How to find “important” nodes?

* By their degree
* Hubs = important

 Degree weighted by self-
consistent importance :
Google’s PageRank



How to find “important” nodes?

* By their connectivity
* Connectors = important
* Betweenness-centrality




Betweenness centrality: definition

e Take a node i

* There are (N-1)*(N-2)/2 pairs of other
nodes

* For each pair find the shortest path on the
network

* |f more than one shortest path, sample
them equally

* Betweenness-centrality C(i) ~ the number
of shortest paths going through node |



To analyze
correlations in expression
for all pairs of genes:
Co-expression networks



How to construct a co-expression network?

A co-expression network

°
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Functional modules

Start with a matrix of log2 of expression levels of
N genes in K samples (conditions): for our T-cell data N=3000, K=47

For each of N(N-1)/2 pairs of genes i and j calculate
the correlation coefficient p--—oij/o o. of gene levels across K samples

Put a threshold, e.g. p;>0.85, or otherwise select
the most correlated palrs of genes (~4500 in our case).
Now you have a weighted network.

Identify densely interconnected functional modules in
this network.

Modules can be used to infer unknown functions of genes via
“Guilt by Association” principle.



Co-expression network analysis exercise

Start Gephi and open
coexpression_network_random_start.gephi

Run “Layout” = Fruchterman Reingold = Speed 10.0

n

Run “Average degree”, “Network diameter”, “Modularity” in the

Statistics tab in the right panel.

Color nodes by “modularity class”:
Appearance = Nodes = Partition = Palette Icon = Modularity class

Size nodes first by “degree”.
Appearance = Nodes = Ranking = Multiple Circles Icon = Degree

— If the nodes are too small, select “Min size”: 10 and “Max size”:80
— Nodes in large tightly connected clusters have large degree
Then size nodes by “betweenness-centrality”

Appearance = Nodes = Ranking = Multiple Circles Icon > Betweenness-
centrality

— Large circles are “coordinator” genes connecting different co-expressed
clusters to each other. Potentially biologically interesting



Disease-disease similarity network

* Based on the table summarizing
all current medical knowledge
of genes implicated in diseases:
— Rows: 516 common human diseases

— Columns: 25,000 human genes

— Matrix element D, =1 if the gene a is known to be
involved in the disease i . 0 — otherwise

* Constructed disease-disease similarity network:

— Weight of the edge - # of shared genes between two
diseases

— Easy to construct: the adjacency matrix A of the
network is simply A=DeD*




Disease network analysis exercise

Start Gephi and open disease disease _random_start.gephi

Run “Layout” = Fruchterman Reingold = Speed 10.0
Observe how clusters emerge.

”n n

Run “Average degree”, “Network diameter”, “Modularity” analysis tools in the
right panel.

Color nodes with medical term: “disorder class”
Appearance > Nodes —> Partition - Palette Icon > Disorder class

Then color nodes by “modularity class”. See how well it agrees with the previous

color.
Appearance > Nodes > Partition > Palette Icon = Modularity class

Size nodes first by “degree”.
Appearance = Nodes = Ranking = Multiple Circles Icon = Degree

— Which disease has the largest degree?

Size nodes by “betweenness centrality”
Appearance =2 Nodes = Ranking = Multiple Circles Icon = Degree
— Which diseases have the largest betweenness-centrality?

These “connector” diseases linking different diseases clusters to each other. They
highlight potentially interesting connections between diseases



Review for the
Final Exam



Grading

Attendance 10%
Homework 20%
Midterm 1 20%
Midterm 2 20%
Final 30%



Midterm Info

Bring Your OWN Device (BYOD) exam in this room
on May 12, 7pm-9pm.

— Come earlier, say 6:30pm

— Bring laptop and charger

— Bring calculator not on phone

— Bring UIUC ID

Closed book exam; no books, notes, phones...
Calculators (not on smartphones) can be used

The following two printouts and lecture slides will
be provided



STANDARD NORMAL DISTRIBUTION: Table Values Represent AREA to the LEFT of the Z score.

