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Pacwunpsaemoctb b/l

W

= [T-UMKN XU3HeaeATebHOCTU NpoeKTa:
= [poekTnpoBaHuEe
= Pa3paboTka

" [lopoepikka

= CneanTb 3a NPoOU3BOAUTENTbHOCTbIO CUCTEMbI —
NpaBUI0 HECKONbKNX CeKYHA, (KOHKYpPeHThI !)

= ABTOMaTU4yecKue areHTbl
* YBenuueHume nHpopmaumm, noceaeMocTm

= PasBuTHe
= HoBble Uaen, HOBblE MPOEKThI, YBEIMYEHUE HArPy3KU




Pacwunpsaemoctb b/l

Pacwupsiemoctb B[] — BakHenwnun gaktop !

= HoBas pyHKLMOHANIbHOCTD:
= HoBble Tunbl AaHHbLIX (IP, ISSN...)
= HoBble 3anpochkl (NoxoXxxune n3obpaxeHus)
= CoxpaHeHue rnpon3BoamuTENbHOCTU U HAAEXHOCTU

= MacwTtabupyemocTtb
= BepTuKanbHas, ropu3oHTabHas

" HoBas PpyHKLIMOHANIBHOCTDb U
MaclITabupyemMocCcTb CBs3aHbl



Pacwunpsaemoctb b/l

%

= Mpumep:

{®oT10}, {[lonb3oBatenb}, {Taru}

* CoeamHeHmns Tabnuy He MacwTabupyrorca
ropM3OHTaJIbHO

= Aina 3Toro Tpebyrorca wapab! (shards)

* Acnonb30oBaHue MaCCUMBOB NOMOraeT

= TpebyeTca nHaekcHas nogaep)xka ans 3dekTMBHOM
paboThl



Y10 Takoe PostgreSQL ?

PostgreSQL - >to ceoboaHo
pacrnpocTpaHsieMast 06beKTHO-pensILMOHHAas
cucTtema ynpasneHus 6asamu gaHHbix (ORDBMS),
Hanbonee passutas u3 oTkpbITbiX CYB/[ B Mupe u
ABNSAOLWAACS peanbHOW anbTepHATUBOU
KOMMep4yecknM 6a3aM AaHHbIX.

[lpon3HoweHue: post-gress-Q-L, post-gres,
nocr-rpecc, pgsql (n3-»3-3c-Ky-3/1b)

Web: http://www.postgresql.org
JlnueH3unga: BSD


http://www.postgresql.org/
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YTto Takoe PostgreSQL: OcobeHHOCTU

W

= Bbicokas cTteneHb napannenn3ama - MVCC

= PaclumnpaemMocTb
" Tunbl AaHHbIX, PYHKUWW, arperaTbl, onepaTops.l

= q3biku (sal,pl/pgsal,pl/perl,pl/tcl, pl/R, pl/java ...)
" Hpekco! ( Btree, GIST, GIN)

= Cost-based ontTnMmnsaTop
= Xopollee COOTBETCTBME ISO/ANSI SQL 92,99,2003

= OTKpbITbIN KOA, (BSD), oTKpbITas Moaens
Pa3BUTUA — HEeT Blagensua !




HazeaHuwe ASE | DB2 FireBird|InterBase|MS SQL MySQL |Oracle PostgreSQL
UITERERE $5% | $%% | 1pLZ 33 $$% | GPL/$$$ | $4% BSD
ACID es | Yes Tes es fes Dependsl fes es
Referential integrity | Yes | Yes Yes Yes Yes Dependsl Yes Yes
Transaction TEes | Yes TEes TES Tes Dependgl TEes Tes
Unicode Yes | Yes Yes Yes Yes Yes Yes Yes
Schema TEes | Yes TEes TES No? Mo TEes Tes
Temporary table Mo | Yes Mo Tes fes Tes Tes Yes
View Yes | Yes Yes Yes Yes Ma Yes Yes
Materialized view Mo | Yes Mo Mo Mo Mo fes N>
Expression index Mo | Mo Mo Mo Mao Mo Yes Yes
Partial index Mo | No No Mo MNa No es fes
Inverted index Mo | No Mo Mo Mo Yes fes vag?
Bitmap index Mo | Yes Mo Mo Mo Mo Yes Mo
Daomain Mo [ Mo fes fes Mo Mo fes es
Cursar Fes | Yes fes fes fes Mo fes es
User Defined Functions| Yes | Yes Yes Yes Yes Mot Yes Yes
Trigger Yes | Yes Yes Yes es Mot es Yes
Stored procedure Yes | Yes Yes Yes fes Mot fes Yes
Tablespace Yes | Yes Mo ? No? Mol Yes Tes

HazBaHWe ASE|DB2 |FireBird|InterBase MS SQL| MyS(QL |Oracle PostgreSQL

4dHKA.

