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> H# Fead Hubhle data file
= data <- read.csv('Hi/public html/teaching/hubbletablel.csv')
> # Show data

> data

ObjectlName Distance Mpo RecessionVelocity ks
1 Zmal lMag 0.032 17a
2 LargeMag 0.034 280
3 NGCaS22 0.214 -130
4 NEC595 O0.263 -7a
5 NECZ21 0.275 -185
B NGCZ24 0.275 —-220
7 N>C5457 0.450 200
& NEC4736 0.500 280
= NEC5194 0.500 270
10 N>C4449 0.e30 200
11 NEC4z214 0.s00 300
1z NEC3031 0.900 -30 I
13 NEC3a2? 0.900 650
14 NEC4d52 6 0.900 150
15 NEChZ36 0.3900 Saa
16 N>C1065 1.000 Q20
17 NECL5055 1.100 450
15 MEC7331 1.100 Saa
1= MN>C42 55 1.400 Saa
20 M>C4151 1.700 Se0
21 MN>C4352 Z..000 Saa
2a M>C4472 Z..000 g50
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24 NEC4 649 Z.000 1020



16 NEC1063 1.000 920
17 NEC5055 1.100 450
15 WNEC7?331 1.100 So0
1= NEC3253 1.400 So0
ald N>C3151 1.700 960
al NEC3352 Z2.000 S00
az NEC3472 Z2.000 S50
a3 NEC3456 Z2.000 S00
24 NGEZ4649 Z.000 1090
= # Plot Recession Velocity wa. Distance of galaxies
> plotidatajlistance Mpc, datajiRecessionVelocity kwns)
= # Fit linear model
» fitl <- lmidataiRecessionVelocity kws ~ datailistance Mpo)
* # Add hest-fit straight line
» ghline(fitl, col = 'red')]
* # Show bhest-fit parameters
» fitl
Call:
lmiformwula = datasRecessinn?elncit?_kms ~ data$DistancE_Hpc]
Coefficients:

[Intercept) dataEDistance_Hpc

40,738 454.16

> # Fit origin-passing linear model
= fitd <- lm(datasRecessinnvelncit?_kms ~ data$DistancE_Hpc + 0]
= H# Add hest-fit straight line
> ghline(fitd, col = 'hlue')
> H# Show hest-fit parameters
= fitd

=
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Discussion HW2

The calculated values (454 km/s/Mpc) is a factor of a few
larger than the WMAP value (71 km/s/Mpc).

This discrepancy suggests that there could be systematic error
in Hubble’s measurements of Recession Velocity or/and
Distance. The error could be due to the measurement
techniques and/or the local galaxy sample.

Photon count = 100 implies SNR=+/100 = 10.

By using the simplified Rose Criterion, the minimum number
of photons for 100% feature detection is 5% = 25.



Further Readings on Data Mining and Machine Learning

» Statistical Data Analysis (Cowan)
— Practical reference/textbook

A Modern Introduction to Probability and Statistics (Dekking,
Kraaikamp, Lopuhaa, Meester)

— Self-content textbook
— Freely downloadable online
* All of Statistics (Wasserman)
— Comprehensive; Advanced read
* Neural Networks for Pattern Recognition (Bishop)
— Focus on concepts
— Freely downloadable online
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From Data to Information

We don’t just want data.
e We want information from the data.

Information Database Sensors
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Topics

Database
Table
Structured Query Language (SQL)
Sloan Digital Sky Survey (SDSS) and Web Services
Example SQL queries in Astronomy:
— Create binned histograms of galaxies
— Select targets for follow-up spectroscopy
— Find extreme galaxies (i.e., outliers)



Basics of Database

* A database stores a collection of data.
 The data are arranged in database objects such as tables.
e Relational Database: a database which uses table(s).

— The “relation” refers to the relation among different fields
within one table.

— The “relation” does not refer to the potential relation
among multiple tables.



Basics of Tables

Row is called Record.
Column is called Field.

Schema: logical container for database objects that user
creates.

Records are stored in the tables with some order:

— The records are not necessarily sorted by a particular
column.



