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What is the SED Library?

e A set of Java classes to store

— Spectra
— spectral energy distributions
— time series data

— their associated metadata

* The library implements the Spectrum Data Model
Doc v0.96b and SED DM Document v0.96.
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What can the SED Library do?

* Convert Spectra or SED files from and to:

— VOTables
— FITS files
— XML files following the spectrum schema v(0.96

* Display data to screen 1n table format

* Simple plots of Flux vs Spectral Coord



Why You Want the SED Lib...

* Suitable as middleware, on which to layer an
SED application.

* Included test program easily converts file formats
* Lightweight
* Easy to install

* The library comes with detailed documentation
making it easy to code to.
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The Installation

* Visit http://vo.cfa.harvard.edu/soft/
to download the package.

— Choose between SED Lite and SED
Full: Full includes functionality for
basic plotting.

— SED library is bundled with STIL and SED Lite
Java Fits Util Library. +
cfa.vo.sed.plot

SED Full

— If Java Web Services Developer pack
1s not already installed on your system,

download JWSDP Bundle. .
¢ Follow the INSTALL instructions to SED Lite
easily get up and running. cfa.vo.sed.dm
cfa.vo.sed.io STIL FITS
cfa.vo.sed.testers Ul
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http://vo.cfa.harvard.edu/soft/

Intro to Using the SED Lib

* Online API Javadoc at
http://vo.cta.harvard.edu/soft/SED/javadoc/index.html

* Reference the Spectral Energy Distribution v0.4 Tech
Spec included 1in the download for sample code.

* Basic steps to using the SED library:

— Deserialize a file to SED data model objects
- Daisplay, Plot, Modify

— Serialize SED to output file in given format
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Sample Code

gad = B

IWrapp=er wrapper = £
IR=ader reader = new Reader():
ISerializer serialiger = new Serializexr():

wrapper = reader.read| new FilelnputStrean(" pathiftoelfvoursfile"),

FileFormat. 1z
ged = serializer.serializeToSER( wrapper |:

SELSegnent segument = zed.getiegument (o] ;

Extent extent = segunent.getCoverage| ) ..getExtenti( ) :;

IValue scRxtentWal = extent.getSpectralCoordl).getBandwidthi];

Loukle bandwidth = 5
if(scExtentVal.isSet(])

bandwidth = [(Doubkle)lscExtentVal .. getlDataValue(o];
Svstem.out.println("We have spectral extent. Bandwidth= " + bandwidth]):
Doukle newValue = new Doukle| 1z

scExtentVal ..addbataValueinewvValue, ILataTypes.,
scExtentVal..setUCh("Foo . UCR" ) ;

IWriter writer = new Hriter|(]:

String o¢untFileName = "sed.out":

Wwriter.write| ocutFileName.
gerializer.serializeFromnSEDR| sed,

1:

FileFormat.
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Data Flow Diagram
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Third Party Libraries — Using the Wheel That Is Already
Invented

* STIL: Starlink Table Infrastructure Library — Mark Taylor
- Provides extensible API to handle any sort of table.

- SED lib makes extensive use 1n its VOTable processing.

— SEDStarTable implements StarTable interface. Methods in STIL are
called on 1t to serialize data from and to VOTable TABLEDATA.

e Java Fits Utilities Library — Tom McGlynn

- Provides API to read, modify, create, write FITS files.

— SED lib uses it to read a file from stream/disk, then uses Fits methods to
extract data from the Headers and Tables and transfer into SED classes.

— Uses 1t to build a FITS file from SED dm objects and write to file.
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Other Tools Used...

e Java Architecture for XML Binding (JAXB)

Java classes and interfaces are generated mirroring the elements and types in the XML
schema, and marshal/unmarshal methods are provided.

Java code was generated from the SED schema v0.96

This code is used to read an XML instance file into the generated classes, whereby the
library transfers the data into the SED dm classes.

The vice versa is also true: the generated code is used to write an XML instance file.