# 1 - 0nA NogAep¥KK TpaH3aKUWA M cobiNoYHOl uenocTHooTk TpefyetcA InnoDB (He ABNAETCA TMNOM
Tabnuukl No yMon4YaHuH)

# 2 - Interbase Public License

* 3 - Materialized view (ofHoBNAEMEIE NpencTABNEHWA) MOryT ObITE IMYNMPOBaHEl Ha PL/pg=sqQL
* 4 - TONbkKo B MySQL 5.0, KOTOpaA ABNAETCA IKCNEPUMMEHTANEHON BEPCHET

* 5 - Toneko B MS SQL Server 2005 (Yulkon)

* 6 - GIN (Generalized Inverted Index) c eepcun 8.2




Y10 Takoe PostgreSQL: Limitations

W

= MakcuManbHbI pa3mep b/l — unlimited

= MakcMManbHbIY pa3Mep Tabnuupbl — 32T6
= MakcnManbHas annHa 3anncn — 400Gb

= MakcuMarnbHas anvHa atpnbyta — 1 Gb

= MakcMManbHoe Kon-BO 3anuncen — unlimited

= MakcuMasnbHoe KO/1-BO aTpubyToB —
250-1600

= MakcuManbHOEe KOM-BO nHAeKkcoB - unlimited



Y10 Takoe PostgreSQL

W

" [lopnepixka:
= CoobLwecTBO — M3UANHE NCT
= EnterpriseDB
= SUN Microsystem ( Solaris 10)
= MHOro MenKknx KoMnaHum

= bonee noapobHo o PostgreSQL MOXHO
NpovnTaTh B

http://www.sai.msu.su/~megera/postgres/talks/what_is_postgresql.html




Y10 Takoe PostgreSQL: Monb3oBatenu

= Skype - wikanupyetcs Ao MuanMapaa nosnb3.

= Hi5.com — 60 MnH. nonb3oBaTenen, #8
Alexa traffic rank

= NyYearBook.com — 18,000 reqg/sec, 300 Gb
database

= NASA — 06paboTka CnyTHUKOBbLIX AaHHbIX
(MODIS)

= Yahoo — 2 Pb B/l ans paboTbl C
NoJSIb30BaTENbCKMMM 3anpocaMu



Y10 Takoe PostgreSQL: Monb3oBatenu

W

= PamMbnep

= 1C:1peanpudaTtune

= MirTesen, MoiKrug.ru (Yandex)
= JRR.ru ( «M3 pyK B pykun>»)

= rabota.ru, price.ru, PBK, MactepXocT,
NHOopM-MObU

= BoeHHble — Bepcud 7.X Bxoaut B MCBC




Y10 Takoe PostgreSQL

Downloads by Month - 2005

180000
160000

1.2 million

14000K0 - direct downloads
120000

100000

Downloads

Windows
BO000
40000
20000

D > I.. C _I._ '| .i_- ..;. ..I _.I "i' : T T:....-. ki |
Jan Feb Mar Apr May Jun  Jul Aug Sep Oct Nov  Dec
Maonth




Y10 Takoe PostgreSQL: beHUMapku

PostgreSQL 8.2 — Oracle 10g — 874.17
813.73 JOPS JOPS

= SPECjAppServer2004 2x Sun Fire = SPECjAppServer2004 1 HP rx2660
X4200 appservers (8 cores, 4 appserver (4 cores, 2 chips) and
chips) and 1 Sun Fire T2000 DB 1 rx2660 DB server (4 cores, 2
server (8 cores, 1 chips) with chips) with Oracle Database 10g
PostgreSQL 8.2.4 Enterprise Edition Release

" HW: ~$60,000; SW: $0 10.2.0.2

= HW: ~$74,000; SW: ~$110,000

Summer 2007: The 1* PostgreSQL
Enterprise-level Benchmark (SPEC")

" SPEC — Standard Performance Evaluation
Corporation, http://spec.org


http://spec.org/

Y10 Takoe PostgreSQL: HoBoCcTH

%

= EnterpriseDB 2008

= 10 MAH. gonnapoB UHBeCcTUUM oT IBM
" Y6paH NO3YyHr coBMeCTMMOCTM ¢ Opak

= Rebranding EnterpriseDB
= Postgres Plus — A true Enterprise Open Source DB
* GridSQL — mncnonHeHne 3anpocos B Grid cpene

= Postgres Plus Advanced Server — KoMMepuyecKast
BEPCUS
Cloud Edition (Elastra)
CoBMecTUMOCTbL ¢ Opakn, Murpauus
DynaTune — aBTOMaTM4eCKas HaCTpOMKa



Y10 Takoe PostgreSQL: HoBoCcTH

%

= XDI Appliance — PostgreSQL with support of
shared-nothing parallel cluster envrionment
with FPGA acceleration
" 1GB/s SQL query per Node (TPC-H)
= 1TB/min sustained SQL query 19 inch server rack

= Decision Support Systems, Full table scan, Group
By, Order By, Aggregation, multitable joins

= Web: http://www.xtremedatainc.com/




Y10 Takoe PostgreSQL: HoBocTwn

= XDI Appliance — 750,000 USD




Y10 Takoe PostgreSQL: HoBoCcTH

%

" Yahoo Inc. - 2 Pb database 3a roa paboTbl
= MoanduumnpoBaHHbIN PostgreSQL
= Column-oriented xpaHunuuie
= 24 mnpp, cobbITUN B AEHb
* HeckonbKO TPUM/IMOHOB 3anucen B Tabnuuax
= 2 MMnNnNuapaa nonb30oBaTeNen B Mecsl