Table contains Unique Records:
Primary Key

* We want to be able to retrieve each and every record.
* Solution: Each record in a table is unique.
 This unique ID is called Primary Key.
* Inthe SDSS, some Primary Keys are:

— ObjID (in table PhotoObjAll)

— SpecObjID (in table SpecObjAll)

Primary Key
FistName | Last Name | Credit ard #_
George Daniels 184715170968
Amy Lee 207609796702
Brandon Willis 982767757110
Jennifer Connolly 486830981903
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Table contains Unique Records:
Primary Key

* We want to be able to retrieve each and every record.
* Solution: Each record in a table is unique.
 This unique ID is called Primary Key.
* Inthe SDSS, some Primary Keys are:

— ObjID (in table PhotoObjAll)

— SpecObjID (in table SpecObjAll)

Primary Key
D FstName | Last Name | Creditcard#
1 George Daniels 184715170968
2 Amy Lee 207609796702
3 Brandon Willis 982767757110
4 Jennifer Connolly 486830981903
1232014 |2 Andrew,, ... FQlks.. ¢ . 601571389801



Foreign Key

* A Foreign Key is a field of a table (child table) that uniquely
identifies a row in another table (parent table).

* A Foreignh Key hence ties two tables together.

* |n the “Customer and Purchase” tables, CreditCard # is the
Foreign Key.



Un-Normalized Table

In un-normalized table:

— Records may grow very quickly.

— Redundant records may present.
Solution: Split data into multiple tables.

In Astronomy: Data are fixed once the survey is completed.
But tables are long, normalization improves performance.

In Industry (banking/searching/facebook etc.): Data are
growing fast, giving many records for a given user.
Normalization is important.



Un-Normalized Table:

Purchase

FistName | LasiName | CreditCord# | Date | Amount
George Daniels 184715170968 01/05/2013 125.6

Amy Lee 207609796702 01/07/2013 45.50

George Daniels 184715170968 01/07/2013 72.35

Brandon Willis 982767757110 01/09/2013 38.97

Jennifer Connolly 486830981903 01/08/2013 49.83

George Daniels 184715170968 01/10/2013 72.35

Andrew Folks 601571389801 01/12/2013 92.30

* There are redundant data in this table.

1/23/2014 JHU Intersesion Course - C. W. Yip



Split Data into 2 Tables:
Customer and Purchase

George Daniels 184715170968 5 N EdlurdERT dEEL

Amy Lee 207609796702 * Two tables grow at different rate!
Brandon Willis 982767757110

Jennifer Connolly 486830981903

Andrew Folks 601571389801

184715170968 01/05/2013 125.6
207609796702 01/07/2013 45.50
184715170968 01/07/2013 72.35
982767757110 01/09/2013 38.97
486830981903 01/08/2013 49.83
184715170968 01/10/2013 72.35
1/23/2014 JHU 1i602571389801v. viD1/12/2013 92.30



Split Data into 2 Tables:
Customer and Purchase

George Daniels 184715170968
Amy Lee 207609796702

Bran

Jenni
Andr

207609796702 01/07/2013 45.50
184715170968 01/07/2013 72.35
982767757110 01/09/2013 38.97
486830981903 01/08/2013 49.83
184715170968 01/10/2013 72.35
1/23/2014 JHU 11602571389801v. viD1/12/2013 92.30



85 Tables in SDSS DR7
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Sloan Digital Sky Survey (2000-)

 Photometric + Spectroscopic Surveys
* 11,000 square degree footprint (DR7)
« 59x10% u,q,r, 1,z photometry
e 1.6 x10° fiber spectra

* Phases
* SDSS | (2000-05) (Galaxy
 SDSS Il (2005-08) Distribution)

e SDSS 11l (2008-14)
e SDSS 4 (Current)

 Data are public

 Web interfaces for data download & exploration
e SkyServer, DAS, etc.
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SDSS Footprints (DR7):
in Galactic Coordinate Systems

North Galactic Pole
90° lat

180° long

*-90° Jat
South Galactic Pole
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SDSS Footprints (DR7):
in Galactic Coordinate Systems

Photometry Spectroscopy

Southern Stripes: Offer repeated scans (time-domain information) of the sky!




SDSS il

* BOSS

— Map distribution of galaxies out to redshift of 0.7, which has imprints information about
the cosmic microwave background.

* SEGUE-2

— Map Milky Way structure by measuring optical spectra of 119,000 stars.
* APOGEE

— Map dust-obscured disk and bulge of Milky Way by measuring Infrared spectra of stars.
*  MARVELS

— Search for exoplanets by monitoring radial velocities of 11,000 stars.

