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CPU Transistor Counts 1971-2008 & Moore’s Law
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Nagy tudomanyos felmerées mintapélda:
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Adatfeldolgozasi kihivas

= Automatikus “pipeline”

T6bb mint 150 ember-évnyi fejlesztés

Elsé nagyprJOJekt ahol a szoftver

fejlesztesre forditodott az erdforrasok

nagyobbik hanyada

= Nagy adattomeg
Tobb mint 300 millié objektum,
egyenként 300+ parameter

Kozel 100 TB nyers adat, 10 TB
kataldgus, 2.5 terapixel

PUBLIKUS ADATBAZIS (VO)

< Sloan Digital Sky Survey / SkyServer i " :
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Home Tools Schema  Projects  Astronomy SDSS  ContactUs Download Site Search

Welcome to the DR6 site!!
The Sixth Data Release is dedicated to Jim Gray for his fundamental contribution to the SDSS project and the
extraordinary energy and passion he shared with everybody!

Data Release 6 (DR6)

What's new in DR6

what's new on this site
known problems

SkyServer Tools Science Projects Info Links Help

Famous places Basic About Astronomy Getting Started

Advanced

Challenges

Explore For Kids

Search Games and Contests Schema Browser
Object upload Teachers Sample SQL Queries
Caslobs Links to other projects Images of RC3 Galaxies  Details of SDSS Data

Help

SDSS is

supported by
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The sloan digital sky survey: Technical summary
DGYork + SDSS collab.The Astron. J.I 120 (3), 1579 (2000)

PZ Kunszt, AS Szalay, | Csabai, AR Thakar;
ADASS IX 216, 141(2007)



Csillagaszati kérdesek -
csillagaszati adathalmazon

Csillag/galaxis szeparacio
Kvazar target kivalasztas

T
“vagasok”
T
Sok dimenzios
poliederek

Skyserver: évente tobb mint 1 millié lekérdezés

petroMag_i > 17.5 and (petroMag_r > 15.5 or petroR50_r > 2)
and (petroMag_r>o0andg>oandr>oandi>o)and (
(petroMag_r-extinction_r) < 19.2 and (petroMag_r -
extinction_r < (23.1 + (7/3) * (dered_g - dered_r) + 4 * (dered_r
- dered_i) - 4 * 0.18) ) and ((dered_r - dered_i - (dered_g -
dered_r)/4 - 0.18) < 0.2) and ((dered_r - dered_i - (dered_g -
dered_r)/4 - 0.18) > -0.2) and ( (petroMag_r - extinction_r +
2.5 * LOG10(2 * 3.1415 * petroR5o_r * petroR5o_r)) < 24.2) )
or ( (petroMag_r - extinction_r < 19.5)

and ((dered_r - dered_i - (dered_g - dered_r)/4 - 0.18) > (0.45 -
4 * (dered_g - dered_r))) and ((dered_g - dered_r) > (2.35 +
0.25 * (dered_r - dered_i)) ) ) and ( (petroMag_r - extinction_r
+2.5* LOG10(2 * 3.1415 * petroR5o_r * petroR50_r)) < 23.3)

)




Indexelés, adatbazisok

= Az adatnemferela
memoriaban

= A hattertar elérese
nagysagrendekkel l[assabb

= P|. SDSS adatok atolvasasa

AS Szalay, J Gray, G Fekete,P Kunszt, P Kukol, A Thakar
MSR -TR 123 (2005)
I Csabai, L Dobos, M Trencséni, G Herczegh, P Jozsa, N

T Budavari, L Dobos, AS Szalay, G Greene, J Gray, AH Rots Purger, T Budavari, AS Szalay Astr. N. 328 (8), 852 (2007)
ASP Conf . Ser. 376, 559 (2007)



Adatbazisok, iranyzatok

= RDBMS

+Uzleti célra fejlesztve, optimalizalt IO/memoria

eleres,deklarativ programozhatosag (SQL), parhuzamos
queryk, standard APl (ODBC,JDBC)

-Relacios adatmodell gyakran nem eleg (matrixok, grafok,
[arrayLib]), nem elosztott [skyQuery]

ACID: Atomic,consistent,isolated,durable
= NoSQL,BigTable, Hadoop/MapReduce, column store

Akar sok ezer (olcsoO) szerver, elosztottsag a fo szempont
Rendelkezésre allas vs. konzisztencia

BASE: Basically available,soft state,eventually consistent)
SciDB (array, grid), MonetDB, Vertica

L Dobos, AS Szalay, J Blakeley, B Falck, T Budavari, | Csabai L Dobos, T Budavari, N Li, AS Szalay, | Csabai

