VO-DML and Mapping



Data Integration

“... combining data residing in
different sources and providing
users with a unified view of these
data.”

(wikipedia)






heterogeneity + scaling problem
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semantic: heterogeneous schemas
syntactic: custom access services




IVOA homogenizes syntax: e.g. TAP




semantic heterogeneity requires
individual data integration
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Sketch of Integration Solution

common (global) schema +

jon + VOQL*™

Iat

TAP + med

(see lots of CS literature)
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Global Schema(s)

common data model(s)

* The unified view of the data sources

* Defined using VO-DML

— VO-Data Modelling Language

— very restricted subset of UML Class Diagrams

— supports model dependency/reuse

— simplified, XML serialization language: machine readability!

— Faithful representations possible
e XSD, Java, Python, JSON?, YAML?
* VO-URP: RDB, TAP_SCHEMA

— Accepted as IVOA standard



http://ivoa.net/documents/VODML/20180910
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http://ivoa.net/documents/VODML/20180910

(VO-DML) mapping

* Expresses how instances of a data model (expressed as VO-
DML) are represented in a tabular representation

— VOTable
— TAP schema



Example: Simple source data model

Source

-narme ;. =tring [1]

-dezcription : string [0..1]

-position : SkyCoordinate [1]
-positionErrar | SkyError [0..1]
-clazsification | SourceClassification [1]

¢

0.* -luminosity

LuminosityMeasurement

-value : RealCuantity [1]
-error ; RealGuantity [0..1]
-description © string [0..1]
-type o Luminosity Type [1]

==datalType==
SkyCoordinate

-longitude © ivos: guantity: . RealZuantity [1]
-latitude : ivoa: gquantity: Realzuantity [1]

-filter

=<=modelelement==
PhotometryFilter
fwodml-id = "PhotometryFilter'}

-frame

SkyCoordinateFrame

-narme ;- string [1]
-documertUR] : anyUR[1]
-equino ;- string [0..1]
-zystem ;o string [0..1]




k objid ra dec u z T i z run ||rerun||cameol||field specobjid class redshift  ||plate(| mjd ||fiberid
\[1237680191504712292([319.42017295[-2.91605515([19.453272[[17.512213[16.4 5 || 45 [[4933710530540838848[GALAXY|| 0.091911 [[4382][55742] 62
037680191504842797( 319.6726666 ||-2.29320328|[18.006258[18.408295([17.0: . 5 || 47 |[4933700634945188864] STAR ||-9.116632E-3|[4382|[55742] 26 |
[12\7660241388240997|( 51.95792979 || 0.44178806 || 17.90674 ||16 '6“498”162 5 |[146]2329593891403008112]| STAR |[-2.435169E-4[2069|(53376|| 389 |
[1237460241388371981]| 52.15864799 || 0.510077 5 |[148][2329602687496120320] STAR ||-1.707261E-5|[2069|[53376] 421 |
[123766N241925505040][ 52.72667419 || 0.88746662 ||1“ 930399”16900446”16 ¢1s153||15 214106” 16.1061 |[3438][301 || 6 |[152]2320600488472864768| STAR |-1.622409E-4|2069|53376| 413 |
1237660\ 1925505156]( 52.85661769 || 0.97756273 [18.178764[16.997499|[16.512629[16.314194][16.207306][3438] 301 || 6 |[152]2329599663839143936| STAR ||-1.234436E-4/[2069][53376] 410 |
1237662303 11507089][202.55299093][39.86892911|[17. 1 || 16 ||5299625250001449984||GALAXY|[ 0.048569 |[4707|[55653|| 52 |
[12376632387N\9787997|[ 52.05059022 || 0.14966321 |[19.351822][18 277271|[ 18.06134 |[17.999191|[17.999123[4136][ 301 || 4 |[165][2329595265792632832| STAR |-5.184785E-4/[2069|[53376|| 394 |
[1237651271358%p8122][158 78373 508][ 63 9613952 |[19 283352|[ 1741073 |[16.419657|[16.042131][15 731997|[1350][ 301 || 1 |[295][550602195343534080 |[GALAXY|[ 011802 | 489 |[51930] 135 |
[1237651271358808125][158.82992158)[63.94061555][19.297565][17.409573[16.431635][16.044048|[15.707916)[1350][ 301 || 1 |[295] 550601370709813248 ||GALAXY|[ 0.117888 || 489 ||51930| 132 |
ey OOrdinateFr
==dataType== 1 3
. -name ;. string [1]
't Slaniwulbllide « |-documentUR] : any
-niaime : string [1] Jlongitude © ivos:quantity: RealQuartity [1] | -frame 7 |-Eduinme : string [0,
-description : string [0..1] latitude © ivoa: quantity:: RealCuantity [1] -system : string [0..
-position : SkyCoordinate [1]