" Poct go 5 Pb B cnea. roay



Y10 Takoe PostgreSQL: HoBocTwn

ah_k_‘Everest — npe3eHTaumsa Ha PGCon2008 (22 maa 2008)

Massively Parallel (Tens of PB)
- Commodity Clusters
—~  Multi-tier scalability
- Distributed Columnar Storage
+«  Smart
~ Optimized compression
- Parallel Vector Query Processing
—~ Query and Storage optimizations
- Query Expression and Columnar caching
vared.  Leverage PostgreSQL
- Tools and Connectivity
- Extensibility
~ UDF & UDAF framework
~ Ideas
Inexpensive
- COTS

Storage
Server




Paclumpaemoctb PostgreSQL

= HoBble TUMbl AaHHbIX TpebyeT nHaekcHole AM
(access methods). PazpaboTtka HOBbIX AM,
TeCTUpOBaHME — TPYAHO N YTOMUTENBLHO

®" lcnonb3oBaTb Btree, Rtree BMecTO
pa3paboTkn HoBbIX AM (access methods)

Michael Stonebraker, «Inclusion of new types in relational database
systems», 1985

* [NoBbICUTb YPOBEHb abCTpakumm npoleayp
NOCTyNna 1 06HOBNEHMS 3anuncen

* ToNbKO PUKCMPOBAHHbLIM HAabop onepauum
(onepauun cpaBHeHus ans Btree)



Paclumpaemoctb PostgreSQL

W

= Co3gaHue HOBOro Tuna AaHHbIX
* Hanucatb YHKUMKM BBOAA/BbIBOAA
= Onpenenutb TN ( CREATE TYPE)
= Co3pnatb onepatopsbl (CREATE OPERATOR)

" HanucaTb pyHKUMK cpaBHeHUs ans Btree
MHAEKCa

= OnepaTop NMo-yMosi4aHuUIO Ans nHaekca rno
primary key (CREATE OPERATOR CLASS)

" 1151 HOBbIX TUMOB MHAEKCA MCMOJIb30BaTb
GIST nnm GIN)



Paclumpgaemoctb PostgreSQL: GIST

W

= Generalized Search Tree ( GiST)

J. M. Hellerstein, J. F. Naughton, and Avi Pfeffer. "Generalized search
trees for database systems."”, VLDB 21, 1995

= MHorme AM MOX>XHO NpeacTaBUTb Kak epapxuto
NpeanKaToB, B KOTOPOU KaXXAbl NMpeankaT
BbINOJIHAETCS A1 BCEX MOAY3/10B 3TON nepapxmm

= [llabnoH (template) ana peann3aummn HoBbIX AM
= GIST npepocraBnder
= CTaHAapHble METOAbI HaBMUrauum no Aepesy

= O6bHOBNEHNE AepeBa
= KOHKYpPEeHTHOCTb 1 BOCCTaHOBEeHWe nocre cbos




Paclumpgaemoctb PostgreSQL: GIST

W

= GiST no3BonsieT peann3oBaTb HOBbI AM
3KcnepTy B 061acTU AaHHbIX

= [Mopaep>XmMBaeT pacumpseMbin Habop
3anpocos ( B OT/inyme oT Btree)

= HoBble TWMbl AaHHbLIX 06naaatoT
NPOU3BOAUTENBbHOCTbLIO (MHAEKCHBIVN AOCTYN,
KOHKYPEHTHOCTb) U HaAeXHOCTbIO (MPOTOKOJ
JTIOTMpPOBAHUA), KaK U BCTPOEHHbIE TUMb




Paclumpgaemoctb PostgreSQL: GIST

W

= [TporpaMMHbIN MHTEpdenc GiST:

GISTENTRY * compress( GISTENTRY * in )
GISTENTRY * decompress( GISTENTRY * in )
bool equal( Datum a, Datum b)

float * penalty( GISTENTRY *origentry, GISTENTRY
*newentry, float *result)

Datum union(GistEntryVector *entryvec, int *size)

bool consistent( GISTENTRY *entry, Datum query,
StrategyNumber strategy )

GIST_SPLITVEC * split(GistEntryVector *entryvec,
GIST_SPLITVEC *v)

= http://www.sai.msu.su/~megera/postgres/talks/gist_tutorial.html



Paclumpgaemoctb PostgreSQL: GIST

= [lpumep — Rtree (GiST) : co
ONS1 HACENIEHHbIX N Lo L | 8
nyHKTOB peLnn od B 9
= ManeHbKkue
NPSIMOYTrONbHUKN —

ncxoaHole gaHHble (MBR
HaCeNleHHbIX MYHKTOB)

= Bonblume NpSIMOYrofbHUKM
— 1-1 ypOBeHb AepeBa

" [logpobHocTu:
http://www.sai.msu.su/~meg g
era/wiki/Rtree_Index



Paclumpgaemoctb PostgreSQL: GIST

W

= Intarray - AM anga ueno4yncneHHbIX MaccuBOB
= OnepaTopsbl overlap, contains

S1 = {1,2,3,5,6,9}

S2 = {1,2,5)

S3 = {0,5,6,9) Q =129}
S4 = {1,4,5,8)

S5 = {0,9}

S6 = {3,5.6,7,8)

S7 = {4,7,9}

"THE RD-TREE: AN INDEX STRUCTURE FOR SETS", Joseph M. Hellers!



