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% saying global warming is a very serious problem

Democrats & Republicans Poles Apart On Global Warming
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Markov Chalin

He was too young to have been blighted
by the cold world’s corrupt finesse;

his soul still blossomed out, and lighted
at a friend’s word, a girl's caress.

In heart's affairs, a sweet beginner,

he fed on hope's deceptive dinner;

the world'’s éclat, its thunder-roll,

still captivated his young soul.

He sweetened up with fancy's icing

the uncertainties within his heart;

for him, the objective on life’s chart
was still mysterious and enticing—
something to rack his brains about,
suspecting wonders would come out.

1|H|Y|T o e T S — —
cinjeB 20,000 letters from Eugene Onegin probability

15 o |

gyad v| 7.788 |
vEbg C
d (141,365

[1:4 6,423

(-4 6,42

cc :
20,000 random independent letters

w

ve |

oV .

cc

http://html.rhhz.net/kjdb/20180812.htm

First order
Theg sheso pa lyiklg ut. cout Scrpauscricre cobaives wingervet Ners, whe ilened te o
wn taulie wom uld atimorerteansouroocono weveiknt hef ia ngry’sif farll t mmat and,
tr iscond frnid riliofr th Gureckpeag

Third order
At oness, and no fall makestic to us, infessed Russion-bently our then a man thous al-
ways, and toops in he roguestill shoed to dispric! Is Olga’s up. Italked fore declaimsel
the Juan’s conven night toget nothem,

Fifth order
Meanwhile with jealousy bench, and so it was his time. But she trick. Let message
we visits at dared here bored my sweet, who sets no inclination, and Homer, so prose,
weight, nmy goods and envy and kin.

Seventh order
My sorrow her breast, over the dumb torment of her veil, with our poor head is stoop-
ing. But now Aurora’s crimson finger, your christening glow. Farewell. Evgeny loved
one, honoured fate by calmly, not yet seeking?



Markov Chalin

Past, Present and Future

o probability matrix, P probability of rain in two days if it's cloudy today
weather tomorrow Q

© © ©

0.6
2
(Po3) = (P X Py )+ (Py X Py ) + (B 3% Py 5)

weather today

0 1

(Pys)= (0.2 % 0.1) + (0.3 x 0.5) + (0.5 x 0.5) = 0.42

powers of the probability matrix
P p? p? [

ps
Qe- O Qo0 000 O

0.300 0.100 0.280 0.260  0.436 0.248 0.316  0.438 0.237 0.326  0.440 0.235 0.325  0.441 0.235 0.324

o.% ® XN B XX

0.200 0.300 0. 0.380 0.200 0.420 0.436 0.216 0.348  0.444 0.230 0.326  0.443 0.235 0.322  0.441 0.235 0.324
c® 000 000 000
0.400 0.100 O. 0.460 0.200 0.340  0.452 0.232 0.316  0.444 0.237 0.319  0.441 0.236 0.322  0.441 0.235 0.324

https://www.americanscientist.org/article/firstinksin-the-markowchain



Mutual information

A B - 1
ationship Type MIC  Pearson Spearman Mresl Information cf»ﬁ-'-:é_s_,, e, B /
PERSPECTIVE MATHEMATICS Random 018 002 002 001 008 019 001 2
[&]
Linear é s O
M Cubic g‘é ;i
Zxponential =
orrelation 1or the Zi1st ventury :
Smuhs'z‘»dal .g
Zategorical g o
Terry Speed odetiear o o e e
" - Parabolic
+ See all authors and affiliations F—y £ ﬁﬁ
Sinusoidal E §
Science 16 Dec 2011: Shuz, i
Vol. 334, Issue 6062, pp. 1302-1503 z};g%
DOl 10.1126/science. 1215894 Be
Maximal Information Coefficient (MIC) 3.8
0.80 065 050 035 2
Relationship Type Added Noise

=}

Two Lines :

Line and Parabola

Ellipse

= 4
£\
Mutual Information (Kraskov et al.)

| :
ié "0)'\'r\f‘f\f\/‘v‘n\J f
Mutual information:
Mutual inforamtion is how much 1.
information about X that can be obtained by s
observing Y

0:4 O:S 0:3 |
Noise (1 - R2)



Mutual information

Co-evolution score - mutual information (MI)

PTM{a:etylationI (K)

PTM[phosphuwlatiunl (S]

OO0 Modified sites

(O Conserved sites
KDEF Py * anti-correlation

Highest MI Medium M Highest M| *
Highest co-evolution Medium co-evolution Lowest co-evolution



Statistical modeling

The main

models

Less data required

Bayessian model
Markov Chain
More complex model
HMM Vlterbl
Optlmlzatlon
Deep Iearnlng




Statistical modeling
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How Much Americans Make in Wages
Distribution of wage earners by level of net compensation

48% of wage earners had net compensation less than or equal to
the dian wage, which is estil d to be $31,561.49 for 2017

$20K - 25K
6.7%

$25K - 30K $5K - 10K
6.4% 8%
$15K - 20K
6.8%

$10K - 15K Less than $5K

= 7.2% 13%
$80K-85K | $65K
18% d "79K \ g50K- 55K

s7sk | 2% 3.8%

- 80K
1.8% $60K - 65K

2.8%

$35K - 40K

$100K - 250K $45K

$40K - 45K
4.9%

$250K - 50M 1.4%

Article and Sources:
https:/howmuch.net/articles/how-much-americans-make-in-wages
Social Security Administration - https:/www.ssagov

howmuch

MetS prevalence
o.oo 0.05 0.10 0.15 020 025

Grain
Smoking year
Livestock meat
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Knowledge of Physical
Activity Guidelines
Sedentary time
Knowledge of

