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Abstract

TOPCAT is an interactive graphical viewer and editor for tabular data. It has been designed for use
with astronomical tables such as object catalogues, but is not restricted to astronomical applications.
It understands a number of different astronomically important formats, and more formats can be
added. It is designed to cope well with large tables; a million rows by a hundred columns should not
present a problem even with modest memory and CPU resources.



It offers a variety of ways to view and analyse the data, including a browser for the cell data
themselves, viewers for information about table and column metadata, tools for joining tables using
flexible matching algorithms, and extensive 2- and 3-d visualisation facilities. Using a powerful and
extensible Java-based expression language new columns can be defined and row subsets selected
for separate analysis. Selecting a row can be configured to trigger an action, for instance displaying
an image of the catalogue object in an external viewer. Table data and metadata can be edited and
the resulting modified table can be written out in awide range of output formats.

A number of options are provided for loading data from external sources, including Virtual
Observatory (VO) services, thus providing a gateway to many remote archives of astronomical data.
It can aso interoperate with other desktop tools using the SAMP protocol.

TOPCAT is written in pure Java and is available under the GNU General Public Licence. Its
underlying table processing facilities are provided by STIL, the Starlink Tables Infrastructure
Library.
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1 Introduction

TOPCAT is an interactive graphical program which can examine, analyse, combine, edit and write
out tables. A tableis, roughly, something with columns and rows; each column contains objects of
the same type (for instance floating point numbers) and each row has an entry for each of the
columns (though some entries might be blank). A common astronomical example of atable is an
object catalogue.

TOPCAT can read in tables in a number of formats from various sources, allow you to inspect and
manipulate them in various ways, and if you have edited them optionally write them out in the
modified state for later use, again in a variety of formats. Here is a summary of its main
capabilities:

View/edit table data in a scrollable browser

View/edit table metadata (parameters)

View/edit column metadata (column names, units, UCDs...)

Re-order and hide/reveal columns

Insert 'synthetic' columns defined by algebraic expression

Sort rows on the values in a given column

Define row subsets in various ways, including algebraically and graphically

Plot columns against each other in 1, 2 and 3 dimensions, distinguishing different subsets
Calculate statistics on each column for some or all rows

Trigger a configurable action (e.g. object image display) when a column is selected

Perform flexible matching of rows in the same or different tables

Concatenate the rows of existing tables to create new ones

Acquire tables from web services, externa filestores or other customisable sources

Perform single and multiple queriesto Virtual Observatory servicesincluding TAP services
Interoperate with other desktop tools using SAMP

Write modified tables out in original or different format

Considerable effort has gone into making it work with large tables;, a few million rows and
hundreds of columnsis usually quite manageable.

The general idea of the program is quite straightforward. At any time, it has alist of tablesit knows
about - these are displayed in the Control Window which is the first thing you see when you start up
the program. You can add to the list by loading tables in, or by some actions which create new
tables from the existing ones. When you select a table in the list by clicking on it, you can see
general information about it in the control window, and you can aso open more specialised view
windows which allow you to inspect it in more detail or edit it. Some of the actions you can take,
such as changing the current Sort Order, Row Subset or Column Set change the Apparent Table
(Section 3), which is a view of the table used for things such as saving it and performing row
matches. Changes that you make do not directly modify the tables on disk (or wherever they came
from), but if you want to save the changes you have made, you can write the modified table(s) to a
new location.

The main body of this document explains these ideas and capabilities in more detail, and Appendix
A gives a full description of all the windows which form the application. While the program is
running, this document is available via the online help system - clicking the Help () tool bar

button in any window will pop up a help browser open at the page which describes that window.
This document is heavily hyperlinked, so you may find it easier to read in its HTML form than on

paper.

Recent news about the program can be found on the TOPCAT web page
(http://www.starlink.ac.uk/topcat/). It was initially developed within the now-terminated Starlink
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and then AstroGrid projects, and has subsequently been supported by the UK's PPARC and STFC
research councils, various Euro-VO and FP7 projects, GAVO and ESA. The underlying table
handling facilities are supplied by the Starlink Tables Infrastructure Library STIL
(http://lwww.starlink.ac.uk/stil/), which is documented more fully in SUN/252. The software is
written in pure Java, and should run on any J2SE platform version 1.6 or later. This makesit highly
portable, since it can run on any machine which has a suitable Java installation, which is available
for MS Windows, Mac OS X and most flavours of Unix amongst others. Some of the external
viewer applications it talks to rely on non-Java code however so one or two facilities, such as
displaying spectra, may be absent in some cases.

The TOPCAT application is available under the terms of the GNU General Public License, since
some of the libraries it uses are also GPL. However, al of the origina code and many of the
libraries it uses may alternatively be used under more permissive licenses such as the GNU Lesser
General Public License, see documentation of the STILTS package for more detalils.



SUN/253 12

2 Quick Start Guide

This manual aims to give detailed tutorial and reference documentation on most aspects of
TOPCAT's capabilities, and reading it is an excellent way to learn about the program. However, it's
quite a fat document, and if you feel you've got better things to do with your time than read it all,
you should be able to do most things by playing around with the software and dipping into the
manual (or equivalently the online help) when you can't see how to do something or the program
isn't behaving as expected. This section provides a short introduction for the impatient, explaining
how to get started.

To dstart the program, you will probably type topcat or something like java -jar
topcat-full.jar (See Section 10 for more detail). To view a table that you have on disk, you can
either give its name on the command line or load it using the L oad button from the GUI. FITS,
VOTable, ECSV, CDF, PD$4, feather, Parquet and GBIN files are recognised automatically; if
your data is in another format such as ASCII (see Section 4.1.1) you need to tell the program (e.g.
-f ascii on the command line). If you just want to try the program out, t opcat -deno will start
with a couple of small tables for demonstration purposes.

The first thing that you see is the Control Window (Appendix A.2). This has a list of the loaded
table(s) on the left. If one of these is highlighted by clicking on it, information about it will be
shown on the right; some of this (table name, sort order) you can change here. Along the top is a
toolbar with a number of buttons, most of which open up new windows. These correspond to some
of the things you might most often want to do in TOPCAT, and fall into afew groups:

=@y

L oad/Save/Send Table(s).

@ T

Display various aspects of information about the table's data and metadata.

Wl D@0

Open plotting/visualisation windows of various kinds.

k‘a EE
LELCT

Join tables in various ways including spatial crossmatching, and access remote databases.

Xl

Help and information

The menus provide alternative ways to open up these windows, and also list a number of other, less
commonly-used, options. The Help () button appears in most windows - if you click it a help

browser will be displayed showing an appropriate part of this manual. The Help menu gives you a
few more options along the same lines, including displaying the help information in your usual web
browser rather than in TOPCAT's (somewhat scrappy) help viewer. All the windows follow roughly
this pattern. For some of the toolbar buttons you can probably guess what they do from their icons,
for others probably not - to find out you can hover with the mouse to see the tooltip, look in the
menus, read the manual, or just push it and see.

Some of the windows allow you to make changes of various sorts to the tables, such as performing
sorts, selecting rows, modifying data or metadata. None of these affect the table on disk (or
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database, or wherever), but if you subsequently save the table the changes will be reflected in the
table that you save.

A notable point to bear in mind concerns memory. TOPCAT is fairly efficient in use of memory,
but in some cases when dealing with large tables you might see an OutOfMemoryError. It is usually
possible to work round this by using the - xmx NNN mflag on startup - see Section 10.2.2.

Finally, if you have queries, comments or requests about the software, and they don't appear to be
addressed in the manual, consult the TOPCAT web page, use the topcat-user mailing list, or contact
the author - user feedback is always welcome.
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3 Apparent Table

The Apparent Tableisa particular view of atable which can be influenced by some of the viewing
controls.

When you load atable into TOPCAT it has a number of characteristics like the number of columns
and rows it contains, the order of the rows that make up the data, the data and metadata themselves,
and so on. While manipulating it you can modify the way that the table appears to the program, by
changing or adding data or metadata, or changing the order or selection of columns or rows that are
visible. For each table its "apparent table" is a table which corresponds to the current state of the
table according to the changes that you have made.

In detail, the apparent table consists of the table as it was originally imported into the program plus
any of the following changes that you have made:

Selection of rows changed by changing the current Row Subset (Section 3.1)

Changes to the current Row Order (Section 3.2) caused by doing a sort

Changes to the current Column Set (Section 3.3) caused by adding, hiding or moving columns
Changesto cell data by editing cells in the Data window

Changes to table metadata by editing cellsin the Parameter window

Changes to column metadata by editing cells in the Columns window

The apparent table is used in the following contexts:

Data Window
The Data window always shows the rows and columns of the apparent table, so if you are in
doubt about what form atable will get exported in, you can see what it looks like there.

Exports
When you save a table, or export it by dragging it off the Table List panel in the Control
Window, or create a duplicate table, it is the apparent table which is copied. So for instance if
you define a subset containing only the first ten rows of atable and then save it to a new table,
or create a duplicate within TOPCAT using the Duplicate Table (|E ) toolbar button, the

resulting table will contain only those ten rows.

Joins
When you use the Match Window or Concatenation Window to construct a new table on the
basis of one or more existing ones, the new table will be built on the basis of the apparent
versions of the tables being operated on. The same applies to the join-like functionality
provided by table uploads in the TAP window, CDS Upload X-Match window and the
multiple positional search (Cone, SIA, SSA) windows.

Some of the other table view windows are affected too, for instance the Columns window displays
its columns in the order that they appear in the Apparent Table.

3.1 Row Subsets

An important feature of TOPCAT is the ability to define and use Row Subsets. A Row Subset is a
selection of the rows within a whole table being viewed within the application, or equivaently a
new table composed from some subset of its rows. You can define these and use them in several
different ways; the usefulness comes from defining them in one context and using them in another.
The Subset Window displays the currently defined Row Subsets and permits some operations on
them.

At any time each table has a current row subset, and this affects the Apparent Table. You can
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always see what it is by looking at the "Row Subset" selector in the Control Window when that
table is selected; by default it is one containing al the rows. You can change it by choosing from
this selector or as aresult of some other actions.

Other contexts in which subsets can be used are picking a selection of rows from which to calculate
in the Statistics Window and marking groups of rows to plot using different markers in the various
plotting (and old-style plotting) windows.

Tables always have two special subsets:

» All: contains al the rowsin the table
» Activated: contains a single row if one has been activated, e.g. by clicking on a table row or
plotted point representing it

Other subsets can be defined by user actions as described below.

3.1.1 Defining Subsets

Y ou can define a Row Subset in one of the following ways:

Defining an algebraic expression
From the Subset Window using the Add New Subset ( +) button will pop up the Algebraic

Subset Window which allows you to define a new subset using an algebraic expression based
on the values of the cellsin each row. The format of such expressions is described in Section
7. The Subsets Window also provides some varlants on this option for convenience, like
selecting the first N (‘:) last N (‘g) or every N ¢ (.E) rows, or the complement (':'EC}=)

of an existing subset.

Graphical selection
There are several ways to indicate a region graphically in the plotting area of the plotting
windows. which can be used to define subsets. The options are Subset From Visible ( :?-),

Algebraic Subset From Visible (.), Draw Subset Blob (_:;«_) and Draw Algébraic
Subset (") though not all are available for all plot types.

Classifying by value
The Column Classification Window lets you define multiple mutually exclusive subsets based
on the value in a given column (or other algebraic expression).

Boolean columns
Any column which has a boolean (true/false) type value can be used as a subset; rows in which
it has atrue value are in the subset and others are not. Any boolean column in a table is made
available as arow subset with the same name when the table is imported.

Selecting rowsin the browser
Y ou can select asingle row in the Data Window by clicking on it, or select a group of adjacent
rows by dragging the mouse over them. Y ou can add more rows to the selection by keeping the
<Control> button pressed while you do it. Once you have a set of rows selected you can use
the Subset From Selected Rows ([%) or Subset From Unselected Rows (%{) buttons to

create a new subset based on the set of highlighted rows or their complement. Combining this
with sorting the rows in the table can be useful; if you do a Sort Up on a given column and
then drag out the top few rows of the table you can easily create a subset consisting of the
highest values of a given column.
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In all these cases you will be asked to assign a name for the subset. As with column names, it isa
good idea to follow a few rules for these names so that they can be used in algebraic expressions.
They should be:

» Distinct from other subset and column names, even apart from upper/lower case distinctions

* Inthe form of ajava identifier (starts with a letter, continues with aphanumerics including
underscore, No spaces)

* Nottoo long

When you choose a nhame, you can either type one in, or select one from the drop-down list, which
gives the names of all the existing subsets. This allows you to redefine existing subsets. Note if you
do select or typein one of the existing names, any previous content of that subset will be lost.

In the first subset definition method above, the current subset will be set immediately to the newly
created one. In other cases the new subset may be highlighted appropriately in other windows, for
instance by being plotted in scatter plot windows.

3.2 Row Order

Y ou can sort the rows of each table according to the values in a selected column. Normally you will
want to sort on a numeric column, but other values may be sortable too, for instance a String
column will sort alphabetically. Some kinds of columns (e.g. array ones) dont have any
well-defined order, and it is not possible to select these for sorting on.

At any time, each table has a current row order, and this affects the Apparent Table. You can
always see what it is by looking under the "Sort Order” item in the Control Window when that table
Is selected; by default it is"(none)", which means the rows have the same order as that of the table
they were loaded in from. The little arrow (G/@) indicates whether the sense of the sort isup or

down. Y ou can change the sort order by selecting a column name from this control, and change the
sense by clicking on the arrow. The sort order can also be changed by using menu items in the
Columns Window or right-clicking popup menus in the Data Window.

Selecting a column to sort by calculates the new row order by performing a sort on the cell values
there and then. If the table data change somehow (e.g. because you edit cells in the table) then it is
possible for the sort order to become out of date.

The current row order affects the Apparent Table, and hence determines the order of rows in tables
which are exported in any way (e.g. written out) from TOPCAT. You can always see the rows in
their currently sorted order in the Data Window.

3.3 Column Set

When each table is imported it has a list of columns. Each column has header information which
determines the kind of data which can fill the cells of that column as well as a name, and maybe
some additional information like units and Unified Content Descriptor. All this information can be
viewed, and in some cases modified, in the Columns Window.

During the lifetime of the table within TOPCAT, thislist of columns can be changed by adding new
columns, hiding (and perhaps subsequently revealing) existing columns, and changing their order.
The current state of which columns are present and visible and what order they arein is collectively
known as the Column Set, and affects the Apparent Table. The current Column Set is aways
reflected in the columns displayed in the Data Window and Statistics Window. The Columns
Window shows all the known columns, including hidden ones; whether they are currently visible is
indicated by the checkbox in the Visible column. By default, the Columns Window and Statistics
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Window also reflect the current column set order, though there are options to change this view.

Y ou can affect the current Column Set in the following ways:

Hide/Reveal columns
In the Columns Window you can toggle columns between hidden and visible by clicking on
their checkbox in the Visible column. To make a group of columns hidden or visible at once,
select the corresponding rows (drag the mouse over them to select a contiguous group; hold the
Control button down to add more single rows or contiguous groups to the selection) and hit the
Hide Selected ( ) or Reveal Selected ( r"" ) button in the toolbar or menu. Note when

selecting rows, don't drag the mouse over the Visible column, do it somewhere in the middle
of the table. The Hide All ( E ) and Reveal All ( % ) buttons set all columns in the table

O C
invisible or visible - a useful convenience if you've got avery wide table.

You can aso hide a column by right-clicking on it in the Data Window, which brings up a
popup menu - select the Hide option. To make it visible again you have to go to the Columns
Window as above.

Move Columns
In the Data Window you can move columns around by dragging the grey column header left or
right to a new position (as usual in a JTable). Alternatively, you can drag the rows in the
Columns Window by grabbing the grey row header (numbered cell at the left) and dragging it
up or down (though note that may not work if the JTable is currently sorted). Either of these
affects the Column Set, as you can see by looking at one window while moving columnsin the
other.

Add Columns
You can use the New Synthetic Column (+) or New Sky Coordinate Columns (@)

buttons in the Columns Window or the (right-click) popup menu in the Data Window to add
new columns derived from exsiting ones.

Replace a Column
If a column is selected in the Columns Window or from the Data Window popup menu you
can use the Replace Column with Synthetic (") button. This is similar to the Add a

Synthetic Column described in the previous item, but it pops up a new column dialogue with
similar characteristics (name, units etc) to those of the column that's being replaced, and when
completed it slots the new column in to the table hiding the old one.

Add a Subset Column
If you have defined a Row Subset somehow and you want it to appear explicitly in the table
(for instance so that when you write the table out the selection is saved) you can select that
subset in the Subsets Window and use the To Column ( ) button, which will add a new

boolean column to the table with the value true for rows part of that subset and false for the
other rows.



SUN/253 18

4 Tablel/O

Tables can be loaded into TOPCAT using the Load Window or from the command line, or acquired
from VO services, and saved using the Save Window. This section describes the file formats
supported for input and output, as well as the syntax to use when specifying a table by name, either
asafile/URL or using a scheme specification.

4.1 Table Formats

TOPCAT supports a number of different serialization formats for table data; some have better
facilities for storing table data and metadata than others.

Since you can load a table from one format and save it in a different one, TOPCAT can be used to
convert a table from one format to another. If thisis all you want to do however, you may find it
more convenient to usethet copy or t pi pe command line utilitiesin the STILTS package.

The following subsections describe the available formats for reading and writing tables. The two
operations are separate, so not all the supported input formats have matching output formats and
vice versa.

4.1.1 Input Formats

Loading table into TOPCAT from files or URLs is done either using the Load Table dialogue or
one of its sub-windows, or from the command line when you start the program. For some file
formats (e.g. FITS, VOTable, CDF), the format can be automatically determined by looking at the
file content, regardless of filename; for others (e.g. CSV files with a”. csv" extension), TOPCAT
may be able to use the filename as a hint to guess the format (the details of these rules are given in
the format-specific subsections below). In other cases though, you will have to specify the format
that the file is in. In the Load Window, there is a selection box from which you can choose the
format, and from the command line you use the - f flag - see Section 10 for details. Y ou can aways
specify the format rather than using automatic detection if you prefer - this is dightly more
efficient, and may give you amore detailed error message if atable failsto load.

In either case, table locations may be given as filenames or as URLS, and any data compression
(gzip, unix compress and bzip2) will be automatically detected and dealt with - see Section 4.2.

Some of the formats (e.g. FITS, VOTable) are capable of storing more than one table; usualy
loading such files loads all the tables into TOPCAT. If you want to specify only a single table, you
can give a position indicator either after a"#" sign at the end of the filename or using the Position
in file field in the Filestore Browser or similar. The details of the syntax for this is given in the
relevant format description below.

The following sections describe the table formats which TOPCAT can read.

41.11FITS

FITS is a very well-established format for storage of astronomical table or image data (see
https.//fits.gsfc.nasa.gov/). This reader can read tables stored in binary (XTENSI ON=' Bl NTABLE' ) and
ASCIl (XTENSI ON=' TABLE' ) table extensions, any image data is ignored. Currently, binary table
extensions are read much more efficiently than ASCII ones.

When atableis stored in a BINTABLE extension in an uncompressed FITS file on disk, the table is
'mapped’ into memory; this generally means very fast loading and low memory usage. FITS tables
are thus usually efficient to use.
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Limited support is provided for the semi-standard HEALPix-FITS convention; such information
about HEALPix level and coordinate system is read and made available for application usage and
user examination.

A private convention is used to support encoding of tables with more than 999 columns (not
possible in standard FITS); this was discussed on the FITSBITS mailing list in July 2017 in the
thread BINTABLE convention for >999 columns.

Header cards in the table's HDU header will be made available as table parameters. Only header
cards which are not used to specify the table format itself are visible as parameters (e.g. NAXIS,
TTYPE* etc cards are not). HISTORY and COMMENT cards are run together as one multi-line
value.

Any 64-bit integer column with a non-zero integer offset (TFORMh=' K' , TSCALn=1, TZEROn<>0) IS
represented in the read table as Strings giving the decimal integer value, since no numeric type in
Java is capable of representing the whole range of possible inputs. Such columns are most
commonly seen representing unsigned long values.

Where a multi-extension FITS file contains more than one table, a single table may be specified
using the position indicator, which may take one of the following forms:

* The numeric index of the HDU. The first extension (first HDU after the primary HDU) is
numbered 1. Thus in a compressed FITS table named "spec23.fits. gz" with one primary
HDU and two BINTABLE extensions, you would view the first one using the name
"spec23.fits.gz" oOr "spec23.fits.gz#1" and the second one using the name
"spec23.fits.gz#2". The suffix "#0" is never used for a legal FITS file, since the primary
HDU cannot contain atable.

* The name of the extension. This is the value of the EXTNAME header in the HDU, or
alternatively the value of EXTNAMVE followed by "-" followed by the value of EXTVER. This
follows the recommendation in the FITS standard that EXTNAVE and EXTVER headers can be
used to identify an HDU. So in amulti-extension FITSfile"cat . fi ts" where atable extension
has EXTNAME=' UV_DATA and EXTVER=3, it could be referenced as "cat.fits#UV_DATA" Or
"cat . fits#UV_DATA- 3". Matching of these namesis case-insensitive.

Files in this format may contain multiple tables; depending on the context, either one or all tables
will be read. Where only one table is required, either the first one in the file is used, or the required
one can be specified after the "#" character at the end of the filename.

This format can be automatically identified by its content so you do not need to specify the format
explicitly when reading FITS tables, regardless of the filename.

There are actually two FITS input handlers, fits-basic and fits-plus. Thefits-basi c handler
extracts standard column metadata from FITS headers of the HDU in which the table is found,
whilethefits-pl us handler reads column and table metadata from VOTable content stored in the
primary HDU of the multi-extension FITS file. FITS-plus is a private convention effectively
defined by the corresponding output handler; it allows de/serialization of much richer metadata than
can be stored in standard FITS headers when the FITSfileisread by fits-plus-aware readers, though
other readers can understand the unenhanced FITS file perfectly well. It is normally not necessary
to worry about this distinction; TOPCAT will determine whether a FITS file is FITS-plus or not
based on its content and use the appropriate handler, but if you want to force the reader to use or
ignore the enriched header, you can explicitly select an input format of "FI TS-pl us" or "FI TS".

4.1.1.2 Column-oriented FITS

As well as normal binary and ASCII FITS tables, STIL supports FITS files which contain tabular
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data stored in column-oriented format. This means that the table is stored in a BINTABLE
extension HDU, but that BINTABLE has a single row, with each cell of that row holding a whole
column's worth of data. The final (slowest-varying) dimension of each of these cells (declared via
the TDI Mh headers) is the same for every column, namely, the number of rows in the table that is
represented. The point of thisisthat all the cells for each column are stored contiguously, which for
very large, and especially very wide tables means that certain access patterns (basically, ones which
access only a small proportion of the columns in a table) can be much more efficient since they
require less I/O overhead in reading data blocks.

Such tables are perfectly legal FITS files, but general-purpose FITS software may not recognise
them as multi-row tables in the usual way. This format is mostly intended for the case where you
have a large table in some other format (possibly the result of an SQL query) and you wish to cache
it in away which can be read efficiently by a STIL-based application.

For performance reasons, it is advisable to access colfits files uncompressed on disk. Reading them
from aremote URL, or in gzipped form, may be rather slow (in earlier versions it was not supported
at all).

This format can be automatically identified by its content so you do not need to specify the format
explicitly when reading colfits-basic tables, regardless of the filename.

Like the normal (row-oriented) FITS handler, two variants are supported: with (col fits-pl us) or
without (col fi t s- basi ¢) metadata stored as aVVOTable byte array in the primary HDU.

4.1.1.3VOTable

VOTable is an XML-based format for tabular data endorsed by the International Virtual
Observatory Alliance; while the tabular data which can be encoded is by design close to what FITS
allows, it provides for much richer encoding of structure and metadata. Most of the table data
exchanged by VO servicesisin VOTable format, and it can be used for local table storage as well.

Any table which conforms to the VOTable 1.0, 1.1, 1.2, 1.3 or 1.4 specifications can be read. This
includes all the defined cell data serializations; cell data may be included in-line as XML elements
(TABLEDATA seridization), included/referenced as a FITS table (FITS seriaization), or
included/referenced as araw binary stream (BINARY or BINARY 2 serialization). The handler does
not attempt to be fussy about input VOTable documents, and it will have a good go at reading
V OTables which violate the standards in various ways.

Much, but not all, of the metadata contained in a VOTable document is retained when the table is
read in. The attributes unit, ucd, xtype and utype, and the elements coosys, TIMESYS and
DESCRI PTI ON attached to table columns or parameters, are read and may be used by the application
as appropriate or examined by the user. However, information encoded in the hierarchical structure
of the VOTable document, including GRoUP structure, is not currently retained when a VOTable is
read.

V OTable documents may contain more than one actual table (TABLE element). To specify a specific
single table, the table position indicator is given by the zero-based index of the TABLE element in a
breadth-first search. Here is an example VOTable document:

<VOTABLE>
<RESOURCE>
<TABLE nane="Star Catal ogue"> ... </ TABLE>
<TABLE nane="(Gal axy Catal ogue"> ... </ TABLE>
</ RESOURCE>
</ VOTABLE>

If thisis available in a file named "cats.xml" then the two tables could be named as "cats.xml#0"
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and "cats.xml#1" respectively.

