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From Data to Information

 We don’t just want data.
e We want information from the data.
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Why Do We Use Statistics to Analyze
Data? |

e Describe the data:

— What is the mean, median, mode?
— What is the standard deviation?

— What is the distribution?

— What are the outliers? |

* Find trends in the data: )

FIGURE 1

— How well are they correlated?
— What is the predicted value of a variable?



File Edit View Misc Packages Windows Help R

HEEIBEEENE

E wvergsion 3.0.1 (2013-05-16) -- "Good Sport™
Copyright (C) 2013 The R Foundation for Statistical Computing
Flatform: xBE_E&—wE&—mingwEEfxE& (64-bit)

E iz free software and comes with ABSCLUTELY HNO WARBANTY.
You are welcome to redistribute it under certain conditions.
Type '"license ()" or '"licence()' for distribution details.

Hatural language support but running in an English locale

R iz a collaborative project with many contributors.
Type 'contributors()' for more information and
'citation()" on how to cite R or R packages in publications.

Type 'demo()' for some demos, 'help(}' for on-line help, or
'"help.start ()} " for an HTML browser interface to help.

Type "g(}"'" to guit R.

[Breviously saved workspace restored]
> '"Hello World!®

[1] "Hello World!™
> |
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Interactive Data Language (IDL)

* A programming language for data analysis and
plotting.

 Many Procedures for manipulating FITS file.
* Popular among astronomers.

(Age map of a galaxy.)



Other Programming Languages &
Resources

Python (free; getting popular among astronomers)
Matlab

C/C++/CH

Java

Numerical Recipes (William Press et al.)
— Performs many numerical calculations
— Can be used with different programming languages

LAPACK

— Performs algebraic and matrix calculations
— Can be used with different programming languages



Future: Data Analysis using Database

e Automated data
analysis:

Select data from DB
using C# routines with
SQL scripts embedded

Perform computations

Output results to DB,
if necessary
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4 Microsoft SQL Server Management Studio
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File Edit Wew Project Tools  Window  Community  Help
1 Hew Query | [y | oy o By | (05 | 05 cab et A @l | D B B ﬁ‘ﬂ

| -|'Executa |"| | | |

Object Explorer

* 1 X SDSSDB003.Chi...on_PhotoZ.sql~ THUMPER.BESTD...bo.Specobjal SDSSDB003.Chi. . kellartass.sal ¥ X
Connect ~ | &2 7] - ~
=T . -- flux-limited sample selection for photo-z/inclinacion r
= | thumper [SCL Server 9.0,2047 - SD5S|cwyip) A -
= [ Databases aelect
® [ System Databases X
% [ Database Snapshots p.petromag u - p.extinetion u - k.ku,
T lJ Adrian pP.petromag_g - p.extinction g - k.kg,
@ lJ lex_pstropartal p.petromay r - p.extinetion r - k.kr,
¥ lJ Alex_sensor p.petrowag_i - p.extinetion i - k.ki,
+ lJ AlexDRESample p.petromag_z - p.extinetion z - k.kz,
& lJ AlexMatchs 1.90 * power (loglD(p.expab_r), 4.0) &3 'petro u inslincorr',
4 lJ AlexSpectatch 1.19 @ power (logl0 (p.expab_r), 4.0) &3 'petro g inclincorr',
= lJ AlexZanFLx 0.54 # power (loglO(p.expab r], 4.0) &3 'petro r inslineorr!',
# | J| BESTORS_EFG 0.10 * power {loglO(p.expsb_r), 4.0) &8 'petro i inclincorr',
# lJ BESTORG 0.00 # power | logll(p.expab r), 4.0) az 'petro z inclincorr',
® lJ BestDR6_100GE Y. distmod -
# | | BestDRe_10GB from thumper.bestdré.dbo.specobiall s,
* lJ BESTTEST thumper .bestdré.dbo. photoohjall p,
* lJ DAACO3 =2dsscb003 . EeorrDR6.dbo. Eeorr k f
# | || CREFrame | . . e s s
# | | CR&Spectrum < | >
DR75pect: 1
: tj First e 0 Resuls | 7y Messanes i
# | J GalaxyForkevin [Na aolumn name] | [Mo column name] | Mo columi name] | [No columin name] | [No column name] | petro uinclincor peti 4 |
# | )| galaxyann 1 1669374 16.35854 1621339 16.35263 0.4323975081159744 0.3
# | ) Galex_GR2 2 1843334 1729214 1662328 16.28204 16.03036 1.52441919075313 09
=y E:DSES ; 3 1942674 1624301 17.70235 17.43629 17.18321 (.464193794242971 02
+
- lj GR;:\Z;;VZ 4 1874544 17.54984 17.51807 17.26874 17.1823 0500945764848324 03
T tJ \oadadmin 5 18543 17.80621 1722118 16.86648 16.60248 (6516048665421 04
# | | Inadsupport B 1322604 17.9269 17.52087 1716631 17.18861 (1.453664367877463 02
® | J ManuTest 7 1804691 1687437 162578 1601678 1684145 (.937248867822637 06
® |l MatchoB 2 1811881 1677158 1613685 1663039 1665387 0.59767159228372087 087
# || MyBestRT — eemes e et Rt
# | myPst £ 24
1 MvSnertrms. 1 Ll
g 31 || (@ Query executed successhuly. 5DSSDBO03(305P3)  SDSS\cwip(B4) Chingwa 000313 | 3382 ows