MARVELS

%




Statistics of SDSS Databases (Data Release 7, or DR7)

Number of tables: 85

Data Volume:

— Images (16 TB)

— Tables (18 TB)

— Data Products (27 TB)
PhotoObjAll

— Number of rows: 585,634,220
— Number of columns: 454
SpecObjAll

— Number of rows: 1,640,960
— Number of columns: 63



Web Services for SDSS Data

e SkyServer and CasJobs

— Nolan Li, Alex Szalay, Ani Thakar, Tamas Budavari et al.
* Spectrum Services

— Dobos et al.
* Open SkyQuery

— Dobos et al. 2014 in prep.
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SkyServer.org - Team

The team behind the skyserver are multitalented and have various backgounds. You have seen the

names - here are the faces.
William O'Mullane m

Adrian Pope

Tamas Budavari

George Fekete

Sam Carliles Jordan Raddick

Nolan Li - Alex Szalay

Maria Nieto-Santisteban Ani Thakar

Tanu Malik
1/23/2014
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Home Tools

Glossary
Algorithms

Search for

|
+Tables
+Views
FFunctions
#HProcedures
[+ Constants
#Indices

Sloan Digital Sky Survey / SkyServer
L= Ik

Projects Astronomy SDSS Contact Us Download Site Search Help
Schema Browser

wasie PhotoObjAll
Contains a record describing the attributes of each photometric object

The table has views:

« PhotoObj: all primary and secondary objects; essentially this is the view you should
use unless you want a specific type of object.
« PhotoPrimary: all photo objects that are primary (the best version of the object).
o Star: Primary objects that are classified as stars.
o Galaxy: Primary objects that are classified as galaxies.
o Sky:Primary objects which are sky samples.
o Unknown:Primary objects which are noOne of the above
« PhotoSecondary: all photo objects that are secondary (secondary detections)
« PhotoFamily: all photo objects which are neither primary nor secondary (blended)

The table has indices that cover the popular columns.

name type length | unit ucd description
B - Unique SDSS identifier composed from
T | [@ DA [skyVersion,rerun,run,camcol,field,obj].
skyVersion tinyint §1 CODE_MISC 0 = OPDB target, 1 = OPDB best
run smallint | 2 OBS_RUN Run number
rerun smallint | 2 CODE_MISC Rerun number
camcol tinyint |1 INST_ID Camera column
field smallint | 2 ID_FIELD Field number
The object id within a field. Usually
obj smallint | 2 ID_NUMBER changes between reruns of the same
field.
- 1: primary, 2: secondary, 3: family
mode EiE | |2 CEACSSUHIEC object, 4: outside chunk boundary.
Number of children if this is a
composite object that has been
nChild smallint | 2 NUMBER deblended. BRIGHT (in a flags sense)
objects also have nchild == 1, the
non-BRIGHT sibling.
- Morphological type classification of the
type® smallint | 2 CLASS_OBIECT object.
) Clean photometry flag for point
clean int 4 CODE_MISC sources (1=clean, O=unclean).
Probability that the object is a star.
probPSF real 4 STAT_PROBABILITY Currently 0 if type == 3 (galaxy), 1 if
type == 6 (star).
inswdeMask" LH{H imte r4desion COU r 5ﬁ)DEg41éA/. Y| p Flag to indicate whether object is inside
a mask and why
ﬂag50 bigint |8 CODE_MISC Photo Object Attribute Flags




Using Microsoft SQL Server in Astronomy (Szalay & Gray)