Files in this format may contain multiple tables; depending on the context, either one or al tables
will be read. Where only one table is required, either the first one in the file is used, or the required
one can be specified after the "#" character at the end of the filename.

This format can be automatically identified by its content so you do not need to specify the format
explicitly when reading VOTable tables, regardless of the filename.

4.1.1.4 CDF

NASA's Common Data Format, described at https://cdf.gsfc.nasa.gov/, is abinary format for storing
self-described data. It is typically used to store tabular data for subject areas like space and solar
physics.

This format can be automatically identified by its content so you do not need to specify the format
explicitly when reading CDF tables, regardless of the filename.

41.15CsV

Comma-separated value ("CSV") format is a common semi-standard text-based format in which
fields are delimited by commas. Spreadsheets and databases are often able to export data in some
variant of it. The intention is to read tables in the version of the format spoken by MS Excel
amongst other applications, though the documentation on which it was based was not obtained
directly from Microsoft.

Therules for datawhich it understands are as follows:

*  Each row must have the same number of comma-separated fields.

*  Whitespace (space or tab) adjacent to acommais ignored.

* Adjacent commas, or a comma at the start or end of a line (whitespace apart) indicates a null
field.

» Lines are terminated by any sequence of carriage-return or newline characters ('\r' or \n’) (a
corollary of thisisthat blank lines are ignored).

* Cells may be enclosed in double quotes; quoted values may contain linebreaks (or any other
character); a double quote character within a quoted value is represented by two adjacent
double quotes.

* Thefirst line may be a header line containing column names rather than arow of data. Exactly
the same syntactic rules are followed for such arow as for data rows.

Note that you can not use a"#" character (or anything else) to introduce "comment” lines.

Because the CSV format contains no metadata beyond column names, the handler is forced to guess
the datatype of the values in each column. It does this by reading the whole file through once and
guessing on the basis of what it has seen (though see the maxSanpl e configuration option). This has
the disadvantages:

* Sometimes it guesses a different type than what you want (e.g. 32-bit integer rather than 64-bit
integer)
* It'sslow toread.
This means that CSV is not generally recommended if you can use another format instead. If you're
stuck with a large CSV file that's misbehaving or slow to use, one possibility is to turn it into an
ECSV filefile by adding some header lines by hand.

The handler behaviour may be modified by specifying one or more comma-separated name=value
configuration options in parentheses after the handler name, eg.
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csv( header =t r ue, maxSanpl e=100000) ". The following options are available:

header = true|fal se|null
Indicates whether the input CSV file contains the optional one-line header giving column
names. Options are:

* true: thefirst lineisaheader line containing column names

* false: dl linesaredatalines, and column names will be assigned automatically

* null: aguess will be made about whether the first line is a header or not depending on
what it looks like

The default value is nul | (auto-determination). This usually works OK, but can get into
trouble if all the columns ook like string values.

maxSanpl e = <int>

Controls how many rows of the input file are sampled to determine column datatypes. When
reading CSV files, since no type information is present in the input file, the handler has to look
at the column data to see what type of value appears to be present in each column, before even
starting to read the data in. By default it goes through the whole table when doing this, which
can be time-consuming for large tables. If thisvalue is set, it limits the number of rows that are
sampled in this data characterisation pass, which can reduce read time substantially. However,
if values near the end of the table differ in apparent type from those near the start, it can also
result in getting the datatypes wrong.

Thisformat cannot be automatically identified by its content, so in genera it is necessary to specify
that a table is in CSV format when reading it. However, if the input file has the extension ". csv"
(case insensitive) an attempt will be made to read it using this format.

An example looks like this:

RECNO, SPECI ES, NAME, LEGS, HEI GHT, MAMVAL
,pig,Pigling Bland, 4,0.8,true

, cow, Dai sy, 4,2.0,true

, gol df i sh, Dobbi n,, 0. 05, fal se
,ant,,6,0.001, fal se

,ant,,6,0.001, fal se

, queen ant, Ma' am 6, 0. 002, f al se

, human, Mark, 2, 1. 8, true

~NOOIDWNE

See also ECSV asaformat which is similar and capable of storing more metadata.

4116 ECSV

The Enhanced Character Separated Values format was developed within the Astropy project and is
described in Astropy APE6 (DOI). It is composed of a YAML header followed by a CSV-like
body, and is intended to be a human-readable and maybe even human-writable format with rich
metadata. Most of the useful per-column and per-table metadata is preserved when de/serializing to
this format. The version supported by this reader is currently ECSV 1.0.

There are various ways to format the YAML header, but a simple example of an ECSV file looks
like this:

# 9%ECSV 1.0

H#H o---

# delimter: '

# datatype: [

# { nane: I ndex, dat atype: int32 },
# { name: Species, datatype: string },
# { nane: Nane, dat atype: string },
# { name: Legs, dat at ype: int32 1,
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{ nanme: Height, datatype: float64, unit: m},
{ name: Mammual, datatype: bool },

HHH

ndex, Speci es, Nane, Legs, Hei ght, Manmal
pi g, Bl and, 4, , True

, cow, Dai sy, 4, 2, True

, gol df i sh, Dobbi n, , 0. 05, Fal se

,ant,, 6,0.001, Fal se

,ant,, 6,0.001, Fal se

, human, Mark, 2, 1.9, True

If you follow this pattern, it's possible to write your own ECSV files by taking an existing CSV file
and decorating it with a header that gives column datatypes, and possibly other metadata such as
units. This alows you to force the datatype of given columns (the CSV reader guesses datatype
based on content, but can get it wrong) and it can also be read much more efficiently than a CSV
fileand its format can be detected automatically.

OUAWNR T

The header information can be provided either in the ECSV fileitself, or adongside aplain CSV file
from a separate source referenced using the header configuration option. In Gaia EDR3 for
instance, the ECSV headers are supplied alongside the CSV files available for raw download of all
tables in the Gaia source catalogue, so e.g. STILTS can read one of the gaia source CSV files with
full metadata as follows:

stilts tpipe
i frmt =" ecsv(header=http://cdn. gea. esac. esa. i nt/ Gai a/ gedr 3/ ECSV_header s/ gai a_sour ce. headel
i n=http://cdn. gea. esac. esa. i nt/ Gai a/ gedr 3/ gai a_sour ce/ Gai aSour ce_000000- 003111. csv. gz

The ECSV datatypes that work well with this reader are bool , i nt 8, i nt 16, i nt 32, i nt 64, f | oat 32,
f1 oat 64 and string. Array-valued columns are also supported with some restrictions. Following
the ECSV 1.0 specification, columns representing arrays of the supported datatypes can be read, as
columns with datatype: string and a suitable subtype, eg. "int32[<dinms>]" or
"f1 oat 64[ <di ms>] ". Fixed-length arrays (e.g. subtype: int32[3,10]) and 1-dimensional
variable-length arrays (e.g. subtype: float64[null]) are supported; however variable-length
arrays with more than one dimension (e.g. subtype: int32[4, null]) cannot be represented, and
are read in as string values. Null elements of array-valued cells are not supported; they are read as
NaNs for floating point data, and as zero/false for integer/boolean data. ECSV 1.0, required to work
with array-valued columns, is supported by Astropy v4.3 and later.

The handler behaviour may be modified by specifying one or more comma-separated name=value
configuration options in parentheses after the handler name, eg.
"ecsv(header=http://cdn. gea. esac. esa. i nt/ Gai a/ gedr 3/ ECSV_header s/ gai a_sour ce. header, col check=F
The following options are available:

header = <fil ename-or-url>
Location of afile containing a header to be applied to the start of the input file. By using this
you can apply your own ECSV-format metadatato plain CSV files.

col check = | GNORE| WARN| FAI L
Determines the action taken if the columns named in the YAML header differ from the
columns named in the first line of the CSV part of thefile.

This format can be automatically identified by its content so you do not need to specify the format
explicitly when reading ECSV tables, regardless of the filename.

4.1.1.7 ASClI

In many cases tables are stored in some sort of unstructured plain text format, with cells separated
by spaces or some other delimiters. There is a wide variety of such formats depending on what
delimiters are used, how columns are identified, whether blank values are permitted and so on. It is
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impossible to cope with them all, but the ASCII handler attempts to make a good guess about how
to interpret agiven ASCII file as atable, which in many casesis successful. In particular, if you just
have columns of numbers separated by something that |ooks like spaces, you should be just fine.

Here are the detailed rules for how the ASCII-format tables are interpreted:

Bytesin thefile are interpreted as ASCII characters

Each table row is represented by a single line of text

Lines are terminated by one or more contiguous line termination characters. line feed (0x0A)
or carriage return (Ox0D)

Within a line, fields are separated by one or more whitespace characters. space (" ") or tab
(0x09)

A field is either an unquoted sequence of non-whitespace characters, or a sequence of
non-newline characters between matching single (') or double (") quote characters - spaces are
therefore allowed in quoted fields

Within a quoted field, whitespace characters are permitted and are treated literally

Within a quoted field, any character preceded by a backslash character ("\") is treated literally.
This allows quote characters to appear within a quoted string.

An empty quoted string (two adjacent quotes) or the string "nul I " (unquoted) represents the
null value

All data lines must contain the same number of fields (this is the number of columns in the
table)

The data type of a column is guessed according to the fields that appear in the table. If all the
fields in one column can be parsed as integers (or null values), then that column will turn into
an integer-type column. The types that are tried, in order of preference, are: Bool ean, Short

I nt eger, Long, Fl oat , Doubl e, Stri ng

Some specia values are permitted for floating point columns: NaN for not-a-number, which is
treated the same as a null value for most purposes, and I nfinity orinf for infinity (with or
without a preceding +/- sign). These values are matched case-insensitively.

Empty lines areignored

Anything after a hash character "#" (except one in a quoted string) on alineisignored asfar as
table data goes; any line which starts with a "!" is also ignored. However, lines which start
with a"#" or "!" at the start of the table (before any data lines) will be interpreted as metadata
asfollows:

* Thelast "#'/"!"-starting line before the first data line may contain the column names. If it
has the same number of fields as there are columns in the table, each field will be taken to
be the title of the corresponding column. Otherwise, it will be taken as a normal comment
line.

« Any comment lines before the first data line not covered by the above will be
concatenated to form the "description™ parameter of the table.

If the list of rules above looks frightening, don't worry, in many cases it ought to make sense of a
table without you having to read the small print. Here is an example of a suitable ASCII-format

table:

#

# Here is a list of sone aninals.

#

# RECNO SPECI ES NANVE LEGS HElI GHT/ m
1 pi g "Pigling Bland" 4 0.8
2 cow Dai sy 4 2
3 gol dfi sh Dobbi n " 0. 05
4 ant " 6 0. 001
5 ant 6 0. 001
6 ant ' 6 0. 001
7 "queen ant" "Ma\' am 6 2e-3
8 human " Mar k" 2 1.8
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In this case it will identify the following columns:

Name Type
RECNO Short
SPECI ES String
NAVE String
LEGS Short

HEI GHT/ m  Fl oat

It will also usethetext "Here is a list of some aninmals" asthe Description parameter of the
table. Without any of the comment lines, it would still interpret the table, but the columns would be
given the namescol 1..col 5.

The handler behaviour may be modified by specifying one or more comma-separated name=value
configuration options in parentheses after the handler name, e.g. "asci i (maxSanpl e=5000) ". The
following options are available:

maxSanmpl e = <int>

Controls how many rows of the input file are sampled to determine column datatypes. When
reading ASCII files, since no type information is present in the input file, the handler has to
look at the column data to see what type of value appears to be present in each column, before
even starting to read the data in. By default it goes through the whole table when doing this,
which can be time-consuming for large tables. If this value is set, it limits the number of rows
that are sampled in this data characterisation pass, which can reduce read time substantially.
However, if values near the end of the table differ in apparent type from those near the start, it
can also result in getting the datatypes wrong.

This format cannot be automatically identified by its content, so in general it is necessary to specify
that atableisin ASCII format when reading it. However, if the input file has the extension ". t xt "
(caseinsengitive) an attempt will be made to read it using this format.

4.1.1.8IPAC

CaTech's Infrared Processing and Analysis Center use a text-based format for storage of tabular
data, defined at http://irsa.ipac.caltech.edu/applicationss DDGEN/Doc/ipac_tbl.html. Tables can
store column name, type, units and null values, as well as table parameters.

This format cannot be automatically identified by its content, so in general it is necessary to specify
that atableisin IPAC format when reading it. However, if the input file has the extension ". t bl " or
".i pac" (caseinsensitive) an attempt will be madeto read it using this format.

An example lookslike this:

\ Tabl e nane = "ani nmal s. vot"
\ Description = "Sone ani mal s"
\ Aut hor = "Mark Tayl or"
| RECNO | SPECIES | NAME | LEGS | HEIGHT | MAMVAL |
| int | char | char | int | double | char |
I I I I I I I
| null | null | null | null | null | null |
1 pi g Pi gling Bl and 4 0.8 true
2 cow Dai sy 4 2.0 true
3 gol dfi sh Dobbi n nul | 0. 05 fal se
4 ant nul | 6 0.001 fal se
5 ant nul | 6 0. 001 fal se
6 gueen ant Ma' am 6 0. 002 fal se
7 human Mar k 2 1.8 true
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4.1.1.9PDHA

NASA's Planetary Data System version 4 format is described at https://pds.nasa.gov/datastandards/.
Thisimplementation is based on v1.16.0 of PD$4.

PD$4 files consist of an XML Label file which provides detailed metadata, and which may also
contain references to external data files stored alongside it. This input handler looks for (binary,
character or delimited) tables in the Label; depending on the configuration it may restrict them to
thoseinthe Fil e_Area_bservational area. The Label isthe file which has to be presented to this
input handler to read the table data. Because of the relationship between the label and the data files,
it isusually necessary to move them around together.

If there are multiple tables in the label, you can refer to an individual one using the "#" specifier
after the label file name by table name, I ocal _i dentifier, or 1-based index (e.g. "I abel . xm #1"
refersto thefirst table).

If there are Speci al _Const ants defined in the label, they are in most cases interpreted as blank
values in the output table data. At present, the following special values are interpreted as blanks:

sat ur at ed_const ant, nm ssi ng_const ant, error_constant, i nval i d_const ant,
unknown_const ant , not _appl i cabl e_const ant, hi gh_i nstrunent _saturati on,
hi gh_representati on_saturation, | ow_i nst runment _sat urati on,

| ow representation_saturation.

Fields within top-level Groups are interpreted as array values. Any fields in nested groups are
ignored. For these array values only limited null-value substitution can be done (since array
elements are primitives and so cannot take null values).

This input handler is somewhat experimental, and the author is not a PDS expert. If it behaves
strangely or you have suggestions for how it could work better, please contact the author.

The handler behaviour may be modified by specifying one or more comma-separated name=value
configuration options in parentheses after the handler name, eg.
"pds4(checkmagi c=f al se, observati onal =t rue)". The following options are available:

checkmagi ¢ = true|fal se
Determines whether an initial test is made to see whether the file looks like PDS4 before
attempting to read it as one. The tests are ad-hoc and look for certain elements and namespaces
that are expected to appear near the start of a table-containing PD34 file, but it's not
bulletproof. Setting this true is generally a good idea to avoid attempting to parse non-PDS4
files, but you can set it false to attempt to read an PD34 file that starts with the wrong
sequence.

observational = true|false
Determines whether only tables within a <Fi | e_Area_Qbservat i onal > element of the PD$4
label should be included. If true, only observational tables are found, if false, other tables will
be found as well.

Files in this format may contain multiple tables; depending on the context, either one or all tables
will be read. Where only one table is required, either the first one in the file is used, or the required
one can be specified after the "#" character at the end of the filename.

This format can be automatically identified by its content so you do not need to specify the format
explicitly when reading PD34 tables, regardless of the filename.

41.1.10 MRT
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The so-caled "Machine-Readable Table" format is used by AAS journals, and based on the format
of readMe files wused by the CDS. Thee is some documentation at
https:.//journals.aas.org/mrt-standards/, which  mostly  builds on  documentation at
http://vizier.u-strasbg.fr/doc/catstd.htx, but the format is in fact quite poorly specified, so this input
handler was largely developed on a best-efforts basis by looking at MRT tables actually in use by
AAS, and with assistance from AAS staff. As such, it's not guaranteed to succeed in reading all
MRT files out there, but it will try its best.

It only attempts to read MRT files themselves, there is currently no capability to read VizieR data
tables which provide the header and formatted data in separate files; however, if atableis present in
VizieR, there will be options to download it in more widely used formats that can be used instead.

An example looks like this:

Title: A search for nmulti-planet systens with TESS using a Bayesi an
N body retrieval and machi ne | earning

Aut hor: Pearson K A

Table: Stellar Paraneters

Byt e- by-byte Description of file: ajabd4elct2_nrt.txt

Bytes Format Units Label Expl anat i ons
1- 919 I D TESS I nput Catalog identifier
11- 15 F5.2 mag Tmag Apparent TESS band magni t ude
17- 21 F5.3 solRad R* Stel l ar radius
23- 26 14 K Tef f Ef fective tenperature
28- 32 F5.3 [cms2] log(g) 1og surface gravity
34- 38 F5.2 [ Sun] [Fe/H Metallicity
40- 44 F5.3 ul Li near Linb Darkening
46- 50 F5.3 u2 Quadratic Linb Darkeni ng

231663901 12. 35 0.860 5600 4.489 0.00 0.439 0.138
149603524 9.72 1.280 6280 4.321 0.24 0.409 0.140
336732616 11.46 1.400 6351 4.229 0.00 0.398 0.140
231670397 9.85 2.070 6036 3.934 0.00 0.438 0.117

The handler behaviour may be modified by specifying one or more comma-separated name=value
configuration options in parentheses after the handler name, eg.
"nrt (checknagi c=f al se, errmode=FAl L) ". The following options are available:

checkmagi ¢ = true|fal se
Determines whether an initial test is made to see whether the file looks like MRT before
attempting to read it as one; the test is that it starts with the string "Tit1e: ". Setting this true
Is generally a good idea to avoid attempting to parse non-MRT files, but you can set it false to
attempt to read an MRT file that starts with the wrong sequence.

errnmode = | GNORE| WARN| FAI L
Indicates what action should be taken if formatting errors are detected in the file at read time.

This format can be automatically identified by its content so you do not need to specify the format
explicitly when reading MRT tables, regardless of the filename.

4.1.1.11 Parquet

Parquet is a columnar format developed within the Apache project. Data is compressed on disk and
read into memory before use.

Thisinput handler will read columns representing scalars, strings and one-dimensional arrays of the
same. It is not capable of reading multi-dimensiona arrays, more complex nested data structures, or



SUN/253 28

some more exotic data types like 96-bit integers. If such columns are encountered in an input file, a
warning will be emitted through the logging system and the column will not appear in the read
table. Support may be introduced for some additional typesif there is demand.

At present, only very limited metadata is read. Parquet does not seem(?) to have any standard
format for per-column metadata, so the only information read about each column apart from its
datatypeisits name.

Depending on the way that the table is accessed, the reader tries to take advantage of the column
and row block structure of parquet filesto read the datain parallel where possible.

Parquet support is currently somewhat experimental.

Note:

The parquet 1/0 handlers require large external libraries, which are not always bundied with
the library/application software because of their size. In some configurations, parquet
support may not be present, and attempts to read or write parquet files will result in a

message like:

Parquet-nr libraries not available

If you can supply the relevant libaries on the classpath at runtime, the parquet support will
work. At time of writing, the required libraries are included in the topcat-extra.jar
monolithic jar file; they can aso be found in the starjava github repository
(https://github.com/Starlink/starjavaltree/master/parquet/src/lib, use parquet-nr-stil.jar
and its dependencies), or you can acquire them from the Parquet MR package. These
arrangements may be revised in future releases, for instance if parquet usage becomes more
mainstream. The required dependencies are those of the Parquet MR submodule

parquet-cli, in particular the files parquet-cli-1.11.1.jar,
par quet-colum-1.11.1.j ar, par quet -comon-1.11.1.j ar,
par quet - encodi ng-1.11.1.j ar, parquet-format-structures-1.11.1.jar,
par quet - hadoop- 1. 11. 1- noshaded. j ar, par quet -j ackson-1.11.1.j ar,
comons-col | ections-3.2.2.jar, commons- configuration-1.6.jar,
commons- 1| ang-2.6.j ar, failureaccess-1.0.1.jar, guava-27.0.1-jre.jar,
hadoop-auth-2.7.3.jar, hadoop- common-2. 7. 3. j ar, log4j-1.2.17.jar,

slf4j-api-1.7.22.jar,slf4j-1o0g4j12-1.7.22.jar,snappy-java-1.1.7.3.jar.

The handler behaviour may be modified by specifying one or more comma-separated name=value
configuration options in parentheses after the handler name, eg.
"par quet (cachecol s=true, nThread=4) ". The following options are available:

cachecols = true|fal se| null
Forces whether to read all the column data at table load time. If t r ue, then when the table is
loaded, all data is read by column into local scratch disk files, which is generally the fastest
way to ingest all the data. If f al se, the table rows are read as required, and possibly cached
using the normal STIL mechanisms. If nul | (the default), the decision is taken automatically
based on available information.

nThread = <int>
Sets the number of read threads used for concurrently reading table columns if the columns are
cached at load time - see the cachecol s option. If the value is <=0 (the default), a value is
chosen based on the number of apparently available processors.

This format can be automatically identified by its content so you do not need to specify the format
explicitly when reading parquet tables, regardless of the filename.
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4.1.1.12 Feather

The Feather file format is a column-oriented binary disk-based format based on Apache Arrow and
supported by (at least) Python, R and Julia. Some description of it is available at
https://github.com/wesm/feather and https://blog.rstudio.com/2016/03/29/feather/. It can be used for
large datasets, but it does not support array-valued columns. It can be a useful format to use for
exchanging datawith R, for which FITS1/O isreported to be slow.

At present CATEGORY type columns are not supported, and metadata associated with TIME,
DATE and TIMESTAMP columnsis not retrieved.

This format can be automatically identified by its content so you do not need to specify the format
explicitly when reading feather tables, regardliess of the filename.

4.1.1.13GBIN

GBIN format is a specia-interest file format used within DPAC, the Data Processing and Analysis
Consortium working on data from the Gaia astrometry satellite. It is based on java serialization, and
in al of its various forms has the peculiarity that you only stand any chance of decoding it if you
have the Gaia data model classes on your java classpath at runtime. Since the set of relevant classes
is very large, and also depends on what version of the data model your GBIN file corresponds to,
those classes will not be packaged with this software, so some additional setup is required to read
GBIN files.

Aswell as the data model classes, you must provide on the runtime classpath the GaiaT ools classes
required for GBIN reading. The table input handler accesses these by reflection, to avoid an
additional large library dependency for arather niche requirement. It islikely that since you have to
supply the required data model classes you will also have the required GaiaT ools classes to hand as
well, so this shouldn't constitute much of an additional burden for usage.

In practice, if you have a jar file or files for pretty much any java library or application which is
capable of reading a given GBIN file, just adding it or them to the classpath at runtime when using
this input handler ought to do the trick. Examples of such jar files are the
MDBExpl or er St andal one. jar file available from https://gaia.esac.esa.int/mdbexp/, or the
gbcat.jar file you can build from the CU9/software/gbcat/ directory in the DPAC subversion
repository.

The GBIN format doesn't really store tables, it stores arrays of java objects, so the input handler has
to make some decisions about how to flatten these into table rows.

In its smplest form, the handler basically looks for public instance methods of the form get Xxx()
and uses the xxx as column names. If the corresponding values are themselves objects with suitable
getter methods, those objects are added as new columns instead. This more or less follows the
practice of the gbcat (gai a. cul.tools. util.Goinlnterogator) tool. Method names are sorted
alphabetically. Arrays of complex objects are not handled well, and various other things may trip it
up. See the source code (e.g. uk. ac. st ar | i nk. ghi n. Goi nTabl ePr of i | e) for more details.

If the object types stored in the GBIN file are known to the special metadata-bearing class
gai a. cu9. t ool s. docunent at i onexport . Met adat aReader and its dependencies, and if that classis
on the runtime classpath, then the handler will be able to extract additional metadata as available,
including standardised column names, table and column descriptions, and UCDs. An example of a
jar file containing this metadata class aongside data model classes s
Gai aDat aLi bs-18. 3. 1-r515078. j ar . Note however at time of writing there are some deficiencies
with this metadata extraction functionality related to unresolved issues in the upstream gaia class
libraries and the relevant interface control document (GAIA-C9-SP-UB-XL-034-01, "External Data
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Centres ICD"). Currently columns appear in the output table in a more or less random order, units
and Utypes are not extracted, and using the GBIN reader tends to cause a 700kbyte file "temp.xml"
to be written in the current directory. If the upstream issues are fixed, this behaviour may improve.

Note: support for GBIN files is somewhat experimental. Please contact the author (who is not a
GBIN expert) if it doesn't seem to be working properly or you think it should do things differently.