* Ptolemy PtPlot Library — UC Berkeley

Provides API for 2-D data plots and histograms

SED’s TestPlot class implements PlotFrame to display a plot on screen

— Not required for core library (SED Lite)
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Description of Data Model Layout

* The all-encompassing class for all data (data and metadata) 1s
SED.
- SED contains metadata about itself such as Target, SegmentType, and Creator.

- Contains any number of SEDSegment objects representing spectra, time series,
ete.

— A single spectrum is equivalent to an SED with one segment.

* Each Spectrum/Segment contains a set of metadata objects and a
Point object containing the data.
- Metadata objects include Coverage, Frame, DatalD, DerivedData, and Curation

— Point contains objects representing the axes which then contain the data values
and error values.
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SED

Target

_creator : [Walue
D - vl - _hame : [Value
-treatorll - Talue + ~EDegmert + _description : IWalue
_date : Walue 0, _type : String _class : Walue
_type : Ivalue - _spectralClass ; [Walug ==Interfaces=
_hsegments ; Integer + 4 ’ _pos : Walue | Axis
in: vardmpl : Walue
spectralMin - Value + + -+ _redshiTPt . Walue gethccuracyd : LAccuracy
_spectralMax ; [Walue + + - getvalued - [alue
Curation Dataln T setvaluedvalue: Waluel @ woid
+ - - ; setAccuracylaccuracy: Accuracy @ woid
_contactEmail : Ivalue| |_collections : [alue DerivedData
_contactlame : Walue|l |[_creationType : Walue _shr: [walue -7
Frame _contributors @ Walue | [_creator: Walue _vardmpl : Walue -
-
_logo : URL _datasetlD : Walue ~
9 ] = .~ Coverage ==Interfaces=
_publizher : Value _date : [Walue L SEDCoord
. . oar
_publizherlD ; Pvalue _instrument ; Value -
+ | _reference : Walue _title : MWalue Redshift getResolutiond : Malue
4 [nner '13_5'_ + “jnner|ctEsion - value wErsion - [alue ¥ + ’ setResolutioniresolution: [Walued : void
. N FAVANAN
Shy nifev£435 5 - + N
; } Fill Location Il
_equino : alue + Ectent Region Il :
_type - IWalue + R
Flu P 1
sidim : Ivalue T AT —
- _ + ! 1 5
Time SpectralCoord + + | ? + kY
- nner class ner class . | _walue : [value
_refDir : I'Value _refPos : [Walue +y inner cldss, , ++ |+ + Time | aceuracy - Wccuracy
. P 1 _ .
_refPos © Walue _sidim : Walue + fnhetclas Shy EpectralCoord Sky - | ]
sidim - value _ mnerchadg oo ] [vElue s alue LY [resolution : Pwalue
— ) o _region : Ivalue| [_max : Walue it phasslyalue _accuracy © lAccuracy 1
system : Walue il s ) .
o Ival Shy in - Value + _resolution : [Value ;
type : Malue ¥
-P ) SpectralCaoord
—zeroPaint : [Walue _aperturebiameter : Waluef
Time Time : e _wvalue : [Walue
pectralCoor .
- - accuracy  JAccurac
_startTime : Malue|  |_fillvalue : Walue fillvalue - Walue - | _Y vl ¥
. - : resolution : IWalue
spectralCoord Time _stapTime : I'Yalue =
_bandwidth : Walue

_exposureTime : I'YWalye
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SED

_creator : Yvalue
_creatorlD ; Walue

_date : I'Value

SEDSegment
- _type : Walue
_type - 3tring . _hSeqments ; Integer
*_spectralhﬂin cWalue
1.~ .
" g |=FpectralMax | Walue
+
+
Paint
_flux ; GenericFlux
_spectralCaord ; SpectralCaard
_time :Time
numbDataPaints : int
¥ + - B
t --_'__'__F-— +-—-J
eSS -
R T il
Time SpectralCoord

_walue @ Walue _walue @ Walue
_accuracy  LAccuracy| |_accuracy [ LAccuracy
_rezalutiaon : Value _resalytion ; Walue