Z .00 .01 .02 .03 04 035 .06 .07 .08 .09
0.0 | .50000 50399 50798 51197 51595 51994 52392 52790 53188 53586
0.1 | .53983 54380 54776 55172 55567 55962 56356 56749 57142 57535
0.2 | .57926 58317 58706 .59095 .59483 59871 60257 .60642 .61026 .61409
0.3 | .61791 62172 62552 .62930 .63307 63683 64058 .64431 .64803 .65173
0.4 | .65542 65910 66276 .66640 .67003 67364 67724 .68082 .68439 .68793
0.5 | .69146 .69497 69847 70194 70540 70884 71226 71566 71904 72240
0.6 | .72575 72907 13237 73565 73891 74215 74537 74857 T5175 75490
0.7 | .75804 76115 76424 76730 77035 17337 77637 17935 78230 78524
0.8 | .78814 79103 79389 .79673 79955 80234 80511 .80785 81057 81327
0.9 | .81594 .81859 82121 .82381 .82639 82894 83147 .83398 .83646 .83891
1.0 | .84134 84375 84614 .84849 .85083 85314 85543 85769 .85993 86214
1.1 | .86433 .86650 86864 .87076 87286 87493 87608 87900 .88100 .88208
1.2 | .88493 .88686 88877 .89065 .80251 89435 89617 .89796 .89973 90147
1.3 | .90320 00490 00658 90824 90988 91149 91309 91466 91621 91774
1.4 | 91924 92073 92220 .92364 .92507 92647 92785 92022 .93056 93189
1.5 | .93319 03448 93574 93699 93822 93943 94062 94179 94295 .94408
1.6 | .94520 04630 94738 94845 94950 95053 95154 95254 95352 95449
1.7 | .95543 05637 905728 95818 95907 95094 96080 96164 96246 96327
1.8 | .96407 06485 906562 96638 96712 06784 06856 96926 96995 97062
1.9 | 97128 97193 97257 97320 97381 97441 97500 97558 97615 97670
2.0 | 97725 97778 97831 97882 97932 97982 98030 98077 98124 98169
2.1 | 98214 08257 98300 98341 98382 08422 98461 98500 98537 98574
2.2 | .98610 08645 98679 98713 98745 98778 08809 98840 .98870 .98809
2.3 | .98928 08956 O8983 .99010 99036 99061 09086 99111 99134 99158
2.4 | 99180 09202 09224 90245 99266 09286 00305 99324 99343 99361
2.5 | 99379 99396 99413 .99430 99446 99461 99477 99492 99506 .99520
2.6 | 99534 09547 99560 99573 99585 99598 99609 99621 99632 .99643
2.7 | .99653 99664 99674 99683 99693 99702 99711 99720 99728 99736
2.8 | 99744 09752 99760 99767 99774 99781 90788 99795 99801 .99807
2.9 | .99813 09819 00825 .90831 99836 09841 99846 99851 99856 99861
3.0 | .99865 99869 99874 .99878 .99882 99886 99889 .99893 99896 .99900
3.1 | .99903 99906 99910 99913 99916 99918 99921 99924 99926 .99929
3.2 | 99931 99934 99936 .99938 .99940 99942 99944 99946 99948 .99950
3.3 | 99952 99953 90955 99957 99958 99960 99961 99962 .99964 99965
3.4 | .99966 00968 09969 .99970 99971 99972 90073 99974 99975 .99976
3.5 | 99977 09978 09978 .99979 99980 99981 09981 99982 99983 99983
3.6 | 99984 99985 99985 .99986 .99986 99987 99987 99988 99988 .99989
3.7 | .99989 99990 99990 .99990 .99991 99991 99992 .99992 .99992 .99992
3.8 | .99993 99993 99993 .99994 99994 99994 99994 .99995 99995 .99995
3.9 | .99995 99995 99996 .99996 .99996 99996 99996 .99996 .99997 .99997




Probability Section
Name Distribution Mean Variance in Book
Discrete
1 b+a b—a+ 12 -1
Uniform —a=<h ( ) ( ) 3-5
n 2 12
Binomial (")px(l — By np np(1 — p) 3-6
X
x=0,1,...,n,0=p=1
Geometric (1 —py'p 1/p (1 — p)/p? 3-7.1
x=12,...,.0=p=1
x = 1
Negative binomial (‘ 1)( 1 —p)y~'p r/p 11 — p)/p* 3-7.2
o
x=rnr+ et 2., O=p=1
e—AI\I
Poisson ’ ,x=0,1,2,...,0 <A A A 3-9
Xt
Continuous
1 (b + a) (b — 0)2
Unift a=x=<bh —_— 4-5
niform b —a a=x > T
1 A0S
Normal 1A i o’ 4-6
oV2m
—o<x<0— 0o pu<ol<gco
Exponential Ae ™ 0=x0<A 1/A 1/A2 4-8
Ar‘_r— le—)tx
Erlang W 0<x,r=12,... /A r/A2 4-9.1
= 3
X\.r—l —Ax
Gamma ‘ <0 <r0<i /A % 4-9.2



What may be on the final exam?

Probability Multiplication, Combinatorics
Bayes Theorem
Discrete & Continuous Random Variables

Joint Probability Distributions,
Covariation/Correlations

Sampling distributions and parameter point
estimation

Confidence Intervals

Hypothesis testing for one and two samples
Other topics

Look at Homework 1-4 for examples of problems



One-sample hypothesis
testing



3. (8 points) The college bookstore tells prospective students that the average cost of its
textbooks 1s $52 with a standard deviation of $4.50. A group of statistics students think that
the average cost 1s actually higher. In order to test bookstore’s claim against this alternative
hypothesis, the students bought a random sample of 100 books. The mean price of this
sample was $52.80. Perform the hypothesis test at the 5% level of significance and state your
decision.

