,265 Mar 7: 40,212 Mar 7: 839
7-Day Avg: 57,762 7-Day Avg: 43,845 7-Day Avg: 1,722
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Source: The COVID Tracking Project

@ Single-day record (@

link


https://www.theatlantic.com/science/archive/2021/03/americas-coronavirus-catastrophe-began-with-data/618287/

Today Start Recording

9 — y
Calendar, HW, Final HW <— 1! w; “ V;iw[q?% [;L)

Stein’s paradox - baseball example
multivariate distributions (Ch 14 AoS, SM 6.3)
intro to graphical models (SM 6.3)

CEEE

* Mar 29 3.00 - 4.00 pm EDT
Data Science ARES
John Aston, University of Cambridge
“Functional Data in Constrained Spaces”
+ Professor of Statistics in Public Life;
formerly Chief Scientific Adviser
to the Home Office, UK Government.
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https://canssiontario.utoronto.ca/event/data_science_data_science_ares_john_aston/

Multivariate normal distribution AoS Ch1s; SM §6.3

* X ~ Ng(p, Q) with density

Flx; 1, 9) = ﬁmrm exp{—5 (X = W)= )} Single obs”

* X1, ..., Xp 11.d. N(p, Q); log-likelihood functon
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MLE for multivariate normal

SM Exercise 6.31
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Matrix-calculus
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https://www.math.uwaterloo.ca/~hwolkowi/matrixcookbook.pdf
https://project.hupili.net/tutorial/hu2012-matrix-calculus/hu2012matrix-calculus.pdf

Important properties of MV Normal AoS Thm 14.2; SM 3.2.3

marginal distribution of a component: }ﬁ ~ /du CIE(/ %ﬁkﬂa WJQ;)
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Important properties of MV Normal AoS Thm 14.2; SM 3.2.3

conditional distribution of a component: ( ) ~ N [ ( )(O“u 0Th ﬂ

(2
U AVENIN N(,u, B pd; e mf/%)f
L
% W@oj@ ¢ '(’5 \\/La/%/w%glnﬂ (f o x CCURA e a,/pbﬂé
9 = S') X * {’l‘e L N "
& ud ; (slope <4) e
conditional distribution of a subvector:
glv./: O Lég@ AJ
=

C Xa)[ Xey® ‘7/9) «/( ( (S w)

gm + \Q,QSLH/ L@-,,/f}j ) /i(fg - SL\L,_Q;; _Qz,>

Mathematical Statistics Il March 26 2021 5



% zownlo,T) Heo
K= pe AL M ()
) xvﬂzﬂlgg oo BB~ N (Ap AQ@
W&; (X -p) R o) ~ N f D

: E,%ﬂm
?ar”km@ CD((L mﬂ Vw@ Q-Y(
n\“ = (o( X %) ’
fr O Uty Vo))
= Jecs

((?{ q‘sy) " L

X\ X ~ MC[‘IS’ \g’g-gi;\s Cal-sﬁfk“s))

Y. ) /—r\\
LM) ( o — \Q§‘S — ngl—-g Q,S]-SQS,S >
S= @) 2 el - —

£
€
Sy =@r2) =] Waals % ‘
‘5 Saab\s:(o
wba{-—f wbb( =S - bj{,\b\ng’: o

Patlos = e Dals '?“”&“Qw:

—

e (_(/\) wa(’( Wopl-s S/L /(/l,@'»\ ﬂ/p_,b‘ls’

e ﬁzf QQMXD) covd L on Kesy e offer X'

sl
[ Po)s =@ X ﬂ—xb ‘ XC-S:&,H) (%ﬁfj)




Important properties of MV Normal AoS Thm 14.2; SM 3.2.3
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Example SM Ex 6.17

~|
Hen O hagareo wnoab
6 - Stochastic Models M

Table 6.7 Marks out of

Mechanics (C)  Vectors (C)  Algebra (O)  Analysis (O)  Statistics (O) 100 in five mathematics
examinations for the first
and last five of 88 students

-4)

§ %y LX) X

256

77 82 67 67 81 (Mardia et al., 1979,
63 78 80 70 81 pp. 3-4). Some of the
examinations were
s 5 I g5 e Cont ok (O
others were open-book
63 63 65 70 63 ).
: : : : : X p
15 38 39 28 17 H?rar (*\S/Vl ']’ruckujs
5 30 44 36 I8 7/
12 30 32 35 21
5 26 15 20 20 {, ( )
M AT
0 40 21 9 14 doto mokhmark s

Example 6.17 (Maths marks data) Table 6.7 gives marks out of 100 for the first

and last five students out of 88 who took five mathematics examinations. As we would
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Example SM Ex 6.19

(S (math mark g
pairs ( s 13)
6.3 - Multivariate Normal Data 257

Figure 6.8 Modified
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Example SM Ex 6.20

260 6 - Stochastic Models

Table 6.9 Summary
Mechanics ~ Vectors ~ Algebra  Analysis  Statistics statistics for maths marks
data. The sample
correlations between
variables are below the

Mechanics 17.5/13.8 0.33 0.23 —0.00

Vectors : 0.08 0.02 diagonal, and the sample
partial correlations are
ﬁliibn.l 10.6/6.1 14 g—\———V/T?) 1 832 above the diagonal. The
" ‘yfls : . — = diagonal contains sample
Statistics 0.39 0/44 0.61 17.3/12.5 standard deviation/ sample
partial standard deviation.
Average 39.0 0.6 50.6 46.7 423
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Example SM Ex 6.21

Example 6.21 (Maths marks data) The above-diagonal part of Table 6.9 suggests
a graphical model in which the upper right 2 x 2 corner of A is set equal to zero.
The likelihood ratio statistic for comparison of this model with the full model is
0.90, which is not large relative to the x7 distribution. This suggests strongly that the
simpler model fits as well as the full one, an impression confirmed by comparing the

original and fitted partial corre]ati%s, N4 UL e
0.33 0.23 % 0.03 33 0.24 0.00 0.00
0.28 0.08 0.02 .33 0.00, 0.00
0.43 0.36 0.45 0.37
0.25 0.26

Figure 6.10 shows the graphs for these two models. In the full model every variable
is joined to every other, and there is no simple interpretation. The reduced model has
a butterfly-like graph whose interpretion is that given the result for algebra, results
for mechanics and vectors are independent of those for analysis and statistics. Thus a
result for mechanics can be predicted from those for algebra and vectors alone, while
prediction for algebra requires all four other results. [ ]
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Example SM Ex 6.21

264 6 - Stochastic Models

Figure 6.10  Graphs for
the full model (left) and a
reduced model (right) for
Statistics the maths marks data. The
interpretation of the
reduced model is that
given the result for
algebra, results for vectors
and mechanics are
independent of those for
analysis and statistics.
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Multinomial distribution A0S §14.4; EH §5.34
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