Paclumpgaemoctb PostgreSQL: GIST

{0,1,2,3,5,6,9} {1,3,4,5,6,7,8,9%}

{0151619} {11213151619} {1131415161718} {41719}

10,9+ 1{0,5,6,9} {1,2,3,5,6,9} {1,2,5} {1,4,5,8} {1,3,5,6,7,8} | {4,7,9}




{0,1,2,3,5,6,9} {1,3,4,5,6,7,8,9}

RD-Tree

{1131415161718} {4I7I9}

QUERY
12,9}
{0151619} {11213151619}
{0,9r |{0,56,9} [{1,2,3,56,9} {1,2,5}
S5 S S S
3 1 2

{1141518} {11315161718} {41719}
S S S
4 6 8




{0,1,2,3,5,6,9} {1,3,4,5,6,7,8,9}

RD-Tree

{1131415161718} {4I7I9}

QUERY
12,9}
{0151619} {1I21315l619}
{0,9r |{0,56,9} [{1,2,3,56,9} {1,2,5}
S5 S S S
3 1 2

{1141518} {11315161718} {41719}
S S S
4 6 8




{0,1,2,3,5,6,9} {1,3,4,5,6,7,8,9%}

RD-Tree

{1131415161718} {41719}

QUERY
12,9}
{0151619} {11213151619}
{0,9r |{0,56,9} {1,2,3,56,9} {1,2,5}
I
S5 S S S
3 1 2

{1141518} {11315161718} {41719}
S S S
4 6 8




{0,1,2,3,5,6,9} {1,3,4,5,6,7,8,9%}

RD-Tree

{1131415161718} {41719}

QUERY
{2,9;
{0151619} {11213151619}
{0,9y {0,569 {1,2,3569} {1,2,5)
.|
S5 S ‘s S
3 1 2

{1141518} {11315161718} {41719}
S S S
4 6 8




RD-Tree (GiST)

= CurHaTypa crnoBa — CNOBO X3WUpYeTcs B nosuumio '1'

w1l -> S1: 01000000 Document: wl w2 w3

w2 -> S2: 00010000
w3 -> S3: 10000000

= (CurHaTypa goKyMeHTa (3anpoca) — cynepno3uvums (bit-wise
OR) nHamBnayanbHbIX CUrHATYP
S: 11010000

= OunbTp bntoma (Bloom filter)

Q1: 00000001 — exact not
Q2: 01010000 - may be contained in the document, false drop

= CurHaTtypa — HeTo4Hoe (lossy) npeacraBneHne AoK-Ta
= + fixed length, compact, + fast bit operations
= - |ossy (false drops), - saturation with #words grows



RD-Tree (GiST)

W

= [IpyMep — NaTUHCKUE MOroBOPKM

1d | proverb

____+ ________________________
1 | Ars longa, vita brevis
2 | Ars vitae

3 | Jus vitae ac necils

4 | Jus generis humani

5 | Vita nostra brevis




RD-Tree (GiST)

+
ac | 00000011
ars | 11000000
brevis | 00001010
generis | 01000100
humani | 00110000
jus | 00010001
longa | 00100100
necis | 01001000
nostra | 10000001
vita | 01000001
vitae | 00011000
1d proverb signature
____+ ________________________ + ___________
1 Ars longa, vita brevis 11101111
2 Ars vitae 11011000
3 Jus vitae ac necis 01011011
4 | Jus generis humani 01110101
5 | Vita nostra brevis 11001011 False drop




RD-Tree (GiST)

Root
11011011

/ \

11011001 10010011 ¢ Internal nodes

11011000

1101000 11010001 11011000 10010010 10010001 Leaf nodes




RD-Tree (GiST)

= [Ipobnembl

= [110X0 LWKaNUpPyeTca C pOCTOM KO/IM4YeCTBa
YHUKaNbHbIX 3N1eMeHToB (cardinality) u
KONIMYECTBOM 3arnmnceu

* IHpekc HeTo4YHbIN (lossy), TpebyeT npoBepku
false drops



O6paTHbIK UHAEKC

Report Index
A

abrasives, 27

acceleration measurement, 58

accelerometers, 5, 10, 25, 28, 30, 36, 58, 59, 61,
73, 74

actuators, 4, 37, 46, 49

adaptive Kalman filters, 60, 61

adhesion, 63, 64

adhesive bonding, 15

adsorption, 44

aerodynamics, 29

aergspace instrumentation, 61

aerospace propulsion, 52

aerospace robotics, 68

aluminium, 17

amorphous state, 67

angular velocity measurement, 58

antenna phased arrays, 41, 46, 66

argon, 21

assembling, 22

atomic force microscopy, 13, 27, 35

atomic layer deposition, 15

attitude control, 60, 61

attitude measurement, 59, 61

automatic test equipment, 71

automatic testing, 24

backward wave oscillators, 45

compensation, 30, 68

compressive strength, 54
compressors, 29

computational fluid dynamics, 23, 29
computer games, 56

concurrent engineering, 14

contact resistance, 47, 66
convertors, 22

coplanar waveguide components, 40
Couette flow, 21

creep, 17

crystallisation, 64

current density, 13, 16

D

design for manufacture, 25
design for testability, 25
diamond, 3, 27, 43, 54, 67
dielectric losses, 31, 42
dielectric polarisation, 31
dielectric relaxation, 64
dielectric thin films, 16
differential amplifiers, 28
diffraction gratings, 68