What type of hypothesis should | apply?

A. Two-sided: W,z
B. One-sided:

C. One-sided: W< W,
D. Three-sided
E. | have no idea

Get your i-clickers :



3. (8 points) The college bookstore tells prospective students that the average cost of its
textbooks 1s $52 with a standard deviation of $4.50. A group of statistics students think that
the average cost 1s actually higher. In order to test bookstore’s claim against this alternative
hypothesis, the students bought a random sample of 100 books. The mean price of this
sample was $52.80. Perform the hypothesis test at the 5% level of significance and state your
decision.

The standard deviation of x in this sample is:

A. $4.50
B. 545

C. $0.45

D. | have no idea

Get your i-clickers
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3. (8 points) The college bookstore tells prospective students that the average cost of its
textbooks 1s $52 with a standard deviation of $4.50. A group of statistics students think that
the average cost 1s actually higher. In order to test bookstore’s claim against this alternative
hypothesis, the students bought a random sample of 100 books. The mean price of this
sample was $52.80. Perform the hypothesis test at the 5% level of significance and state your
decision.



(8 points) The college bookstore tells prospective students that the average cost of its
textbooks 1s $52 with a standard deviation of $4.50. A group of statistics students think that
the average cost 1s actually higher. In order to test bookstore’s claim against this alternative
hypothesis, the students bought a random sample of 100 books. The mean price of this
sample was $52.80. Perform the hypothesis test at the 5% level of significance and state your
decision.

. H,:u=52
Answer: Hypothesis: g E . The critical z-value can be obtained from
' H,:u>52
. 92.8-52 . » : e L :
= 25/10 1.78 Since z >z, =1.65, this test statistic lies in the rejection region for Ho. Thus

null hypothesis Ho will be rejected and alternative hypothesis H; is accepted.



Two-sample hypothesis



Mating Calls. In a study of mating calls in the gray treefrogs Hyla
hrysoscelis and Hyla versicolor, Gerhart (1994) reports that in a location in
Lousiana the following data on the length of male advertisement calls
have been collected:

Sample Average SD of Duration

size duration duration range
Hyla chrysoscelis 43 0.65 0.18 0.36-1.27
Hyla versicolor 12 0.54 0.14 0.36-0.75

The two species cannot be distinguished by external morphology, but H.
chrysoscelis are diploids while H. versicolor are tetraploids. The triploid

crosses exhibit high mortality in larval stages, and if they attain sexual
maturity, they are sterile. Females responding to the mating calls try to
avoid mismatches.

Based on the data summaries provided, test whether the length of call is
a discriminatory characteristic? Use a = 0.05.



Sample Average SD of
size duration duration
Hyla chrysoscelis 43 0.65 0.18
Hyla versicolor 12 0.54 0.14

Based on the data summaries provided, test whether the length of call is
a discriminatory characteristic? Use a = 0.05.



Sample Average SD of

size duration duration
Hyla chrysoscelis 43 0.65 0.18
Hyla wversicolor 12 0.54 0.14

Based on the data summaries provided, test whether the length of call is
a discriminatory characteristic? Use a = 0.05.

Use two-sided hypothesis

z_{alpha/2}=1.96
Z=(0.65-0.54)/sqrt(0.18./42/43+0.14.A2/12)=2.2516
Since Z> z_{alpha/2} null hypothesis can be rejected

=l



Confidence intervals



2.

(6 points) The operations manager of a large production plant would like to estimate the mean
amount of time a worker takes to assemble a new electronic component. Assume that the
standard deviation of this assembly time 1s 3.6 minutes. After observing a sample of 100
workers assembling similar devices, the manager noticed that their average time was 16.2
minutes. Construct a 90% confidence interval for the population mean of the assembly

A ke
What Z should | look up in the table?

A. O(Z)=0.9
B. ®(Z)=0.05
C. ®(Z)=0.95
D. ®(Z)=0.1
E. | have no idea

Get your i-clickers
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2.

(6 points) The operations manager of a large production plant would like to estimate the mean
amount of time a worker takes to assemble a new electronic component. Assume that the
standard deviation of this assembly time 1s 3.6 minutes. After observing a sample of 100
workers assembling similar devices, the manager noticed that their average time was 16.2
minutes. Construct a 90% confidence interval for the population mean of the assembly
fime.

What Z should | look up in the table?