Ready

A 3 Microsoft Vis.,.. = | Cma owend - Remote ...

(@2 Microsoft Offi.,. - @disksca\e\ength.‘.

@ 349 PH

(MS SQL Server. Source: Alex Szalay)
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Basic Description of the Data:
Mean, Median, Mode

 Mean = average value
e Median = middle value
* Mode = most common value

E.g. 10 sampled values =

34 48 8.4 96 2.3 9.6 5.6 9.6 4.8 2.2
3) (4) (7) (8 (2) (9 (6) (10) (5) (1)

n=10

Mean = Sum of values / n =6.03
Median = (4.8 +5.6) / 2

Mode =
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Basic Description of the Data:
Mean, Median, Mode

 Mean = average value
e Median = middle value
* Mode = most common value

E.g. 10 sampled values =

34 48 8.4 96 2.3 9.6 5.6 9.6 4.8 2.2
3) (4) (7) (8 (2) (9 (6) (10) (5) (1)

n=10

Mean = Sum of values / n =6.03
Median = (4.8 +5.6) / 2

Mode =9.6
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Width of a Distribution:
Standard Deviation (or “SD”, “0”)

Michaelson-Morley Speed of Light Data
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Shape of a Distribution

* In general, sampled values may not form a well-quantified
distribution (or, not analytical).

* We can use the binned histogram to report the shape of the
distribution.

 Advanced: We can fit a linear combination of multiple
functions.



Basic Statistics in R

RGui (64-bit)

File Edit View Misc Packages Windows Help

ESEEIE R

R R Console e[ E |

> X <— runif (10, 1.0, 10.0)
> M
[1] ©.8983714 2.476%976 3.355423 1.855336 4.550141 2.918%64 6.764783 3.318577 1.851526 1.633585
> mean (x)
[1] 3.561303
> median (x)
[1] 3.11877
> min (x)
[1] 1.633585
> max(x)
[1] &.893714
> =2d(x)
[1] 1.831737
> var(x)
[1] 3.731e07
| = =2d(x)"2 - wvar(x)
| [1]1 -4.440892e-146
> |
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Key Concepts in Statistics

 Variables

* Population Distribution vs. Sampling
Distribution

e Central Limit Theorem (CLT)




A Big Bag of Marbles

* Suppose we want to measure the average and variance of the
weight of a big bag of marbles. How to do it?

We draw
a sample
from the
population.
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Random Variable (X)

 X’sare Independent: the outcome of any one experiment does not
influence the outcomes of others (random draws).

 X’sare Identically Distributed: every X is drawn from the same distribution
(same bag of marbles).

X, X, Xy X, o X, X

N

Eg, 1.1g 0.8g 1.0g 0.9¢g 0.7g 1.2g
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Random Variable (X)

X’s are Independent: the outcome of any one experiment does not
influence the outcomes of others (random draws).

 X’sare Identically Distributed: every X is drawn from the same distribution
(same bag of marbles).

X, X, Xy X, o X, X

N

Eg, 1.1g 0.8g 1.0g 0.9¢g 0.7g 1.2g
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Types of Random Variables

* Discrete variables

— E.g., Photon Count: 10, 1, 6, 2, 14, 3,5, 7, ...

— E.g., Binary States: 0,0,1,1,1,0,1,0,0,0, 1, ...
e Continuous variables

— E.g., Luminosity (in units of solar luminosity):
0.14, 2.46, 1.57,4.52, ...



