SOLVING THE EPOCH PROPAGATION CASE
WITH MIVOT AND THE MODELS
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The Challenge

49,999 Epoch Propagation with MIVOT/Mango
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The challenge: find an appropriate
way to do it




The Challenge

2 approaches

- Use legacy VOTable features
- PARAM, FIELD, GROUP, COOSYS
- Use all available VOTable features
- PARAM, FIELD
- Model Instance in VOTable (MIVOT + models)

2 aspects to tackle with anywawy

- SERVER: Arrange VOTables elements to facilitate the processing automation
- CLIENT: Implement the processing automation
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Legacy: Position + Proper Motion
<CO0SYS I "J2000" epoch="32000" system="eq_J2000" />

<FIELD name="pos_RE® ucd="pos.eq.ra;meta.main" datatype="double" unit="deg" g
<FIELD name="pos_DECN\ ucd="pos.eq.dec;meta.main" datatype="double" unit="deg
<FIELD name="pm RA" ucOw.pos.pm.ra;meta.main" datatype="double" unit="mas/y'
<FIELD name="pm_DEC" ucd="D pm.dec;meta.main" datatype="double" unit="mas/

="32000" />
ref="32000"/>
ref="32000" />
\ar"  ref="7328

fo" />

e Can see with UCDs that pos_RA and pos_DEC do work together
e Can see with UCDs that pm_RA and pm_DEC do work together
e The 4 columns refer to the COOSYS element

o
-

e The role of the @re£->QID link is implicit (@ref to what?)
e No clear way to see that pos_RA/pos_DEC and pm_RA/pm_DEC relate to the same quantity
e No clear way to list all FIELDS that are connected to COOSYS

Interop - South Spring 2023 - Tucson



legacy : Solution 1: Add FIELDREF into COOSYS on

behalf of Markus D.

<VOTABLE
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance" version="1.4" xsi:schemaLocation="http:/
e The Epoch propagation components are /xml/VOTable/v1.3 http://vo.ari.uni-heidelberg.de/docs/schemata/VOTable-1.4.xsd">
. <RESOURCE type="results">
grouped into the COOSYS element <TABLE>
<C00SYS ID="system" epoch="3J2015.0" refposition="BARYCENTER" system="ICRS">
<FIELDref ref="dist" utype="votable:LonLatPoint-dist"/>
e They map an ad-hoc model based on <FIELDref ref="delta" utype="votable:LonLatPoint-lat"/>
. <FIELDref ref="alpha" utype="votable:LonLatPoint-lon"/>
utypes reusing names of VO model <FIELDref ref="pmdec" utype="votable:ProperMotion-lat"/>
elements <FIELDref ref="pmra" utype="votable:ProperMotion-lon"/>
<FIELDref ref="rv" utype="votable:ProperMotion-rv"/>
</CO0SYS>
; <TIMESYS ID="ts" refposition="GEOCENTER" timescale="TT"/>
e Small ch_anges in thg VOTable schema <FIELD TD-*3ipha® datatype<"Float™ nane-*sipha® rof="systestys
e Easy to implement in actual parsers <FIELD ID-="delta" datatype="float" name="delta" ref="system"/>
<FIELD ID="pmra" datatype="float" name="pmra" ref="system"/>
<FIELD ID="pmdec" datatype="float" name="pmdec" ref="system"/>
<FIELD ID="dist" datatype="float" name="dist" ref="system"/>
. g . . . . <FIELD ID="rv" datatype="float" name="rv" ref="system"/>
e Introduce bi-directional links which is a <FIELD ID-"tca" datatype"float" name="tca" ref-"ts"/>
new VOTable feature <DATA>
EPOCH as a literal val “BINARY>
i as a literal value <STREAM encoding="base64">QSAAAMEGAAA6GX IVUNG3FOIOAADAGAAARIX /4A==</STREAM>
e Complex errors not supported </BINARY>
. </DATA>
e Short term solution </TABLE>
|—| </RESOURCE>
</VOTABLE>
! ' . U ‘ Note that the CODSYS may be deprecated in

the future in favor of a more generic way of describing the conventions used to define the positions of the objects
studied in the enclosed tables.
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Legacy: Solution 2: add FIELDREF into COOSYS

On behalf of Francois B.