A7 Microsoft SOQL Server Management Studio E]@
File Edit ‘iew Project Tools  Window  Community  Help
P ki 'y 5 Y o s EENE Wiy
. o ew query | [Ty | 6 oy By | (08| 57 08 ok A @l [ B B2 B 5 8
L]
i a || “|| B Execute L s ] ] | | = ;?5
° I Object Explorer » 1 X || -SpsSDB003.Chi..on_PhotoZ.sql!” THUMPER.BESTD...bo.Specobjal |~ SDSSDEO0S. Chi.. tellarMass.sql 5 X
O ra C e Connect = | a2 2] - 7-‘
— s —— flux-limited sample selection for photo-g/inclination o
= [J;thumper {S0L Server 9,0,2047 - SDSSicwyip) | | -
-l [ Databases 1
L4 Mys QL + [ System Databases select ) )
% [ Database Snapshots p.petromag u - p.ext:}nct:}on_u - k.ku,
e Adrian p.petromay_g - p.extinction g - kK.kg,
¥ t:JJ #lez_astroportal p.petromay r - p.extinction r - k.kr,
¥ lJ Ales_sensor p.petromay i - p.extinction i - k.ki,
# | || AlexDRESample p.petromayg z - p.extinetion z - k.kz,
+ l_J AlexMatch3 1.80 # power(logll(p.expab r), 4.0) a3 'petro u inclincorr',
+ l_J Alexspectatch 1.19 # power (loglO(p.expab r), 4.0] & 'petro g inclincorr',
+ lJ AlexZooFlx 0.54 * power (loglOip.expab r], 4.0) as 'petro r inclincorr',
= l_J BESTDRS_EFG 0.10 * power (loglO(p.expeb_r), 4.0) as 'petro i inclincorr',
+ l_J BESTDRE 0.00 * power (loglOip.expeb _r), 4.0) as 'petro z inclincorr',
¥ | || BestDRA_100GE k.diztmod
# | ] BestDRE_10GE from thumper.bestdré6.dbo.specobjall =,
* l-J BESTTEST thunper .hestdr6. dbo. photoohjall p,
* l-J DAACDS sdssdb003 . KcorrPRA.dho. Ecorr k -
* | || DREFrame et e s ¥
# | || DR&Spectrum < B
DR75peck ]
: lj First pecTHm [ Results | [ Messages
I —
# | || GalaxyForkevin [N column name] | (Mo column name) | [No columin name] | (Mo colurmn name] | (Mo column name] | peto u inclincon pti A |
# | || galawyzon 1 1E.69974 1E.35854 16.21339 1635263 0.432397508119744 03
# | || Galex_GR2 2 18.43334 17.29214 1662328 1628204 1E.08096 1524191907519 039
= ) g:osts 5 3 19.42674 18,2430 1770235 17.49629 1715921 0.464193794242971 02
s
- l‘JJ GRDZEI;Iz;;W 4 1874544 17.94934 1751807 17.26874 171523 0.5009453764345324 03
e : J loadadmin 5 18.949 17.80621 1722119 1E.BEE48 1E.60248 0 E31E0486654220 04
# | || lnadsupport 5 19.22604 17.9269 17.52087 171663 17.18861 0.453E64367877463 0.2
# | ManuTest 7 18.04691 1E.8743F 162979 1E.01E79 16.84145 0.837249857822637 05
# | || MatchDB g 1811681 1677158 1613685 1569099 15.65387 0.875719228372087 05
% | || MyBestDR7 r— e — R P v 1.
# | mypst (1] 2]
Id e, il e
P ——— '3 || (D Huer executed successhully. SDSSDBO0Z(305F3)  SD&S\ocwyip(84]  Chingwa | 000313 | 3382 rows
Ready
1/23/2014 FHO T ESISESS SES A S — -
M X whfin - G 3 Microsoft Vis...  =|| Gmg gwenl - Remate ... @ 2 Wicrosoft OFfi.. = :édiskscale length ... @ 349 PM




Practical SQL

* We execute queries to manage and retrieve the data.

* The queries are written in Structured Query Language (SQL),
which has the form:

SELECT column(s)
FROM table(s)
WHERE predicate(s) are true

* SQL queries can get long and complicated.

1/23/2014 JHU Intersesion Course - C. W. Yip



'* Microsoft SQL Server Management Studio

File Edit Wiew Query Project Debug Tools

Windaow

Community  Help

ANeruery|m|@E&%|&|Egﬂll@i‘A S.

=% M | master

Connect = 3} 2l m T :5

|?ExecubeP FIJ&QEH

Plestuery;

& | JJ BESTDRG
=l | ) BESTOR?
[ Database Diagrams
Bl [ Tables

[ System Tables

= casuser.wilags_cmp1329pm050RT

= dbo.Algorithm

= dbo.ApT™ag
= dbo.BestTarget2Sector
dbo.Chunk
dbo.DataConstants
dbo.DECalumns
dbo.DEChjects
dbo.DBViewCols
dbo.Dependency
dbo.Diagnostics
dbo.DR 3QuasarCatalog
dbo.DR 5QuasarCatalog
dbo.ELRedShift
dbo.Field
dbo.FieldProfile
dbo.FieldQa
dbo.FileGroupMap
dbo.First
dbo.Frame
dbo.Glossary
dbo.HalfSpace
dbo. Histary
dbo.HoleObj
dbo.IndexMap
dbo.Inventory
dbo.LoadHistory
dbo.Mask
dbo.MaskedObject
dbo.Match
dbo.MatchHead
dbo.MNeighbars
dbo.ObjMask
dbo.CrigField
dbo. CrigPhotoObjal
< prtiivep
dbo.PhotoObjall
r.‘.bo PhotoPraﬁe