Note: there is a known bug in some versions of GaiaTools (caused by a bug in its dependency
library zStd-jni) which in rare cases can fail to read al the rowsin a GBIN input file. If this bug is
encountered by the reader, it will by default fail with an error mentioning zStd-jni. In this case, the
best thing to do is to put a fixed version of zStd-jni or GaiaTools on the classpath. However, if
instead you set the config option r eadMet a=f al se the read will complete without error, though the
missing rows will not be recovered.

The handler behaviour may be modified by specifying one or more comma-separated name=value
configuration options in parentheses after the handler name, eg.
"gbi n(readMet a=f al se, hi er ar chi cal Nanes=t r ue) ". The following options are available:

readMeta = true|false
Configures whether the GBIN metadata will be read prior to reading the data. This may slow
things down dlightly, but means the row count can be determined up front, which may have
benefits for downstream processing.

Setting this false can prevent failing on an error related to a broken version of the zStd-jni
library in GaiaTools. Note however that in this case the data read, though not reporting an
error, will silently be missing some rows from the GBIN file.

hi erarchi cal Nanes = true|fal se
Configures whether column names in the output table should be forced to reflect the
compositional hierarchy of their position in the element objects. If set true, columns will have
names like "Astrometry_Al pha", if false they may just be called "Al pha". In case of name
duplication however, the hierarchical form is aways used.

This format can be automatically identified by its content so you do not need to specify the format
explicitly when reading GBIN tables, regardless of the filename.

Example: Suppose you have the MDBExpl or er St andal one. jar file containing the data model
classes, you can read GBIN files by starting TOPCAT like this:

topcat -cl asspath MDBExpl orer St andal one.jar ...

or likethis:
java -classpath topcat-full.jar: VDBExpl or er St andal one. jar uk.ac.starlink.topcat.Driver ...
411.14TST

Tab-Separated Table, or TST, is a text-based table format used by a number of astronomical tools
including Starlink's GAIA and ESO's SkyCat on which it is based. A definition of the format can be
found in Starlink Software Note 75. The implementation here ignores al comment lines. special
comments such asthe "#col um-uni t's: " are not processed.

An example looks like this:

Simpl e TST exanpl e; stellar photonetry catal ogue.
A. C. Davenhal I (Edi nburgh) 26/7/00.
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Cat al ogue of U, B,V col ours.
UBV photonetry from Mount Punpkin Cbservatory,
see Sage, Rosemary and Thyne (1988).

# Start of paraneter definitions.
EQUI NOX:  J2000.0
EPOCH: J1996. 35

id_col: -1
ra_col: O
dec_col: 1

# End of paranmeter definitions.

r a<t ab>dec<t ab>V<t ab>B V<t ab>U B
--<tab>---<tab>-<tab>---<tab>---

5:09: 08. 7<t ab> -8: 45: 15<tab> 4.27<tab> -0.19<tab> -0.90
5:07:50.9<tab> -5:05: 11<tab> 2.79<tab> +0.13<tab> +0.10
5:01: 26. 3<tab> -7:10: 26<tab> 4.81<tab> -0.19<tab> -0.74
F:17j36.3<tab> -6:50: 40<tab> 3.60<tab> -0.1ll<tab> -0.47

EQD

This format cannot be automatically identified by its content, so in general it is necessary to specify
that atableisin TST format when reading it.

4.1.1.15World Data Center

Some support is provided for files produced by the World Data Centre for Solar Terrestrial Physics.
The format itself apparently has no name, but files in this format look something like the following:

Columm formats and units - (Fixed format col utmms which are single space separated.)

Datetime (YYYY nm dd HHMVSS) %d 9%2d 9%2d %6d
%s
aa index - 3-HOURLY (Provisional) %3d nT

2000 01 01 000000 67
2000 01 01 030000 32

Support for this (obsolete?) format may not be very complete or robust.

This format cannot be automatically identified by its content, so in general it is necessary to specify
that atableisin WDC format when reading it.

4.1.2 Output Formats

Writing out tables from TOPCAT is done using the Save Table Window. In general you have to
specify the format in which you want the table to be output by selecting from the Save Window's
Table Output Format selector; the following sections describe the possible choices. In some cases
there are variants within each format, also described. If you use the default (auto) output format,
TOPCAT will try to guess the format based on the filename you provide; the rules for that are
described below as well.

The program has no "native" file format, but if you have no particular preference about which
format to save tables to, FITS is a good choice. Uncompressed FITS tables do not in most cases
have to be read all the way through (they are 'mapped' into memory), which makes them very fast to
load up. The FITS format which is written by default (also known as "FITS-plus") also uses a trick
to store extra metadata, such as table parameters and UCDs in a way TOPCAT can read in again
later (see Section 4.1.2.1). These files are quite usable as normal FITS tables by other applications,
but they will only be able to see the limited metadata stored in the FITS headers. For very large
files, in some circumstances Column-oriented FITS format format can be more efficient for some
applications, though this is unlikely to be understood except by STIL-based code (TOPCAT and
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STILTS). If you want to write to a format which retains all metadata in a portable format, then one
of the VOTable formats might be better.

4121FITS

FITS is a very well-established format for storage of astronomical table or image data (see
https://fits.gsfc.nasa.gov/). This writer stores tables in a FITS file consisting of two HDUs
(Header+Data Units): a Primary HDU as required by the FITS standard, and a single extension of
type BINTABLE containing the table data.

There are afew variants of this format:

fits-plus

The primary HDU contains an array of bytes which stores the full table metadata as the text of
a VOTable document, along with headers that mark this has been done. Most FITS table
readers will ignore this altogether and treat the file just asiif it contained only the table. When
it is re-read by this or compatible applications however, they can read out the metadata and
make it available for use. In this way you can store your data in the efficient and widely
portable FITS format without losing the additional metadata such as table parameters, column
UCDs, lengthy column descriptions etc that may be attached to the table.

fits-basic
The primary HDU contains only very minimal headers and no data.

fits-var
Behaves like fits-basic, but columns containing variable-length numeric array data are
stored using the P and Q formats where appropriate, rather than padding smaller arrays to the
size of the largest. This can make for more compact storage of variable-length array-valued
column data but may also result in tables less suitable for streaming.

fits-healpix
Used for storing HEALPix pixel data in a way that conforms to the HEALPiX-FITS
serialization convention. In most ways it behaves the sasme asfi t s- basi ¢, but it will rearrange
and rename columns as required to follow the convention, and it will fail if the table does not
contain the required HEAL Pix metadata (STI L_HPX_* parameters).

The default output format isfits-pl us; in genera you don't need to worry about this, it just gives
you some hidden benefitsover fi t s- basi c.

A private convention is used where required to support encoding of tables with more than 999
columns (not possible in standard FITS); this was discussed on the FITSBITS mailing list in July
2017 in the thread BINTABLE convention for >999 columns. If software unaware of this
convention (e.g. CFITSIO) is used to read such tables, it will only see the first 998 columns written
as intended, plus a column 999 containing an undescribed byte buffer.

The handler behaviour may be modified by specifying one or more comma-separated name=value
configuration options in parentheses after the handler name, e.g. "fits-pl us(date=true)". The
following options are available:

date = true|fal se
If true, the DATE-HDU header isfilled in with the current date; otherwise it is not included.

Multiple tables may be written to a single output file using this format.

If no output format is explicitly chosen, writing to afilename with the extension ™. fit", ". fits" or
" fts" (caseinsensitive) will select it s- pl us format for output.
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For column-oriented FITS table output, see Section 4.1.2.2.

4.1.2.2 Column-oriented FITS

Column-oriented FITS output consists of a FITS file containing two HDUs (Header+Data Units); a
primary one (required by the FITS standard) and a single extension of type BINTABLE containing
the table data. Unlike normal FITS format however, this table consists of a single row in which each
cell holds the data for an entire column.

This can be a more efficient format to work with when dealing with very large, and especialy very
wide, tables. The benefits are greatest when the file size exceeds the amount of available physical
memory and operations are required which scan through the table using only a few of the columns
(many common operations, for instance plotting two columns against each other, fall into this
category). The overhead for reading and writing this format is somewhat higher than for normal
FITS however, and other applications may not be able to work with it (though it is alegal FITS
file), so in most cases normal FITS isamore suitable choice.

There are two variants of this format:

colfits-plus
The primary HDU contains an array of bytes which stores the table metadata in VOTable
format.

colfits-basic
The primary HDU contains no data.

The handler behaviour may be modified by specifying one or more comma-separated name=value
configuration options in parentheses after the handler name, e.g. "col fi ts-pl us(dat e=true)". The
following options are available:

date = true|fal se

If true, the DATE-HDU header isfilled in with the current date; otherwise it is not included.

Multiple tables may be written to a single output file using this format.

If no output format is explicitly chosen, writing to a filename with the extension . col fits" (case
insensitive) will select col fits-pl us format for output.

For normal (row-oriented) FITS output, see Section 4.1.2.1.

4.1.2.3V0OTable

VOTable is an XML-based format for tabular data endorsed by the International Virtual
Observatory Alliance and defined in the VOTable Recommendation. While the tabular data which
can be encoded is by design close to what FITS allows, it provides for much richer encoding of
structure and metadata. Most of the table data exchanged by VO servicesisin VOTable format, but
it can be used for local table storage as well.

When a table is saved to VOTable format, a document conforming to the VOTable specification
containing a single TABLE element within a single RESOURCE element is written. Where the
table contains such information (often obtained by reading an input VOTable), column and table
metadata will be written out as appropriate to the attributes uni t, ucd, xt ype and ut ype, and the
elements CoosYS, TI MESYS and DESCRI PTI ON attached to table columns or parameters.

There are various ways that a VOTable can be written; by default the output serialization format is
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TABLEDATA and the VOTable format version is 1.4, or a vaue controlled by the
vot abl e. ver si on Ssystem property. However, configuration options are available to adjust these
defaults.

The handler behaviour may be modified by specifying one or more comma-separated name=value
configuration options in parentheses after the handler name, eg.
"vot abl e( f or mat =Bl NARY2, ver si on=V13) ". The following options are available:

format = TABLEDATA| Bl NARY| Bl NARY2| FI TS
Givesthe serialization type (DATA element content) of output VOTables.

versi on = V10| V11| V12| V13| V14
Gives the version of the VOTable format which will be used when writing the VOTable. "vi0"
isversion 1.0 etc.

inline = true|fal se
If true, STREAM elements are written base64-encoded within the body of the document, and
if false they are written to a new external binary file whose name is derived from that of the
output VOTable document. Thisis only applicable to BINARY, BINARY 2 and FITS formats
where output is not to a stream.

conpact = true|false|null
Controls whitespace formatting for TABLEDATA output, ignored for other formats. By
default a decision will be taken dependent on table width.

encodi ng = UTF-8| UTF-16] . ..
Specifies the XML encoding used in the output VOTable. The default value is UTF-8. Note
that certain optimisations are in place for UTF-8 output which means that other encodings may
be significantly slower.

Multiple tables may be written to a single output file using this format.

If no output format is explicitly chosen, writing to a filename with the extension ".vot",

".votabl e" or". xm " (case insensitive) will select vot abl e format for output.

41.24CSV

Writes tables in the semi-standard Comma-Separated Values format. This does not preserve any
metadata apart from column names, and is generally inefficient to read, but it can be useful for
importing into certain external applications, such as some databases or spreadsheets.

By default, the first line is a header line giving the column names, but this can be inhibited using the
header =f al se configuration option.

The handler behaviour may be modified by specifying one or more comma-separated name=value
configuration options in parentheses after the handler name, eg.
"csv( header =t r ue, maxCel | =160) ". The following options are available:

header = true|fal se
If true, the first line of the CSV output will be a header containing the column names; if false,
no header line is written and all lines represent data rows.

maxCel | = <int>
Maximum width in characters of an output table cell. Cells longer than thiswill be truncated.

If no output format is explicitly chosen, writing to a filename with the extension ". csv" (case
insensitive) will select csv format for output.
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An example looks like this:

RECNO, SPECI ES, NAMVE, LEGS, HEI GHT, MAMVAL
,pig,Pigling Bland,4,0.8,true

, cow, Dai sy, 4,2.0,true

, gol df i sh, Dobbi n,, 0. 05, fal se
,ant,,6,0.001, fal se
,ant,,6,0.001, fal se

,queen ant, Ma' am 6, 0. 002, f al se

, human, Mark, 2, 1. 8, true

~NOOITDWNEF

41.25ECSV

The Enhanced Character Separated Values format was developed within the Astropy project and is
described in Astropy APE6 (DOI). It is composed of a YAML header followed by a CSV-like
body, and is intended to be a human-readable and maybe even human-writable format with rich
metadata. Most of the useful per-column and per-table metadata is preserved when de/serializing to
this format. The version supported by thiswriter is currently ECSV 1.0.

ECSV alows either a space or a comma for delimiting values, controlled by the deliniter
configuration option. If ecsv(deliniter=comma) is used, then removing the YAML header will
leave a CSV file that can be interpreted by the CSV inputhandler or imported into other
CSV-capable applications.

Following the ECSV 1.0 specification, array-valued columns are supported. ECSV 1.0, required for
working with array-valued columns, is supported by Astropy v4.3 and later.

The handler behaviour may be modified by specifying one or more comma-separated name=value
configuration options in parentheses after the handler name, e.g. "ecsv(del i ni ter =comma) . The
following options are available:

delinmiter = conma| space
Delimiter character, which for ECSV may be either a space or a comma. Permitted values are
"space" or "commma".

If no output format is explicitly chosen, writing to a filename with the extension ". ecsv" (case
insensitive) will select ECSV format for output.

An example looks like this:

# %ECSV 1.0
dat at ype

name: RECNO
dat at ype: int32

nanme: SPECI ES
dat atype: string

nanme: NAME
dat at ype: string
description: How one should address the animal in public & private.

nanme: LEGS
dat atype: int32
net a:
utype: anatony:linmb

nanme: HElI GHT
dat atype: fl oat64
unit: m

HHEHHFHFHFEH TS
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net a:
VOTabl e precision: 2

nanme: MAMVAL

dat at ype: boo
net a:

name: ani mal s. vot

Description: Sone aninmals

Aut hor: Mark Tayl or
RECNO SPECI ES NAVE LEGS HEI GHT MAMVAL
pig "Pigling Bland" 4 0.8 True
cow Daisy 4 2.0 True
gol dfi sh Dobbin "" 0.05 Fal se
ant "" 6 0.001 Fal se
ant "" 6 0.001 Fal se
"queen ant" Ma'am 6 0.002 Fal se
human Mark 2 1.8 True

HHEHFHHFHER

~NOoOORWNE

4.1.2.6 ASCII
Writes to a simple plain-text format intended to be comprehensible by humans or machines.

The first line is a comment, starting with a "#" character, naming the columns, and an attempt is
made to line up data in columns using spaces. No metadata apart from column names is written.

The handler behaviour may be modified by specifying one or more comma-separated name=value
configuration options in parentheses after the handler name, eg.
"ascii (maxCel | =158, maxPar am=160) ". The following options are available:

maxCel | = <int>
Maximum width in characters of an output table cell. Cellslonger than thiswill be truncated.

maxParam = <i nt>
Maximum width in characters of an output table parameter. Parameters with values longer than
thiswill be truncated.

parans = true|fal se
Whether to output table parameters as well as row data.

sanmpl edRows = <int >
The number of rows examined on a first pass of the table to determine the width of each
column. Only a representative number of rows needs to be examined, but if a formatted cell
value after this limit is wider than the cells up to it, then such later wide cells may get
truncated. If the value is <=0, all rows are examined in the first pass; this is the default, but it
can be configured to some other value if that takes too long.

If no output format is explicitly chosen, writing to a filename with the extension ". txt" (case
insensitive) will select asci i format for output.
An example looks like this:

# RECNO SPECI ES NANME LEGS HEI GAT MAMVAL

1 pig "Pigling Bland" 4 0.8 true
2 cow Dai sy 4 2.0 true

3 gol dfi sh  Dobbi n " 0. 05 fal se

4 ant " 6 0.001 false

5 ant " 6 0.001 false

6 "queen ant" "Ma\'ant 6 0.002 false
7 human Mar k 2 1.8 true

4.1.2.71PAC
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Writes output in the format used by Cal Tech's Infrared Processing and Analysis Center, and defined
at http://irsa.ipac.caltech.edu/applicationsy DDGEN/Doc/ipac_tbl.html. Column name, type, units
and null values are written, as well as table parameters.

The handler behaviour may be modified by specifying one or more comma-separated name=value
configuration options in parentheses after the handler name, eg.
"i pac(maxCel | =1000, maxPar am=100000) ". The following options are available:

maxCel | = <int>
Maximum width in characters of an output table cell. Cells longer than thiswill be truncated.

maxPar am = <i nt >
Maximum width in characters of an output table parameter. Parameters with values longer than
thiswill be truncated.

paranms = true|fal se
Whether to output table parameters as well as row data.

sanpl edRows = <int>
The number of rows examined on a first pass of the table to determine the width of each
column. Only a representative number of rows needs to be examined, but if a formatted cell
value after this limit is wider than the cells up to it, then such later wide cells may get
truncated. If the value is <=0, al rows are examined in the first pass; thisis the default, but it
can be configured to some other value if that takes too long.

If no output format is explicitly chosen, writing to a filename with the extension". tbl " or ". i pac"
(case insensitive) will select | PAC format for output.

An example looks like this:

\ Tabl e nane = "ani mal s.vot"
\ Description = "Sone ani nal s"
\ Aut hor = "Mark Tayl or"
| RECNO | SPECIES = | NAME | LEGS | HEIGHT | MAMVAL |
I i nt I char I char I i nt I doubl e I char I
m
| null | null | null | null | null | null |
1 pig Pi gl ing Bl and 4 0.8 true
2 cow Dai sy 4 2.0 true
3 gol df i sh Dobbi n nul | 0. 05 fal se
4 ant nul | 6 0. 001 fal se
5 ant nul | 6 0. 001 fal se
6 gueen ant Ma' am 6 0. 002 fal se
7 human Mar k 2 1.8 true
4.1.2.8 Parquet

Parquet is a columnar format developed within the Apache project. Data is compressed on disk and
read into memory before use.

At present, only very limited metadata is written. Parquet does not seem(?) to have any standard
format for per-column metadata, so the only information written about each column apart from its
datatypeisits name.

Parquet support is currently somewhat experimental.

Note:

The parquet 1/0 handlers require large external libraries, which are not always bundied with
the library/application software because of their size. In some configurations, parquet
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support may not be present, and attempts to read or write parquet files will result in a
message like:

Parquet-nr libraries not avail able

If you can supply the relevant libaries on the classpath at runtime, the parquet support will
work. At time of writing, the required libraries are included in the topcat-extra.jar
monolithic jar file; they can aso be found in the starjava github repository
(https://github.com/Starlink/starjavaltree/master/parquet/src/lib, use parquet-nr-stil.jar
and its dependencies), or you can acquire them from the Parquet MR package. These
arrangements may be revised in future releases, for instance if parquet usage becomes more
mainstream. The required dependencies are those of the Parquet MR submodule

parquet-cli, in particular the files parquet-cli-1.11.1.jar,
par quet-colum-1.11.1.j ar, par quet -comon-1.11.1.j ar,
par quet - encodi ng-1.11.1.j ar, parquet-format-structures-1.11.1.jar,
par quet - hadoop- 1. 11. 1- noshaded. j ar, par quet -j ackson-1.11.1.j ar,
comons-col | ections-3.2.2.jar, commons- configuration-1.6.jar,
comons- 1| ang-2.6.j ar, failureaccess-1.0.1.jar, guava-27.0.1-jre.jar,
hadoop-auth-2.7.3.jar, hadoop- common-2. 7. 3. j ar, log4j-1.2.17.jar,

slfd4j-api-1.7.22.jar,slf4j-1o0g4j12-1.7.22.jar,snappy-java-1.1.7.3.jar.

The handler behaviour may be modified by specifying one or more comma-separated name=value
configuration options in parentheses after the handler name, e.g. "par quet ( gr oupAr r ay=f al se) ".
The following options are available:

groupArray = true|false
Controls the low-level detail of how array-valued columns are written. For an array-valued
int32 column named IVAL, gr oupArray=f al se will writeit as"repeated int32 |VAL" while
gr oupAr ray=true Will writeit as"optional group IVAL (LIST) { repeated group list {
optional int32 iteny }". | dont know why you'd want to do it the latter way, but some
other parquet writers seem to do that by default, so there must be some good reason.

If no output format is explicitly chosen, writing to a filename with the extension ". par quet " or
". parq" (caseinsensitive) will select par quet format for output.

4.1.2.9 Feather

The Feather file format is a column-oriented binary disk-based format based on Apache Arrow and
supported by (at least) Python, R and Julia. Some description of it is avalable at
https:.//github.com/wesm/feather and https://blog.rstudio.com/2016/03/29/feather/. It can be used for
large datasets, but it does not support array-valued columns. It can be a useful format to use for
exchanging datawith R, for which FITS1/O isreported to be slow.

Thiswriter is somewhat experimental; please report problemsif you encounter them.

If no output format is explicitly chosen, writing to a filename with the extension ".fea" or
" feather" (caseinsensitive) will select f eat her format for output.

4.1.2.10 Text

Writes tables in a simple text-based format designed to be read by humans. No reader exists for this
format.

The handler behaviour may be modified by specifying one or more comma-separated name=value
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configuration options in parentheses after the handler name, eg.
"t ext (maxCel | =40, maxPar an=160) ". The following options are available:

maxCel | = <int>
Maximum width in characters of an output table cell. Cells longer than thiswill be truncated.

maxPar am = <i nt >
Maximum width in characters of an output table parameter. Parameters with values longer than
thiswill be truncated.

paranms = true|fal se
Whether to output table parameters as well as row data.

sanpl edRows = <int>
The number of rows examined on a first pass of the table to determine the width of each
column. Only a representative number of rows needs to be examined, but if a formatted cell
value after this limit is wider than the cells up to it, then such later wide cells may get
truncated. If the value is <=0, al rows are examined in the first pass; thisis the default, but it
can be configured to some other value if that takes too long.

Multiple tables may be written to a single output file using this format.

An example looks like this:

Tabl e nanme: ani mal s. vot

Description: Sone aninals

Aut hor: Mark Tayl or
+

i S R E E +
| RECNO | SPECIES | NAME | LEGS | HEIGHT | MAMVAL |
[ —— Fom oo B R - B —— B —— +
| 1 | pig | Pigling Bland | 4 | 0.8 | true |
| 2 | cow | Daisy | 4 | 2.0 | true |
| 3 | goldfish | Dobbin | | 0.05 | false |
| 4 | ant | | 6 | 0.001 | false |
| 5 | ant | | 6 | 0.001 | false |
| 6 | queen ant | Ma' am | 6 | 0.002 | false |
| 7 | human | Mark | 2 | 1.8 | true |
- o m e o o e e e e B Fom e e o - Fom e e o - +
41211 HTML

Writes abasic HTML TABLE element suitable for use as aweb page or for insertion into one.

The handler behaviour may be modified by specifying one or more comma-separated name=value
configuration options in parentheses after the handler name, eg.
"ht m (maxCel | =200, st andal one=f al se) ". The following options are available:

maxCel | = <int>
Maximum width in characters of an output table cell. Cells longer than thiswill be truncated.

st andal one = true|false
If true, the output is a freestanding HTML document complete with HTML, HEAD and
BODY tags. If false, the output isjust a TABLE element.

Multiple tables may be written to a single output file using this format.

If no output format is explicitly chosen, writing to a filename with the extension”. ht m " or . ht m'
(case insengitive) will select HTM. format for output.

An example looks like this:
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<TABLE BORDER='1'>

<CAPTI ON><STRONG>ani el s. vot </ STRONG></ CAPTI ON>
<THEAD>
<TR> <TH>RECNO</ TH> <TH>SPECI ES</ TH> <TH>NAME</ TH> <TH>LEGS</ TH> <TH>HEl GHT</ TH> <TH>MAMVAL</ "
<TR> <TH>&nbsp; </ TH> <TH>&nbsp; </ TH> <TH>&nbsp; </ TH> <TH>&nbsp; </ TH> <TH>(m </ TH> <TH>&nbsp; </
<TR><TD col span='6' ></ TD></ TR>

</ THEAD>
<TBODY>

<TR>
<TR>
<TR>
<TR>
<TR>
<TR>
<TR>

<TD>1</ TD>
<TD>2</ TD>
<TD>3</ TD>
<TD>4</ TD>
<TD>5</ TD>
<TD>6</ TD>
<TD>7</ TD>

<TD>pi g</ TD> <TD>Pi gl i ng Bl and</ TD> <TD>4</ TD> <TD>0. 8</ TD> <TD>t r ue</ TD></ TR
<TD>cow</ TD> <TD>Dai sy</ TD> <TD>4</ TD> <TD>2. 0</ TD> <TD>tr ue</ TD></ TR>

<TD>gol df i sh</ TD> <TD>Dobbi n</ TD> <TD>&nbsp; </ TD> <TD>0. 05</ TD> <TD>f al se</ TD:
<TD>ant </ TD> <TD>&nbsp; </ TD> <TD>6</ TD> <TD>0. 001</ TD> <TD>f al se</ TD></ TR>
<TD>ant </ TD> <TD>&nbsp; </ TD> <TD>6</ TD> <TD>0. 001</ TD> <TD>f al se</ TD></ TR>
<TD>queen ant </ TD> <TD>Ma&apos; anx/ TD> <TD>6</ TD> <TD>0. 002</ TD> <TD>f al se</ TI
<TD>human</ TD> <TD>Mar k</ TD> <TD>2</ TD> <TD>1. 8</ TD> <TD>t r ue</ TD></ TR>

</ TBODY>
</ TABLE>

41212 LaTeX

Writes atable asalLaTeX t abul ar environment, suitable for insertion into a document intended for
publication. Thisisonly likely to be useful for fairly small tables.