Height of Trees in Forest

Sample
: Vs.
4 Population
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Color of Galaxies in Universe
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Statistical Distributions

* There are many statistical distributions
available to describe experimental results.

* The most common ones in Astronomy are:
— Gaussian Distribution

— Poisson Distribution
— Planck Distribution



Gaussian Distribution
(or “Bell Curve”,
“Normal Distribution”)

== 95in 100
- 4in100

== 3in1000

|

00 01 02 03 04

1 1
-30 -20 -1lo K lo 20 30
95.45%

99.74% (Carl Friedrich Gauss, 1777-1855)
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Uncertainty in Physical Measurements

 For many experiments and observations concerning
physical phenomena, we find that performing the
procedure twice under (what seem!!!) identical
conditions results in two different outcomes.

* Such kind of outcomes follows a Gaussian Distribution.

* For example: Michelson and Morley’s speed-of-light
experiment.

1/9/2014 JHU Intersesson Course - C. W. Yip



Michaelson-Morley Speed of Light Data

Albert Michelson at Chicago University
Fhoto: University of Chicago
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Michaelson-Morley Speed of Light Data

Albert Michelson at Chicago University
Fhoto: University of Chicago

Random Error
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Main Lesson

 Michelson and Morley repeated the experiment
many times to estimate the speed-of-light.

 They only knew the mean and SD of the
population (X,) exist, but they did not know of the

values.
e |t works because of the Central Limit Theorem.

*Read first two paragraphs of the Handout.
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Poisson Distribution

* The probability of the number of events
(occurring in a fixed period of time) given
a known, expected count.

04F

Probability n.:i—
: (Siméon Poisson, 1781-1840)

0.1k

0 s 10 15 0k é= number of events)
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Examples of Poisson Distributions

Q4
* | know from experience that |

get 4 phone calls a day (A = 4).

n._xf
: e Then there is about 20%
chance | will get 3 phone calls

0.2 (Jr — today.

0.1

Probability

0.0t . .
0 5 10 15 0

Number of events
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Examples of Poisson Distributions

Q4
* | know from experience that |

_ get 4 photons a day (A = 4).

0.3F

- * Then there is about 20%
chance | will get 3 photons

0.2 (Jr — today.

0.1 F

Probability

0.0t . .
0 5 10 15 0

Number of events

1/9/2014 JHU Intersesson Course - C. W. Yip



* Discrete Variable (e.g., 1, 2, 3,4, 5, 6)

Probability:

Chance of Occurrence

e Continuous Variable

— E.g., Experimental results follow a Gaussian (also called

1/9/2014

Normal)

00 01 02 03 0.4

J

|

== 95in 100
4in100

== 3in1000

1
-30 -20 -lo M lo 20 30

95.45%

99.74%

JHU Intersesson Course - C. W. Yip

Probability of getting X
between two values is the
area under the Standard
Normal Distribution between
the two said values.

A Standard Normal

Distribution is a Normal
Distribution with
total area = 1.



Random Number:
Gaussian Distribution as a Case Study
* When we analyze big datasets, sampling
methods are commonly used.

* Random number plays an important role in
sampling strategies.

Suppose we have a piece of
T3 T6 metal with temperature
T5 measurement T(x, y).

We want to estimate the
average temperature
without looking at all data
(i.e., the population).
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Distribution of 10 Random Numbers
from Normal Distribution

j (64-b
File Edit Paclfa Wi Help

R R Console EI@ R R Graphics: Device 2 (ACTIVE) EI@

> # Draw 10 random numbers from a Normal Discribution
> x «- rnorm(1l0)

| »

> %3 <- -3 Histogram of x
> xe <- 3

> y2 <- 0 Q] -

> ye <- 1 —

> h «- hist(x, freq = FALSE, xlim = c(x=, xe), vlim = ciys, ve))
> Xn <- seq(xs, xe, length = 1000)

w
> yn <- dnorm{zxn, mean = 0, =d = 1) o 7|
> par (new = TRUE)
» plot (xn, vn, pch = 20, xlim = c(xs, xe), ylim = c(vs, we), xzlab = "", ylab = ") ©
> =2 o 7
@
C
]
[m] =~
(=]

m

0.0
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Distribution of 100 Random Numbers
from Normal Distribution

FlemEditmPackagesmWindowsmHelp

R R Console [= === ] | R R Graphics Device 2 (ACTIVE)

> # Draw 100 random numbers from a Normal Distribution i

> ® «— rnorm(100) =
. owe <o 3 Histogram of X
> Re <— 3

> oys <— 0

> oye <— 1

> h «- hist(x, freg = FALSE, xlim = c(xs, =e), vlim = civs, wve))

> ®n <— seq(xs, xe, length = 1000)

> yn <— dnorm(xn, mean = 0, =d = 1)

> par (new = TRUE)

> plot (®n, vn, pch = 20, xlim = c(xs, ®e), vlim = c(ys, ve), xlab = "™, ylab = "™

>
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Distributions in Astronomy

Gaussian Distribution
Poisson Distribution
Planck Distribution
Etc.