Astronomical Data Analysis Software and Systems XXI 461, 323 Scientific and Statistical Database Management, 159-167 (2012)
(2012)



Deklarativ nyelv, optimalizalo
Optimalizalt scan

Elsédleges kulcs szerinti eléres
Indexek szerinti keresés

Join m(veletek

Parhuzamos végrehajtas
Egyszerl sharding
Tranzakciok

Tobblépéses tranzakciok

Durability

EgyszerU load balancing

Nem strukturalt adat

Szabvanyos API

ACID
v

back-up/log

v
BASE

replikacio
v
v

(Dobos. L. 2014.)

replikacio
v




Parhuzamositas, CPU/GPU vs. IO

= Amdahl torvények kiegyensulyozott rendszerek esetére (1965)

= Teljes problema: 1=P+S
=  Max gyorsulas: a=1/(S+P/N)
=  Amdahl-szam: 1 bitlO /s

1 utasitas /s

=  Memoria: 1 bajt memoria

1 utasitas /s

= Energia?

= Blue Gene: A =0,013
=  Graywulf: Ao =0,5
= Amdahl: Ao=1,25



Virtual Observatory / cloud

» ,Haaz adathegy nem megy ...”

= Amazon WebServices, MS Azure, Google Cloud, ...
o Software as a service (SaaS)
= Development as a service (DaaS)
o Platform as a service (PaaS)
o Infrastructure as a service (laaS)



SDSS Data Access

= SkyServer
= Web browser-based synchronous access

Meant to support several levels of users

= From casual to moderately advanced queries

* From simple form-based to direct SQL queries

= From cone (radial) search to crossid type searches

= Visual tools to browse image and catalog data

= Stored procedures

= APl access, e.g. emacs interface, sqlcl (command-line)
= Strict limits on execution time and output size

a

- Fair use for everyone, robots/crawlers discouraged

= |mgCutout
= Finding Chart and JPEG image browser
~ Accessible from SkyServer (Visual Tools)




CasJobs

» Linkin SkyServer (http://cas.sdss.org/casjobs)

= Batch Query Workbench, personal user DB (MyDB)
= Quick mode: 1 minute cutoff

= Submit mode: up to 8 hours in “long” queue
= 24-hr queue for collab members

= Preferred method for serious queries

= MyDB database to save results of your queries
= Define your own functions, procedures too
= Share your tables with collaborators (groups)

= Job history, plotting, FITS/CSV/VOTable output

= Restricted (collab-only databases)

= Table Import (upload) for your own data

= Groups to share your results with collaborators

» Command-line access Java tool also downloadable

= SOAP/Web Services access



http://cas.sdss.org/casjobs

SkyServer Help Resources

= Help menu option on top right of SkyServer
= Start with Archive Intro
= Next look at Query Limits and How To pages

* Then Introduction to SQL and Sample Queries
Look at Optimizing Queries page (esp. bookmark bug)
Try out some of the sample queries
Cut and paste to SQL search page (Tools—Search—SQL)

= Browse FAQ and Schema Browser

 Glossary, Table Descriptions and Algorithms
— Searchable, dynamically loaded from DB, interlinked

— The €, & ® symbols are links to Glossary, Algorithm and Table
Description entries

Data release and technical papers

A. Thakar: JHU CAS Seminar, March 6, 2007



Example: my PhD student has a list of
coordinates of galaxies and wants
composite spectrum

Tasks:
» download data, understand custom format
* select the subset we need / coordinates

* convert to useful format

* get other files with redshift/calibration info
* rebin/rescale spectrum, shift to restframe




With SOAP/XML Web Sevices

-

EmissionLines(ID)
DeRedshift(ID,z)
Convolve(ID,filter)
ConeSearch(ra[],dec[])
Composite(ID[])

Procedure call

XML DATA

#include spectrumWS.description

Program MyComposite() {

for(i=1; i<N; i++){
ra[i] = ReadRA(i);
dec[i] = ReadDEC(i);
3

idStruct ID[] = new idStruct[N];
ID = ConeSearch(ra,dec);
sedStruct SED = new sedStruct();

SED = Composite(ID);
Plot(SED);




Processing functions i
Stored procedures &
Search tools
Visualization tools

Processing functions Processing functions
Stored procedures | Stored procedures
Search tools Search tools
Visualization tools Visualization tools

174 174
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mért spektrum
illesztett spektrum
kllénbség

valosag

formalizalt
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L Dobos, | Csabai, CW Yip, T Budavari, V Wild,
i AS Szalay; MNRAS 420 (2), 1217-1238(2012)

D Ribli, szakdolgozat ELTE (2014)
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Kozmologial allandok
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Nem csak a csillagaszat: genomika, kdrnyezettudomanyok,
tarsadalomtudomanyok ... Egyre komplexebb kerdesek

muszerek
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virtualis valosag



Mas tudomanyagak: hasonlo trendek

8 SENN



Human Genome Project
(HGP) lounched in the US.