The handler behaviour may be modified by specifying one or more comma-separated name=value
configuration options in parentheses after the handler name, e.g. "I at ex( st andal one=f al se)". The
following options are available:

st andal one = true|fal se
If true, the output is a freestanding LaTeX document consisting of a tabul ar environment
within at abl e within adocunent . If false, the output isjust at abul ar environment.

If no output format is explicitly chosen, writing to a filename with the extension ". tex" (case
insensitive) will select LaTex format for output.

An example looks like this:

\begin{tabular}{|r|l|1|r|r]l]}
\ hli ne
\mul ticolum{1}{]| c| }{RECNG &
\mul ti colum{1}{c|}{SPECI ES} &
\mul ticolum{1}{c|}{NAME} &
\mul ticolum{1}{c|}{LEGS} &
\nmulticolum{1}{c|}{HEI GHT} &
\mul ticolum{1}{c|}{MAMVAL} \\
\ hli ne
1 &pig &Pigling Bland & 4 & 0.8 & true\\
2 &cow & Daisy & 4 & 2.0 & true\\
3 & goldfish & Dobbin & & 0.05 & fal se\\
4 & ant & & 6 & 0.001 & fal se\\
5 &ant & & 6 & 0.001 & fal se\\
6 & queen ant & Ma'am & 6 & 0.002 & fal se\\
7 & human & Mark & 2 & 1.8 & true\\
I

\ hl i ne\ end{tabul ar}

4.1.2.13 Tab-Separated Table

Tab-Separated Table, or TST, is a text-based table format used by a number of astronomical tools
including Starlink's GAIA and ESO's SkyCat on which it is based. A definition of the format can be
found in Starlink Software Note 75.

If no output format is explicitly chosen, writing to a filename with the extension ". tst" (case
insensitive) will select TST format for outpuit.
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An example looks like this:

ani mal s. vot

# Tabl e paraneters
Descri ption: Sonme ani mals
Aut hor: Mark Tayl or

# Attenpted guesses about identity of colums in the table.

# These have been inferred from col um UCDs and/or nanes

# in the original table data.

# The al gorithm which identifies these colums is not particularly reliable,
# so it is possible that these are incorrect.

id_col: 2

ra_col: -1

dec_col: -1

# This TST file generated by STIL v4.1-4
RECNO SPECI ES NAME LEGS HElI GHT MAMVAL

1 pig Pigling Bland 4 0.8 true

2 cow Daisy 4 2.0 true

3 gol dfi sh Dobbi n 0.05 fal se
4 ant 6 0.001 fal se

5 ant 6 0.001 fal se

6 queen ant Ma'am 6 0.002 fal se

7 human Mark 2 1.8 true

[ ECD]

4.1.2.14 Mirage Format

Mirage was a nice standalone tool for analysis of multidimensional data, from which TOPCAT took
some inspiration. It was described in a 2007 paper 2007ASPC..371..391H, but no significant
development seems to have taken place since then. This format is therefore probably obsolete, but
you can still write table output in Mirage-compatible format if you like.

If no output format is explicitly chosen, writing to a filename with the extension ". ni r age" (case
insensitive) will select i r age format for output.

An example looks like this:

Witten by uk.ac.starlink.mrage. M rageFornatter
Omtted colum 5: MAMVAL( Bool ean)

Col utm nanes
ormat var RECNO SPECI ES NAME LEGS HElI GHT

# Text col unms
format text SPECIES
format text NAME

Tabl e data

pig Pigling_Bland 4 0.8

cow Daisy 4 2.0

gol dfi sh Dobbi n <bl ank> 0. 05
ant <bl ank> 6 0.001

ant <blank> 6 0.001
queen_ant Ma'am 6 0. 002
human Mark 2 1.8

NOORAWNE H#HH

4.1.3 Custom I/O Formats

It isin principle possible to configure TOPCAT to work with table file formats and schemes other
than the ones listed in this section. It does not require any upgrade of TOPCAT itself, but you have
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to write or otherwise acquire an input/output/scheme handler for the table format in question.

The steps that you need to take are:
1. Write java classes which constitute your input/output/scheme handler. Such classes must have

a no-arg constructor and implement the appropriate interface:
uk. ac. starlink.tabl e. Tabl eBui | der for input handlers,
uk. ac. starlink.tabl e. Star Tabl eWiter for output handlers,

uk. ac. starlink. t abl e. Tabl eSchere for scheme handlers.

2. Ensure that these classes are available on your classpath while TOPCAT is running (see
Section 10.2.1).

3. Set the relevant system property to the name of the handler class (see Section 10.2.3):
startabl e.readers for input handlers, startable.witers for output handlers,
st art abl e. schenmes for scheme handlers.

Explaining how to write such handlers is beyond the scope of this document - see the user
document and javadocs for STIL (http://www.starlink.ac.uk/stil/).

4.2 Input Locations

In many cases loading tables will be done using GUI dialogues such as the Filestore Load Window,
where you just need to click on a filename or directory to indicate the load location. However in
some cases, for instance specifying tables on the command line (Section 10.1) or typing pathnames
directly into the Load Window L ocation field, you may want give the location of an input table
using only asingle string.

Most of the time you will just want to type in a filename; either an absolute pathname or one
relative to TOPCAT's starting directory can be used. However, TOPCAT also supports direct use of
URLSs, including ones using some specialised protocols. Hereisthe list of URL types allowed:

http:
Read from an HTTP resource.

htt ps:
Read from an HTTPS resource.

ftp:
Read from an anonymous FTP resource.

file:
Read from a local file, using the syntax file:///path/to/file. Thisis similar to specifying
the filename directly, but there is a difference: using this form forces reads to be sequential
rather than random access, which may alow you to experience a different set of performance
characteristics and bugs.

jar:
Specialised protocol for looking inside Java Archive files - see JarURLConnection
documentation.

nyspace:
(Obsolete?) Accesses files in the AstroGrid "MySpace” virtual file store. These URLSs look
something like "nyspace: / survey/iras_psc. xm ", and can access files in the myspace are
that the user is currently logged into. These URLS can be used for both input and output of
tables. To use them you must have an AstroGrid account and the AstroGrid WorkBench or
similar must be running; if you're not currently logged in a dialogue will pop up to ask you for
name and password.

i vo:

(Obsolete?) Understands ivo-type URLs which signify files in the AstroGrid "MySpace"
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virtua file store. These URLs look something like
"ivo://uk.ac.le.star/fil emanager#node-2583". These URLs can be used for both input
and output of tables. To use them you must have an AstroGrid account and the AstroGrid
WorkBench or similar must be running; if you're not currently logged in a dialogue will pop up
to ask you for name and password.

j dbc:
JDBC URLs may be used, but they don't work in the same way as the others listed here, since
they do not reference an input byte stream. See instead Section 4.3.3.

From the command lineit is al'so possible to use the special value "-" to mean standard input; in this
case the file format must be specified explicitly using the -f flag, and not all formats can be
streamed from stdin. Finally, the form "<syscnd" or equivalently "syscnd| " may be used to read
from the standard output of a shell pipeline (probably only works on Unix-like systems).

As with the GUI-based load dialogues, data compression in any of the supported formats (gzip,
bzip2, Unix compress) is detected and dealt with automatically for input locations.

Note that tables can aso be supplied by name from non-serialized sources, as described in Input
Schemes.

4.3 Input Schemes

As well as being able to load tables from external data streams, TOPCAT offers a way to specify
tables that do not correspond to a stream of bytes. These may be defined programmatically or
interact with external services in some way that is not as straightforward as decoding a stream of
bytes.

Such tables are defined with a scheme specification string, of the form:

: <scheme- name>: <schene- speci fic-part>
so that for instance ": skysi m 1e6" specifies a million-row simulated star catalogue, as described by
the skysim scheme documentation below.
At present, the only ways that scheme-specified tables can be loaded are:

* naming them on the command line at startup
* entering them in the L ocation field in the Load Window

Some more GUI-friendly way to load them may be introduced in future rel eases.

The following subsections describe all the schemes that are available by default. It is aso possible
to add new schemes at runtime by using the st ar t abl e. schenes System property.

4.3.1 skysi m
Usage: : skysi m <nr ow>

Generates a simulated all-sky star catalogue with a specified number of rows. This is intended to
provide crude test catalogues when no suitable real dataset of the required size is available. In the
current implementation the row count, which may be given in integer or exponential notation, is the
only parameter, so the specification ": skysi m5e6" would give a 5 million-row simulated
catalogue.

The current implementation provides somewhat realistic position-dependent star densities and
distributions of magnitudes and colours based on positionally averaged values from Gaia EDR3.
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The source positions do not correspond to actual stars. The columns and the statistics on which the
output is based may change in future releases.

Example:

skysi m 6

S S S S S S S +
| ra | dec | | | b | gmag | rmag | b_r |
U SN RSN SN RSN SN RSN RS U N RN +
| 266.7702 | -32.689117 | -3.044958 | -2.217145 | 18.168278 | 16.03555 | 1.046624

| 276.83398 | 8.132022 | 37.491447 | 9.031909 | 18.331224 | 18.786451 | 1.4425725

| 92.04118 | 23.79857 | -173.02219 | 1.7854756 | 16.743847 | 15.623316 | 1.690048

| 271.08215 | -5.2012086 | 22.848532 | 8.022958 | 21.538874 | 17.782997 | 2.1645386

| 298.83368 | 31.401922 | 67.75605 | 1.6348709 | 20.145718 | 17.728764 | 1.1521724

| 204.9299 | -77.07571 | -54.29949 | -14.464215 | 19.044079 | 20.277771 | 0.92987275
Fomimm e aaa s Foemmm e aaa o Foemmm e aaa o Foemmm e aaa o S NCU S NCU Foemmm i aaa +

43.2attractor
Usage: : attractor: <nrow>[, (clifford[,a,b,c,d]|ranpe[,a,b,c,d, e f]|henon[,a,b,c])]

Generates tables listing points sampled from one of a specified family of strange attractors. These
can provide tables with (X,Y) or (X,Y,Z) columns and arbitrarily many rows. They can be used, for
instance, to make (beautiful) example large-scal e scatter plotsin 2-d or 3-d space.

The specification syntax is of the form :attractor: <nrows, <f ani | y-name>[, <args>] where
<nr ow> IS the number of rows required, <f ani | y- name> is the name of one of the supported families
of attractors, and <ar gs> is an optional comma-separated list of numeric arguments specifying the
family-specific parameters of the required attractor. If the <args> part is omitted, an example
attractor from the family is used. Note that picking <ar gs> values at random will often result in
rather boring (non-strange) attractors.

The following families are currently supported:

clifford
clifford attractors are 2-dimensional and have 4 parameters, with suggested values in the range
+/-2.0.

The iteration is defined by the equations:

X
y

sin(a*y) + c¢ * cos(a*x)
sin(b*x) + d * cos(b*y)

Examples:

o cattractor:9999,clifford

o ;attractor:le6,clifford, 1.32,-1.44,-1.7,-1.58
o ;attractor: 65536,clifford, 1.27,-1.35,0.82,1.8
o ;attractor: le7,clifford,-1.9,1.18,-1.21,1.07
o ;attractor:400,clifford,-1.27,-1.28,1.0,-1.26
o ;attractor:4e6,clifford, 1.8,0.9,-1.8,0.8

rampe
rampe attractors are 3-dimensional and have 6 parameters, with suggested values in the range
+/-2.0.

The iteration is defined by the equations:

* z * sin(a*x) - cos(b*y)
* X * sin(c*y) - cos(d*z)
* y * sin(e*z) - cos(f*x)

I
N< X



SUN/253 45

Examples:

e attractor:10e6, ranpe

* attractor:4,ranpe,-1.81,1. 35,-0.85,0.32,1.68,-1.62

o rattractor:5.5e5,ranpe, 0.23,-1.77,1.32,-1.44,-1.7,-1.58
* attractor:9999,ranpe,-0.3,1.78,-0.87,1.69,1.42,1.21

o rattractor: le6, ranpe, 1.42,-1.98,0.39,1.32,1.79, -0. 37

henon
henon attractors are 2-dimensional and have 3 parameters, with suggested values in the range
+/-2.0.

Theiteration is defined by the equations:

X
y

y + a + b*x*x
C*X

Examples:

. ;attractor: 65536, henon

. ;attractor: 1e7, henon, -0. 68, 1. 64, 0. 36
. ;attractor: 400, henon, 1. 73, 0. 29, -0. 99
. ;attractor: 4e6, henon, 0.88,-0.9, -0. 93
. :attractor: 10e6, henon, 1. 4,-1.13,-0.01

Example:

rattractor: 6, ranpe

B T T B T B T I +
| x |y | z I
e e me e et s e e e e Fee e e et s e st e a e o +

-0.5759098296568739 | 0.09844750286352466 | -0.6712534741282851
-1.3295344852011892 | -0.9829776649068059 | -0.7814409891660122
-1.1910376215054008 | 0.04335596646295736 | -1.0308958690758545
-2.0144704755218514 | -0.9699626185329038 | -0.35169532148364757
-0.16145296509226564 I 0.5245428249077974 I 0.17929370340580017
-0

. 8409807675257591 - 0. 9598486078341374 - 0. 955769158222801

4.3.3j dbc
Usage: : j dbc: <j dbc-part >

Interacts with the JDBC system (JDBC sort-of stands for Java DataBase Connectivity) to execute
an SQL query on a connected database. The jdbc:... specification is the JDBC URL. For
historical compatibility reasons, specifications of this scheme may omit the leading colon character,
so that the following are both legal, and are equivalent:

jdbc: nmysql ://1 ocal host/dbl #SELECT TOP 10 ra, dec FROM gsc
:jdbc:mysql ://1 ocal host/dbl #SELECT TOP 10 ra, dec FROM gsc

In order for this to work, you must have access to a suitable database with a JDBC driver, and some
standard JDBC configuration is required to set the driver up. The following steps are necessary:

1. thedriver class must be available on the runtime classpath
2. thejdbc. drivers system property must be set to the driver classname

More detailed information about how to set up the JDBC system to connect with an available
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database, and of how to construct JDBC URLS, is provided elsewhere in the documentation.

4.3.41 oop

Usage: : | oop: <count >| <st art >, <end>[, <st ep>]

Generates a table whose single column increments over a given range.

The specification may either be a single value N giving the number of rows, which yields valuesin
the range 0..N-1, or two or three comma-separated values giving the start, end and optionally step
corresponding to the conventional specification of aloop variable.

The supplied numeric parameters are interpreted as floating point values, but the output column
type will be 32- or 64-bit integer or 64-bit floating point, depending on the values that it has to take.

Examples:

* :loop:5:ab-row table whose integer column hasvaluesO, 1, 2, 3, 4

* :loop: 10, 20: a10-row table whose integer column has values 10, 11, ... 19

* :loop:1,2,0.25: al0-row table whose floating point column has values 1.00, 1.25, 1.50, 1.75

. 1 oop: 1e10: aten billion row table, with 64-bit integer values

Example:
.1 oop: 6
-- -+

e

: GORrWNEFLO :
+—  — +—

4.35test
Usage: : test: [ <nrows[, <opt s-i bsfvnk*>]]

Generates a table containing test data. The idea is to include columns of different data types, for
instance to provide an example for testing 1/0 handler implementations. The columns will contain
some variety of more or less meaningless values, but the content is reproducible between runs, so
the same specification will produce the same output each time. Updates of the implementation
might change the output however, so the output is not guaranteed to be the same for all time.

The table specification has two comma-separated parameters:

*  <nrow>. rOW count
* <opts>: astring of letter options specifying what types of datawill be included; options are:

* i:aninteger index column

* b: afew basic columns

e s aselection of typed scalar columns

» f:asdection of fixed-length 1-d array columns

» v:aselection of variable-length 1-d array columns
* m: aselection of multi-dimensional array columns
* k: amost athousand columns
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» *:equivalent to al of the above

If <opt s> and/or <nr ow> are omitted, some default values are used.

Example:
itest:10,is
[ S F N [ S [ R F N [ IS [ - o e e oo
| i_index | s_byte | s_short | s_int | s_long | s_float | s_double | s_string
R U R Hoenanos R Foeemas Foeeme s e m e amaaas
0 0 0 0 0 0.0 0.0 zero
1 1 1 1 1.0 1.0 one
2 2 2 2 2.0 2.0 t wo
3 3 3 3 3.0 3.0 three
4 4 4 4 4.0 4.0 f our
5 5 5 5 5 5.0 five
6 6 6 6 6 6.0 Si X
7 7 7 7 7 7.0 7.0
8 8 8 8 8 8.0 8.0 B 2
9 9 9 9 9
B o m e - - B [ o m e - - B Fomm e e e - o e e e e e oo
4.3.6c¢cl ass

Usage: : cl ass: <Tabl eSchene- cl assnane>: <schene- spec>

Uses an instance of a named class that implements the uk. ac. starlink. t abl e. Tabl eSchere
interface and that has a no-arg constructor. Arguments to be passed to an instance of the named
class are appended after a colon following the classname.

For example, the specification ":cl ass: uk. ac. starlink.tabl e. LoopTabl eScheme: 10" would
return a table constructed by the code new
uk. ac.starlink.tabl e. LoopTabl eSchene(). createTabl e("10").

Example:

:class: uk.ac.starlink.tabl e. LoopTabl eScherne: 5
+-- -+
| i
+-- -+
| 0|

P RAWNE

f—
f—
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5 Joinsand M atches

TOPCAT dlows you to join two or more tables together to produce a new one in a variety of ways,
and also to identify "similar" rows within a single table according to their cell contents. This section
describes the facilities for performing these related operations.

There are two basic ways to join tables together: top-to-bottom and side-by-side. A top-to-bottom
join (which here | call concatenation) isfairly straightforward in that it just requires you to decide
which columns in one table correspond to which columns in the other. A side-by-side join is more
complicated - it is rarely the case that row i in the first table should correspond to row i in the
second one, so it is necessary to provide some criteria for deciding which (if any) row in the second
table corresponds to a given row in the first. In other words, some sort of matching between rows
in different tables needs to take place. This corresponds to what is called a join in database
technology. Matching rows within a single table is a useful operation which involves many of the
same issues, so that is described here too.

5.1 Concatenating Tables

Two tables can be concatenated using the Concatenation Window, which just requires you to
specify the two tables to be joined, and for each column in the first ("Base") table, which columnin
the second ("Appended") table (if any) corresponds to it. The Apparent Table (Section 3) isused in
each case. The resulting table, which is added to the list of known tables in the Control Window,
has the same columns as the Base table, and a number of rows equal to the sum of the number of
rows in the Base and A ppended tables.

Asavery simple example, concatenating these two tables:

Messi er RA Dec Nane

97 168. 63 55. 03 OM Nebul a

101 210.75 54. 375 Pi nwheel Gal axy

64 194. 13 21.700 Bl ack Eye Gal axy
and

RA2000 DEC2000 I D

185. 6 58. 08 VA0
186. 3 18. 20 MBS

with the assignments RA->RA 2000, Dec->DEC2000 and Messier->ID would give:

Messi er RA Dec Nanme

97 168.63 55.03 OM Nebul a

101 210.75 54.375  Pinwheel Gal axy
64 194. 13 21.700 Bl ack Eye Gal axy
M40 185.6 58. 08

MBS 183. 6 18. 20

Of course it isthe user's responsibility to ensure that the correspondance of columnsis sensible (that
the two corresponding columns mean the same thing).

You can perform a concatenation using the Concatenation Window; obtain this using the
Joins|Concatenate Tables (%) menu option in the Control Window.

5.2 Matching Rows Between Tables

When joining two tables side-by-side you need to identify which row(s) in one correspond to which
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row(s) in the other. Conceptually, this is done by looking at each row in the first table, somehow
identifying in the second table which row "refers to the same thing”, and putting a new row in the
joined table which consists of all the fields of the row in the first table, followed by all the fields of
its matched row in the second table. The resulting table then has a number of columns equal to the
sum of the number of columnsin both input tables.

In practice, there are a number of complications. For one thing, each row in one table may be
matched by zero, one or many rows in the the other. For another, defining what is meant by
"referring to the same thing" may not be straightforward. There is aso the problem of actually
identifying these matches in a relatively efficient way (without explicitly comparing each row in
one table with each row in the other, which would be far too slow for large tables).

A common example is the case of matching two object catalogues - suppose we have the following
catalogues:

Xpos Ypos Vmag
1134. 822 599.247 13.8
659. 68 1046. 874 17.2
909. 613 543. 293 9.3
and
X y Brmag
909. 523 543. 800 10.1
1832. 114 409. 567 12.3
1135. 201 600. 100 14. 6
702. 622 1004. 972 19.0

and we wish to combine them to create one new catalogue with arow for each object which appears
in both tables. To do this, you have to specify what counts as a match - in this case let's say that a
row in one table matches (refers to the same object as) arow in the other if the distance between the
posmons indicated by their X and Y coordinates matches to within one unit (sgrt((X pos-x) +
(Ypos-y) )< 1)). Then the catalogue we will end up with is:

Xpos Ypos Vmag X y Brmag
1134 822 599 247 13.8 1135. 201 600. 100 14. 6
909. 613 543. 293 9.3 909. 523 543. 800 10.1

There are a number of variations on this however - your match criteria might involve sky
coordinates instead of Cartesian ones (or not be physical coordinates at al), you might want to
match more than two tables, you might want to identify groups of matching objectsin asingletable,
you might want the output to include rows which don't match as well...

The Match Window allows you to specify

*  Which tables are to be matched

*  What the criteria are for matching rows

* What to do for rows that don't have exactly one match

»  What rowsto include in the output table

and to start the matching operation. Depending on the type of match chosen, some additional
columns may be appended to the resulting table giving additional details on how the match went.
Usually, the 'match score' is one of these; The exact value and meaning of this column depends on
the match, but it typically gives the distance between the matched points in some sensible units; the
smaller the value, the better the match. You can find out exactly what this score means by
examining the column's description in the Columns Window. Columns in the resulting table retain
their origina names unless that would lead to ambiguity, in which case a disambiguating suffix
" 1" or" 2" isadded to the column name.
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To match two tables, use the Pair Match (%) button in the Control Window; to match more
=

tables than two at once, use the other options on the Control Window's Join menu.

5.3 Matching Rows Within a Table

Although the effect is rather different, searching through a single table for rows which match each
other (refer to the same object, as explained above) is a similar process and requires much of the
same information to be specified, mainly, what counts as a match. You can do this using the
Internal Match Window, obtained by using the Internal Match ( ) button in the Control

Window's Joins menu.

5.4 Multi-Object Matches

The matching in TOPCAT is determined by specified match criteria, as described in Appendix
A.8.1.1. These criteria give conditions for whether two items (table rows) count as matched with
each other. In the case of a pair match, it is clear how thisisto be interpreted.

However, some of the matching operations such as the Internal Match search for match groups
which may have more than two members. This section explains how TOPCAT applies the pair-wise
matching criteriait is given to identifying multi-object groups.

In a multi-object match context, the matcher identifies a matched group as the largest possible
group of objects in which each is linked by a pair match to any other object in the group - it isa
group of "friends of friends’. Formally, the set of matched groups is a set of digoint graphs whose
nodes are input table rows and whose edges are successful pair matches, where no successful pair
match exists between nodes in different elements of that set. Thus the set has a minimal number of
elements, and each of its elements is a matched group of maximal size. The important point to note
is that for any particular pair in a matched group, there is no guarantee that the two objects match
each other, only that you can hop from one to the other via pairs which do match.

So in the case of a multi-object sky match on a field which is very crowded compared to the
specified error radius, it is quite possible for all the objects in the input table(s) to end up as part of
the same large matching group. Results at or near this percolation threshold are (a) probably not
useful and (b) likely to take a long time to run. Some care should therefore be exercised when
specifying match criteriain multi-object match contexts.

5.5 Plotting Match Results

Having performed a crossmatch, it is very often agood ideato look at the results graphically. If you
can plot the input catalogues, and the output catalogue, with an indication of which rows in the
inputs have been joined together, you can rapidly get a good idea of the result of the match, and
whether it did what you expected. Thisis especially true in the presence of crowded fields, tentative
match criteria, or other circumstances under which the match might not go as expected.

Since TOPCAT version 4.1, for most pair matches, you can do this automatically. When a suitable
match completes, you may see a confirmation dialogue like this:
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—1| Successful Match N ER

0 896 pairs found
' %ﬁ Mew table created by match: 4: match(l,) (896 rows)

| OK @\® Plot Result |

Pair plot completion confirmation dialogue

If you click the OK button, it will simply dismiss the dialogue. However, if you click the Plot
Result button, a new plot window will appear with all the points from the input catalogues and pair
links (lines between the joined positions) for the joined rows. The result is something like this:
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Output from crossmatch Plot Result

It shows clearly which points have been joined. You can fiddle with the plot controls in the usual
way to adjust the output (see Appendix A.4). It is aso possible to set up such plots by hand.