=-=zlnterfaces==

getfcouracyd  lAccuracy

getvalued : Walue

setWaluebvalue: vWalued @ waid
setAccuracylaccuracy: LAccuracyd @ woid

£

=-=lhterface ==
ISEDCoord

getResalutiond : Walue
setResalutioniresalution: value) @ vaoid

1
1
1
1
1
1
1
1
1
1
I.d'"-.-"
T
|
1
1
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GenericFlux

=-=Ilnterface==

I"Malue

_quality : Ivalue
_walue : Walue

_accuracy : PointAccuracy

+$ +$ -

==lInterface=x=

lACcuracy

getZonfidenced ; Double
getHighl ; Walue
getlowid ; Value :]
is5et0 : boolean
setConfidenceiconfidence: Double) @ woid

setlowdllow: Walyel ; woid

setHighthigh: Walued © woid c;:}___

+
+

PointAccuracy

_sysErr: value

_statErrHigh @ Walue
_statErrLow @ Walue

BinAccuracy

_binHigh : 'value
_binLow : Walue

0 .
o Data Class Diagram

addDatavaluetvalue: Object,datatype: String) © woid
getDatal : Wectar
getDatatypel ; 3tring
getDatavaluelindex: int) ; Object
getMamed : 5tring

getsized : lang

getlZDd : String

getlnits0 : 5tring

isCanstantd : boaolean

iz5etd : boolean
setlsConstanticonstant: boalean) : waid
setMameiname: String) © woid
setUCDiucd: String) - woid
setUnitsiunits: Stringl - woid
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Code Design Features

* Many data elements and objects can be handled generically:

- All axes (Sky, Time, SpectralCoord, Flux) are of type [Axis, containing
accuracy and value data.

- Also, IAccuracy, ISEDCoord

— All discrete data values are contained in IValue instantiations; either
SingleValue or ArrayValue

* Memory use is reduced by storing the data point’s metadata once. eg.
In ArrayValue, one set of metadata 1s stored along with many data
values.

* (alling the library’s API programmatically 1s simple and intuitive once
the tree of data model classes 1s understood.
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Schema Design Updates

* Allowed for base element to be either Spectrum or SED
* JAXB required customization bindings for code generation of the schema.
*Using substitution groups to provide polymorphism

- BaseSegment group: Spectrum, Segment, and TimeSeries

* Substitution group members have types which derive from
segmentType but do not add anything..

e Structurally the same, just adds semantic meaning.
— Points: ArrayOfPoint and ArrayOfFlatPoint

* Substitution group members have types deriving from
arrayOfGenPoint and add elements of different types.

e Structurally different, semantically the same.
type="segmentType”

type="ArrayOfGenPoint”

i SubstitutionGroup="Points”
I ﬂl 3 )% Substitution Group="BaseSegment” NV‘ I
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XML Instance Example

<7l wersion="1.0" encoding="UTF-8"7:
<5ED smlns:xsd="http: Mfwww. w3 org 20010 EMLSchema” xsinoNamespaceSchemalocation="http: Siwo. cfa. harvard. edus?
so0fE/SEDSspecl. 96, xsd" smlns:xsi="http:  fwww. w3 ocg 2001 ML Schema—-instance " »
<l=—= 2ml i1nstance example —->
<Target:
<Hame -acp 220 < MHame >
<redshifts
<Walue:0. 0018« Value:
<ifredshift:
CposxR2330F3TA1T 23503330 S pos
< fMTarget:
<Spectrum:
<BegqmentType vcd="meta. code" >Spectrumd /SeqmentType -
Thowerage
<Locations
< Sk
<Walue ucd="pos. eq" unit="deg">132 4210 12 1232« /Valu=>
< 5k
<Time ucd="time. obs" unit="d">52148 3252« Time:
< /Location?
<SCoverage -

<|l-—- MORE METDATA HERE —-:
<l—-— Define table structure —-:
<Fields:
<SpectralCoord:>
<Value uvcd="em. wavelength" uvnit="Angstrom" />
LACCUCAacy >