Emission Lines in Galaxies: Gaussian

* Fitting single or multiple Gaussian functions to the line profiles in
a galaxy spectrum.

4F ——— g
[O111]

*E E

W | | | ";

0 ﬁ”%ﬁ llw
_1E /M "'\ Ih E

2227 2.24 2.26 2. 28
w-ﬁveléngth Ml
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Frequency

Colors of Galaxies in Nearby Universe:
Multiple Gaussians

012 —
—— Frequency distribution of ¢, f
Sum of components N\
010 F - (GAUSSIAN cOmponents ‘.
0.08 IR |
IR
it
& 006 I
= 1
|
H
0.04 |- y i b
A il
L1
0.02 ==nill§ I ; | ?
T{ AT
] "‘:"«-."s;‘
. Mmﬁﬂrm H | %ﬁm

-5 0 5

-40 -3 -30 -25 -20 -15 -10
O,

Color (Redder =)

(Yip, Connolly, Szalay, et al. 2004)
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Seeing Disk of Stars: Gaussian

refracted
starlight

sampled image area

diffuse star
image

1]
=
8
)
=]
<
=
['V]
-3
=}

mikelsof CEL regcgios, background ADU value

arcsecond image | pixel distance from centroid —-
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Cause of Seeing Disk of Stars:
Atmospheric Disturbance

Star ‘

short path =
less twinkle

long path = more twinkle

Kl

atmosphere — ,/




Photon Counts in Astronomical
Images: Poisson Distribution

Chapter 2 Counting Proicns Section 2.2: Sionals and Noise
1 |
wirP (g 2.3)

Even aficr we have semmod msamples, however, we still &on't know the ex
actinal] vadoe of & Bocause the mean photon count remans wsoenain by Ji

S Signal-to-Noise Ratio (SNR)

2= 0.7 photon

= Count/Random Error of
Count

= v/Count (for Poisson)

That is, when Count
increases, SNR increases.

The SNR of $he 25-photon uignal above Is 5. and the SNR of e M- photon
signal s 10, The greater the signad4o i, he Detter the image qaality
Note, however, that wikin u given i gl is oot the same o all places
The sky backgroosd will huve 2 Jower signad level than the bright center of 2 gal
¥ 2 BAY, %0 i f meanmphow to xsips an SNR %0 an catie image deciaw sy
U 22 The e P rember of proans, e beser e 59nal o rore rto. W T noise 1o ks mearaglul for caly coc sipsal level, Nevertheloo, aamoomn
f':'..’-“.l;‘;‘:."" OO Brses e face cf the guliiey image varias Vo somctimes quote an SNR for as image, 30d whes ey o, it refers 1o the SNR at
PO 15 0 meds vue of 10,000 shotons. The sigreh

ORI IO acunls P sy roct of the TRONn Gourt the xigrad hevel of the sky hack ground

% Handbook of Asyonemical Image Procassing Richard Beery and James Bumed 37




Cosmic Microwave Background:
Planck Distribution

8zhv’ |
I(v)= [ 3 } w
C e kpT l

Cosmic Morowse Backoround Specirum from CO8E

400 T T T T T =
,_-—_— CIOEE DEs sl
—
_— ., - Black Body Specinum
-5
o
=00 Fi +
i %
a .
] o %
z '
E 150 .
.'E
100 R
*.'
=0 = e =
o | | | | i
z i [ = 10 1F 1% 15 1= =0 =
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Black Body Radiation from the Sun:
Planck Distribution

Spectral irradiance, W/(m* nm)

Why is the Sun not a
perfect Black Body
(or Planck

Distribution)?

1/9/2014

exiraterresingl solar speciral rradiance
total aren: 1367 Wiy

blackbody spectrum for T = 5777 K
total area: 1367 Wim?*

Wavelength, nm
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1000 2000

(Max Planck,
1858 — 1947)