5.6 Noteson Matching

This section provides a bit more detail on the how the row matching of local tables (sections
Section 5.2 and Section 5.3) isdone. It is designed to give arough idea to interested parties; it is not
atutoria description from first principles of how it all works.

The basic algorithm for matching is based on dividing up the space of possibly-matching rows into
an (indeterminate) number of bins. These bins will typically correspond to digoint cells of a
physical or notional coordinate space, but need not do so. In the first step, each row of each tableis
assessed to determine which bins might contain matches to it - this will generally be the bin that it
falls into and any "adjacent” bins within a distance corresponding to the matching tolerance. A
reference to the row is associated with each such bin. In the second step, each bin is examined, and
if two or more rows are associated with it every possible pair of rows in the associated set is
assessed to see whether it doesin fact constitute a matched pair. Thiswill identify all and only those
row pairs which are related according to the selected match criteria. During this process a number
of optimisations may be applied depending on the details of the data and the requested match.

The matching algorithm described above is roughly an O(N Iog(N)) process, where N is the total
number of rows in al the tabl&s participating in a match. This is good news, since the naive
interpretation would be O(N ) This can break down however if the matching tolerance is such that
the number of rows associated with some or most bins gets large, in which case an O(M )
component can come to dominate, where M is the number of rows per bin. The average number of
rows per bin is reported in the logging while a match is proceeding, so you can keep an eye on this.

For more detail on the matching algorithms, see the javadocs for the uk. ac. starlink.tabl e. j oi n
package, or contact the author.

5.7 Matching against a Remote Table

TOPCAT provides a number of facilities for positional crossmatches against tables which are
exposed via Virtual Observatory web services (Cone Search, Simple Image Access and Simple
Spectral Access) and general SQL-like matching (TAP). These work rather differently from the
other functions described in this section, which operate on local tables, though conceptually the
result issimilar. See Section 6 for more details.

It also provides access to the X-Match service provided by the CDS, as described in Appendix
A.11.1, which alows fast matching against any VizieR table or SSMBAD.

In many cases the CDS Upload X-Match window is the easiest, fastest and best way to match
against remote tables. TAP is more flexible, but has a somewhat steeper learning curve, and may
not be as fast or scalable for large local tables. The multi-SIA and multi-SSA windows may be
useful for performing per-row searches of modest size against remote image or spectral archives.
The multi-cone window is (since version 4.2) present mostly for historical reasons, and is not
usually agood choice, since it is much less efficient than TAP or CDS X-Match.
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6 Virtual Observatory Access

Severa of the windows in TOPCAT alow you to interface with so-called Data Access Layer
services provided within the Virtual Observatory (VO). The buzzwords are not important, but the
basic ideais that this allows you to locate a service providing data which may be of interest to you,
and then query that service to obtain the data. The VO is not a single monolithic entity, but a set of
protocols which alow ageneral purpose tool such as TOPCAT to talk to services made available by
many different participating data providers in a uniform way, without having to have prior
knowledge of what services are out there or the details of how their datais arranged.

The basic operation is similar for al of TOPCAT's access to these services:

Select the registry to query for services (or use the default one)

Query that registry for services of interest

From the returned list of services, select one that you wish to query for data
Specify the query to send to the data service

Start the query and wait for the result

agrONE

These ideas are explained in more detail in the following subsections. The windows from which this
is done are documented in Appendix A.9.

Note: For information on SAMP or PLASTIC, which are protocols developed within the Virtual
Observatory context, but are not necessarily concerned with remote data access, see Section 9.

6.1 The Registry

The Registry is fundamental to the way that the VO works. A registry is a list of all the services
made available by different data providers. Each entry records some information about the type of
service, who provided it, what kind of data it contains, and so on (registries may contain other types
of entry as well, but we will not discuss these further here). Any data provider can add an entry to
the registry to advertise that it has certain datasets available for access.

Severa registries exist; they tend to be maintained by different regional VO organisations. At the
time of writing, there are registries maintained for public access by GAVO, ESA, STScl and
(remnants of) the UK's AstroGrid, amongst others. Particular projects may also maintain their own
registries with limited holdings for interna use. The main public access registries talk to each other
to synchronize their contents, so to afirst approximation, they contain similar lists of entries to each
other, and it shouldn't matter too much which one you use. In practice, there are some differences of
format and content between them, so one may work better than another for you or may contain a
record that you need. In most cases though, using the default registry (currently the GAVO one)
will probably do what you want it to.

6.2 Data Access Services

A number of different service types are defined and listed in the registry; the ones that TOPCAT
currently knows how to access are the following:

Cone Search:
retrieve entriesin a certain region of the sky from aremote catalogue

Simple Image Access (SIA):
find image data (often in FITS format) in a certain region of the sky from a remote image
archive

Simple Spectral Access (SSA):
find spectral data, usually in a certain region of the sky, from a remote archive of spectral
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observations or theoretical models

Table Access Protocol (TAP):
make free-form queries to aremote database using an SQL-like query language

Detailed technical information about these protocols can be found at the IVOA web site
(http://www.ivoa.net/) in the Cone Search, SIA, SSA and TAP documents, but these are by no
means required reading for users of the services. These protocols (apart from Cone Search) are quite
complex and have many specialised and optional features. The options offered for Cone Search and
TAP are reasonably complete, but for SIA and SSA TOPCAT only provides a fairly basic level of
interaction, and many features (for instance SSA queries by wavelength, or non-positional queries
for theoretical data) are not accessible fromit.

Cone Search, SIA and SSA are positional protocols meaning that they query a single region of the
sky. TOPCAT provides access to these service types in two main ways.

Single positional query
If you enter by hand a sky position (RA, Dec) and radius, you can download a table containing
the results of a search for a single (usually, small) region on the sky. See the sections on Cone,
SIA, SSA load dialoguesin Appendix A.9.

Multiple positional query
You can define how each row of an input table selects a region on the sky. This will usualy
correspond to selecting a column for RA and a column for Dec, and either a fixed radius or a
column giving the radius. Then a positional query can be made for each row of the input table.
The result is effectively ajoin between the input Apparent Table and the remote table of object
data, images or spectra. See the sections on Cone, SIA, SSA multiple query windows in
Appendix A.9.

TAP is a much more powerful protocol not restricted to positional queries, and has its own
interface. See the TAP load dialogue section in Appendix A.9.
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7 Algebraic Expression Syntax

TOPCAT alows you to enter algebraic expressions in a number of contexts:

1. Todefineanew columnin terms of existing columnsin the Synthetic Column dialogue

2. To define a new Row Subset (Section 3.1) on the basis of table data in the Algebraic Subset
dialogue

3. When faced with a column selector for plotting or other purposes, in most cases you can type
in an expression rather than selecting or typing a simple column name.

4. To define certain custom Activation Action (Section 8)s (Execute code, Run system command,
SAMP message) in the Activation window.

This is a powerful feature which permits you to manipulate and select table data in very flexible
ways - you can think of it like a sort of column-oriented spreadsheet. The syntax for entering these
expressionsis explained in this section.

What you write are actually expressions in the Java language, which are compiled into Java
bytecode before evaluation. However, this does not mean that you need to be a Java programmer to
write them. The syntax is pretty similar to C, but even if you've never programmed in C most
simple things, and some complicated ones, are quite intuitive.

The following explanation gives some guidance and examples for writing these expressions.
Unfortunately a complete tutorial on writing Java expressions is beyond the scope of this document,
but it should provide enough information for even a novice to write useful expressions.

The expressions that you can write are basically any function of all the column values and subset
inclusion flags which apply to a given row; the function result can then define the per-row value of
a new column, or the inclusion flag for a new subset, or the action to be performed when arow is
activated by clicking on it. If the built-in operators and functions are not sufficient, or it's unwieldy
to express your function in one line of code, you can add new functions by writing your own classes
- see Section 7.10.

Note: if Javais running in an environment with certain security restrictions (a security manager
which does not permit creation of custom class loaders) then algebraic expressions won't work at
all, and the buttons which allow you to enter them will be disabled.

7.1 Referencing Cell Values

To create a useful expression for a cell in a column, you will have to refer to other cells in different
columns of the same table row. Y ou can do thisin three ways:

By Name
The Name of the column may be used if it is unique (no other column in the table has the same
name) and if it has a suitable form. This means that it must have the form of a Java variable -
basically starting with a letter and continuing with letters or numbers. In particular it cannot
have any spaces in it. The underscore and currency symbols count as letters for this purpose.
Column names are treated case-insensitively.

By $ID
The "$ID" identifier of the column may aways be used to refer to it; thisis a useful fallback if
the column name isn't suitable for some reason (for instance it contains spaces or is not
unique). Thisisjust a"$" sign followed by a unique integer assigned by the program to each
column when it is first encountered. You can find out the $ID identifier by looking in the
Columns Window.

By ucd$ specifier
If the column has a Unified Content Descriptor (this will usually only be the case for VOTable
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or possibly FITS format tables) you can refer to it using an identifier of the form
"ucd$<ucd- spec>". Depending on the version of UCD scheme used, UCDs can contain various
punctuation marks such as underscores, semicolons and dots; for the purpose of this syntax
these should all be represented as underscores ("_"). So to identify a column which has the
UCD "phot. nmag; emopt.R", you should use the identifier "ucd$phot_nmag_em opt _r".
Matching is not case-sensitive. Futhermore, atrailing underscore acts as a wildcard, so that the
above column could also be referenced using the identifier "ucd$phot _mag_". If multiple
columns have UCDs which match the given identifer, the first one will be used.

Note that the same syntax can be used for referencing table parameters (see Section 7.3);
columns take preference so if a column and a parameter both match the requested UCD, the
column value will be used.

By utype$ specifier

If the column has a Utype (this will usually only be the case for VOTable or possibly FITS
format tables) you can refer to it using an identifier of the form "ut ype$<ut ype- spec>".
Utypes can contain various punctuation marks such as colons and dots; for the purpose of this
syntax these should all be represented as underscores ("_"). So to identify a column which has
the Utype "ssa: Access. Format ", you should use the identifier "ut ype$ssa_Access_For mat .
Matching is not case-sensitive. If multiple columns have Utypes which match the given
identifier, the first one will be used.

Note that the same syntax can be used for referencing table parameters (see Section 7.3);
columns take preference so if a column and a parameter both match the requested Utype, the
column value will be used.

Using value* () functions

You can use the special functions val ueDoubl e, val uel nt, val ueLong, val ueString and
val ueObj ect to obtain the typed value of a column with a given name. The argument of the
function is a string giving the exact (case-sensitive) column name, for instance
val ueDoubl e("b_E(BP-RP)") will yield the value of the column named "b_E(BP-RP)" as a
double-precision floating point value. These functions are not the generally recommended way
to get column values, since they are slower and provide less type-checking than the other
options listed above, and can occasionally lead to some other esoteric problems. However, if
you need to refer by name to strangely-named columns they are sometimes a convenient
option.

With the Object$ prefix

If a column is referenced with the prefix "j ect $" before its identifier (e.g. "bj ect $BMAG'
for a column named BVAG) the result will be the column value as a java Object. Without that
prefix, numeric columns are evaluated as java primitives. In most cases, you don't want to do
this, since it means that you can't use the value in arithmetic expressions. However, if you need
the value to be passed to a (possibly user-defined activation) method, and you need that
method to be invoked even when the value is null, you have to do it like this. Null-valued
primitives otherwise cause expression evaluation to abort.

The value of the variables so referenced will be a primitive (boolean, byte, short, char, int, long,
float, double) if the column contains one of the corresponding types. Otherwise it will be an Object
of the type held by the column, for instance a String. In practice this means: you can write the name
of a column, and it will evaluate to the numeric (or string) value that that column contains in each
row. Y ou can then use thisin normal algebraic expressions such as"B_MAG- U_MAG' as you'd expect.

7.2 Referencing Row Subset Flags

If you have any Row Subsets defined you can also access the value of the boolean (true/false) flag
indicating whether the current row isin each subset. Again there are two ways of doing this:
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By Name
The name assigned to the subset when it was created can be used if it is unique and if it has a
suitable form. The same comments apply as to column names above.

By ID
The" _ID" identifier of the subset may always be used to refer to it. Like the "$ID" identifier
for columns above, this is a unique integer preceded by a specia symbol, this time the
underscore, " ".

Note: in early versions of TOPCAT the hash sign ("#") was used instead of the underscore for
this purpose; the hash sign no longer has this meaning.

In either case, the value will be a boolean value; these can be useful in conjunction with the
conditional "? :" operator or when combining existing subsets using logical operators to create a
new subset.

7.3 Referencing Table Parameters

Some tables have constant values associated with them; these may represent such things as the
epoch at which observations were taken, the name of the catalogue, an angular resolution associated
with all observations, or any number of other things. Such constants are known as table parameters
and can be viewed and modified in the Parameter Window. The values of such parameters can be
referenced in algebraic expressions as follows:

param$name
If the parameter name has a suitable form (starting with a letter and continuing with letters or
numbers) it can be referenced by prefixing that name with the string par ans.

ucd$ucd-spec
If the parameter has a Unified Content Descriptor it can be referenced by prefixing the UCD
specifier with the string ucd$. Any punctuation marks in the UCD should be replaced by
underscores, and a trailing underscore is interpreted as a wildcard. See Section 7.1 for more
discussion.

utype$utype-spec
If the parameter has a Utype, it can be referenced by prefixing the Utype specifier with the
string ut ypes$. Any punctuation marks in the Utype should be replaced by underscores. See
Section 7.1 for more discussion.

Note that if a parameter has a name in an unsuitable form (e.g. containing spaces) and has no UCD
then it cannot be referenced in an expression.

7.4 Special Tokens

There are a few pseudo-variables which have special functions in the expression language. The
following specials are column-like, in that they have a different value for each row:

$i ndex Or $0
The current row number in the underlying table (the first row is 1). Thisisthe value seen in the
grey numbers at the left of the grid in the Data Window, and is not affected by the current Row
Subset or Row Order. Note that this value is al ong (8-byte integer); when using it in certain
expressions you may find it necessary to convert it to an int (4-byte integer) using the
t ol nt eger () function. The deprecated alias "1 NDEX" may also be used.

$i ndex0 Or $00
The current row number in the apparent table (the first row is 1). This value is sensitive to the
current Row Subset and Row Order of the table. It has a null value for rows not in the current
subset.
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$r andom (Deprecated)
A double-precision random number o<=x<1. NOTE: this token is deprecated since it can
behave unpredictably (the same cell does not always yield the same result). Use instead the
random() function in class Maths (Appendix B.1.14).

The following specials are parameter-like, in that their value is not sensitive to the row:

$nr ow
The number of rows in the table. This figure refers to the underlying table, not the apparent
table, so it is not affected by the value of the current subset. Note that this value is al ong
(8-byte integer); when using it in certain expressions you may find it necessary to convert it to
anint (4-byteinteger) using thet ol nt eger () function.

$ncol
The number of columnsin the table. This figure refers to the underlying table, not the apparent
table, so it is not affected by hiding columns.

$nr ow0
The number of rows in the apparent table. This value may be less than $nrow if a non-default
current subset is selected.

$ncol 0
The number of columns in the apparent table. This value will be less than $ncol if some
columns are currently hidden.

7.5 Null Values

When no specia steps are taken, if a null value (blank cell) is encountered in evaluating an
expression (usually because one of the columns it relies on has a null value in the row in question)
then the result of the expression isalso null.

It is possible to exercise more control than this, but it requires a little bit of care, because the
expressions work in terms of primitive values (numeric or boolean ones) which don't in general
have a defined null value. The name "null" in expressions gives you the java nul | reference, but
this cannot be matched against a primitive value or used as the return value of a primitive
expression.

For most purposes, the following two tips should enable you to work with null values:

Testing for null
To test whether a column contains a null value, prepend the string "NULL_" (use upper case) to
the column name or $ID. Thiswill yield a boolean value which is true if the column contains a
blank or afloating point NaN (not-a-number) value, and false otherwise.

Returning null
To return a null value from a numeric expression, use the name "NULL" (upper case). To return
anull value from a non-numeric expression (e.g. a String column) use the name "nul I " (lower
case).

Null values are often used in conjunction with the conditional operator, "2 :"; the expression

test ? tval : fval

returns the value t val if the boolean expressiont est evaluatestrue, or fval if t est evaluatesfalse.
So for instance the following expression:

Vmag == -99 ? NULL : Vmag
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can be used to define a new column which has the same value as the Vmag column for most values,
but if Vmag has the "magic" value -99 the new column will contain a blank. The opposite trick
(substituting a blank value with a magic one) can be done like this:

NULL_Vmag ? -99 : Vmag
Some more examples are given in Section 7.9.

Note that for floating point data, TOPCAT treats nul I and NaN (Not-a-Number) values somewhat
interchangeably. Blank values arising either from an input file format that can represent missing
values, or from processing that fails to provide a definite value, are in most cases represented
internally as nul I for integer-type values and NaN for floating point values. However in general
users should not rely on distinguishing between nul I and NaN.

7.6 Operators

The operators are pretty much the same asin the C language. The common ones are:
Arithmetic

+ (add)

- (subtract)
* (multiply)
/ (divide)
%(modulus)

Logical

I (not)

&& (and)

|l (or)

~ (exclusive-or)

== (numeric identity)

I = (numeric non-identity)
< (lessthan)

> (greater than)

<= (lessthan or equal)

>= (greater than or equal)

Bitwise
& (and)
| (or)
~ (exclusive-or)
<< (l€eft shift)
>> (right shift)
>>> (logical right shift)

Numeric Typecasts

(byte) (numeric-> signed byte)

(short) (numeric-> 2-byteinteger)

(i nt) (numeric-> 4-byte integer)

(1 ong) (numeric-> 8-byteinteger)

(float) (numeric->4-bytefloating point)
(doubl e) (numeric -> 8-byte floating point)

Note you may find the numeric conversion functions in the M aths class described in Appendix
B.1 below more convenient for numeric conversions than these.
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Other

+ (string concatenation)

[1 (array dereferencing - first element is zero)
2. (conditional switch)

i nst anceof (class membership)

7.7 Functions

Many functions are available for use within your expressions, covering standard mathematical and
trigonometric functions, arithmetic utility functions, type conversions, and some more specialised
astronomical ones. You can use them in just the way you'd expect, by using the function name
(unlike column names, this is case-sensitive) followed by comma-separated arguments in brackets,
SO

max( | MAG, JMAG)
will give you the larger of the valuesin the columns IMAG and IMAG, and so on.

The functions are grouped into the following classes:

Arithmetic
Standard arithmetic functions including things like rounding, sign manipulation, and
maximum/minimum functions.

Arrays

Functions which operate on array-valued cells.
Bits

Bit manipulation functions.

Conversions
Functions for converting between strings and numeric values.

Coor dsDegrees
Functions for angle transformations and manipulations, with angles generally in degrees.

CoordsRadians
Functions for angle transformations and manipulations, based on radians rather than degrees.

Coverage
Functions related to coverage and footprints.

Distances
Functions for converting between different measures of cosmological distance.

Fluxes
Functions for conversion between flux and magnitude values.

Formats
Functions for formatting numeric values.
Gaia
Functions related to astrometry suitable for use with data from the Gaia astrometry mission.
KCorrections
Functions for calculating K-corrections.
Lists
Functions which operate on lists of values.

Maths
Standard mathematical and trigonometric functions.
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Randoms
Functions concerned with random number generation.

Shapes
Functions useful for working with shapesin the (X, Y) plane.

Sky
Functions useful for working with shapes on a sphere.

Strings
String manipulation and query functions.
Tilings
Pixel tiling functions for the celestial sphere.
Times
Functions for conversion of time values between various forms.

TrigDegrees
Standard trigonometric functions with angles in degrees.

URLSs
Functions that construct URLs for external services.

VO
Virtual Observatory-specific functions.

Full documentation of the functions in these classes is given in Appendix B.1, and is also available
within TOPCAT from the Available Functions Window.

7.7.1 Technical Note

This note provides a bit more detail for Java programmers on what is going on here; only read on if
you want to understand how the use of functions in TOPCAT algebraic expressions relates to
normal Java code.

The expressions which you write are compiled to Java bytecode when you enter them (if thereisa
‘compilation error' it will be reported straight away). The functions listed in the previous
subsections are all the public static methods of the classes which are made available by default.
The classes listed ae al in the packages uk.ac.starlink.ttools.func and
uk. ac. starlink.topcat.func (uk.ac.starlink.topcat.func.Strings €tc). However, the public
static methods are all imported into an anonymous namespace for bytecode compilation, so that you
write (sqrt (x) and not Mat hs. sqrt (x) . The same happens to other classes that are imported (which
can be in any package or none) - their public static methods all go into the anonymous namespace.
Thus, method name clashes are a possibility.

This cleverness is adl made possble by the rather wonderful  JEL
(http://www.gnu.org/software/jel/).

7.8 Instance M ethods

There is another category of functions which can be used apart from those listed in the previous
section. These are caled, in Javalobject-oriented parlance, "instance methods' and represent
functions that can be executed on an object.

It is possible to invoke any of its public instance methods on any object (though not on primitive
values - numeric and boolean ones). The syntax is that you place a "." followed by the method
invocation after the object you want to invoke the method on, hence NAMVE. subst ri ng(3) instead of
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subst ri ng( NAME, 3) . If you know what you're doing, feel free to go ahead and do this. However,
most of the instance methods you're likely to want to use have equivaents in the normal functions
listed in the previous section, so unless you're a Java programmer or feeling adventurous, you are
probably best off ignoring this feature.

7.9 Examples

Here are some general examples. They could be used to define synthetic columns or (where
numeric) to define values for one of the axesin aplot.

Average

(first + second) * 0.5
Square root

sqrt(variance)

Angle conversion

radi ansToDegr ees( DEC r adi ans)
degreesToRadi ans( RA_degr ees)

Conversion from string to number

par sel nt ($12)
par seDoubl e(i dent)

Conversion from number to string

toString(i ndex)

Conversion between numeric types

t oShort (obs_type)
t oDoubl e(range)

or

(short) obs_type
(doubl €) range

Conversion from sexagesimal to degrees

hms ToDegr ees( RA1950)
drms ToDegr ees( decDeg, decM n, decSec)

Conversion from degreesto sexagesimal

degr eesToDs( $3)
degreesToHTs( RA, 2)

Outlier clipping

m n(1000, max(val ue, 0))

Converting a magic valueto null

jmag == 9999 ? NULL : jmag
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Converting a null value to a magic one
NULL_jrmag ? 9999 : jnag
Taking thethird scalar element from an array-valued column
psf Count s[ 2]

Converting spectral typeto numericvalue(e.g. "L3.5" ->235,"M7" -> 17)

"M.T".indexOf (spType. char At (0)) * 10 + parseDoubl e(substring(spType,1)) + 10

Note this uses a couple of Java String instance methods (Section 7.8) which are not explicitly
documented in this section.

Here are some examples of boolean expressions that could be used to define row subsets (or to
create boolean synthetic columns):

Within a numeric range

RA > 100 &% RA < 120 && Dec > 75 && Dec < 85

Within acircle

$2*$2 + $3*$3 < 1
skyDi st anceDegr ees(r a0, decO, hnsToDegr ees( RA) , dnsToDegr ees( DEC) ) <15. / 3600.

First 100 rows

i ndex <= 100
Every tenth row

index %10 == 0
String equality/matching

equal s(SECTOR, "ZZ9 Plural Z Al pha")

equal sl gnoreCase( SECTOR, "zz9 plural z al pha")
startsWth(SECTOR, "ZZ")

contai ns(ph_qual, "U")

String regular expression matching

mat ches( SECTOR, "[ XYZ] Al pha")
Subset inter section

1&& 2
Subset union

122

Other subset combinations

(in_cluster && has_photonetry) || ! _6

Test for non-blank value
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| NULL_ ellipticity

7.10 Adding User -Defined Functions

The functions provided by default for use with algebraic expressions, while powerful, may not
provide al the operations you need. For this reason, it is possible to write your own extensions to
the expression language. In this way you can specify arbitrarily complicated functions. Note
however that this will only allow you to define new columns or subsets where each cell is a
function only of the other cellsin the same row - there is no way to define a value in one row as a
function of valuesin other rows.

In order to do this, you have to write and compile a (probably short) program in the Java language.
A full discussion of how to go about thisis beyond the scope of this document, so if you are new to
Java and/or programming you may need to find a friendly local programmer to assist (or mail the
author). The following explanation is aimed at Java programmers, but may not be incomprehensible
to non-specialists.

The steps you need to follow are:

1. Write and compile a class containing one or more static public methods representing the
function(s) required

2. Make this class available on the application's classpath at runtime as described in Section
10.2.1

3. Specify the classs name to the application, either as the value of the jel.classes or
jel.classes. activati on System properties (colon-separated if there are several) as described
in Section 10.2.3 or during a run using the Available Function Window's Add Class ( +)

button

Any public static methods defined in the classes thus specified will be available for use in the
Synthetic Column, Algebraic Subset or (in the case of activation functions only) Activation
windows. They should be defined to take and return the relevant primitive or Object types for the
function required (in the case of activation functions the return value should normally be a short log
string).