N
\HH@HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH

H" o e g e e e

[

SQLQuerv_Data_SS\mwp [SB}}]

al

yunt Rows

SELECT COUNT (%)
FROM THUMPER.BESTDR7T.dbo.FhotoObjAll

Results ||_1} M&Bsag&sl

(Mo column name)
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icrosoft SQL Server Management Studio

File Edit WView Quer Project Deb Tools Window Community Hel
S man e sasa, = Show Top Records

92 {3 | master Y| Pecae b B v 33 ] 6 @BRED = 2 AN
SQLQuery_Data...\cwyip (68))* |
Connect- @3 M0 wm T OF O SELECT TCP 10 *
L N
=l = dbo.PhotoObiAl ;I I FRCM THUMPER.BESTDR7.dbo.PhotoCbhjAlll
= [ Columns

7 objID (PK, bigint, not rull)
[Z] skyVersion {tinyint, not null)
run {smallint, not null)

=] rerun (smallint, not null)

[E] cameol (tinyint, not null)

[E] field (smallint, not null)

| obj (smallint, not null)

mode (tinyint, nat null)
nChild (smallint, not null}

[E] type (smalint, not null)
dean (int, not null)

[E] probPsF (real, not nully
insideMask (tinyint, not null)

] ]

[Z] rowv (real, not null)
rowvErr (real, not null)
colv {real, not null)

=| colvErr (real, not null)
rowe_u {real, not null)
[Z] rowc_g {real, not null)
rowc_r (real, not null)
rowc_i {real, not null)
rowc_z (real, not null)

rowcErr_u (real, not null) P |
rowcErr_g (real, not null) 0 I [jj |
=| rowcErr_r (real, not null) Results || "3 Messages
rowcErr_i (real, not nul) okjlD | skyVersion | un [ renun | cameol | field | obj | mode | nChid | type | clean | probPSF [ insideMask [ flags rowe: rowcEm colc cx
ztiu';;eza{l’?;'t :‘L’Jﬁ}”“"’ 1| 587722951693302808 | 1 745 40 1 518 1 3 1 6 0 1 0 34628571982 6731985  0.008972449 4960184 O
cole_g (real. not nul) p 1 745 4D 1 518 2 2 0 5 0 1 0 310109256160076  67.25411  0.002876111 4569498 O
colc_r {real, nat null) 3 1 745 4D 1 518 3 3 0 o |0 9993 0 281619127075148 6633471 01010417 1098143 0O
cole_i (real, not null) 4 1 745 4D 1 518 4 3 1 5 0 1 0 262435970 3720694 001529532 1793392 O
=| colc_z (real, not null) 5 1 745 40 1 512 5 3 0 5§ 0 1 0 268435968 37.10624 | 0007697065 173354 O
=] colcErr_u (real, not null 6 1 75 40 1 518 6 3 1 6 0 1 0 17592454611530 4378992 001508366  1275.807 O
colcErr_g {real, not null) =
7 1 745 4D 1 512 7 3 0 5 0 1 0 17559434461772 4360673 0005338188 1875988 O
colcErr _r (real, not null) ——
=] colcErr i {real, not nul) ] 1 745 40 1 512 8 3 1 5 0 1 0 448635372704330  60.17922  0.007902309 4966865 O
colcErr_z {real, not null) 9 1 745 4D 1 512 9 3 11 5 0 1 0 1046988272308748 4823613 01025441 567655 O
(5] sky_u (real, not nul) 10 1 745 40 1 518 10 3 0 5 0 1 0 483787533062164 | 4823613 0.1025441 567655 | O
sky_g (real, not null)
=] sky_r {real, not null)
[E] sky_i {real, not null)
1/23 /&34 4 treal, not i) JHU Intersesion Course - C. W. Yip
=| skyErr_u (real, not null)
skyErr_g (real, not null)
olvErr r razal nnt ol




Predicates (or Conditions)

* These inequalities can be used in predicates:

SELECT COUNT(*)
FROM PhotoObijAll

WHERE PetroMag r<17.7

1/23/2014
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(“not equal”)




ORDER BY

 We use “ORDER BY” to sort the output into increasing order.