<BinLow ucd="stat. min;:em. wavelength" wnit="Angstrom" >
<BinHigh ucd="stat. mast; em. wavelength" wnit="Angstrom" />
< SACCUracy -

< /fSpectralCoords>

<Fluzs
<Walue uvcd="phot. flux; em. wavelength" wnit="erg cm**{-2}) s**+*({-1) Angstrom**{-1)"/ >
TACCULACY

<StatEcclow unit="erg cm** (-2} s** (-1} Angstrom*+{-1)" >
<StatEcrcHigh vnit="erg cm** (-2} s**(-1) Angstrom*+({-1)"./ >
<5ysEcc:0. 05« /SysErc s
< SACCUracy -
cualitys >
< /F 1oz
</Fields>
<l-— Use table structure —-->
e <Array0fPoint:
<Point:
<SpectralCoord:
<Walue:>3200. 0« Walue
<hAccuracyr<BinLow:>3195. 0< /BinLow><BinHigh:>3205. 0« /BinHigh:< fAccuracy >
< /SpectralCoord:
<Fluzs
“Walus:1l. 3IBE-12< Values
fhAccuracyr<StatErrLow:5. 2ZE-14< /StatErrLowr<StatErrHighr6. 2E-14< /StatEccHigh»< FfAccuracy »
<fuality -0« OQuality:
< AF 1z
< /Point:
<SAhrray0fPoint
{l—— 0OR —-=
—Pp <hrray0fFlatPoint>
<Point 5P="3200.0" SP_EinL="3185.0" SP_EinH="3205.0" F="1 453E-12" F_ErrL="2 0E-14" F_ErcrH="2. 0E-14" />
</Array0fFlatPoint:
< Spectrum:|
< /SED >




Unimplemented Items

Library not done yet!

* Some metadata 1s ignored in some formats

* There are some 1ssues with UTYPE handling in
VOTable

* The current release (v0.4) 1s for evaluation only

* SAO Team will maintain the library in sync with
the document upgrades.
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Unimplemented Items - Details

* There is no BackgroundModel class at this time. There is no distinction in the GenericFlux class between
total and next flux yet.

* Auxiliary data is not preserved across serializations.

— When serializing a VOTable to SED, auxiliary data is noted in the log but not stored in the SED
objects.

—  When serializing an XML document to SED, CustomParams are not serialized.

—  When serializing a Fits file to SED, unexpected keywords or columns (ie. keywords or columns not
explicitly listed in the IVOA SED Data Model document v0.93) are not serialized.

* Upon serializing data into an SED, datatypes of some data are converted to a different type. The original
datatype is not yet remembered.

* The Reader class read() methods require the caller to specify the file format of the input file. Eventually
this requirement will be unnecessary.

Serialization from SED to Fits is not complete. Certain aspects of Segment metadata are not implemented
yet. They are Frame, Coverage, and DerivedData.
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Unimplemented Items — Details cont...

Serialization from Fits to SED handles items listed as keyword-only in the IVOA SED DM document v0.93
only if they appear as file keywords, or at the SED level. In actuality, these items could also appear as
Columns in the Fits file (or as TTYPE). If they do, they will not be serialized.

Serialization from XML to SED only handles ArrayOfFlatPoint format for storing data. Handling of
ArrayOfPoint is coming shortly.

The handling of utypes in a VOTable when serializing to SED is case-sensitive.

"Inherited" utypes when serializing from VOTable to SED is not yet implemented. Utypes in an input file
should be fully qualified. For example, a PARAM with utype "Segment.Coverage.Location.Sky.Value" is
necessary to serialize this data. A PARAM with utype "Location.Sky.Value" appearing within a
"Segment.Coverage" GROUP would not be serialized.

When a VOTable input file contains one Spectrum table (rather than an SED containing Segments/Spectra),
some metadata items are not serialized, such as Target.

When serializing from a single Spectrum, the library will treat it as an SED containing one Segment. This
means when converting a single Spectrum, it will be written out as contained within an SED, thus not
preserving the initial structure. This will be updated
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