For example, a class written as follows would define a three-value average:

public class AuxFuncs {
public static double average3(double x, double y, double z) {
return (x +y +2z) / 3.0;

}

and the expression "aver age3($1, $2, $3) " could then be used to define a new synthetic column,
giving the average of the first three existing columns. Exactly how you would build this is
dependent on your system, but it might involve doing something like the following:

1. Writing afile named "AuxFuncs.java' containing the above code
2. Compiling it using acommand like"j avac AuxFuncs. j ava"
3. Starting up TOPCAT with theflags: "t opcat - Dj el . cl asses=AuxFuncs -cl asspath ."

Note that (in versions later than TOPCAT 4.3-2) variable-length argument lists are supported where
the final declared argument is an array, so for instance a method declared like:

public static double sum(doubl e[] val ues) {
doubl e total = O;
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for (int i =0; i < values.length; i++) {
total += values[i];

return total;

}

can be invoked like "sun{ UMAG GVAG RVAG | MAG ZMAG) ". The adternative form "double. ..
val ues" can be used in the declaration with identical effect.
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8 Activation Actions

Note that the activation action framework has changed considerably at TOPCAT v4.6. It is now
much more flexible than in previous versions.

As well as seeing the overview of table data provided by a plot or statistics summary, it is often
necessary to focus on a particular row of the table, which according to the nature of the table may
represent an astronomical object, an event or some other entity. In the Data Window atable row is
simply arow of the displayed JTable, and in a scatter plot it corresponds to one plotted point.

If you click on a plotted point in one of the graphics windows, or on arow in the Data Window (or
in a few other circumstances - see below) the corresponding table row will be activated. When a
row is activated, four things happen:

1. If that row is represented by a point in any open 2- or 3-dimensiona scatter plot windows, a
visible cursor marker will be drawn centred on that point.

2. If the Data Window is visible, the table will be scrolled to show the row and it will be
highlighted

3. The contents of the Activated Row Subset will be updated to include (only) that row

4. If an activation action has been defined, it will be invoked

The first two of these mean that you can easily see which point in a plot corresponds to which row
in the table and vice versa - just click on one and the other will be highlighted. Y ou can also click
on a point in one plot and easily see the corresponding point in any other plots of the same data. If
you want to make the activation more visible in a plot, you can make sure the Activated entry is
checked in the layer control Subsets tab, and configure it in some distinctive way.

The fourth item is much more flexible. By using the Activation Window, you can set up one or
severa configurable events to take place on row activation. Examples include things like viewing a
cutout image near the activated row's sky position or sending the sky position to an external all-sky
viewer so that it displays that region of the sky. So for instance having spotted an interesting point
in a plot of a galaxy catalogue you can click on it, and immediately see an observed image to
identify its morphological type. Other options include communicating with external applications
using SAMP for each activated row, for instance asking an image viewer such as DS9 to load an
image in a table ImageURL column. All the options, along with details of how to configure them,
are listed in Appendix A.10.1. Since v4.6-1, all the defined Activation Actions are saved when you
save the session (though not if you just save the table).

If none of these options fits your particular requirements, there are various ways to implement
custom behaviour. One is to invoke some kind of external program such as a shell script, and pass
parameters to it based on row values; this can be done using the Run system command option. You
can also execute custom code in TOPCAT's expression language using the Execute code option
using some activation functions specially provided to perform useful actions (e.g. image display)
rather than just return results. Finally, advanced users can supply their own activation functions for
use with the Execute Code option, or can implement their own activation actions and plug them in
at runtime using thet opcat . act i vat or s System property.

A row can be activated in the following circumstances:

User clicks on the row in the Data Window

User clicks on the corresponding point in one of the plot windows (or old-style plot windows)
TOPCAT receivesat abl e. hi ghl i ght. r ow SAMP message

A Column Search finds exactly one matching row
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9 Tool Interoperability

TOPCAT is able to communicate with other tools using one or other of two messaging protocols:

* SAMP (Simple Applications Messaging Protocol)
 PLASTIC (PLatform for AStronomical InterConnection

An example of the kind of thing which can be done might be:

1. TOPCAT sends a catalogue to an image display tool

2. The image display tool shows the catalogue entries as markers placed appropriately on a
displayed image

3. User actions which highlight one of the points in one tool can then automatically highlight the
same point in the other

Examples of the kind of tool which TOPCAT can interoperate with in this way are image analysis
tools (SAOImage DS9, GAIA, Aladin), table analysis tools (VislVO, STILTS, other instances of
TOPCAT itself), spectrum analysis tools (SPLAT, VOSpec), sky visualisation tools (Aladin, World
Wide Telescope, VirGO), scripting languages (Astropy), and others.

SAMP and PLASTIC do much the same job as each other, and work in much the same way. SAMP
is an evolution of PLASTIC with a number of technical improvements, and PLASTIC has been
deprecated in favour of SAMP since around 2009. PLASTIC is therefore of mainly historical
interest, though TOPCAT can still run in PLASTIC mode on request, if you need it to communicate
with older tools that can only speak PLASTIC.

The communication architecture of the two protocols is basically the same: all tools communicate
with a central "Hub" process, so a hub must be running in order for the messaging to operate. If a
hub is running when TOPCAT starts, or if one starts up while TOPCAT is in operation, it will
connect to it automatically. If no SAMP hub is running, TOPCAT will set one up during application
startup.

TOPCAT can work in either SAMP or PLASTIC mode, but not both at once. It determines which
mode to use at startup: if the -sanp or -plastic flag is supplied on the command line the
corresponding mode will be used; otherwise it will try to use SAMP. It is easy to tell which modeis
being used by looking at the Control Window; in SAMP mode the SAMP panel displaying
connection and message status is visible at the bottom of the right hand panel (there are afew other
changes to the GUI as well).

This communication has two aspects to it: on the one hand TOPCAT can send messages to other
applications which causes them to do things, and on the other hand TOPCAT can receive and act on
such messages sent by other applications. The sent and received messages are described separately
in the subsections below. There are also sections on the, somewhat different, ways to control and
monitor messaging operatiion for the cases of SAMP and PLASTIC.

Note that the new activation action framework introduced in TOPCAT v4.6, unlike the activation
window in previous versions, in most cases only works with SAMP and not PLASTIC.

9.1 SAMP control

When running in SAMP mode, the Control Window features several ways to view and control
SAMP status.
SAMP Status button ( ~7%)

Pops up the SAMP Window which shows a detailed view of the status of SAMP
communications, and allows you to register or unregister with the hub, and to start a hub if
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required.

SAMP Status panel
The bottom part of the right hand panel has an area labelled SAMP. This gives a summary
view of registration status, other connected applications, and messages recently sent and
received. It is described in more detail in Appendix A.2.4.

Table Broadcast (jﬁw) and Table Send (Eﬂ) menu options

The Interop menu provides these options which allow you to send the currently selected table
to one or al connected clients. Note they will only be enabled if the hub is running, and there
is at least one connected client which knows how to receive atable. The Broadcast option is
also available on the toolbar.

Stop Internal Hub (@) menu option

By default, when TOPCAT starts up, it will look for a SAMP hub, and if none appears to be
running it will start one internally, which will normally run until TOPCAT exits. This is
usually not problematic, but if you would prefer to run a hub external to TOPCAT, then you
may need to shut down TOPCAT's before starting a new one. Using this option shuts down
TOPCAT'sinternal hub.

A number of other windows feature an Interop menu with Broadcast ( ﬁw) and Send (%c)

operations for data types appropriate to that window. Sometimes Broadcast appears in the toolbar as
well. In some cases there are also Accept (:#::) toggle options in the Interop menu. These control
imf

whether TOPCAT will respond to appropriate messages sent by other SAMP applications.

9.2 PLASTIC control

Note: the PLASTIC protocol has been deprecated in favour of SAMP since about 2009, and this
functionality, though still present, is of mostly historical interest.

You can view and control operations relating to the PLASTIC hub from the Interop menu in the
Control Window. It contains the following options:

Register with PLASTIC
Attempts to locate arunning PLASTIC hub and register with it.

Unregister with PLASTIC
If currently registered with a PLASTIC hub, unregisters with it.

Show registered applications
Pops up a small window which displays what applications are currently registered with any
PLASTIC hub with which TOPCAT is registered. This will be kept up to date as applications
register and unregister.

Start internal PLASTIC hub
Starts a PLASTIC hub as part of the process within which TOPCAT is running. This will only
work if ahub is not already running. The hub will terminate when TOPCAT exits.

Start external PLASTIC hub
Starts a PLASTIC hub as a separate process. This will only work if a hub is not already
running. The hub will continue running until it is explicitly terminated (e.g. using a kil |
command). Because this has some system-dependent features, it's not guaranteed to work,
especialy in non-Unix environments.
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Help on inter oper ability

Opens an appropriate help section in the help browser.
“:;w Broadcast Table

Broadcasts the currently selected table to all listening applications using PLASTIC.
%C Send Tableto ...

Sends the currently selected table to a selected listening application using PLASTIC. Select the
desired recipient application from the submenu.

9.3 Messages Transmitted

This section describes the messages which TOPCAT can transmit to other tools which understand
the SAMP or PLASTIC protocol, and how to cause them to be sent. Approximately the same
behaviour results for either SAMP or PLASTIC, except as noted.

In most cases you can choose two ways to transmit a message from TOPCAT:

jﬁg’] Broadcast

Broadcasts the message to all other applications currently registered with the hub which
understand that message.

%C Send
Sends the message to a single application which you select. The suitable applications (ones
which are registered with the hub and claim to understand that message) are listed and you can

choose one.

Examining the list of applications in the Send menu gives you an indication of which ones a
Broadcast would broadcast to. Note however that just because an application appears in this list
doesn't necessarily mean it will do something substantial with the message, for instance some
applications register with the hub just to monitor traffic. In general the Broadcast and Send actions
will be disabled (greyed-out) if TOPCAT is not registered with a hub, or if there are no applications
listening which claim to support the relevant message.

Below is a list of places you can cause TOPCAT to transmit messages. The SAMP MTypes and
PLASTIC message IDs are listed along with the descriptions; unless you are a tool developer you
can probably ignore these.

Transmit Table
The Control Window's Interop menu provides Broadcast Table and Send Table options
which cause the currently selected table to be transmitted to other listening applications. They
are invited to load the table in its current ("apparent”) form. The Broadcast action is aso
available in the toolbar.

The Send VOTable activation action also sends this message (SAMP only).
SAMP MTypes: t abl e. | oad. vot abl e Of t abl e. | oad. fits

PLASTIC Message IDs: ivo://votech. org/ votabl e/ | oad or
i vo://votech. org/vot abl e/ | oadFr omJRL

Transmit Subset
The Subset Window (Appendix A.3.4)'s Interop menu contains Broadcast Subset and Send
Subset options. These cause the selected subset to be sent to other listening applications (these
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actions are only available when one of the subsets is currently selected). Applications are
invited to highlight the rows corresponding to that subset. Note this will only have an effect if
the other application(s) are displaying the table that this subset relates to. This will be the case
in one of two situations: (1) the table has been loaded from the same URL/filename by the
other tool(s) or (2) the other tool(s) have acquired the table because it has already been
broadcast using SAMP/PLASTIC.

Also, whenever a new subset is created, for instance by entering an algebraic expression or
tracing out aregion on a plot (see Section 3.1.1), you have the option of transmitting the subset
directly to one or al listening applications as an alternative to adding the new subset to the
table's subset list.

SAMP MType: t abl e. sel ect . r owLi st
PLASTIC Message ID: i vo: / / vot ech. or g/ vot abl e/ showbj ect s

Transmit Row
The Send Row Index activation action will send the row index of the activated row to other
applications (SAMP only). As for Transmit Subset above, this will only have an effect if the
other application(s) are displaying the same table.

SAMP MType: t abl e. hi ghl i ght . row

Transmit Coordinates
The Send Sky Coordinates activation action will send the sky position of the activated row to
other applications (SAMP only). These other applications are invited to point out that sky
position, for instance by placing a marker or centering the current window on it.

SAMP MType: coord. poi nt At . sky

Transmit Image
The Send FITS Image and Send HiPS Cutout activation actions can send a URL representing a
FITS image to a suitable image analysis application for loading or display.

The (old-style, somewhat deprecated) Density Plot (Appendix A.5.7) window also produces a
2-d histogram which is actually an image, and this can be sent to image applications from its
Interop menu.

SAMP MType: i mage. | oad. fits
PLASTIC Message ID: i vo: // votech. org/fits/image/ | oadFr omJRL

Transmit Spectrum
The Send Spectrum activation action can send the contents of a nominated URL column to a
suitable spectrum analysis application for loading or display.

SAMP MType: spectrum | oad. ssa- generi c

Transmit Resource List
The Registry Query Panel present in most of the Virtual Observatory windows allows you to
send lists of VO registry resource identifiers to other applications which can make use of them.
Note this only worksin SAMP mode, not for PLASTIC.

SAMP MTypes: vor esour ce. | oadl i st. cone, vor esour ce. | oadl i st. si ap,
vor esour ce. | oadl i st. ssap

Custom messaging
The SAMP Message activation action can be used to send SAMP messages with arbitrary
MTypes and parameter lists.

9.4 M essages Received

This section describes the messages which TOPCAT will respond to when it receives them from
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other applications via the SAMP/PLASTIC hub. The SAMP MTypes and PLASTIC message IDs
are listed along with the descriptions; unless you are a tool developer you can probably ignore
these.

Load Table
Loads a table sent by another application. It is added to the list of tables in the Control
Window.

SAMP MType: tabl e. | oad. vot abl e, tabl e. | oad. fits, tabl e.|oad. cdf, tabl e. | oad. pds4
Ortable.load.stil

PLASTIC Message ID: i vo://votech. org/votabl e/ | oad or
i vo://votech. org/vot abl e/ | oadFr omJRL

Note the non-standard MType t abl e. | oad. sti | is supported for loading tables with SAMP.
Thisislikethe other t abl e. | oad. * MTypes, but any table format supported by the application
Is permitted. This MType has an additional parameter "f or mat ", which must contain the table
format name (not case sensitive).

New Subset

Loads arow selection sent from another application. If an external application islooking at the
same table as one that TOPCAT has loaded, it can send arow selection. In this case, TOPCAT
will add that selection as a new Row Subset for the table. The name of the received subset will
be that of the sending application, for instance "Aladin”. If a subset of that name already exists
(which is probably because the same application has sent a row selection previously) then its
content will be overwritten by the new selection. In either case, receiving the message causes
plots displaying data from the table in question to show the points from the new subset.

Note: this behaviour differs from the behaviour in TOPCAT versions prior to v3.0. Different
options for handling exactly how areceived row selection is treated may be made available in
future versions.

SAMP MType: t abl e. sel ect . r owLi st
PLASTIC Message ID: i vo: / / vot ech. or g/ vot abl e/ showbj ect s

Highlight Row
If TOPCAT aready has loaded the table identified by the request, it will activate (Section 8)
the requested row. Thiswill result in the row being marked in any currently visible plotsand in
the Data Window if it is visible, as well as performing any additional actions you have
configured in the Activation Window.

SAMP MType: t abl e. hi ghl i ght . row
PLASTIC Message ID: i vo: // vot ech. or g/ vot abl e/ hi ghl i ght Qbj ect

L oad Resource | dentifiers
Receives a list of VO registry resource identifiers from another application. Several of
TOPCAT's Virtual Observatory access windows display a list of resources in their Registry
Query Panel. Normally, the displayed resources are a default set or are those you have selected
by entering keywords. However, another application can send a list of resources, and if they
are of an appropriate type for the window in question, and if the window is currently visible,
its currently displayed list will be replaced with the ones which have been sent.

SAMP MTypes: vor esour ce. | oadl i st vor esour ce. | oadl i st. cone,
vor esour ce. | oadl i st. si ap, voresource. | oadl i st. ssap
Get Table

Allows clients to retrieve tables currently loaded into TOPCAT. This MType has a mandatory
parameter f or mat giving the (case-insensitive) table format name required for the output table.
It also takes an optional integer-like parameter i d, giving the ID number (as shown in the
Control Window table list) of the table required. If i d is missing or non-positive, the current
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table is used. The returned response has an output parameter url giving the URL of the
apparent table in question. This MType is experimental and may be modified or withdrawn in
the future.

SAMP MType: tabl e. get . stil .

System-level messages are also responded to. For SAMP these are:

®* sanp. hub. di sconnect

e sanp. hub. event . shut down

* sanp. hub. event.register

* sanp. hub. event. unregister

®* sanp. hub. event . net adat a

®* sanp. hub. event. subscri ptions
®* sanp. app. pi ng

and for PLASTIC:

* jvo://votech.org/test/echo

* ivo://votech.org/infol/get Nane

* ivo://votech.org/info/getlconURL

* ivo://votech.org/ hub/event/ Applicati onRegi stered

* ivo://votech.org/ hub/event/ Applicati onUnregi stered

* ivo://votech. org/ hub/event/HubSt oppi ng
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10 Invoking TOPCAT

Starting up TOPCAT may just be a case of typing "t opcat " or clicking on an appropriate icon and
watching the Control Window pop up. If that is the case, and it's running happily for you, you can
probably ignore this section. What follows is a description of how to start the program up, and
various command line arguments and configuration options which can't be changed from within the
program. Some examples are given in Section 10.5. Actually obtaining the program is not covered
here; please see the TOPCAT web page http://www.starlink.ac.uk/topcat/.

There are various ways of starting up TOPCAT depending on how (and whether) it has been
installed on your system; some of these are described below.

There may be some sort of short-cut icon on your desktop which starts up the program - in this case
just clicking on it will probably work. Failing that you may be able to locate the jar file (probably
named t opcat . j ar, topcat-ful | .jar Ortopcat-lite.jar)andclick onthat. These files would be
located in the j ava/li b/ topcat/ directory in a standard Starjava installation. Note that when you
start by clicking on something you may not have the option of entering any of the command line
options described below - to use these options, which you may need to do for serious use of the
program, you will have to run the program from the command line.

Alternatively you will have to invoke the program from the command line. On Unix-like operating
systems, you can use the t opcat script. If you have the full starjavainstallation, thisis probably in
the starjava/javalbin directory. If you have one of the standalone jar files (topcat-full.jar or
topcat-lite.jar), it should be in the same directory as it/them. If it's not there, you can unpack it from
the jar file itself, using a command like unzip topcat-lite.jar topcat. If that directory (and
java) ison your path then you can write:

topcat []java-args] [topcat-args]

In this case any arguments which start - D or - X are assumed to be arguments to the java command,
any arguments which start -J are stripped of the -J and then passed as arguments to the java
command, a -cl asspat h path defines a class path to be used in addition to the TOPCAT classes,
and any remaining arguments are used by TOPCAT.

If you're not running Unix then to start from the command line you will have to use the j ava
command itself. The most straightforward way of doing thiswill look like:

java [java-args] -jar path/to/topcat.jar [topcat-args]

(or the same for topcat -ful | . jar etc). However NOTE: using javas -j ar flag ignores any other
class path information, such as the CLASSPATH environment variable or javas - cl asspat h flag -
see Section 10.2.1.

Note that Java Web Start can aso be used to invoke the program without requiring any prior
download/installation - sorry, thisisn't documented properly here yet.

The meaning of the optional [t opcat - args] and [j ava-args] Sequences are described in Section
10.1 and Section 10.2 below respectively.

10.1 TOPCAT Command-line Arguments

You can start TOPCAT from the command line with no arguments - in this case it will just pop up
the command window from which you can load in tables. However you may specify flags and/or
table locations and formats.

If you invoke the program with the "- hel p" flag you will see the following usage message:
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Usage: topcat <flags> [[-f <format>] <table> ...]
Ceneral flags:

-hel p print this nessage and exit
-version print conponent versions etc and exit
-ver bose i ncrease verbosity of reports to console
- debug add debugging information to consol e | og nessages
- deno start with denp data
-runni ng use exi sting TOPCAT instance if one is running
- menory use nenory storage for tables
-di sk use di sk backing store for large tables
-sanp use SAMWP for tool interoperability
-plastic use PLASTIC for tool interoperability
-[ no] hub [don't] run internal SAWMP/ PLASTI C hub
- ext hub run external SAMP/ PLASTI C hub
-noserv don't run any services (PLASTIC or SAW)

-nocheckvers don't check | atest version
-stilts <args> run STILTS not TOPCAT
-jsanp <args> run JSAMP not TOPCAT

Useful Java fl ags:

-classpath jarl:jar2.. specify additional classes
- XmxnnnM use nnn negabytes of menory
- Dnane=val ue set system property

Aut o- detected formats:
fits-plus, colfits-plus, colfits-basic, fits, votable, cdf, ecsv, pds4, mt,

Al known formats:

fits-plus, colfits-plus, colfits-basic, fits, votable, cdf, ecsv, pds4, nrt,
Useful system properties (-Dnane=value - lists are col on-separated):

java.io.tnpdir tenporary fil espace directory

j dbc. drivers JDBC driver classes

jel.classes custom al gebrai c function cl asses

jel.classes.activation customaction function classes

star.connectors customrenote filestore classes

startabl e.l oad. di al ogs custom | oad di al ogue cl asses

startabl e. readers custom tabl e i nput handl ers

startable.witers customtabl e output handlers

startabl e. st orage storage policy

mar k. wor kar ound wor k around mark/reset bug

(see topcat -jsanp -help for nore)

The meaning of the flagsis asfollows:

-f <format>

Signifies that the file(s) named after it on the command line are in a particular file format.
Some file formats (VOTable, FITS) can be detected automatically by TOPCAT, but others
(including Comma-Separated Values) cannot - see Section 4.1.1. In this case you have to
specify with the - f flag what format the named files are in. Any table file on the command line
following a-f <format > sequence must be in the named format until the next -f flag. The
names of both the auto-detected formats (ones which don't need a -f) and the
non-auto-detected formats (ones which do) are given in the usage message you can see by
giving the - hel p flag (this message is shown above). You may aso use the classname of a
class on the classpath which implements the Tabl eBui | der interface - see SUN/252.

-help
If the - hel p (or - h) flag is given, TOPCAT will write a usage message and exit straight away.

-version
If the -version flag is given, TOPCAT will print a summary of its version and the versions
and availability of some its components, and exit straight away.

-verbose
The - verbose (or - v) flag increases the level of verbosity of messages which TOPCAT writes
to standard output (the console). It may be repeated to increase the verbosity further. The
messages it controls are currently those written through java's standard logging system - see

par quet ,

par quet ,
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the description of the Log Window (Appendix A.11.13) for more information about this.

-debug
The - debug flag affects how logging messages appear (whether they appear is affected by the
-ver bose flag). If present, these messages will provide more detail about where each message
was generated from.

-demo
The - deno flag causes the program to start up with a few demonstration tables loaded in. You
can use these to play around with its facilities. Note these demo tables are quite small to avoid
taking up alot of spacein the installation, and don't contain particularly sensible data, they are
just to give an idea.

-running
The -runni ng flag can be used when specifying tables on the command line. If an existing
instance of TOPCAT is aready running, the tables are loaded into it. If no instance of
TOPCAT is running (or at least one cannot be discovered), then the - runni ng flag has no
effect and a new instance is started up as usual.

-memory
If the - menory flag is given then the program will store table data in memory, rather than the
default which isto store small tablesin memory, and larger onesin temporary disk files.

-disk
If the - di sk flag is given then the program will store table data in temporary disk files, rather
than the default which is to store small tables in memory, and larger ones on disk. If you get
out of memory messages, running with the - di sk flag might help, though the default policy
should work fairly well. The temporary data files are written in the default temporary directory
(defined by thej ava. i o. t npdi r System property - often /t np - and deleted when the program
exits, unlessit exits in an unusua way.

-samp
Forces TOPCAT to use SAMP for tool interoperability (see Section 9). SAMP rather than
PLASTIC isthe default, so this flag has no effect.

-plastic
Forces TOPCAT to use PLASTIC instead of SAMP for tool interoperability (see Section 9).

-[nolhub
The - hub flag causes TOPCAT to run an internal SAMP or PLASTIC hub (SAMP by default),
if no hub is aready running, and the - nohub flag prevents this from happening. The default
behaviour, when neither of these flags is given, is to start a hub automatically for SAMP but
not for PLASTIC. The hub will terminate when TOPCAT does, or can be shut down manually
with the Inter op|Stop Internal Hub (g) menu item. See Section 9.

-exthub
Causes TOPCAT to attempt to run an external SAMP or PLASTIC hub, if no hub is already
running. The hub will show up in its own window, and can be stopped by closing the window.
The hub will continue to run after TOPCAT terminates. Invoking external processes from Java
isinherently unreliable, so thisis done on a best-efforts basis. See Section 9.

-noserv
Prevents TOPCAT from running any services. Currently the services which it may run are
SAMP or PLASTIC (see above).

-checkvers
Prevents TOPCAT from checking an externa URL so it can determine whether the latest
version is being run.

-stilts <stilts-args>
This flag is a convenience which alows you to run the STILTS command-line tool instead of
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TOPCAT. Thisis possible because TOPCAT is built on top of STILTS and contains a superset
of its code. See the STILTS manua (or topcat -stilts -help) for the form of the
<stilts-args>.

-jsamp <jsamp-ar gs>
This flag is a convenience which alows you to run the jsasmp command-line tool, from the
JSAMP package, instead of TOPCAT. Thisis possible because TOPCAT contains the JISAMP
library. JSAMP provides various SAMP-related utilities, such as a freestanding hub and
diagnostic tools. See the JSAMP documentation, or do topcat -jsamp -help for more
information.