SELECT Top 10 ObjID, petroMag_r ] Fesuls | 3 Messages |

FROM PhotoObijAll Ok petratdag r
WHERE petroMag_r < 17.7 RO7722051693303809 | 157723
ORDER BY ObjID Fa7722951693303910 | 15.72382
597722951£93303811 | -9999
FE7722951693303812 | 13.67365
FO7722951693303814 | 1277901
FO7722951693303815 | 17.15969
E7722951693303816 | 12.26275
597722951693303817 | 1251592
FE7722951693303818 | 1251581

REY/22951693305819 15.23023

—
=

1/23/2014 JHU Intersesion Course - C. W. Yip



Nullable?

 Afield that is allowed to have no values is called “nullable”.
 Determined when creating the database.
* In SDSS, many unavailable fields have values “-9999”.

SELECT Top 10 ObjlD, petroMag_r 1 Results | BE Messagesl

FROM PhotoObijAll Okl petrnhflag
WHERE petroMag_r < 17.7 | BAT7Z2951693303809 | 15.7723
AND petroMag r <> -9999 RPRRR—— -
ORDER BY ObjID 587722951693303812 1367365
FE7722951693303814 1277901
FE7722951693303815  17.15969
BE7722951693303816  12.26275
RO7FI20R1693303817 1251592
BO7F220R1693303518 1251501
RE7722951693303819  15.29029

yipef F22951633303823 16,165

1/23/2014 JHU Intersesion Cours



Aggregate (“Bag”) Functions:
Group a field from multiple rows together

e Commonly used aggregate functions include:
COUNT()
MIN()
MAX()
AVG()
STDEV()
* For big tables, aggregate functions may take a long time to finish.

SELECT COUNT(*) as 'Count’, MIN(z) as 'Min z', MAX(z) as 'Max z', AVG(z) as 'Avg z', STDEV(z) as 'SD z'
FROM SpecObjAll
WHERE specClass = 2

1 Results | 3 Messages

Caount Min z bax z ﬂwgz SOz
1 EEIEEIEEE 000102696 5535 0.148379266605181 0.129811220106478
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GROUP BY

 We use “GROUP BY” to group output by column(s).
e Often used together with aggregate functions.

SELECT specClass, COUNT(*) as 'Count', MIN(z) as 'Min z', MAX(z) as 'Max z', AVG(z) as 'Avg Z/,
STDEV(z) as 'SD Z'

FROM SpecObjAll
WHERE z <>-9999
GROUP BY specClass

| Results | B Messagesl

gpecClazz | Count bin z Mam z .-'-‘-.vg z S0z
1 o 28235 00103452 BOOSE  0.53917193031576 0.85949957 2096409
2 |1 | 380214 D00E0R471 225871 5 E74R0ARG49839E-05  0.0081094583439007
3 |2 929555 000102696 5535 0.148379266605181 01298112201 06478
4 |3 111693 000153095 600497 1.34311277729218 0,78382897231 3012
5 |4 9570 131091 51854 2 9E745617192435 0.542437 385679024
£ |6 04047 000671032 221458 0.000109805128786711  0.0155157912061197
1/23/2014
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SpecClass Data values

T T e
UNKNOWN [0 Spectrum not casstiable ot <025,

_ Spectrum of a quasi-stellar object.

HIZ QSO |4 Spectrum of a high-redshift quasar (z>2.3), whose redshift is confirmed by a Ly-alpha
- estimator (see "Spectroscopic Redshift and Type Determination” section in Algorithms).

_ Spectrum of blank sky.

STAR_LATE _ Star dominated bt molecular bands M or later.
GAL_EM Emission line galaxy (placeholder).

| Results | ) Messzages |

gpecClazz | Count bin z Mam z Byg 2 S0z
1 [0 28235 00103452 BOOSE  0.53917193031576 0.859499572095409
> |1 380214 000608471 225871 GE74E0S5G49839E-05  0.0091034533499001
3 |2 029555 000102696 5535 0.1483792666051 51 01292112201 05475
4 |3 111693 000153095 6004597  1.34311277729218 0.783828972313012
5 | 4 9570 1.31091 51854 2 96745617192435 0.542437 305679024
5 |6 54047 000571032 221458 0.000103905128786711  0.0165157912061197




SQL Example:

Create Binned Redshift Histogram of Galaxies

e Suppose we want to know the redshift distribution of galaxies

from the SDSS spectroscopic data.