e The Epoch propagation components are
packed into a GROUP element

e The GROUP role is set with a UType
reusing names of VO model elements

e The GROUP refers to the COOSYS

e No change in the VOTable schema

e No bi-directional links

e Can have multiple GROUPS for multiple
parameter sets

e Easy to implement in actual parsers

e Alternative model mapping syntax less
featured than MIVOT
e Do not rely on any documented data model

e Complex errors not supported
e Covariance, correlation

e Short term solution

<FIEDREF fref="pos_RA\ ucd="pos.eq.ra,meta.main"/>
<FIEDREF ref:"pos_RA' ucd="pos.eq.dec;meta.main" />
<FIEDREF
<FIEDREF
<FIEDREF
<FIEDREF
</GROUP>

cd="pos.pm.dec;meta.main" />
pect.dopplerVeloc;pos.heliocentric"/>
cd="pos.parallax"/>

<FIELD namg="pos_RA™\ucd="pgh.eq.ra;meta.main" datatype="double" unit="deg" />

<FIELD namg="pos_DEC'| ucd=/pos.eq.dec;meta.main" datatype="double" unit="deg" />

<FIELD namg="pm RA" pos.pm.ra;meta.main" datatype="double" unit="mas/y" />

<FIELD namg="pm_DEC" |ucd="pos.pm.dec;meta.main" datatype="double" unit="mas/year" />
<FIELD name "spect.dopplerVeloc;pos.heliocentric" datatype="double" unit="km/s"/>
<FIELD name " ucd="pos.parallax" datatype="double" unit="mas" ref="32000"/>

Note that the CO0OSYS may be deprecated in

the future in favor of a more generic way of describing the conventions used to define the positions of the objects

studied in the enclosed tables.
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Legacy:Limitation of the COOSYS solutions

o v
-

e The @ref semantic or role is not well defined

e The way fields connected to COOSYS do interact together is poorly defined

e No underlying data model (common formal description of the quantity)

e According the the VOTable document, solution based on COOSYS are short
term solution
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MIVOT: The Model Based Alternative

e Keep the VOTable as delivered by the ADQL engine
o No FIELDREF tuning
o No GROUP to create

e Take a VO model describing the EPOCH propagation
o 6 parameters
o Errors
o Space Frame

e \Write an XML serialization of that MODEL in the VOTable

o MIVOT syntax
o Put the proper FIELD references into model leaves

e |nsert that XML piece above the TABLE
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MIVOT: The Daunting Step: Build a Model

Measure + latitude : RealQuantity 1 01
+ parallax : RealQuantity .
<7 + radialVelocity : RealQuantity
+ pmLongitude : RealQuantity

EpochPosition
+ longitude : RealQuantity

+ coordSys spaceSys

()1 + pmlLatitude : RealQuantity
+ epoch : RealQuantity
+ pmCosDeltApplied : boolean

<<Subjset>>
{meas:Measure.error:mango:EpochPositionError

[T] PropertyError2

+ positionErrorTO--l + merrorTonl

0.1]

+ pmPosError
P ST CorrelatedError_AZBZ‘
1
1

+ error 191 ¢
ol EpochPositionError ’J

+ parallaxError ||,0--1
. e, !
+ radiaIVeIocityErrorTO--l

" L

+ radialVelocityPosError \"IJ CorrelatedError_A1B2

0.1

+ parallameErrorTO--l — TO..]
+ parallaxPosError

The role of all model components is
perfectly defined by the model

The class is part of MANGO draft

o The MANGO overview is not shown here

Use of Meas/Coord
o Extends Measure classes from the
Measure Model
o Use Coords classes to describe
coordinate systems

Support complex errors
o Per parameter errors
o Covariance errors
o Correlated errors

No need to use all the features
proposed by the model

o only use model elements that match data
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MIVOT: Add a Mapping Block.above.the ... ..

<MODEL nhame="coords" url="https://www.ivoa.net/xml/STC/20200908/Coords-v1.0.vo-dml.xml" />
<MODEL name="mango" />
<MODEL name="ivoa" url="https://www.ivoa.net/xml/VODML/IVOA-v1.vo-dml.xml" />
<GLOBALS>
INSTANCE dmid="SpaceFrame_ICRS" dmtype="coords:SpaceSys">
<INSTANCE dmrole="coords:PhysicalCoordSys.frame" dmtype="coords:SpaceFrame">
<INSTANCE dmrole="coords:SpaceFrame.refPosition" dmtype="coords:StdRefLocation">

Data Table

e The space coordinate system
is a GLOBAL object that can
be referenced by any other
MIVOT element

e Each table row can be
interpreted as an instance of
the class EpochPosition of
the MANGO model
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<ATTRIBUTE dmrole="coords:StdRefLocation.position" dmtype="ivoa:string" value="NoSet" />