-positionError © SkyError [0..1]

-classification ; SourceClassification [1] Identifylng that ad table
contains Sources

239/hip main The Hipparcos and Tvcho Catalogues (ESA 1997)
1 annotation(s} -  post The Hipparcos Main Catalogue (118218 rows)

Full RAJ2000 | _DEJ2000 HIP| RAhms | DEdms |Vmag RA(ICRS)| DE(ICRS) | Plx |pmRA |pmDE |e PlxBTmag| ¢ |VImag| e | B-V [Hpmag| e_
"h:m:s" "d:m:s" mag deg deg mas | masfyr | mas/yr | mas mag mag mag mag | mag mag mag

= ax = = s = ax s =2 =2 = s = = e e =
)0.216|-01 052043 1|00 00 00.22|+01 05 20.4 9.100.00091185 1.08901332| 354 -5.20/ -1.88| 1.39| 9643/0.020, 9.130/0.019| 0.482| 9.2043|0.0020

2|00 0001.024/ -1929 5582 2|00 00 00.91|-1929 558 | 9.27/0.00379737/-19.49883745|21.90| 181.21| -0.93| 3.10| 10.519/0.033| 9.378|0.021| 0.999 9.4017|0.0017

210000 01.206+38 513340, 3/000001.201+38 51334 6.61/0.00500795 38.85928608| 281 524/ -291| 063 6.576/0.004 6.621/0.005/-0.019 6.6081|0.0007
4|00 0002.071) -515336.76] 4/000002.01-515336.8| 8.06/0.00838170/-51.89354612| 7.75| 62.85| 0.16 097 8.471/0.007 8.092/0.007| 0.370 8.1498(0.0011
210000 02.354| -40 35 2833 5|00 00 02.39/-40 35284 8.55/0.00996534/-40.59122440| 287 253 907 1.11| 9.693|0.014 8.656/0.010/ 0.902| 8.7077/0.0018

6[00 00 04 486[+03 56 47 25| 6[00 1.336/12.4488/0.0085
7|00 00 05.283[+20 02 10.01] 7|00 . e o 542(0.039] 9.679(0.030| 0.740| 9.6795/0.0021
goo 0006.562/+25 53 1126 8/00 H I a r‘COS VI z I e R 433/0.055| 9.151/0.029 1.102| 8.5522/0.1671
9|00 00 08.477+36 35 09.45]  9[00 1962(0.025| 8.711(0.015] 1.067| 8.7534/0.0018

10|00 00 08.740 -50 52 01.11| 10[00 140(0.011| 8.630(0.010| 0.489| 8.6994(0.0020

11|00 00 08.961/+46 56 23.99] 11|00 00 08.95/+46 56 24.0| 7.34/0.03729693 46.94000154| 429 11.09] -2.02| 0.84| 7.446/0.005| 7.364/0.005| 0.081 7.3777/0.0010

12(0000 09816 35573681 12/000009.82/-355736.8| 843/0.04091756)-35.96022482| 406 599 -0.10/ 1.16 10.369/0.023| 8.588/0.010| 1484 8.5398(0.0012

73 1nonel 273540 904] 13looon 10002272 35 409 = 'nlona167970/227 546060l 3 49 g4s| _1007 1 4% 102160 078 * 7o n1al 1128 297070 0017
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skyCoordinateF

==datalype== 1

-name ;. string [1]

sSource / skyCoordinate :} _documertUR] © &y
-name ; string [1] _longitude - ivos:quartity: RealGuartity (1] | -frame -Bguino::  string [0,

~latitucde @ ivos: guantity:: RealGuantity [1] -system - string [00..