Dietary Guidlines

Fruit

S

0201 0 01 0203
R values (Spending)

*hk

0.2

MetS Prevalence
0.1

Quartile 1 Quartile 4
MetS index

MetS
prevalence

lo‘s

0.25

02

0.101 _~0.097 ~0.091

Quartile 3

Quartile 4

Quartile 1Quartile 2 Quartile 3 Quartile 4
MetS index

0.15

Population
distribution
0.1

0.09
0.08
0.07
0.06
0.05
0.04

Quartile 1

Quartile 2

Sedentary time
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Deep Learning
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Random error

Systematic error
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BIOSTATISTICS

Interpret:
: Output: clinical internal /
: "Operational” &
Cllpn’l:gttm Developr'n/ag:f statistics: tables, snst:lyreplf?rts, extem:lloonsul:,
ne st listings, figures R FEQIRELOrY,
communications reimbursement,

customers
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(arithmetic mean)
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(linear regression equation)
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DNA SEQUENCING SOARS

Human genomes are being sequenced at an ever-increasing rate. The 1000 Genomes Projec

apgregated hundreds of ,; The Cancer Ger e Atlas (TGCA) has gathered several th

the Exome Aggregation Consortiv (EXAC) has sequenced more than &

three possible future gro
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A Correlation for the 21st Century :

Terry Speed
+ See all authors and affiliations
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CorGC (Principal Curve-Based)
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Vol. 334, Izsue 6062, pp. 1502-1503
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A
Gender
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male

UAlaA

B

Height
| 73. 847017

68. 781904

| 74.110105

71. 730978

' 69. 881796

67. 253016

' 68. 785081
' 68. 348516
 67.01895

63. 456494

71.195382

71. 640805

64. 766329

A0 92Q2Nn7

C
Weight
241. 89356
162. 31047

212. 74086

220. 04247
206. 3498
152. 21216
183. 92789
167. 97111
175. 92944
126. 39968
186. 60493
213. 74117
167. 12746

120 AAR1IQ

D

Height (cm)
187. 5714232
174. 7060363
188. 2396677
182. 1966851
177. 4997615
170. 8226598
174. 7141064
173. 6052294
170. 2281321
161. 1794947

180. 836271
181. 967645
164. 506476

175 072009

E

Weight (kg)

109. 72099
73. 622732
96. 49755
99. 809504
93. 598619
69. 042216
83. 428219
76. 190352
79. 800187
70. 941642
84. 642501
96. 951285
75.807679

QR N21979

Time trade off

Standard gamble

@ Current patient comparison
O Hypothetical patient comparison

1 0
EuroQol
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Health utilities index 3
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I Rl LJG S Rhafedl&nd distinct transcriptional programs underlie the hybrid nature of INKT cells. Nature Immunology, 2013



T-Tests (TTEST)

1. Assign experiments to two groups, e.g., in the expression matrix
below, assign Experiments 1, 2 and 5 to group A, and
experiments 3, 4 and 6 to group B.

Group A Group B
Exp! Exp2 Exp3 Exp4 ExpS Exp6 Expl Exp2 ExpS Exp3 Exp4 Exp6
Gene 1 Gene 1
Gene 2 Gene 2
Gene 3 Gene 3
Géne d Gene 4
Gene 5 Gene 5
Gene 6 Gene 6

2. Question: Is mean expression level of a gene in group A
significantly different from mean expression level in group B?
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I R LJG S RheBiNEnYSIRG6 regulates lifespan in male mice. Nature£2012



Phenotype Phenotype& Genotype

4.1%' 3000

SI-ARF1

SI-ARF7A

SI-ARF4
Class | SI-ARF18
SI-ARF2A
SI-ARF2B
YA e CEeT SI-ARF6B
(".;“.“‘, SI-ARF3
EECEE R EEY X SI-ARF24
SI-ARF19

CCgp aph Vg

€*Ceeredgnce
8% ¢, getect s SI-ARF8A

SI-ARF8B

SI-ARF6A
SI-ARF5
Class Il SI-ARF10A
SI-ARF17
SI-ARF9

Adapted from: https://www.thoughtco.com/phenotyp873475 ' RIFLIWGISR FNRY &/ KIFENFOGSNRT I GA
Uncovers a MultLevels PosTranscriptional Regulation Including
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"

I LTl

I

3,‘!&"2%%"‘&!’5225,_--=_,§=Ef-=§§1s Shpsine Tnnendnedly © slee it ,’ 4 w S e 1
T ihiﬁﬁﬁﬁﬂffﬁHESHHMEHHHﬁmﬁ§£§fm§i£m§§ i ;fH “L fi
Luminal Subtype A ERBB2 Basal Subtype

BeaNNr-=-NNTWY

- I

~ A z A z

I RFLIWISR FNRY awSLISFGSR 20aSNBIFGA2Yy 2F ONBIFAG Gdzy2NJ adzm (e L)Sa



I RI LJ0 S RripieN&ative Breast Cancer: Risk Factors to Potential Targets. Clinical Cancer Research, 2008