</INSTANCE>

<ATTRIBUTE dmrole="coords:SpaceFrame.spaceRefFrame" dmtype="ivoa:string" value="ICRS" />

</INSTANCE>
</INSTANCE>

</GLOBALS>
<TEMPLATES>

<REFERENCE
<ATTRIBUTE
<ATTRIBUTE
<ATTRIBUTE
<ATTRIBUTE
<ATTRIBUTE
<ATTRIBUTE
<ATTRIBUTE
<ATTRIBUTE

k/INSTANCE>

</TEMPLATES>

</VODML>

[ KINSTANCE dmtype="mango:EpochPosition">

dmrole="coords:Coordinate.coosys" dmref="SpaceFrame_ICRS"/>

dmrole="mango:
dmrole="mango:
dmrole="mango:
dmrole="mango:
dmrole="mango:
dmrole="mango:
dmrole="mango:
dmrole="mango:

EpochPosition.
EpochPosition.
EpochPosition.
EpochPosition.
EpochPosition.
EpochPosition.
EpochPosition.
EpochPosition.

longitude" dmtype="ivoa:RealQuantity" ref="pos_RA"/>
latitude" dmtype="ivoa:RealQuantity" ref="pos_DEC" />
pmLongitude" dmtype="ivoa:RealQuantity" ref="pm_RA" />
pmLatitude" dmtype="ivoa:RealQuantity" ref="pm_DEC"/>
pmCosDeltApplied" dmtype="ivoa:boolean" value="true"/>
radialVelocity" dmtype="ivoa:RealQuantity" ref="RV"/>
parallax" dmtype="ivoa:RealQuantity" ref="PARALLAX" />
epoch" dmtype="coords.Epoch" value="J2016.0" unit="year"/>
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MIVOT: Add a Mapping Block.above.the ... ..

<MODEL nhame="coords" url="https://www.ivoa.net/xml/STC/20200908/Coords-v1.0.vo-dml.xml" />
<MODEL name="mango" />
<MODEL name="ivoa" url="https://www.ivoa.net/xml/VODML/IVOA-v1.vo-dml.xml" />

Data Table

e The space coordinate system
is a GLOBAL object that can
be referenced by any other
MIVOT element

e Each table row can be
interpreted as an instance of
the class EpochPosition of
the MANGO model
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<GLOBALS>

INSTANCE dmid="Spa¥\EFrame_ICRS" Jdmtype="coords:SpaceSys">
P yp P y

<INSTANCE d

mrol

""coords:PhysicalCoordSys.frame" dmtype="coords:SpaceFrame">

<INSTANCE dmrQle="coords:SpaceFrame.refPosition" dmtype="coords:StdRefLocation">

<ATTRIBUTE

<ATTRIBUTE dmrole="coords?

</INSTANCE>
</INSTANCE>

</GLOBALS>
<TEMPLATES>

<REFERENCE
<ATTRIBUTE
<ATTRIBUTE
<ATTRIBUTE
<ATTRIBUTE
<ATTRIBUTE
<ATTRIBUTE
<ATTRIBUTE
<ATTRIBUTE

k/INSTANCE>

</TEMPLATES>

</VODML>

</INSTANCE>

[ KINSTANCE dmtype="mango:EpochPosition">
dmrole="coords:Coordinate.coosys
EpochPosition.
EpochPosition.
EpochPosition.
EpochPosition.
EpochPosition.
EpochPosition.
EpochPosition.
EpochPosition.

dmrole="mango:
dmrole="mango:
dmrole="mango:
dmrole="mango:
dmrole="mango:
dmrole="mango:
dmrole="mango:
dmrole="mango:

ole="coords:StdRefLocation.position" dmtype="ivoa:string" value="NoSet" />

eFrame.spaceRefFrame" dmtype="ivoa:string" value="ICRS" />

' dmref=“Spac‘frame_ICRS"/>
longitude™ dmtype="1ivoa:Rea(Quantity" ref="pos_RA"/>
latitude" dmtype="ivoa:RealQuantity" ref="pos_DEC" />
pmLongitude" dmtype="ivoa:RealQuantity" ref="pm_RA" />
pmLatitude" dmtype="ivoa:RealQuantity" ref="pm_DEC"/>
pmCosDeltApplied" dmtype="ivoa:boolean" value="true"/>
radialVelocity" dmtype="ivoa:RealQuantity" ref="RV"/>
parallax" dmtype="ivoa:RealQuantity" ref="PARALLAX" />
epoch" dmtype="coords.Epoch" value="J2016.0" unit="year"/>
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MIVOT: Add a Mapping Block.above.the ... ..