A. ©(2)=0.9
B. ®(2)=0.05

C. ®(Z)=0.95

D. ®(Z)=0.1
E. | have no idea

Get your i-clickers
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2. (6 points) The operations manager of a large production plant would like to estimate the mean
amount of time a worker takes to assemble a new electronic component. Assume that the
standard deviation of this assembly time 1s 3.6 minutes. After observing a sample of 100
workers assembling similar devices, the manager noticed that their average time was 16.2
minutes. Construct a 90% confidence interval for the population mean of the assembly
time.




2,

(6 points) The operations manager of a large production plant would like to estimate the mean
amount of time a worker takes to assemble a new electronic component. Assume that the
standard deviation of this assembly time 1s 3.6 minutes. After observing a sample of 100
workers assembling similar devices, the manager noticed that their average time was 16.2
minutes. Construct a 90% confidence interval for the population mean of the assembly
time.

Answer: Let /4 denote the mean assembly time (in minutes). We want a 90% confidence interval for

H based on the following information; n =100, X =16.2, @=0.1, 0=3.6 . Since O is known, we can
use normal distribution to calculate confidence interval:

— O
X+7

al2 ﬁ

~16.2+(1 .65)% ~[15.61,16.79]



What is X in this problem?

* What is X? Look for keywords:
— Find the probability that....
— What is the mean (or variance) of...

 What are the parameters?
Look for keywords:

— Given that... 3. Find x.
— Assuming that...

e |s X discrete or
continuous?

3cm



Discrete Probability Distributions



(8 points) You are doing a long series of experiments. Assume that each of your experiments
has a probability of 0.02 of succeeding. Assume that your experiments are independent.
(A) (2 points) What 1s the probability that you first succeed on tenth experiment?

(B) (2 points) What 1s the probability that 1t requires more than five experiments for you to
succeed?

(C) 2 points) What 1s the mean number of experiments needed to succeed once?

(D) (2 points) What 1s the probability that the second experiment that worked 1s the tenth one
since you started?



2. (8 points, 2 points each) You are doing a long series of experiments. Assume that each of your
experiments has a probability of 0.02 of succeeding. Assume that your experiments are independent.
(a) What 1s the probability that you first succeed on tenth experiment?

P(X=10) = (1-0.02)’ *0.02=0.0167

(b) What 1s the probability that it requires more than five experiments for you to succeed?
P(X>5)=1-P(X=1)-P(X=2) - P(X=3) - P(X=4) — P(X=5)
=1 —0.98°*0.02 — 0.98' *0.02 — 0.98% *0.02 — 0.98° *0.02 — 0.98* *0.02 = 0.9039
Easier solution: P(X>5)=0.98°=0.9039

(¢) What 1s the mean number of experiments needed to succeed once?

Since X follows geometric distribution, the mean value of X 1s 1/0.02 = 50.

(d) What 1s the probability that the second experiment that worked 1s the tenth one since you started
Probability = 9*0.02*0.98°* *0.02 = 0.0031



Continuous Probability Distributions



(12 points) Time interval separating
subsequent bus arrivals at a stop is an
exponential random variable with mean
20 minutes. Steve and Andrew work at the
same place and each will be late to work
unless they board a bus on or before
8:40am. Steve comes to the bus stop
exactly at 8am. Andrew also comes to the
same bus stop but at a random time,
uniformly distributed between 8am and
8:30am. Both of them take the first bus that
arrives.

(a) (4 points) What is the probability that
Steve will be late for work tomorrow?

(b) (4 points) What is the probability that
Andrew will be late for work tomorrow?

(c) (4 points) What is the probability that
Steve and Andrew will ride the same bus



(12 points) Time interval separating subsequent bus arrivals at a stop is an exponential random
variable with mean 20 minutes. Steve and Andrew work at the same place and each will be late
to work unless they board a bus on or before 8:40am. Steve comes to the bus stop exactly at
8am. Andrew also comes to the same bus stop but at a random time, uniformly distributed
between 8am and 8:30am. Both of them take the first bus that arrives.

(a) (4 points) What is the probability that Steve will be late for work tomorrow?
1 40
Answers: P(Steve late)=1-P(T < 40)=1 —>F J' e "?dt =e? =0.1353
0

(b) (4 points) What is the probability that Andrew will be late for work tomorrow?

Answers:
30 30 230 2
P(Andrew late) = [ ST 5=l [T 5= | X ao-xyz0 _ € [ e"0dx = 20e
130 130 30 9 30

(6% 1) =0.3141

(c) (4 points) What is the probability that Steve and Andrew will ride the same bus?
Probability that Steve will not leave by the time x when Andrew comes is exp(-x/20).

It needs to be integrated over Int_0"30 dx/30 exp(-x/20)=

Tﬂ w20 _ 20

Answers: P(Steve and Andrew meet) = e
- 30 30

(1-e*)=0.5179
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