discrete wavelet transforms, 72
displacement measurement, 11
display devices, 56

distributed feedback lasers, 38



Inverted Index

= CTpYKTypa AaHHbIX, KOTOpasa Ans Kaxaoro
Kfto4a XpaHUT CNUCOK AOKYMEHTOB,
coaepxalimnx ero

" TpaTuM BpeMS Ha NPenpPoOLECCUHr U
35KOHOMWM NpU NMoucke

= CuHoHUMBbI: posting list, posting file, inverted
file, "(HBEPTUPOBAHHbBIN CNIUCOK

= GIN (Generalized Inverted Index) -
Ab6CTparnpyemcs ot ornepaymy — TUM OaHHbIX
caM onpeaensieT Kakyt ornepauunto yCKOpsITb



Generalized Inverted Index:API

Pa3spaboTtuunk npenocrasnset 4 (5) dyHKUUK:

= Datum* extractValue(Datum inputValue, uint32*
nentries)

= int compareEntry(Datum a, Datum b)

= Datum* extractQuery(Datum query, uint32*
nentries, StrategyNumber n, bool* pmatch[])

= bool consistent(bool check][], StrategyNumber n,
Datum query, bool *needRecheck)

= int (Datum query_key,
Datum indexed_key, StrategyNumber n )



GIN

3

Oner baptyHos, TAULL-MI'Y  PacwupsemocTtb PostgreSQL,
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GIN

= [lopaep>XnBaeT pa3Hble TUMbl AaHHbIX

= OyeHb 6bICTPbIN MOUCK NO KAoYaM — Btree
= [Topaep>kka partial match

= MHOroaTpmbyTHbIN MHAEKC

= Xopollasa MacwTabmpyeMocTb (KON-BO
KNOYEN, KON-BO JOKYMEHTOB)

" bbICTpOe co3aaHne nHaekca
= MeaneHHoe obHoBeHMe nHaekca :(
" HaaeXXHOCTb U XOpOoLWnK Napanienn3m



GIN: Update problem

1 new object -> 6 index updates !

Oner baptyHos, TAULL-MI'Y  PacwwupsemocTtb PostgreSQL, 29 mag 2008



GIN: The Problem

CREATE TABLE CREATE TABLE
| NSERT 10, 000 int]] CREATE | NDEX
CREATE | NDEX | NSERT 10, 000 int][]
3.1 s + 11 s ~0 s + 100 s

13.1 s 100 s

BULK index insert ~ 10 times faster!



GIN: bbicTpoe obHOBEHME

%

= [MocTuHr NUcT Ans 60MblWNX 3Ha4YEHUU
3aMeHdeTcqa Ha Btree — yckopseT nomck

= O6bHOBNEHUs B UHAEKC OTK/18/1bIBAtOTCH —
ncnonb3yeTtca TexHuka bulk insert, kKak 1 npu
CO3aHNN UHOEKCA




GIN structure Entry page, level N: keywords

1:abc 2:bar 2:foo
| I |

Entry page, level 0 (leaf)

1:aaa 1:abc 2:abc

Entry page, level O

""" » | 2:baa 2:bar

Right link

14:17 218:1 1021:6
nght bound -------- Right bound

OJcl DapTyHOB PACLINPAEMOCTD POSLQresy

I/



GIN: bbicTpoe obHoBNEHME

CREATE TABLE CREATE TABLE
CREATE | NDEX CREATE | NDEX
| NSERT 10, 000 int][] | NSERT 10, 000 int][]
VACUUM TABLE
~0 s + 100 s
100 s ~0 s + 18 s + 12 s

30 s

BULK INSERT OLD_GIN NEW_GIN
10 s 100 s 30s



W

[ 1pnnoXxeHus

= |lenoumncneHHble maccusbl (GIiST, GIN)

= MonHoTtekcToBbIM Mouck  (GiST, GIN)

= JTaHHble ¢ apeBoBMAHOWN CTpyKTypou (GiST)
= [lonck noxoxux cnos (GiST, GIN)

= Rtree (GiST)

= PostGIS (postgis.org) (GiST) — spatial index
= BLASTgres (GiST) — 6buonHdopMaTmKa

= MHoromepHbIn Ky6 (GiST)




BupTyanbHas
ObcepBaTopUS



MHorosonHoBass ACTPOHOMMUS

radio continuum (408 MHz

mid-infrared
near infrared

optical
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Data-intensive Astronomy

W

= Tycho Brahe's notebooks
= (1570-1601) ~ 500Kb

= Palomar Observatory Sky Survey
= 1950 -10 Gb

= Sloan Digital Sky Survey
= 2007-3Tb

= | arge Synoptic Survey Telescope
= 2014 - 6.5 Pb per year



YTo nenatb ?