<MOD

Data Table p

<GLO!

e The space coordinate system
is a GLOBAL object that can
be referenced by any other
MIVOT element

</GL
<TEM

e Each table row can be
interpreted as an instance of
the class EpochPosition of
the MANGO model

[ KINSTANCE dmtype="mango:EpochPosition">

EL Name="coords" url="https://www.ivoa.net/xml/STC/20200908/Coords—v1.0.vo-dml.xml" />
EL name="mango" />
EL name="ivoa" url="https://www.ivoa.net/xml/VODML/IVOA-v1.vo—-dml.xml" />
BALS>
INSTAdﬁE dmid:“Spa\kFrame_ICRS"]dmtype:"coords:SpaceSys“>
<INSTANCE dmrolgk"coords:PhysicalCoordSys.frame" dmtype="coords:SpaceFrame">
<INSTANCE dmrQle="coords:SpaceFrame.refPosition" dmtype="coords:StdRefLocation">

<ATTRIBUTE ole="coords:StdRefLocation.position" dmtype="ivoa:string" value="NoSet" />
</INSTANCE>
<ATTRIBUTE dmrole="coords? eFrame.spaceRefFrame" dmtype="ivoa:string" value="ICRS" />
</INSTANCE>
</INSTANCE>
OBALS>
PLATES>

<REFERENCE dmrole="coords:Coordinate.coosys|' dmref="Spac‘frame_ICRS"/>
<ATTRIBUTE dmrole="mango:EpochPosition. longitude™ dmtype="ivoa:RealQuantity"
<ATTRIBUTE dmrole="mango:EpochPosition.latitude" dmtype="ivoa:RealQuantity"
<ATTRIBUTE dmrole="mango:EpochPosition.pmLongitude" dmtype="ivoa:RealQuantj
<ATTRIBUTE dmrole="mango:EpochPositi mtype="1ivoa:RealQuantity"] ref="pm_DEC"/.
ngo:EpochPosition.pmCosDeltApplied" dmtype="ivoa:boolean|' value="true"
dmrole="mango:EpochPosition.radialVelocity" dmtype="ivoa:RealQuantfity" ref="RV"/
<ATTRIBUTE dmrole="mango:EpochPosition.parallax" dmtype="ivoa:RealQuantity" reT="PARACLA

<ATTRIBUTE dmrole="mango:EpochPosition.epoch" dmtype="coords.Epoch|' value="J2016.0"junit="year"/>

ef="pos_RA"/>
pf="pos_DEC" /
' ref="pm_RA"

</TEMPLATES>

</VODML>

k/INSTANCE>

-

e (Class attributes refer to the columns that are
used to set their values

e Some class attributes can have fixed values, they don’t
hold column references

Interop - South Spring 2023 - Tucson
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MIVOT: Flexibilty

EPOCH defined in a <FIELD>
aref to the FIELD identifier :>

EPOCH defined in a <PARAM>
aref to the PARAM identifier :>

[EPOCH defined in a non

machine-readable element } I:l>

No @ref but a fixed @Rvalue

<ATTRIBUTE dmrole="tucson:Position.epoch"
dmtype="coords:Epoch"
unit="year"
ref="_EPOCH_FIELD"/>

<ATTRIBUTE dmrole="tucson:Position.epoch"
dmtype="coords:Epoch"
unit="year"
ref="_EPOCH_PARAM" />

<ATTRIBUTE dmrole="tucson:Position.epoch"
dmtype="coords:Epoch"
unit="year"
value="12023.88"/>

The structure of MIVOT block is not altered by the way the EPOCH is set in the VOTable
- Allow server code to be versatile
- Allow a same client code to process many different VOTable
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MIVOT: MIVOT annotations