DECLARE @binsize FLOAT
SET @binsize =0.1

SELECT FLOOR(z / @binsize) * @binsize as 'Redshift’,
COUNT(*) as 'Number of Galaxies'

FROM THUMPER.BESTDR7.dbo.SpecObjAll

WHERE specClass = 2

AND z BETWEEN O and 1

GROUP BY FLOOR(z / @binsize) * @binsize

ORDER BY FLOOR(z / @binsize) * @binsize

] Results | 3 Messages
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Redshift | Mumber of Galasies
1 |o 360345
2 01 JE1738
3 0.2 FEETD
4 0.3 E2830
a] 0.4 34001
E 0.5 5710
7 0. 1078
a 0.y 344
3 0.8 il
10 | 09 22




SQL Example:
Create Binned 2D (Redshift, Magnitude) Histogram of Galaxies

* We can select fields from multiple tables.
* We can also use the clause “JOIN” explicitly for this example.

DECLARE @binsize_z FLOAT 1 Results | 3 Messagss |

DECLARE @binsize m FLOAT Fedshitt | Magnitude | Mumber of Galasies |
SET @binsize_z=0.1 0 | 16 17638
SET @binsize_ m=0.2

o 16.2 2119
1] 16.4 24836
1]
1]

1E.E 28450

1
2
3
4
SELECT FLOOR(s.z / @binsize_z) * @binsize_z as 'Redshift’, 5 16.8 32314
FLOOR(petroMag_r / @binsize_m) * @binsize_m as ‘Magnitude’, E_| 0 17 1
7
3
3
1
1

COUNT(*) as '"Number of Galaxies' 01 18 2983
FROM THUMPER.BESTDR7.dbo.SpecObjAll s, THUMPER.BESTDR7.dbo.PhotoObjAll p e
WHERE specClass = 2 T 166 15175
AND s.bestObjlD = p.objlD 1 | o1 16.8 24095
AND s.z BETWEEN 0 and 0.2
AND p.petroMag_r BETWEEN 16.7 and 17.7
GROUP BY FLOOR(s.z / @binsize_z) * @binsize_z, FLOOR(petroMag_r / @binsize_m) * @binsize_m
ORDER BY FLOOR(s.z / @binsize_z) * @binsize_z, FLOOR(petroMag_r / @binsize_m) * @binsize_m
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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

1/23/2014

= Microsoft SOL Server Management Studio [;]@

File Edit Wew Project Tools  Window  Community  Help
£ e cuery | [0y | B £ 5y |3 [ S ob o A @ | B I8 B2 S
L P | | -| ! Execute JA‘l__‘_"' | CE ‘ : J| |

Object Explarer 1 x| SDSSDBO03.Chi...on_PhotoZ.sql| THUMPER BESTD.. bo.Specobjél |~ SDS3DB003.Chi.. tellarmass.sql
Connect ~ | &2 7] -

=7 -- flux-limited sample selection for photo-z/inclination
= [t Ehumper (SQL Server 9.0,2047 - SDSS\cuyin) . A

= [ Databases

[ System Databases select X

[ Database Snapshots p.petromag u - p.extinetion u - k.ku,

lJ Adrian p.petromag_g - p.Ext,lnct,%Un_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,

U AlexDRESample p.petromag_z - p.extinetion z - k.kz,

[J AlexMatch3 1.90 * power (loglD(p.expab_r), 4.0) &3 'petro u inslincorr',

[J AlexSpectatch = 1.18 # power (loglO(p.expab_r), 4.0) &s 'petro g inclineorr',

[J AlexZooFL: 0.54 # power (loglO(p.expab r], 4.0) &3 'petro r inslineorr!',

| J BESTORS_FFG 0.10 # power (loglD(p.expab_r), 4.0) &s 'petro i inclincorr',

lJ BESTORG 0.00 # power (loglO(p.expab r], 4.0) as 'petro z inclineorr',

[J BestDR6_100GE %.distmod

l-J BestDRG_LOGE from thwiper.bestdré.dbo.specobjall s,

lJ BESTTEST thumper .bestdré.dbo. photoohjall p,

lJ DAACO3 =2dsscb003 . EeorrDR6.dbo. Eeorr k

|| DR&Frame . . R AT hd

[J DRESpectrum l< m | [)]