= MOHOJINTHbIE NpOrpaMmbl,
MHOrononb3oBaTesIbCKMe NporpamMmbl

= KnmneHT-CepBep
= PacnpeneneHHbie CUCTEMBI
= RPC (Unix) — yaaneHHbIN BbI30B npoueayp
= RMI (Java, SUN) — yaaneHHbi BbI30B METO0B

= COM/DCOM (Windows, Microsoft)
* CORBA — (OMG)

= [MpobnemMbl CO CTaHAapTM3aLMen
MHTEpdENcoB !




ObweHne n obMeH AaHHbIMU —
/0-e roabl NpowWwIoro Beka

Email:@address, text, smtp




O6éweHne n obMeH naHHbIMU —
90-e roabl NpoL0oro Beka

o Y

‘URI - Universal
Resource Identifier

*HTML - Hypertext

www Markup Language
‘HTTP — Hypertext
URL,HTML,HTTP Transfer Protocol
TEXT /

Email:@address, text, smtp




O6bweHne n obMeH AaHHbIMU —

Ha4dano 21 Beka
-/RDF — Resource \
Description Framework
‘RDF(s) — RDF Schema
‘OWL — Web Ontology
Language

WWW < Semantic Web

URIHTMLHTTP  RDF,RDF(s),OWL
TEXT OAHHbBIE

Email:@address, text, smtp




ObweHne n obpaboTka AaHHbIX
— Ha4yano 2

‘UDDI -Universal
Web Services Description, Discovery

—and Intergration

UDDI, WSDL,SOAP “WSDL — WS
NMPOrPAMMBDI Description Language
*SOAP — Simple
H \iject Access Protocol
WWW Semantic Web
URIHTMLHTTP  RDF,RDF(s),OWL
TEXT OAHHBIE

Email:@address, text, smtp




B

Beb-cepBuChI

53

= 3TO NporpamMMma, NpunoXXeHue
= 3anycKaeTcsa yepe3 UHTepHeT
" Fro onncaHme AoCTYynHO 4yepe3 UHTEpHEeT

= Kak ee 3anyckaTtb onucbiBaeTcda B WSDL
danne, BHyTPEHHEE YCTPONCTBO CKPbITO

= Pe3ynbTaTbl A4OCTYNHbI Kak SOAP coobLueHune

ObecneymBaeT MeXMalUMHHOE B3auMOAENCTBUE
yepes ceTb



B
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= Beb-cepBUCbl MOXXHO paccMaTpuBaThb Kak
noanporpamMmmbl. OTINYKUA:

" Beb-cepBUC— UCMOJIHAAEMbIN KO/

= Beb-cepBUC — pacnpeaesieHHbIn Ko
" YHUhULMPOBAHHDbIN NHTEPDENC

" YHU(PULUMPOBaAHHbDbIE NPOTOKO/IbI

= Beb-cepBuchbl - «Kybuku nero» ans
CO31aHUS CNOXHbIX Be6-cepBMCOB

Beb-cepBuChI




WEB = unversal medium for data, information,
and knowledge exchange.

Web Services CuyacTtbe !
UDDI, WSDL,SOAP  [POIrPAMMBI
NMPOrPAMMDI AAHHbIE
WWW Semantic Web
URIHTMLHTTP  RDF,RDF(s),OWL
TEXT OAHHbBIE

Email:@address, text, smtp




Virtual Observatory
CyacTbe Ang acCTpoHOMaA

TexHonormns, Kotopas rnpm3BaHa AOCTaBUTb
aCTpoOHOMY ntobble AaHHble, HE3aBUCUMO OT UX
DACMNOJIOXEHUA N METOA0B XpaHEHUS

ba3sunpyetca Ha SOA + acTpoHOMUYecKue
CTaHAapTbl U cornalleHus

[lo3BONISIET aBTOMATU3NPOBATb PYTUHHbIE
npoueaypbl — OT TEXHOIOMTUU «KJIUK» K
B3aMMOAENCTBMUIO NPOrPaMMHbIX areHTOB

WWT — Word Wide Telescope, Teneckon,
KOTOPbIN He 3aBUCUT OT noroasb! !