MivoT

ﬁ

, | Params group

8 field
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3

=X data

()

x

r
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e MIVOT block: an XML model view
o Above the data table
o The hierarchy of the XML elements denotes the
model structure
o References to the appropriate columns
o Syntax controlled by the MIVOT XML schema

e The client can easily get model instances
o Read the MIVOT block
o Resolve the reference to the FIELDS
o Set the attribute values with the row data
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MIVOT: PyVO implementation,

e No model specific code

(O Astropy

\

MIVOT block extraction

/~ N\

(ext data row readout

A

Interop - South Spring 2023 - Tucson

Build a generic model
instance by resolving the
internal MIVOT
references

v

Build an XML serialization

of the data row

v

XML view

Build a Py dictionary from JE

v

dictionary

Build/update a dynamic
Python object from the

o The compliance with the model
structure is not checked at this level

o Can be done with the validator

Y s

::>[ Possible {JSON} output lv
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MIVOT: PyVO implementation: user point of view

from pyvo.mivot.interpreter.model_view import ModelViewer

with ModelViewer ("whatever-votable.xml") as m_viewer

e Go throth the_mOdel view with while (row_view := m_viewer.get_next_row_view):
Python object fields ra = row_view.EpochPostion.longitude.value
. dec = row_view.EpochPostion.latitude.value

e Field names match the model roles pm_ra = row_view.EpochPostion.longitude.value

o Escape rules
P pm_dec = row_view.EpochPostion.latitude.value

radial_velocity = row_view.EpochPostion.radialVelocity.value
parallax = row_view.EpochPostion.parallax.value
# Do whatever you want with those values

e Based on public and documented
models

16
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MIVOT: PyVO: Epoch Propagation Implementation

import matplotlib.pyplot as plt
from pyvo.mivot.viewer.model_viewer import ModelViewer

years = np.arange(2015, 2030, 1)

with ModelViewer("path_to_my_votable") as m_viewer:
# get the model view on the current data row
row_view = m_viewer.get_next_row_view()
# store the every year positions

positions = [c.apply_space_motion(dt=year * u.year) for year in years]

ra = [pos.icrs.ra.deg for pos in positions]
dec = [pos.icrs.dec.deg for pos in positions]
# Plot the object position over the years
plt.figure(figsize=(14, 9))

plt.plot(ra, dec)

# do some plot polishing and exit

break

Interop - South Spring 2023 - Tucson
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Aladln Desktop Prototype

Aladinv12.1 *** BETA VERSION (based on v12.107) ***
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Server Side Implementation

<VODML
xnlns: dn-napping="http: / /wm. ivoa.net/xnl/nivot">
5
P

L Nne="an W@Watemp‘ateﬂ 0.vo-dnl.xnl" />

<MODEL name="ivoa" url "https: //www. 1voa.net/xml/VODHL/IVOA-v1.vo-dnl.xml" />
<GLOBALS>
<INSTANCE dnid="SpaceFrame_ICRS" dntype="coords:Spacesys">
<INSTANCE dnrole="coords:PhysicalCoordSys.frame" dntype="coords:Spacefrane">
<ATTRIBUTE dnrole="coords:SpaceFrane.spaceRefFrane” dmtype="ivoa:string" value="ICpS:
</INSTANCE> I
</INSTANCE>
</GLOBALS>
<TEMPLATES>
<1-- One meas:Measure per row, no error -->
<INSTANCE dntype="nango: EpochPosition”>
<ATTRIBUTE dnrole="nango:EpochPosition.longitude” dmtype="ivoa:RealQuantity” ref="pos_RA"/>
<ATTRIBUTE dnrole="nango:EpochPosition.latitude" dmtyp ealquantity’ ref="pos DEC'/>
<ATTRIBUTE dnrole="nango:EpochPosition.pnLongitude” dntype="ivoa:RealQuantity" ref
<ATTRIBUTE dnrole="nango: EpochPosition.pLatitude’ dntype="ivoa:Realquantity” ref="pm DEC'/>
<ATTRIBUTE dnrole="nango: EpochPosition.pnCosDeltApplied” dntype="ivoa:boolean” value="true"/>
<ATTRIBUTE dnrole="nango:EpochPosition.radialvelocity’ dntypac”ivoa:RealQuantity’ ref="RV"/>
<ATTRIBUTE dnrole="nango:EpochPosition.parallax" dnf alquantity" ref="PARALLAX" />
<ATTRIBUTE dnrole="nango: EpochPosition.epoch” dntype="iv antity” value="2015.0"/>
<REFERENCE dnrole="coords:Coordinate.coosys" dmref="SpaceF[\|1CRS" />
</INSTANCE>
</TEMPLATES>
</VODHL>

7
Mapping rules
e Give the binding between table columns and model leaves

e Can be stored in the TAP_SCHEMA

e The implementation is quite simple
o Do not alter the VOTABLE content
o Just add a MIVOT block at the right place

e Can easily extend existing services
o Can be done as a TAP query response post processing