-postion | SkyCoordinate [1]
-posmonErrar - =kyError
-claszsification | SourceClassification [1]

ldentifying two columns as the position
of a Source, a SkyCoordinate

0.* -luminosity
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SkyCoordinateFrame

urce

-classification ; S0

-name ; string [1]
-dezcription ; =trirgg [0..1]
-pozition ;. SkyCoddinate [1]
-pozitionError ; SkgErrar [0..1]
LrceClassificglon [1]

dataT
/ 5.:.: & ':.'-'::?E: -name ; string [1]
kyCoordinate -documertUR] : anyURI[1]
-lonofice : ivos::gquantity:: RealGuantity [1] -frame 'Equ'n':'}:_: St'f'ng 10|
-legiflicle : ivos:: quantity:: RealSuantity [1] e a0 1]

Identifying magnitude+error columns

0.* L$Ds/

with (elements in) the collection of
LuminosityMeasurement-s of a Source.
(need instance of PhotometryfFilter!)

Lumino=sityMeasurement

-value | RealZuantity [1]
-errar . RealGuantity [0..1]
-deszcription ; string [0..1]
Avpe . Luminosity Type [1]

==thodelelemeant==
1 PhotometryFilter
fwodml-id = "PhotometryFilter}

-filker




Current state of

< CONTAINER>
{ < IDREF=|<REMOTEREFERENCE | < FOREIGHKEY =)
< {CONTAINER >

< YODML = < MUDEL =
F <MODELZ---  <NAMEZ>

i L OLOBALE S fr <CURL

B L TEMPLATES = B < IDENTIFIER =

< SVODML = < /MODEL >

< AEFERENCE =
(< IDREF = |- REMOTEREFERENCE > | < FOREIGNEEY > |
= /REFERENCE >

mapping proposal

OL, GL, TD, MC-D, LM etal
Late PDF:
http://volute.g-vo.org/svn/trunk/projects/dm/vo-dml-

< ATTRIEUTE>
~+ (< COLUMN > | < CONSTANT | < LITERAL>). . .
< JATTRIBUTE

< GLOBALS =
& S INSTANCE::- - -
< fGLOBALS ==

< INSTANCE =
b < PRIMARYKEY >
B CONTAINER >

B o AT TR - - -

mapping/doc/VO-DML mapping WD.pdf
XSD:

< TEMPLATES =

< /TEMFLATES >

B S INSTANCE - - -

B < COMPOSITION - --

B S BEEERENCE .

< fINSTANCE >

< COMPOSITION =
B S INSTANCE - - -
& CEXTINSTANCES - -

< /COMPOSITION >

https://volute.g-vo.org/svn/trunk/projects/dm/vo-dml-
org/xsd/ext/VODML-mapping.xsd

IN PROGRESS: Port to ivoatex
https://github.com/ivoa/mapping-vodml

< FOREIGNEEY =
B PREFIELDZ
b TARGETID >
< /FOREIGHEEY =

< PRIMARYKEY =
B o PRFIEL s
< /PRIMARYKEY >

{ = COLUMN = | < CONSTANT = | LITERAL =)
= fPEFIELD =

<PKFIELD > ‘

< COLUMN =
S CETTONMA PPING - - -
< f COLUMN >

< CONSTANT =
S QPTTONMAPPING=- - -
< fCONSTANT >

< OETTONMAPPING - -
< /LITERAL>

= LITERAL™ ‘

< OFTIONMAPPINGZ

ft < MAPPEDOFTIONZ

=+ < ENUMLITERAL

= < SEMANTICCONCEFT =
< fOPTIONHAPFING >



http://volute.g-vo.org/svn/trunk/projects/dm/vo-dml-mapping/doc/VO-DML_mapping_WD.pdf
https://volute.g-vo.org/svn/trunk/projects/dm/vo-dml-org/xsd/ext/VODML-mapping.xsd
https://github.com/ivoa/mapping-vodml

Use cases

The VO-DML Mapper
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How did we get here?



understanding UTYPE

2004: VOTable 1.1 introduces @utype: “Pointer into data model”

— Ochsenbein, Bonnarel, Louys, Derriere, others discuss representing data models in VOTable
TODO add links

..-2012: What is a UTYPE really?