Other arguments on the command line are taken to be the locations of tables. Any tables so
specified will be loaded into TOPCAT at startup. These locations are typically filenames, but could
also be URLSs or scheme specifications. In addition they may contain "fragment identifiers’ (with a
"#") to locate a table within a given resource, so that for instance the location

/nmyl/data/catl.fits#2

means the second extension in the multi-extension FITS file /ny/ data/cat1.fits. Section 4.2
describes in more detail the kinds of URL s which can be used here.

Note that options to Java itself may also be specified on the command-line, as described in the next
section.

10.2 Java Options

As described above, depending on how you invoke TOPCAT you may be able to specify arguments
to Java itself (the "Java Virtua Machine") which affect how it runs. These may be defined on the
command line or in some other way. The following subsections describe how to control Java in
ways which may be relevant to TOPCAT; they are however somewhat dependent on the
environment you are running in, so you may experience OS-dependent variations.

10.2.1 Class Path

The classpath is the list of places that Java looks to find the bits of compiled code that it usesto run
an application. When running TOPCAT this always has to include the TOPCAT classes themselves
- thisis part of the usual invocation and is described in Section 10. However, for certain things Java
might need to find some other classes, in particular for:

o JDBC drivers (see Section 10.3)
* Providing extended algebraic functions (see Section 7.10)
* Installing I/0O handlers for new table formats (see Section 4.1.3)

If you are going to use these facilities you will need to start the program with additional class path
elements that point to the location of the classes required. How you do this depends on how you are
invoking TOPCAT. If you are using tht t opcat startup script, you can write:

topcat -classpath other-paths ...

(this adds the given paths to the standard ones required for TOPCAT itself). If you are invoking
javadirectly, then you can either write on the command line:

java -classpath path/to/topcat.jar:other-paths
uk.ac.starlink.topcat.Driver ...

or set the CLASSPATH environment variable something like this:
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set env CLASSPATH path/to/topcat.jar: ot her-paths
In any case, multiple (extra) paths should be separated by colons in the other-paths string.

Note that if you are running TOPCAT using javas -j ar flag, any attempt you make to specify the
classpath will beignored! Thisisto do with Java's security model. If you need to specify a classpath
which includes more than the TOPCAT classes themselves, you can't use java -jar (usejava
-classpath topcat-lite.jar:... uk.ac.starlink.topcat.Driver instead).

10.2.2 Memory Size

If TOPCAT fails during operation with a message that says something about a
java. | ang. Qut Of Menor yEr r or , then your heap size is too small for what you are trying to do. You
will have to run java with a bigger heap size using the - xmx flag. Invoking TOPCAT from the
t opcat Script you would write something like:

topcat - Xmx256M ...
or using javadirectly:

java - Xnx256M . ..

which means use up to 256 megabytes of memory (don't forget the "M" for megabyte). JVMs often
default to a heap size of 64M. You probably don't want to specify a heap size larger than the
physical memory of the machine that you are running on.

There are other types of memory and tuning options controlled using options of the form
- X<somet hi ng- or - ot her >; if you're feeling adventurous you may be able to find out about these by
typing "j ava - X".

10.2.3 System properties

System properties are a way of getting information into Java (they are the Java equivalent of
environment variables). The following ones have specia significance within TOPCAT:

appl e. | af . useScr eenMenuBar
On the Apple Macintosh platform only, this property controls whether menus appear at the top
of the screen as usual for Mac, or at the top of individual windows as usual for Java. By default
itissettotrue for TOPCAT, so menus mostly appear at the top of the screen (though it's not
true to say that TOPCAT obeys the Mac look and feel completely); if you prefer the more
Javarlike look and fedl, setittof al se.

htt p. pr oxyHost
If you are operating inside a firewall which prohibits direct HTTP connections, you can set this
to the name of an HTTP proxy server in order to access remote servers as required for VO
functionality etc. There are a number of related system properties which you may or may not
need to use in this case: http. proxyPort, https. proxyHost €etc. See the appropriate java
documentation (e.g. by googling for "http.proxyHost") for details.

java.io.tmpdir
The directory in which TOPCAT will write any temporary files it needs. This defaults to the
system temporary directory (e.g. / t mp on Unix), so if working with large unmapped (e.g. CSV)
tables on a machine with limited space on the default disk, it may be necessary to changeit.

java.util.concurrent. ForkJoi nPool . common. paral | el i sm
Controls the level of parallelisation done by certain processing, currently mainly visualisation.
By default it is typically set to one less than the number of processing cores on the current
machine. To inhibit parallelisation (e.g. if you suspect that the parallel output is giving
different results to sequential processing) you can set thisto 1.
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jdbc.drivers
Can be set to a (colon-separated) list of JDBC driver classes using which SQL databases can
be accessed (see Section 10.3).

jel.classes
Can be set to a (colon-separated) list of classes containing static methods which define
user-provided functions for synthetic columns or subsets. (see Section 7.10).

jel.classes. activation
Can be set to a (colon-separated) list of classes containing static methods which define
user-provided functions for use in custom activation expressions. (see Section 7.10).

j sanp. hub. profiles

This property determines what profiles a SAMP hub will use if you run an internal or external
hub from TOPCAT (either with the - hub/-ext hub flag or from the GUI). The value is a
comma-separated list of profile specifiers; options are "std" for Standard Profile, "web™ for
Web Profile or the name of a class implementing the or g. ast rogri d. sanp. hub. HubProfil e
interface. The default setting runs just a Standard Profile hub, but, for instance, setting it to
"std, web" would run a Web Profile as well. Note you should include st d in the list, otherwise
TOPCAT will not be able to talk to the hub. See the JSAMP documentation for more detail.

j sanp. | ocal host
Sets the hosthame by which the local host is to be identified in URLS, for instance server
endpoints. If unset, the default is currently the loopback address "127. 0. 0. 1". However, if this
property is set (presumably to the local host's fully- or partly-qualified domain name) its value
will be used instead. Two special values may also be set: "[ host nane] " for the host's fully
gualified domain name, and "[ host nunber] " for the IP number.

j sanp. server. port
Gives a preferred port number on which to open TOPCAT's internal HTTP server, used for
SAMP communications amongst other things. If this port is unavailable, some other port will
be used instead.

j samp. xm rpc.inp
Indicates which pluggable XML-RPC implementation should be used for SAMP
communications. By default an internal implementation is used. If it is set to "xm -1 0g" or
"rpc-1o0g" then al XML-RPC communications will be logged in very or fairly verbose terms
respectively to standard output. The classname of an or g. ast rogri d. sanp. xm r pc. Xm RpcKi t
implementation may be given instead to use a custom implementation.

lut.files
Can be set to a (colon-separated on * nix, semicolon-separated on Windows) list of files giving
custom lookup tables for auxiliary axis and density map colour maps. Each file should be a
text file containing a number of space-separated lines, each containing red, green, blue samples
in the range 0-1. For instance thefile

1.0 1.0 0.0

1.0 0.0 1.0

would give a colour map that fades from yellow to magenta. Any number of samples may be

given; the scale is interpol ated.

mar k. wor kar ound
If set to "true”, this will work around a bug in the mar k() /reset () methods of some java
| nput St r eam classes. These are rather common, including in Sun's J2SE system libraries. Use
thisif you are seeing errors that say something like "Resetting to invalid mark". Currently
defaultsto "false”.

myspace. cache
If set to "true”, this will prevent directories in the MySpace file browser from being read more
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than once. This is a workaround for MySpace performance problems at time of writing (April
2006); setting it true may lead to out of date file listings in MySpace, but it may be much
faster. This behaviour may be withdrawn in future versions if MySpace performance improves.
Currently defaultsto "false".

servi ce. maxparal | el
Raises the maximum number of concurrent queries that may be made during a multi-cone
operation. You should only increase this value with great care since you risk overloading
servers and becoming unpopular with data centres. As a rule, you should only increase this
value if you have obtained permission from the data centres whose services on which you will
be using the increased parallelism.

st ar. basi caut h. user

st ar. basi caut h. passwor d
If set, these will provide username and password for HTTP Basic Authentication. Any time the
application attempts to access an HTTP URL and is met by a 401 Unauthorized response, it
will try again supplying these user credentials. Thisis arather blunt instrument, since the same
identity is supplied regardless of which URL is being accessed, but it may be of some use in
accessing basi c-authentication protected services.

If these properties are not set, then on encountering a 401 in the application will pop up a
dialogue window asking for username and password.

star.connectors
Can be set to a (colon-separated) list of classes which provide access to remote filespace
implementations. Thus-named classes should implement the
uk. ac. starlink. connect. Connect or interface which specifies how you can log on to such a
service and provides a hierarchical view of the filespace it contains.

startabl e. | oad. di al ogs
Can be set to a (colon-separated) list of custom table load dialogue classes. Briefly, you can
install your own table import dialogues at runtime by providing classes which implement the
uk. ac. starlink.tabl e. gui . Tabl eLoadDi al og interface and naming them in this property.
See STIL documentation for more detail.

startabl e. readers
Can be set to a (colon-separated) list of custom table format input handler classes (see Section
4.1.3).

startabl e. schenes
Can be set to a (colon-separated) list of custom table scheme handler classes. Each class must
implement the uk. ac.starlink.tabl e. Tabl eSchene interface, and must have a no-arg
constructor. The schemes thus named will be available alongside the standard ones listed in
Section 4.3.

startabl e. st orage
Can be set to determine the default storage policy. Setting it to "di sk" has basically the same
effect as supplying the "- di sk" argument on the TOPCAT command line (see Section 10.1).
Other possible values are "adaptive", "menory"”, "si deways” and "di scard"; see SUN/252.
The default is "adapt i ve", which means storing smaller tables in memory, and larger ones on
disk.

startabl e. unnap
Determines whether and how unmapping of memory mapped buffers is done. Possible values
are "sun" (the default), "cl eaner ", "unsaf e" or "none". In most cases you are advised to leave
this alone, but in the event of unmapping-related JVM crashes (not expected!), setting it to

none may help.

startable.witers
Can be set to a (colon-separated) list of custom table format output handler classes (see Section
4.1.3).
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topcat.activators
Can be set to a (colon-separated) list of custom Activation Actions. Each element must be the
class path of a class implementing the uk. ac. starlink.topcat. activate. Acti vati onType
interface, and which has a no-arg constructor.

topcat. exttool s
Defines extension tools to be used by TOPCAT. The value is a colon-separated list of class
names, each of which must implement the uk. ac.starlink.topcat. Topcat Tool Acti on
interface and have a no-arg constructor. The actions corresponding to any such classes will be
added to toolbar. This is an experimental extensibility feature, which may be modified or
withdrawn in a future release.

user.dir
Sets the current working directory. This determines the default from which the file browsers
will start.

vot abl e. nanespaci ng
Determines how namespacing is handled in input VOTable documents. Known values are
"none” (N0 namespacing, xmins declarations in VOTable document will probably confuse
parser), "l ax" (anything that looks like it is probably a VOTable element will be treated as a
VOTable element) and "strict" (VOTable elements must be properly declared in one of the
correct VOTable namespaces). May dso be set to the classname of a
uk. ac. starlink. vot abl e. Nanespaci ng implementation. The default is"l ax".

votabl e. stri ct
Controls the behaviour when encountering a VOTable FIELD or PARAM element with a
dat at ype attribute of char/uni codeChar, and no arraysi ze attribute. The VOTable standard
says this indicates a single character, but some VOTables omit arraysize specification by
accident when they intend arr aysi ze="*". If votabl e. strict iSSettrue, amissing arraysize
will be interpreted as meaning a single character, and if fal se, it will be interpreted as a
variable-length array of characters (astring). The default ist r ue.

vot abl e. ver si on
Selects the version of the VOTable standard which output VOTables will conform to by
default. May take the values "1.0", "1.1", "1.2", "1.3" or "1.4". By default, version 1.4
VOTables are written.

To define these properties on the command line you use the - D flag, which has the form

- D<pr operty- nane>=<val ue>
If you're using the TOPCAT startup script, you can write something like:

topcat -Djdbc.drivers=org. postgresql.Driver ...

or if you're using thej ava command directly:

java -Djdbc.drivers=org. postgresql.Driver ...

Alternatively you may find it more convenient to write these definitions in a file named
.starjava. properties in your home directory; the above command-line flag would be equivalent
to inserting the line:

j dbc. drivers=org. postgresql.Driver

Inyour . starj ava. properti es file.

10.3 JDBC Configuration
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This section describes additional configuration which must be done to allow TOPCAT to access
SQL-compatible relational databases for reading (see Appendix A.6.4) or writing (see Appendix
A.7.2.4) tables. If you don't need to talk to SQL-type databases, you can ignore the rest of this
section. The steps described here are the standard ones for configuring JDBC (which sort-of stands
for Java Database Connectivity); you can find more information on that on the web. The best place
to look may be within the documentation of the RDBMS you are using.

To use TOPCAT with SQL-compatible databases you must:

* Have access to an SQL-compatible database locally or over the network
 HaveaJDBC driver appropriate for that database

* Install thisdriver for use with TOPCAT

*  Know the format the driver uses for URL s to access database tables

» Have appropriate privileges on the database to perform the desired operations

Installing the driver consists of two steps:

1. Ensurethat the classpath you are using includes this driver class as described in Section 10.2.1
2. Setthejdbc. drivers system property to the name of the driver class as described in Section
10.2.3

Below are presented the results of some experiments with JDBC drivers. Note however that this
information may be be incomplete and out of date. If you have updates, feel free to pass them on
and they may be incorporated here.

To the author's knowledge, TOPCAT has so far successfully been used with the following
RDBM Ss and corresponding JDBC drivers:

MySQL
MySQL has been tested on Linux with the Connector/J driver and seems to work; tested
versions are server 3.23.55 with driver 3.0.8 and server 4.1.20 with driver 5.0.4. Sometimes
tables with very many (hundreds of) columns cannot be written owing to SQL statement length
restrictions. Note there is known to be a column metadata bug in version 3.0.6 of the driver
which can cause a ClassCastException error when tables are written. Check the driver's

documentation for additional parameters, for instance
"useUni code=t r ue&char act er Encodi ng=UTF8" may be required to handle some non-ASCI|
characters.

PostgreSQL

PostgreSQL 7.4.1 apparently works with its own driver. Note the performance of this driver
appears to be rather poor, at least for writing tables.

Oracle
You can use Oracle with the JDBC driver that comes as part of its Basic Instant Client
Package. However, you may not be able to use the SQL load/SQL save dialogue boxes to do it.
Y ou have to specify a JDBC URL specifying the query to read/table to write as a string in the
Location field of the normal table load/save dialogue boxes. The URL will ook something
like

j dbc: oracl e:thin: @/ host nane: 1521/ dat abase#SELECT . . .
for querying an existing database (loading) and
jdbc:oracle:thin: @/ host nane: 1521/ dat abase#new-t abl e- nane

for writing a new table (saving).
SQL Server
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There is more than one JDBC driver known to work with SQL Server, including JTDS and its
own JDBC driver. Some evidence suggests that jTDS may be the better choice, but your
mileage may vary.

Sybase ASE
There has been a successful use of Sybase 12.5.2 and jConnect (jconn3.jar) using a JDBC
URL like "j dbc: sybase: Tds: host nane: por t / dbnane?user =XXX&passwor d=XXX#SELECT. . . ".
An earlier attempt using Sybase ASE 11.9.2 failed.

It is probably possible to use other RDBM Ss and drivers, but you may have to do some homework.

Here are some example command lines to start up TOPCAT using databases that at least have
worked at some point.

PostgreSQL

java -classpath topcat-full.jar:pg73jdbc3.jar \
-DOj dbc. drivers=org. postgresql.Driver \
uk.ac.starlink.topcat.Driver

MySQL

java -classpath topcat-full.jar:nysqgl-connector-java-3.0.8-bin.jar \
-Dj dbc. drivers=com nysql . jdbc. Driver \
uk.ac. starlink.topcat.Driver

Oracle

java -classpath topcat-full.jar:ojdbcl4.jar \
-Dj dbc. drivers=oracle.jdbc.driver.Oacl eDriver \
uk. ac.starlink.topcat.Driver

SQL Server with jTDS

java -classpath topcat-full.jar:jtds-1.1.jar \
-Dj dbc. dri vers=net.sourceforge.jtds.jdbc.Driver \
uk. ac. starlink.topcat.Driver

10.4 Tipsfor Large Tables

Considerable effort has gone into making TOPCAT capable of dealing with large datasets. In
particular it does not in general have to read entire files into memory in order to do its work, so it's
not restricted to using files which fit into the java virtual machine's 'heap memory' or into the
physical memory of the machine. As a rule of thumb, the program will work at reasonable speed
with tables up to about 1-10 million rows, depending on the machine it's running on. It may well
work work with hundreds of millions of rows, but performance may be more sluggish. The number
of columnsisless of an issue, though see below concerning performance.

However, the way you invoke the program affects how well it can cope with large tables; you may
in some circumstances get a message that TOPCAT has run out of memory (either a popup or a
terse "OutOfMemoryError” report on the console), and there are some things you can do about this:

I ncrease Java's heap memory
When a Java program runs, it has a fixed maximum amount of memory that it will use; Java
does not really make use of virtual memory. The default amount depends on your machine and
java implementation. Y ou can increase this by using the - xnx flag, followed by the maximum
heap memory, for instance "topcat -Xmx1000M' oOr “java -Xmx1000M -jar
topcat-full.jar". Don't forget the "M' to indicate megabytes or "G' for gigabytes. It's
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generally reasonable to increase this value up to nearly the amount of free physical memory in
your machine if you need to (taking account of the needs of other processes running at the
same time) but attempting any more will usually result in abysmal performance. See Section
10.2.2.

Use FITSfiles

Because of the way that FITS files are organised, TOPCAT is able to load tables which are
stored as uncompressed FITS binary tables on disk almost instantly regardless of their size (in
this case loading just reads the metadata, and any data elements are only read if and when they
are required). So if you have a large file stored in VOTable or ASCII-based form which you
use often and takes a long time to load, it's a good idea to convert it to FITS format once for
subsequent use. Y ou can do this either by loading it into TOPCAT once and saving it asFITS,
or using the separate command-line package STILTS. Note that the "fits-plus’ variant which
TOPCAT uses by default retains all the metadata that would be stored in a corresponding
VOTable, so you won't normally lose information by doing this (see Section 4.1.2.1). As well
as speeding things up, using FITS files will aso reduce the need to use - xnx flags as above.
Feather format also has the same advantages.

Run in 64-bit mode
If you are working with afile or files whose total size approaches or exceeds about 2 Ghyte,
you should use a 64-bit version of java. This means that you will need a 64-hit operating
system, and also a 64-hit version of the Java Virtual Machine. Executing "j ava -versi on" (Or
"topcat -version") will probably say something about 64-bit-nessif it is 64-bit.

Use column-oriented storage

For realy large tables storing them in the colfits output format can significantly improve
performance. This stores all the elements of a single column contiguously on disk, which
means that scanning through all the values in one or a few columns can proceed with much
less unnecessary /O than in normal (row-oriented) FITS format. It will make most difference
when the table is larger than the amount of physical memory available, and the table has many
columns. Be aware however that operations which require al the cells in all the rows (for
instance, calculating row statistics) may be somewhat slower using this format. Feather format
is also column-oriented.

It is aso possible to use column-oriented storage for non-FITS files by specifying the flag
-Dstartabl e. st or age=si deways. This is like using the - di sk flag but uses column-oriented
rather than row-oriented temporary files. However, using it for such large files means that the
conversion is likely to be rather slow, so you may be better off converting the original file to
col fits format in a separate step and using that.

Usethe -disk flag

Theway TOPCAT stores table data is configurable, and the details can be controlled by setting
its Storage Policy. The default storage policy (since version 3.5), "adapti ve", means that the
data for relatively small tables are stored in memory, and for larger ones in temporary disk
files. This usually works fairly well and you're not likely to need to change it. However, you
can experiment if you like, and a small amount of memory may be saved if you encourage it to
store all table data on disk, by specifying the - di sk flag on the command line. Y ou can achieve
the same effect by adding the line st ar t abl e. st or age=di sk inthe . starj ava. properties in
your home directory. See Section 10.1, Section 10.2.3.

Asfar as performance goes, the memory size of the machine you're using does make a difference. If
the size of the dataset you're dealing with (thisis the size of the FITSHDU if it'sin FITS format but
may be greater or less than the file size for other formats) will fit into unused physical memory then
general everything will run very quickly because the operating system can cache the data in
memory; if it's larger than physical memory then the data has to keep being re-read from disk and
most operations will be much slower, though use of column-oriented storage can help alot in that
case.
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10.5 Examples

Here are some examples of invoking TOPCAT from the command line. In each case two forms are
shown: one using the t opcat script, and one using the jar file directly. In the latter case, the j ava
command is assumed to be on the your path, and the jar file itself, assumed in directory ny/tcdir,
might be named t opcat . j ar, topcat-ful | . jar, or something else, but the form of the command is
the same.

No arguments

t opcat
java -jar topcat.jar

Output usage message

topcat -h
java -jar topcat.jar -h

Load a FITSfile

topcat testcat.fits
java -jar my/tcdir/topcat.jar testcat.fits

L oading files of various formats

topcat tl.fits -f ascii t2.txt t3.txt -f votable t4.xm
java -jar ny/tcdir/topcat.jar t1l.fits -f ascii t2.txt t3.txt -f votable t4.xnl

Use disk storage format and boosted heap memory

topcat - Xnx256M -di sk
java - Xnk256M -jar ny/tcdir/topcat.jar -disk

M ake custom functions available

topcat -classpath ny/funcdir/funcs.jar -Djel.classes=ny. ExtraFuncs tl1.fits
java -classpath my/tcdir/topcat.jar:my/funcdir/funcs.jar \

-Dj el .classes=func. ExtraFuncs \

uk.ac.starlink.topcat.Driver tl.fits

Make PostgreSQL database connectivity available

topcat -classpath ny/jdbcdir/pg73jdbc3.jar -0 dbc.drivers=org. postgresql.Driver
java -classpath my/tcdir/topcat.jar:nmy/jdbcdir/pg73jdbc3.jar \
-Dj dbc. dri vers=org. postgresqgl .Driver uk.ac.starlink.topcat.Driver

Use custom 1/O handlers

topcat -classpath ny/driverdir/drivers.jar \
- Dst artabl e. reader s=ny. MyTabl eBui | der \
-Dstartable.witers=ny. MyTabl eWiter \
java -classpath ny/tcdir/topcat.jar:nmy/driverdir/drivers.jar \
-Dstart abl e. reader s=ny. MyTabl eBui | der \
-Dstartable.witers=nmy. MyTabl eWiter \
uk. ac.starlink.topcat.Driver

The -Dx=y definitions can be avoided by putting equivaent x=y lines into the
.starjava. properties inyour home directory.
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A TOPCAT Windows

This appendix gives a tour of al the windows that form the TOPCAT application, explaining the
anatomy of the windows and the various tools, menus and other controls. Attributes common to
many or all windows are described in Appendix A.1, and the subsequent sections describe each of
the windows individualy.

When the application is running, the Help For Window () toolbar button will display the

appropriate description for the window on which it is invoked.

A.1 Common Window Features

This section describes some features which are common to many or all of the windows used in the
TOPCAT program.

A.1.1 Toolbar

Each window has a toolbar at the top containing various buttons representing actions that can be
invoked from the window. Most of them contain the following buttons:

x Close

Closes the window. This convenience button has the same effect as closing the window in
whatever way your graphics platform normally alows. In most cases, closing the window does
not lose state associated with it (such asfields filled in); if you recover the window later it will
look the same as when you closed it.

Help

Pops up a Help browser window, or makes sure it is visible if it has already been opened. The
window will display help information relevant to the window in which you pushed this button.

Buttons in the toolbar often appear in menus of the same window as well; you can identify them
because they have the same icon. This is a convenience; invoking the action from the toolbar or
from the menu will have the same effect.

Often an action will only be possible in certain circumstances, for instance if some rows in the
associated JTable have been selected. If the action is not possible (i.e. it would make no sense to
invoke it) then the button in the toolbar and the menu option will be greyed out, indicating that it
cannot be invoked in the current state.

A.1.2 Menus

Most windows have a menu bar at the top containing one or more menus. These menus will usually
provide the actions available from the toolbar (identifiable because they have the same icons), and
may provide some other less-commonly-required actions too.

Here are some of the menus common to several windows:

Window menu
Nearly all windows have this menu. At least the following options are available:

=== Control Window
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Ensures that the Control Window is visible on the screen, deiconifying and raising it if
necessary. This can be useful if you 'lose’ the window behind a proliferation of other ones.

5 Scrollable
If selected, this causes the entire content of the window to be wrapped in scrollbars. It is
not generally recommended to use this option, since in genera the windows are arranged
so that resizing them will resize sensible parts of them, but it may be useful if using some
of the larger windows on an unusually small screen.

x Close

Closes the window. This convenience button has the same effect as closing the window in
whatever way your graphics platform normally allows. In most cases, closing the window
does not lose state associated with it (such as fields filled in); if you recover the window
later it will look the same as when you closed it.