Regular VOtable

Interop - South Spring 2023 - Tucson
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params

group

field

data
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Status

e Models
o Meas/Coords/PhotDM: REC
o MANGO: Currently a pre-draft (need to be validated against VOT 1.5 requirements)

e Client side
o AstroPy: Merged (#15390 see V6.0.0.dr1)
o PyVO: Draft PR (#497)
o RUST: Under development at the CDS with the goal of improving the cross-match

e Server Side
o A TAP service hosting various datasets must be deployed by the beginning of 2024
o We are working on a VOLLT (CDS TAP lib) extension for annotating query responses

o [VOA

o Discussion should start to define a way to register the MIVOT capability
m Concerned: TAP/UWS/Registry/DALI/...
o Looking for others implementers

Interop -

South Spring 2023 - Tucson
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Conclusions
[ N
MIVOT+Mango: a seamless solution for the Epoch propagation

- Model supporting the complex errors

- Astropy/PyVO API
- Server side implementation preserving the original VOTable

- No change in the VOTable schema

The same mechanism can be used for many others quantities
Versatile mapping syntax

Photometric data

Dataset meta data

L )

"eq_FK4"), and epoch specifies the epoch of the positions if necessary. Note that the CO0SYS may be deprecated in
the future in favor of a moresgereric way ol describing the conventions used to dehine the positioms=ef the objects

studied in the enclosed tables.
21
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BACK-UP

Interop - South Spring 2023 - Tucson
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Legacy: Connect Sky Position with a Space Frame

<FIELD name="pos _RA" ucd="pos.eq.ra;meta.main" datatype €f="12000"/>
: ref="32000"/
")

Can see with the UCDs that RA and Dec do work together
e Both columns refer to the COOSYS element

e The ref attribute is used to quote another element of the document in the definition of a FIELD or PARAM. It
is used in the example of section 3.1 to indicate the coordinate system in which the coordinates are expressed

_(reference to the CO0SYS element which specifies the coordinate frame).
o7

-~

The role of the @ref->QID link is implicit
e @ref to what?

Interop - South Spring 2023 - Tucson
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In the Hood

<instance dmtype="tucson:Position">
<attribute dmrole="tucson:Position.ra"

ref="_RA2000"/>

dmtype="1ivoa:RealQuantity" value="10.876"

"@dmtype": "tucson:Position",
"tucson:Position.ra" : {
"@dmtype": "ivoa:RealQuantity",

dmtype="1ivoa:Rea
ref="_DE2000" />
</instance>

<attribute dmrole="t{ XML view transformed as a Py dict
MIVOT element names are removed
Only keep labels and values of interest

"value": 10.876,
IlunitII: ”deg",
"ref": "_RA2000"

o
"tucson:Position.dec" : {
"@dmtype": "ivoa:RealQuantity",

# class naming not defined yet
class MivotAttribute:

self.value = value
self.ref = ref
self.unit = unit

class Position:
def __init__(self, ra, dec):
self.ra = ra
self.dec = dec

def __init_ (self, value, ref, unit)

-

Interop - South Spring 2023 - Tucson

"value": -45.765,
IlunitII: |Ideglli
"ref": " _DEC2000"

-

—

S

Py dict transformed as a dynamic Py object
Can be incorporated to the application logic

24



Work with the Column References

#get the model view
m_view m_viewer.get_next_row_view()

# Get the position from the model vie
ra = m_view.EpochPropagation.longitude} value
dec = m_view.EpochPropagation.latitudel value

# get the column attached to a model leaf

The Python API give access to the
reference of the columns that have
been used to set attributes

Interop - South Spring 2023 - Tucson

# update the model view without redoing the parsing
table = votable.to_table()
for row in table:
m_viewer.EpochPropagation.longitude.value
= frowIm_view. EpochPropagation. tongitude.rer1)
m_viewer.EpochPropagation.latitude.value
= row[m_view.EpochPropagation. latitude. ref]

This can be used to update thge
Python object by skipping the
parsing step

colum_hosting_ra = m_view.EpochPropagation.longitudq.
colum_hosting_dec = m_view.EpochPropagation.latitudq.

# get the next RA directly from the data row
table = votable.to_table(ﬂ
for row in table:

ra_value =|row[m_view.EeochProeagation.longitude.ref] l

dec_value = row[m_view.EpochPropagation.latitude.ref]

This can be used to get attribute

values without using the model view .