2 3 ey s

lJ GalaxyFarkevin __[ND column name) | [Ma column name] | [Ma columnname] | [Ma columnname] | [Mo column name] | petro winclincor pell[A]

[J galaxyzon 1 | 4 1669974 1635854 16.21333 1635263 0.432397508115744 0.3

|| Galesx_gR2 2 1843334 1729214 1662328 16.28204 16.03036 1.52441919075313 09

| Ghosts 3 1942674 1624301 17.70235 17.43629 17.18321 (.464193794242971 02

tj EE;;E;;@ [RRRTT 1794934 1751807 17.26974 171523 0E0IMETEIBIE 03

l_] \oadadmin 1] 18,943 17.80621 17.22119 1686645 1660245 (BB160456654221 04

|| Toadsupport B 1322604 17.9269 17.52087 1716631 17.18861 (1.453664367877463 02

] ManuTest 7 1804691 1687437 162578 1601678 1684145 (.937248867822637 06

13 Matchoe g 1871651 1677158 1613685 15,6909 15,6537 0875719228372087 0.5

) MyBestor? — S - e )

[ mypst i <] I | 2]
<] s T | D] || Guepeecuted successtl, 5DSSDBO03(305P3)  SDSS\cwip(B4) Chingwa 000313 | 3382 ows

Ready

(mo gwent - Remate .. H @2 Microsaft offi,,, =

m X 3w -

| WA 3 Microsoft Wis,.,

(€ disk scale length .. ‘@ 349 PM

(MS SQL Server. Source: Alex Szalay)
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Caslobs

* Available for public.
* Users can register and search the public SDSS data.
e All SDSS data will become public some time after the survey completes.

£ Login - Windows Internet Explorer [_ (O] X]

@ I l@ http:/fcasjobs.sdss.org/CasIobs/login.aspx ,O_:I (4 ¥3 K| € 5DSS SkyServer DR7 | [§] Login X | | © W
x Go gl(’ ’ sdss casjobs L] '." Search v | ‘ & ﬁ Share l More 3> iy ching wa yip v 9 ~
X Find: Itype Previous Next ’ Vi f Options ~

SDSS Query /CasJibS

; ’ +
Help  Tools Create Account  Login Not Logged in

User ID

Password |

Login V

If you do not have a login please create an account. Exercise. Create an account
Contact .
in CasJobs.




Open SkyQuery

* An ambitious platform for storing and cross-matching Catalogs from many
Astronomy surveys.

* Under big overhaul and new development (2014) by L. Dobos and

/& Dpen SkyQuery - Windows Internet Explorer _[O0] =]

@@ L I:% hittp:/ fopenskyquery net /Sl skysite/ pj @ * A %y 555 SkyServer DRY | 7S] Login @ open SkyQuery % | | TN \—}{—,
x Go g|€ | open skyquery j ""l Search * | ‘ - ﬁ Share | Mare 3> JTL Ik ching wa vip * '.\ v
X Find: Itype Previous  Mext j Cpkions -

NV‘:! gé Open SkyQuery JOHNS HOPKINS

National Virtual nced Query | Impo [ |Help| Contact Us

Observatory
Welcome to Open SkyQuery!
OpenSkyQuery allows you to cross-match astronomical catalogs and select subsets of
catalogs with a general and powerful query language. You can also import a personal
catalog of objects and cross-match it against selected databases.
1/23/2014 To get started, go to the Sidiplé nieryasdasn loaursa simpW-féim query, or go the the

Advanced Query page and look at some of the samples.




Hooking Up Database using R

Here we use Microsoft Windows Operating System.
Two main steps:
— Set up user’s Data Source Name (DNS) in Windows.
— Install R library for Open Database Connectivity (RODBC).
See class demonstration.
The R script can be downloaded from the Course Website.



Large Hadron Collider
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1Mega = 1,000,000 = 10°
1Giga = 10°

1Tera = 1012

1Peta = 10%°

1Exa = 1018

1Zetta = 10%1

(WIRED, May 2013)