— Norman Gray:
https://ivoa.net/documents/Notes/UTypes/utype-uri-20070302.html

— VO-URP for SimDM: utype is explicitly defined identifier of a (vo-urp) data model element
https://ivoa.net/documents/SimDM/20120503/uml/intermediateModel.xsd

2012-2013 : UTYPE Tiger Team (UTT) investigation

— 1. There is no standard yet
https://ivoa.net/documents/Notes/UTypesUsage/index.html

— 2. Question should be: how to express that a VOTable, a TAP_SCHEMA contains data model instances?
http://volute.g-vo.org/svn/trunk/projects/dm/vo-dml- org/doc/prewouslv/VO DML and UTYPE%20and%20VOTable-v0.2.pdf

UTT: need something to point at: VO-DML
— Need standardized representation of data model
— Must have unique identifiers for all components

— Almost identical to VO-URP representation of Simulation DM (2008-2012)
—  http://volute.g-vo.org/svn/trunk/projects/dm/vo-dml-org/doc/previously/VO-DML-WD-v.0.x-20130416.pdf

UTT: need to define how to point: Mapping
— Through annotations of EXISTING VOTable elements: GROUP, FIELDref, PARAM(ref)

— UTYPE identifies the (VO-DML) data model element
—  http://volute.g-vo.org/svn/trunk/projects/dm/vo-dml-org/doc/previously/UTYPEs-WD-v.0.5-20130422.pdf



https://ivoa.net/documents/Notes/UTypes/utype-uri-20070302.html
https://ivoa.net/documents/SimDM/20120503/uml/intermediateModel.xsd
https://ivoa.net/documents/Notes/UTypesUsage/index.html
http://volute.g-vo.org/svn/trunk/projects/dm/vo-dml-org/doc/previously/VO-DML_and_UTYPE and VOTable-v0.2.pdf
http://volute.g-vo.org/svn/trunk/projects/dm/vo-dml-org/doc/previously/VO-DML-WD-v.0.x-20130416.pdf
http://volute.g-vo.org/svn/trunk/projects/dm/vo-dml-org/doc/previously/UTYPEs-WD-v.0.5-20130422.pdf

II: VO-DML and Mapping

. VO DML VO Data Model Language

VODML L_schema VODML schama v1.0
i 2018: VO-DML becomes standard _schematron VODML schematron vi.0
— https://ivoa.net/documents/VODML/20180910 l—E:j; Vo -

- used in VaFIOUS mOdeIS SlnCe then %99999%99 |_|:|':.-L'-'ﬁf5|'|.:5 r:r'.:.'-_.'eqance v1.0

— VODSL (PH) L coord Astronomical Ceordinates and Coordinate 10

cooras Systems .
L_meas Astronomical Measurements Model v1.0
Mapp|ng VO-DML: L_=sldm ssldm V2.0

L_Trans WCS transform model vi1.0

e 2013-2014: Mapping schema extensions: -
— None. Just use @utype and GROUP hierarchy
— Madrid: don’t use @utype, use @dmrole, @dmtype or so

— Banff: use <VODML> instead
(http://volute.g-vo.org/svn/trunk/projects/dm/vo-dml-org/doc/samples/votable/)

e 2015-2016:
— Write document
— Realize need special elements to identify serialization-specific elements. E.g. for identifiers, containers, references, ORM
— Tools: jovial, VODML-Mapper

e 2017: TOO COMPLEX !

e 2017- Present

— Expansion of VOTable schema adding explicit components almost 1-1 with VO-DML:
https://volute.g-vo.org/svn/trunk/projects/dm/vo-dml-org/xsd/ext/VODML-mapping.xsd
http://volute.g-vo.org/svn/trunk/projects/dm/vo-dml-mapping/doc/VO-DML mapping WD.pdf

 2018: TOO BIG!

— Alternative (LM) by now as big, maybe even bigger, and very similar in any case



https://ivoa.net/documents/VODML/20180910
http://volute.g-vo.org/svn/trunk/projects/dm/vo-dml-org/doc/samples/votable/
https://volute.g-vo.org/svn/trunk/projects/dm/vo-dml-org/xsd/ext/VODML-mapping.xsd
http://volute.g-vo.org/svn/trunk/projects/dm/vo-dml-mapping/doc/VO-DML_mapping_WD.pdf

The end