Eihical, Legal, ond Social
Implications (ELSI) programs
founded of NIH and DOE

First gene for
breast cancer
(BRCAT) mopped @

A genetika rovid tortenete
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)8165

First U.S. Genome
Centers estoblished
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umon genelic map developed

Ropid data release
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First bacterial genome
(H. influenzoe) sequenced

US. Equal Employment
Opportunity Commission
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human genome
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Jal

NCHGR becomes NHGRI
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New five-year plan for
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RIKEN Genomic Sciences
Center (Jopon) established

Roundworm (C elegans)
genome sequenced
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A genomika Moore-torvenye

Cost per Genome

$100M
CCD!
$10M Moore's Law = X Prize, 100 genom,
s 30 nap, $10k - torolve
- Microarray
T - Tomegspektrografia
| G T - Digitalis mikroszkopia
$1K

Ll 1 I 1 I

1 I 1 I
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Oxford Nanopore
100Mb, $900

HGP 1990-2003: 2.7 milliard USD Ma: 10 ezer USD J Molnér et al. Genes Genomes Genetics, g3.114.013482(2014)



Expresszids microarray

= Affymetrix HG U133 Plus2
= Nyers adat 67Mpix (fotometria!)
° 604258 probe
° 54675 probe set (~gén)
= 207 minta (colorectalis daganat)

= Hasonlo metodika

= Nagy adatbazisok (sajat
+ publikus)

- Komputer —intenziv

/4



= SDSS spektrumok: 1 millio darab
3000 dimenzios vektor

= Microarray viszgalatunk: 207
darab 54675 dimenzios vektor

Dimenzioredukcio, tomorités

Remeény: a hattérben lévo fizikai
torvények miatt az adatok nem
toltik ki egyenletesen a teret.
Alterekre/hiperfeliletekre
korlatozodnak. Ezert erthetjik meg
egyaltalan a vilagot!




Dimenzi0o redukcio - PCA

Forgatas 54675D-ban — “optimalis” vetités 2D-ra




slermészetes vetuletek”

galaxy -

agge o = . C star
270 million points Lt e T quasar -
in 5+ dimensions :
+images

+spectra

- Multidimensional
point data

- highly non-uniform
distribution

- outliers
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Fotometrikus voroseltolodas
Komplex inverz probléma
Mesterseges neuronhalozatok,
Adatbanyaszati technikak
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AJ Connolly, RG Kron, | Csabai, DC Koo, JA
Munn, AS Szalay; Astr. J, 110, 2655 (1995)

| Csabai, AJ Connolly, AS Szalay, T Budavari
Astr. J. 119 (1), 69(2000)

| Csabai + SDSS collab. Astr. J. 125 (2), 580
(2003); SDSS DR1-DR12 (2002-2015)

Csillagok metallicitasanak becslése:

G Kerekes, | Csabai, L Dobos, M Trencséni
Astr. N. 334 (9), 1012-1015(2013)



,,0kos”” vetités: PCA - SVD
X =UxVT




Dimenzi0 redukcio: alkalmazasok

150000
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-100000

-150000

-150000 -100000 100000

O Pipek, szakdolgozat ELTE (2014)

Triplettgyakorisagokkal normalt mutacié eléfordulas

metallicity

T Budavari, | Csabai + SDSS collab.; Astr. J. 122 (3) 1163(2001)

I Csabai, AJ Connolly, AS Szalay, T Budavari; Astr. J. 119 (1), 69 (2000)

Z Gyory, AS Szalay, T Budavari, | Csabai, S Charlot; Astron. J. 141 (4) 133 (2011)

0 50 100150200250300 350400
C1

S Spisak, A Kalmar, O Galamb, B Wichmann, F Sipos, B Péterfia, | Csabai, |
Kovalszky, S Semsey, Z Tulassay, B Molnar; PloS one 7 (10), e46215(2012)




Dimenzid redukcido - PCA

Hematopoietic system Other @ Connective tissue @ Incompletely differentiated

» Fejlesztesek
Kilogo adatpontok: robusztussag
Sok adat: “streaming” / DB
Ritka adat-matrixok (compressive sensing)

Malignancy axis

@
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Hematopoietic axis Hematopoietic axis