SAI VO

= Y3en BuptyanbHon O6cepaTopun MTANLL

= SAI CAS — paboTta ¢ o4eHb 60nbLIMMY
KaTanoramu

= Nloctyn K 0630paM DSS

= [lonckoBas cucrtemMa no aCTpOHOMUYECKUM
abcTtpakTaM (arxiv.org)

= ACTpOHOMMYECKNE CEPBUCHI
= Beb: vo.astronet.ru



B

]

SAI Catalog Access Services

= XpaHunuile ans odyeHb 60nbLIKMX KaTanoros
(~ 5 mnpa. obbekToB, 6 Tb B/1)

= CTaHAapTU30BaHHbIM AOCTYN K KaTasoram
= BebcepBuChbl ANt NPOrpaMMHOIo AOCTYNa
= Beb-nHTepdencobl Ang MHTEPaAKTUBHOWN paboThl

= [Tlopaep>kka OCHOBHbIX 3anpocoB
(ConeSearch, CrossMatch)

= MySpace An1s nonb30BaTebCKUX AaHHbIX

= Plastic uHTepdenc ana nporpaMMHOro
B3aVMOAENCTBUS C APYrMMK CEPBMCaMU




Sky Indexing

" HoBad cxeMa cerMeHTauunn aaHHbIX CO
chepunyeckumu atpmbytamm — Quad Tree
Cube

= PaspaboTaHa ansg noaaepxku VLDB
BuptyanbHon O6cepBaTtopumn MANLL
(vo.astronet.ru)

= Peann3oBaH Kak paclunpeHue K PostgreSQL
= JlnueH3nsa GPL - g3c.sourceforge.net




Basic Astronomical Queries

W

= ConeSearch ( radial) query

= find all stars in a circle on sky of a given radius
and position of the center

= spatial query — spherical coordinates !

= CrossMatch query

= dentify all stars in one set with another with
given accuracy

= fuzzy join of two tables




Sky segmentation

= HEALPiX - Hierarchical Equal Area isolLatitude
Pixelization of a sphere (CMB anisotropy)

= HTM - Hierarchical Trlangular Mesh ( SDSS

project) (\




SKky indexing

W

= We need simple numbering scheme

= for any point on sphere easy calculate pixel
number

= HEALPiX provides
= HTM needs complex reccurent procedure

= We need simple pixel shape
= easy geometrical calculation

= HEALPIiX pixel is a curvilinear quadrilaterals, very
complex

= HTM triangles are good




Sky Indexing: Q3C

= Cube inscribed into the sphere

= Quad-tree on a cube face maps 2D coordinates in
the square (pixel) to the integer — IPIX values

= Central projection of the cube surface to the sphere

The sphere segmentation in Q3C



Sky Indexing: Q3C

%

= Q3C is a hybrid scheme

= Simple mapping of point on sphere to the IPIX
value as HEALPiX

= Simple pixel shape as in HTM
= Computations are much simpler

= Mapping property — nearby points on sphere
have close IPIX values

= B-tree index on IPIX values speedup search




Q3C: Spatial Query

W

= Spatial query is segmented
= Each pixel represents continuous range of

IPIX values




Q3C

%

" Q3C realized as a plugin to the PostgreSQL
database ( C-language)
= download from g3c.sourceforge.net

= SQL functions for
= ConeSearch
= CrossMatch (with variable error radii)

= Supports also rectangular, polygonal queries



Q3C: Sample Queries

%

® Create index — no additional column !

CREATE INDEX usnob_idx on usnob (g3c_ang2ipix(ra,dec));
CLUSTER usnob_idx on usnob;
ANALYZE usnob;

= ConeSearch
SELECT * from usnob WHERE
g3c_circle_query(ra,dec,10,30,1);

= CrossMatch (error radiis 1arcsec)

SELECT * from 2mass,usnob WHERE g3c_join(2mass.ra,
2mass.dec, usnob.ra, usno.dec, 0.00027)




Q3C

W

= Q3C is extremely fast

= ordering of the data induced by Q3C guarantee
the optimal I/O performance

" CPU doesn't limit the performance even on high
depth of segmentation, since scheme is simple

= PostgreSQL works well with complex queries
produced by Q3C



Q3C: Performance

ConeSearch (USNO B1, 109 stars)

F | || ||||||I | || ||||||| || | ||||||I || | ||||||I || | |||:|F
a4
10 |~ " -
— 0 =
Iﬂl -
4]
e
—
0.1 =
|
0.01 1 L3 31yl 1 L 3 133l 1 L3 1131l 1 L3 1 1aq1sl 1 L1l
100 1000 LOOOO0 1.0 105 L0 108 1.0 107

Humnber of stars



Q3C: Performance

CrossMatch USNO B1l x USNO B1, 1079 stars
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[TonHOTEeKcToBbIN Nouck: GTSE

T
3
GTSE — Generalized Text Search Engine

= [JonNHOTEeKCTOBbIE TUMDI AAdHHDbIX
= Tsvector - NMOMHOTEKCTOBOE NpeacTaB/eHNE
NOKyMeHTa (NpsAMOn MHAEKC)

" [IeKCEMbI C KOOPANHATHOM MHMOPMaLMEN U
BaX>XHOCTbIO

" Tsquery — MO/IHOTEKCTOBbIN 3anpoc
= JlekceMbl C norM4ecknMmn onepaTtopamu

= [ToNHOTEKCTOBbLIN ONEPATOP tsvector @@ tsquery

‘a fat cat sat on a mat and ate a fat rat'::tsvector @@ 'cat & rat':: tsquery;



B
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@2@2
GTSE — Generalized Text Search

=HNeiigas nonnepxka ACID
= Online index — GIiST, GIN

= MO>XHO MCMOJIb30BaTh ANA peanm3aunu
NOUCKOBbIX ABUXXKOB:

= OpenFTS (openfts.sourceforge.net) — BHeLLHWUI
nonck, PostgreSQL ncnonb3yeTcsa Kak
XpaHWInLe U UCroSIHUTENb 3arnpocoB

= BcTpoeHHbIM nonck B PostgreSQL

[TonHOTEeKcToBbIN Nouck: GTSE




[MonHoTekcToBbIN Nonck PostgreSQL

%

= [IporpaMMHasl «0bBsi3Ka» NpeaocTaBnsieT
= API ans cnoBapeu
= API aonga napcepos

= SQL nHtepdenc ansg HaCTpomKM Noncka

= BcTpoeHHasa noaaepxka anga Bcex
EBPOMNENCKNX A3bIKOB

= BcTpoeHHble cnoBapu — simple, ispell,
stemming, thesaurus, synonym

= BcTpoeHHbI napcep — 23 TUna Nekcem
= PaH)XnpoBaHue pe3ynbTaToB NOUCKa




| [MonHoTekcToBbIM NOUCK PostgreSQ

to_tsvector(cfg,doc)

DOCUMENT

PARSER

i (token, token_type)

icts(token_type -
% NO
YES

YES

=0
‘ i
ask DICT[:]IH . _ i<N .
NO

NO
# YES

IS STOP? | —» | tsvector
YES NO u




[MonHoTekcToBbIN Nonck PostgreSQL

QPARSER

@

to_tsquery
Supernovae & |
stars QUERYTREE \ &
Foreach leaf node - Supernovae stars
HPARSER"

; (token, token_type)

@icts (token_typﬂ > {supernova,sn}  star
| YES o &
= - YES_j
R 1
N

vYEs N

SSTOP.JNR» QUERYTREE ©
|

star

supernova | sn

YE!

o

> TSQUERY (supernova | sn) & star




CnoBapwu

= CnoBapb — 3TO nporpamMmma !

=# select ts_lexize('intdict’, 11234567890);
ts_lexize

{112345}

=# select ts_lexize('roman', 'XIX');
ts_lexize



ACTpOHOMUYECKNU cnoBapb (arxiv)

Dictionary with regexp support (pcre library)
# Messier objects
(M|Messier)(\s|-)?((\d){1,3}) M$3
# catalogs
(NGCJAbell|MKN|IC|H[DHR]|UGC|SAO|MWC)(\s|-)?((\d){1,6}JABC]?) $1$3
(PSRIPKS)(\s|-)?([JB]?)(\d\d\d\d)\s?([+-]\d\d)\d? $1$43$5
# Surveys
OGLE(\s|-)?((1){1,3}) ogle
2MASS twomass
# Spectral lines
H(\s|-)?(alpha]betal]gamma) h$2
(Fe|Mg|Si[He|Ni)(\s[-)?((\d)[([IXV])+) $1$3
# GRBs
gamma\s?ray\s?burst(s?) GRB
GRB\s?(\d\d\d\d\d\d)([abcd]?) GRB$1$2



Cnacmnbo 3a BHMMaHue |



[10MONTHUTENBHO




Y10 Takoe PostgreSQL: XML

HoBbIn TUM AAHHbIX. xm 1

CraHaapTtHble (ISO/ANSI SQL) dyHKuUnm
ny6nmkaummn SQL/XML

DTD-Bannagayuns

XPath: dyHKUMS xpath () (C NOAAEPIKKOM
Namespaces)

AnbTepHaTuBHble PYHKUMKN 3KcnopTa ob6bekToB b1
B XML

B-tree n GIN-unHaekcbl ona XML-AaHHbIX,
MOSIHOTEKCTOBbLIM NOUCK



) Y10 Takoe PostgreSQL: XML

LECT XMLROOT (
XMLELEMENT (

NAME ’some’, Pesyibrar:
XMLATTRIBUTES (

’

val’ AS ’name’,
2 J —7 ’
1+ 1 AS ’num’ <?xml version='1.0

) standalone="yes’ >

XMLELEMENT ( <some name='"val’
—7 14
NAME ’more’, num="2">
 fo0” <more>foo</more>
) </some>

) 9
VERSION "1.07,

STANDALONE YES
)



Y10 Takoe PostgreSQL: XML

SELECT * FROM tablel
WHERE ( (xpath('//person/@smpl:pid', xdata,
ARRAY [ARRAY ['smpl', 'http://example.com']]))[1l])::text =
'111°';

CREATE INDEX i_tablel_xdata ON tablel USING btree
(((xpath('//person/@smpl:pid', xdata,
ARRAY [ARRAY ['smpl', 'http://example.com']]))[1l]) ::text)
) ;

SELECT * FROM tablel
WHERE ARRAY['11l1l'] <@ xpath('//person/@smpl:pid', xdata,
ARRAY [ARRAY ['smpl', 'http://example.com']])::text[];

CREATE INDEX 1 tablel xdata ON table
USING gin((xpath('//person/@smpl:pid', xdata,
ARRAY [ARRAY [ 'smpl', 'http://example.com']])::text[]));
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