CUR dekompozicio
Nem negativ matrix faktorizacio T W -
Graf fokomponensek

? Szoveg PCA, Genom PCA

Malignancy axis
Malignancy axis

A Bodor, | Csabai, MW Mahoney, N Solymosi; BMC bioinformatics 13 (1), 103
(2012)
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CW Yip, MW Mahoney, AS Szalay, | Csabai, T Budavari, RFG Wyse, L Dobos
Astr. J. 147 (5), 110 (2014)
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Ember alkotta komplex rendszerek

KOMMUNIKACIOS, SZOCIALIS ES



Internet

= Ember alkotta, de nincs
meg a "tervrajz”

Wi - 1 2’ >
. C S I I I a g a S Z a t I S Z a m U Coes 3,0896 2009—0:58

komplex nem-linearisan

kolcsonhato elem o e e
= Természettudomanyos s o
modszerek kellenek S,
Eszlelés/kisérlet
Modell
Jobbat tervezni 070 s oeanon §

Internet Users in the World
Growth 1995 - 2010

g B

= JOvO internet: self-

600

aware, self-managing,

400

self-healing ...

200

100




x*

Network Measurement VO Wetomic
ETOMIC/Sonoma/Spotter

= GPS szinkronizacio

= Specialis precizidoméres (~60 ns,
Endace DAG 3.6 GE card /ARGOS FPGA
measurement card)

= Merésvezerlo rendszer
= Kozponti adatbazis

= Nemzetkozi nagykollaboraciok:
Evergrow, Planetlab, Onelab

= |pari partnerek

. Spotter: A model based active geolocation service; S Laki, P Matray, P Haga, T Sebdk, | Csabai, G Vattay; INFOCOM, 2011 Proceedings IEEE, 3173-
3181 (2011)

. Building a prototype for network measurement virtual observatory; P Matray, | Csabai, P Haga, J Steger, L Dobos, G Vattay;Proc. ACM workshop on
Mining network data, 23-28 (2007)

. The European Traffic Observatory Measurement Infrastructure (ETOMIC): A Testbed for Universal Active and Passive Measurements.;D Morato, E
Magana, M Izal, J Aracil, FJ Naranjo, P Astiz, U Alonso, | Csabai, P Haga, G Simon, J Stéger, G Vattay; TRIDENTCOM, 283-289 (2005)

. A model based approach for improving router geolocation; S Laki, P Matray, P Haga, | Csabai, G Vattay; Computer Networks 54 (9), 1490-1501 (2010)



ETOMIC/SONOMA/SPOTTER/NMVO

E Create a bundle - Mozilla Firefox
Eljl Szerkesztés Nézet Ugrds Konyvjelzok Eszkozok Sigo

(j u) \) {J K hitps://etomic.tim.unavarra.es/researchet/bundle2.phpeeric sson VG { g
| (s New bundle: etomic_demo ; %
Uploud fle

Next step is defining wich files will be used in each agent. An agent will run a program or eventually more than one.

Dedicated-Server ~ APE  Ddiated-Server

Name: ericsson
Description: N/A

: v O ices| Management Layer

. . ele 1 geV”
Country: Sweden w;\'b e - Authentication
Organization: Ericsson v . " 7~ o Seajrny d‘ed(ing
Interfaces: ; o ) - Session handling

omie,org - 192.71.20.1 50 S - Scheduling

Jagetomic.org - 192.71.20.1 51 g (A < % - Atomic and complex
¢ ; / 2, 3
Manualand AL CONFguring ericson (i o a nesie o configure ) 1nive (g " v S'-”ww,s moasurements
Logout -

— 3 =
Qleriewon Add binary | fdata fiie] [ Had disk: 75 MB g 5 Data RepOSltory
Sy

~ M,
W Binury file: etomic_check.bush <parameters>

b [Select |
o T delete | Start | End Command
since experiment starts

® | 40h Om | no limit | "etomic_check bash
Add command > |

# Data flle: etomic_check tur.gz  <tar 2xf etomic_check ar.gz>
Descr

<- go back |

wr
longpij Dedicated
Target IP Pin Measurements Kesicsan % %
Al
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Halozat tomografia — vépont-vegpont meresek

background traffic
stochastic process

S artificial probe packets S’
e with pre-defined time separation —
input spacing outgoing spacing

at the sender node at the receiver node




Geolokalizacio
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© Target node
@ Landmark node

Csillagaszati indexelés Ujrahasznositas:
HTM index library + SQL Server integracio
Gysors gombi poliéder manipulaciok:
gyorsabb geolokalizacio




Route correlations in the geographic space

Haldozat PCA
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Bitcoin penzugyl haldzat
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1st singular vector
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Inferring the interplay of network structure and market effects in Bitcoin; D Kondor,
| Csabai, J Szule, M Pdsfai, G Vattay; New Journal of Physics, accepted (2014)
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