@ Exit

Exits TOPCAT. You will be prompted to confirm this action if tables are loaded, since it
might result in loss of data.

Help menu
Nearly all windows have this menu. The following options are available:

D Help

Pops up the Help Window.

Help for Window

Pops up the Help Window; the window will display help information relevant to the
window in which the menu appears.

Help in Browser
O

Attempts to show the application help in a web browser. This is somewhat system
dependent and is not guaranteed to work.

Help in Browser (single page)

_Attempts to show the application help in a web browser as a single (long page). This can
be useful if you want to search for a given word or string in the text. This is somewhat
system dependent and is not guaranteed to work.

2 Help for Window in Browser

Attempts to show the help page relevant to the window in which the menu appearsin a
web browser. Thisis somewhat system dependent and is not guaranteed to work.

About TOPCAT
e

Pops up alittle window giving information on the version and authorship of the program.
It also reports on availability of some optional components.

Display menu
This menu is available for most windows which display their data using a JTable component.
If present, it contains alist of the columns in the JTable with tickboxes next to them - clicking
on a column name in this menu toggles whether the column is visible in the window.
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An example JTable

Many of the windows, including the Data Window, display their datain avisua component called a
JTable. Thisdisplays agrid of values, with headings for each column, in a window which you can
scroll around. Although JTables are used for a number of different things (for instance, showing the
table data themselves in the Data Window and showing the column metadata in the Columns
Window), the fact that the same widget is used provides a common look and feel.

Here are some of the things you can do with a JTable:

Scroll around
Using the scrollbars which may appear to the right and below the table you can scroll around it
to see parts which are not initially visible. You can grab the sliders and drag them around by
holding the mouse button down while you move it, or click in the slider "trough" one side or
other of the current dlider position to move a screenful. Under some circumstances the cursor
arrow keys and PageUp/PageDown keys may move the table too. If the JTableis small enough
to fit within the window the scrollbars may not appear.

Move columns
By clicking on the header (grey title bit at the top) of a column and dragging it left or right,
you can change the order of columns as displayed. In some cases (the Data Window) this
actually has the effect of changing the order of the columnsin the table; in other casesit isjust
cosmetic.

Resize columns
By dragging on the line between row headers you can change the width of the columnsin the
table.

Edit cells
In some cases, cells are editable. If they are, then double-clicking in the cell will begin an edit
session for that cell, and pressing Return will confirm that the edit has been made.

Select rows
Sometimes rows can be highlighted; you can select one row by clicking on it or a number of
contiguous rows by clicking and dragging from the first to the last. To add further rows to a set
already selected without deselecting the first lot, hold the "Control" key down while you do it.

Sort rows
In some cases you can sort the entries in a JTable by clicking on the header of the column you
want to sort by. A sorted column displays a little up or down arrow in the header. Clicking
once sorts up, clicking again on the same header sorts down, and clicking a third time restores
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the natural ordering. This feature is available for most, but not all displayed JTables. Note also
that some columns do not define a sort order; clicking on the header of such a row has no
effect.

In some cases where a JTable is displayed, there will be a menu on the menu bar named Display.
This permits you to select which columns are visible and which are hidden. Clicking on the menu
will give you alist of al the available columns in the table, each with a checkbox by it; click the
box to toggle whether the column is displayed or not.

A.1.4 Column Selector

X Axis: BMAG - RMAG | = | [4[»

Editable Column Selector

Several windows in TOPCAT invite you to select a column value from one of the loaded tables by
presenting a selection box like the one in the figure. Examples are the Plot and Match windows.

In the simplest case you can simply select the value from the list of columns by clicking on the
down-arrow at the right and then selecting one from the drop-down list of columns which is offered.
Note that only appropriate columns will be offered - for instance if a numeric value is required,
string-valued columns will not be included.

Another possibility is to use the little left/right arrows on the far right to cycle through all the
known columns. This can be useful in plots, for instance to see a sequence of all the available plots
against agiven abcissa using only one click at atime.

Finally, you can type in an expression giving the required value. This can either be the name of a
column just as if you had selected it from the drop-down list, or an expression based on column
names, or even a constant value. The syntax of the expression language is explained in Section 7.
Typing the column name rather than selecting it may be more convenient if the selection list is very
long; typing an expression obviously gives you alot more possibilities.

Note that depending on your platform the selection box may not ook exactly like the figure above.
However, if you can type into it (probably by clicking on it) then you should be able to use
expressions as described above. Some selectors however only take column names; if you can't type
avalueinto it, you have to choose one of the options given.

A.2 Control Window
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The Control Window

The Control Window is the main window from which all of TOPCAT's activities are controlled. It
lists the known tables, summarises their characteristics, and allows you to open other windows for
more specialised tasks. When TOPCAT starts up you will see this window - it may or may not have
some tables |oaded into it according to how you invoked the program.

The window consists of two main parts. the Table List panel on the left, and the Current Table
Properties panel on the right. Tables loaded into TOPCAT are shown in the Table List, each
identified by an index number which never changes for a given table, and a label which isinitialy
set from its location, but can be changed for convenience.

One of the tables in the list is highlighted, which means it is the currently selected table; you can
change the selection by clicking on an item in the list. Information about the selected table is shown
in the properties panel on the right. This shows such things as the number of rows and columns,
current sort order, current row subset selection and so on. It contains some controls which allow
you to change these properties. Additionaly, many of the buttons in the toolbar relate to the
currently selected table.

Additionally there is atoolbar and some menus at the top which display windows and perform other
actions, there is a memory monitor at the bottom left, and there may, depending on how TOPCAT
was invoked, be a panel labelled SAM P at the bottom of the right hand panel.

The Table List, Current Table Properties panel, memory monitor, SAMP panel, and actions
available from the Control Window's toolbar and menus are described in the following subsections.

A.21TableList

The Table List panel on the left of the Control Window is pretty straightforward - it lists al the
tables currently known to TOPCAT. If a new table is introduced by loading it from the Load
Window or as aresult of some action such as table joining then its name and number will appear in
thislist. The currently selected table is highlighted - clicking on a different table name (or using the
arrow keys if the list has keyboard focus) will change the selection. The properties of the selected
table are displayed in the Current Table Properties panel to its right, and a number of the toolbar
buttons and menu itemsrefer to it.

If you double-click on a table in the list, or press Return while it is selected, that table's Data
Window will appear.



SUN/253 91

Certain other applications (Treeview or even another instance of TOPCAT) can interoperate with
TOPCAT using drag-and-drop, and for these the table list is a good place to drag/drop tables. For
instance you can drag a table node off of the main panel of Treeview and drop it onto the table list
of TOPCAT, and you will be able to use that table as if it had been loaded from disk. Y ou can aso
paste the filename or URL of atable onto thetable list, and it will be loaded.

Sometimes while a table is being loaded a greyed-out entry will appear in this list with text like
"Loading SAMP table" or similar. Such entries cannot be selected, but they let you know that
something is happening.

A.2.2 Current Table Properties panel

The Current Table Properties panel on the right hand side of the Control Window contains a
number of controls which relate to the currently selected table and its Apparent properties (Section
3); they will be blank if no table is selected. Here is what the individual items mean:

Label
The short name associated with the selected table. It is used in the Table List panel and in
labelling view windows so you can see which table they refer to. It usualy set initially
according to where the table came from, but you can change it by typing into the text field.

L ocation
The original source of the selected table. This is typicaly a filename or URL (perhaps
abbreviated), but may be something el se depending on where the table came from.

Name
A name associated with the selected table. This may be derived from the table's filename if it
had one or from some naming string stored within the table metadata.

Rows

The number of rows in the selected table. If the current Row Subset does not include al the
rows, then an indication of how many are visible within that subset will be given too. In certain
circumstances, some other information may be presented here: the table metadata may contain
aflag indicating that an error or overflow occurred when generating the result of a (VO) query.
In particular, if the text "OVERFLOW™" appears, it means that you may not have got all the
rows that you asked for because of size limits applied by the service. (In technical terms:. the
content of non-oK | NFQ' @ane="QUERY_STATUS' VOTable nodes is summarised here, in
accordance with the DAL standard).

Columns
The number of columns in the selected table. If some are currently hidden (not included in the
current Column Set), an indication of how many are visible will be given too.

Sort Order
The column (if any) which determines the current Row Order. A selector shows the column (if
any) on which the rows of the Apparent Table are sorted and allows you to choose a different
one. Thelittle arrow beside it indicates whether the sort is ascending or descending.

Row Subset

The name of the current Row Subset. A selector shows the name of the subset which
determines which rows are part of the Apparent Table and allows you to choose another one.
"All" indicates that all rows are included. If you select a new value using this selector, then
other windows which display subset-sensitive information for the current table will change
their displayed subset to the newly-selected one. However the reverse does not happen - you
can change the visible subset in the statistics window for instance or one of the graphics
windows and it will not affect the value displayed here.

Activation Actions
Summarises the currently available and active Activation Actions. A value of the form
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active-count / available-count is displayed, where active-count is the number of actions that
currently take place whenever arow is activated, and available-count is the number of actions
that could be made active without any additional configuration (a number of other actions
could probably be used too, but require some manual setup). Y ou can view and configure the
activation actions by using the @ Activation Actions toolbar button to open the Activation

Window.

A.2.3Memory Monitor

I |
i- 14 / 64 M

Control Window Memory Monitor

The memory monitor is a small widget at the bottom left of the Control Window which gives an
indication of TOPCAT's memory usage. The numbers indicate the currently used and maximum
heap size that Java will use (e.g. "64 M" for 64 megabytes), and the two darker colours filled in
from the left indicate the current total and used proportions of this. It's not necessary to understand
in detail what these mean, but if the darkest (used) colour comes to fill up the whole area, the
application will slow down and then signal an Out Of Memory Error. See Section 10.4 for some tips
on what to do if this happens.

If you click on the memory monitor, you will request that the Java Virtual Machine performs a
garbage collection round, which may have the effect of reclaiming some memory and modifying the
current usage. This is not realy useful (Java will garbage collect at sensible times without
prompting), but you can do it if you're bored.

A.2.4 SAMP Panel

SAMP
Messages: Cp Clients: | @& [7] (®) & M

Control Window SAMP Panedl

If TOPCAT isrunning in SAMP mode, the SAMP panedl at the bottom of the Control Window gives
a quick view of the current status of SAMP communications. For a discussion of the whats and
whys of SAMP, see Section 9. Note that if not running in SAMP mode (e.g. if in PLASTIC or
no-server mode) this panel will not appear. SAMP mode is the default under normal circumstances.

The panel is made up of the following main parts:

M essage View

This shows a graphical representation of any messages which have been recently sent to or
received from other applications by TOPCAT. Triangles to the left of the central circle
represent incoming messages and triangles to the right represent outgoing ones. A filled
triangle represents a message which is still waiting for an answer, and an open one represents a
message which either is not expecting an answer or has already received one. Colour coding is
used to indicate success or failure. The triangles disappear from the display shortly after they
are no longer waiting for areply.

Client View
An icon is shown in this panel for each application currently registered with the SAMP hub,
including TOPCAT itself. If no icon is available for a registered application, a generic grey
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square is used.

Connection I ndicator

An icon at the right may be visible to indicate whether or not TOPCAT is currently registered
with the hub.

When TOPCAT is not connected to a SAMP hub (most likely because none is running) these panels
will be greyed out.

More detail and control for the information presented in this panel is available in the SAMP
Window.

A.2.5 Toolbar Buttons
There are a number of buttons on the Control Window's toolbar; these are the most convenient way
of invoking most of TOPCAT's functions. They are grouped as follows:
Import and export
=7 Load Table
Pops up the Load Table dialogue which allows you to load a table into TOPCAT. If a
table isloaded it becomes the new current table.
B Save Table(s)/Session

Pops up the Save Table dialogue which allows you to write out tables in various ways.

Y ou can either write out the current Apparent Table, or multiple tables, or save (much of)
the current session state.

‘;gjlj Broadcast Table

Broadcasts the current Apparent Table to any applications registered using the SAMP or
PLASTIC protocol. See Section 9.

Table views (see Appendix A.3)
Data Window

Displays the table rows and columns in a scrollable viewer so you can see the cell
contents themselves.

@ ParametersWindow

Displays table "parameters’, that is metadata which applies to the whole table.

Ea ColumnsWindow
ED

Displays metadata about each column such as data type, units, description, UCDs etc.
@ Subsets Window

Displays the currently defined row subsets (Section 3.1) and enables new ones to be
defined.

E Statistics Window

Displays a window for calculating statistical quantities for the values in each column of
thetable.
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@ Activation Window

Displays awindow for configuring activation actions.

Graphicswindows
_l Histogram Plot
il

Displays awindow for plotting 1D histograms and kernel density estimates.
— | Plane Plot

Displays awindow for making various types of plot on 2D Cartesian axes.

@ Sky Plot

Displays awindow for making various types of plot on the celestial sphere.

@ Cube Plot

Displays awindow for making various types of plot on 3D Cartesian axes.

@ Sphere Plot

Displays a window for making various types of plot on 3D axes using spherical polar
coordinates.

. TimePlot

Displays awindow with special features for plotting data which has a time coordinate.

Matching etc (see Section 5)
% Pair Match Window
o

Displays a dialog for joining tables side-by-side by locating rows which match between
them.

TAP Quer

Query

Displays a dialogue window for querying remote databases using the Table Access
Protocol (TAP). Thisis a very powerful way to access remote data by writing SQL-like
queries, and can be used to do joins with remote tables as well as simply downloading
data.

x CDS Upload X-Match
Displays a dialog window which uses the X-Match provided by the Centre de Données

astronomiques de Strasbourg to alow fast matching local tables with any tables in the
remote VizieR or SIMBAD databases.

Note that other options for joining tables, including matches involving a single table or more
than two tables, and joining tables top-to-bottom, are available from the Joins menu.
Miscellaneous
. Available Functions

Displays a window containing all the functions which can be used for writing algebraic
expressions (see Section 7).



SUN/253 95

Help

Displays the help browser, open at the entry on the Control Window.

@ Exit

Queries for confirmation, then exits the application.

A.2.6 Menu ltems

This section describes actions available from the Control Window menus additional to those also
available from the toolbar (described in the previous section) and those common to other windows
(described in Appendix A.1.2).

The File menu contains the following additional actions:
|EI Duplicate Table

Adds a new copy of the current Apparent Table to the list of known tables. Thisislike loading
in the current table again, except that its apparent characteristics become the basic
characteristics of the copied one, so for instance whatever is the current row order becomes the
natural order of the new one.

@ Discard Table(s)

Removes the current table from the list and closes and forgets any view windows associated
with it. A discarded table cannot be reinstated. You will be prompted to confirm this action.
Discarding a table in this way may free up memory, for other operations, but often will not;
whether it does or not depends on the details of where the table comes from. This action can
also be triggered by hitting the Delete key on the keyboard when the table list has keyboard
focus. If multiple tables are selected at the same time, you will be prompted to remove them
all.

G Move Table Up

Moves the currently selected table up one slot in the tables list. This can be convenient for
viewing, and it aso influences the order in which tables are saved when doing a Multiple
Table or Session save. This action can aso be triggered by hitting AL T-up-arrow key on the
keyboard when the table list has keyboard focus.

@ Move Table Down
Moves the currently selected table down one slot in the tables list. This can be convenient for
viewing, and it aso influences the order in which tables are saved when doing a Multiple

Table or Session save. This action can also be triggered by hitting AL T-down-arrow key on
the keyboard when the table list has keyboard focus.

%C Send Tableto...

Sends the currently selected table to a selected listening application using SAMP or PLASTIC.
Select the desired recipient application from the submenu.

Eﬂl View Log

Pops up the Log Window to display logging messages generated by the application. Intended
mainly for debugging.
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The Views menu contains actions for launching the windows which give certain views of the table
metadata. Most of these are provided as toolbar buttons as well, but one is rather special-interest, so
appears only in this menu:

M Datalink Window

isplays a window for display of tables in the {links}-response format defined by the
Datal ink standard.

The Graphics menu contains actions for launching the windows which give various plotting and
visualisation options. The most important ones are provided as toolbar buttons as well, but this
menu contains some actions not available elsewhere. The ones marked "(old)" are the plotting
windows that were available before TOPCAT version 4; they have a different user interface, are
generaly less powerful, and are somewhat deprecated, but still work.

ml Histogram Plot (old)

Displays the old-style Histogram window for plotting 1-d histograms.
71 2D Plot (old)

Displays the old-style 2D plot window for plotting 2-d scatter plots.
e 3D Plot (old)
G

Displays the old-style 3D plot window for plotting 3-d scatter plots on Cartesian axes.

@ Sphere Plot (old)

Displays the old-style sphere window for plotting 3-d scatter plots on spherical polar axes,
with or without aradial coordinate.
Fi—- Stacked Line Plot (old)

E —]

| N
Displays the old-style Stacked Line Plot window for plotting multiple verticaly stacked line

plots against asingle X coordinate.

|! Density Map (old)

Displays the old-style Density Map window for plotting 2-d density maps (image-like
histograms on a 2-d grid of bins).

The Joins menu contains actions for various types of table join. The items provided additional to
those on the toolbar are:

% Concatenation Window

Displays the Contatenate Tables window, which allows you to join two tables top-to-bottom.
sﬁﬁ Multiple Cone Search

Displays the Multiple Cone Search Window which allows you to crossmatch alocal table with
aremote catal ogue exposed via the Cone Search protocol. Note this is somewhat deprecated in
favour of TAP or CDS X-Match Upload.

;@ Multiple SIA
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Displays the Multiple SIA Window which allows you to crossmatch with a remote image
service.

7 Multiple SSA

Displays the Multiple SSA Window which alows you to crossmatch with a remote spectrum
service.

Internal Match

Displays the Internal Match Window for finding internal matches between rows in the same
table.

- N-Table Match

e
Bispl aysadialog for matching more than two tables together.

The Windows menu contains actions for controlling which table view windows (Appendix A.3) are
currently visible on the screen. If you have lots of tables and are using various different views of
several of them, the number of windows on the screen can get out of hand and it's easy to lose track
of what window is where. The actions on this menu do some combination of either hiding or
revealing all the various view windows associated with either the selected table or all the other
ones. Windows hidden are removed from the screen but if reactivated (e.g. by using the appropriate
toolbar button) will come back in the same place and the same state. Revealing all the windows
associated with a given table means showing all the view windows which have been opened before
(it won't display windows which have never explicitly been opened).

Show Selected Views Only
Reveal al view windows associated with the currently selected table and hide all others.

Show Selected Views
Reveal al view windows which are associated with the currently selected table.

Show All Views
Reveal al view windows associated with all tables.

Hide Unselected Views
Hide al view windows associated with tables other than the currently selected one.

Hide Selected Views
Hide all view windows associated with the currently selected table.

Hide All Views
Hide al the view windows. If you get really confused, this is a good one to select to clear up
your screen prior to reinstating the ones that you actually want to look at.

Note that the Control Window item (g==) on menus on all other windows is also useful for
window management - it brings back the control window if it's been hidden.

The VO menu groups together those actions which access remote data sources. All of these options
can also be found in either the Load Window toolbar or the Joins menu.

The Interop menu contains options relevant to SAMP (or possibly PLASTIC) tool interoperability;
see Section 9:

<7 M SAMP Window

I'-\,,__ﬁ

Pops up the SAMP Window which displays detail about the current status, and alows
configuration, of SAMP messaging. Note this option will not be available if TOPCAT is
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g Stop Internal Hub

By default, when TOPCAT starts up, it will look for a SAMP hub, and if none appears to be
running it will start one internally, which will normally run until TOPCAT exits. This is
usually not problematic, but if you would prefer to run a hub external to TOPCAT, then you
may need to shut down TOPCAT's before starting a new one. Using this option shuts down
TOPCAT'sinterna hub.

“:;w Broadcast Table

Broadcasts the currently selected table to all listening applications using SAMP.
%C Send Tableto ...

Sends the currently selected table to a selected listening application using SAMP. Select the
desired recipient application from the submenu.

A.3TableView Windows

Many of the windows you will see within TOPCAT display information about a single table. There
are several of these, each displaying a different aspect of the table data - cell contents, statistics,
column metadata etc. There is one of each type for each of the tables currently loaded, though they
won't necessarily al be displayed at once. The title bar of these windows will say something like
TOPCAT (3): Table Columns, which indicates that it is displaying information about the column
metadata for the table labelled "3:" in the Control Window.

To open any of these windows, select the table of interest in the Control Window and click the
appropriate toolbar button (or the equivalent item in the Table Views menu). This will either open
up anew window of the sort you have requested, or if you have opened it before, will make sureit's
visible.

If you have lots of tables and are using various different views of several of them, the number of
windows on the screen can get out of hand and it's easy to lose track of what window is where. In
this case the Control Window's Windows menu (described in Appendix A.2.6), or the
Window|Control Window menu item in any of the view windows can be handy to keep them
under control.

The following sections describe each of these table view windowsin turn.

A.3.1 Data Window
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—| TOPCAT(3): Table Browser o N
Window Rows Help

= =]l B X

Table Erowser for 3: dragso.fits

SOSSMarne | RA, | DEC | z | psfimag_u | psfraagerr
233223 | 093649 .47+541003.7 144, 20615 54,1677 1.9393 19,664 0,028 - |
23324 | 093649 55+324454.1 144, 20645 32. 745838 1. 2744 15,771 0027
22325 | 093849 72-000944. 7 144, 2072 -0.16242 1.6449 20,147 .04
23326 | 093649 . 7E+012023.2 144, 20744 1.3395 2.0412 19,211 0.3 ||
23327 | 093650 38+363328.4 144, 20994 In. 5579 1.6982 19,093 Q.09 |5
23328 | 093850 55+021241.3 144, 21086 2.21148 1.5029 15,608 0,022
233229 | 093651.27+333421.6 144, 21365 33.572859 0. 4594 19,4585 008
23330 | 093651 56+473530.6 144, 214584 47591584 2.0428 20,514 0, 0E4
23332 | 093652 .744+014328.0 144, 21977 1.72444 0.4343 19.07 0,026
233233 | 093653.03+413211=.4 144, 22096 41,5204 1.8073 15.539 0.024
23334 | 093653 61+37155%1.7 144, 224338 37. 26438 1.5419 20,336 0,053
23335 | 093853 66+445512 .4 144, 223509 44 92012 1. 2162 19,907 0,045 |
FEEEL: :.-lm 244522126 8 144 77437 | 57 52411 | [ 7O 17208 r m?l *Il

4 Total: 77429  Visibhle: ¥2,035 Selected:; 2 N

Data Window

The Data Window presents a JTable containing the actual cells of the Apparent Table (Section 3).
You can display it using the Table Data ( ) button when the chosen table is selected in the

Control Window's Table List.

You can scroll around the table in the usual way. In most cases you can edit cells by
double-clicking in them, though some cells (e.g. ones containing arrays rather than scalars) cannot
currently be edited. If it looks like an edit has taken place, it has.

Thereisagrey column of numbers on the left of the JTable which gives the row index of each row.
This is the value of the special Index column, which numbers each row of the origina (not
apparent) table starting at 1. If the table has been sorted these numbers may not be in order.

The status line at the bottom displays three row counts:

e Total: the number of rowsin the table; this does not change

* Visible: the number of rows displayed in this window; this is the row count of the current
subset

» Selected: the number of rows selected in the displayed table; rows appear highlighted when
they are selected, and can be selected/unselected by clicking on them, and in some cases by
other actions

Note that reordering the columns by dragging their headings around will change the order of
columnsin the table's Column Set and hence the Apparent Table.

If you have atable with very many columns it can be difficult to scroll the display sideways so that
acolumn you are interested inisin view. In this case, you can go to the Columns Window and click
on the description of the required column in the display there. This has the effect of scrolling the
Data Window sideways so that your selected column is visible in the centre of the display here. To
make it easier to find the required column in the Columns Window you can sort the items by
column Name, UCD, Units etc first by clicking on the relevant header.
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The following buttons are available in the tool bar:
%] Subset From Selected Rows

Defines a new Row Subset consisting of those rows which are currently highlighted. You can
highlight a contiguous group of rows by dragging the mouse over them; further contiguous
groups can be added by holding the Control key down while dragging. This action is only
available when some rows have been selected.

:%! Subset From Unselected Rows

Defines a new Row Subset consisting of those rows which are visible but currently not
highlighted. Y ou can highlight a contiguous group of rows by dragging the mouse over them;
further contiguous groups can be added by holding the Control key down while dragging. This
action is only available when some rows have been selected.

@. Search Column
Pops up the Column Search Window that allows you to locate a given text string in the cells of

a chosen column. When invoked like this, you have to select the column by hand. The column
popup menu described below can fill in the column automatically.

The Rows menu additionally contains the following item:
Highlight Subset

This is a submenu in which all the currently defined row subsets are listed. Choosing one of
them highlights the rows corresponding to that subset asif they have been selected.

As well as the norma menu, right-clicking over one of the columns in the displayed table will
present a Column Popup Menu, which provides a convenient way to do some things with the
column in question:

“ Replace Column

Pops up a Synthetic Column dialogue to replace this column with a new synthetic one. The
dialogue is initialised with the same name, units etc as the selected column, and with an
expression that evaluates to its value. You can alter any of these, and the new column will
replace the old one, which will be hidden and renamed by appending a suffix like"_old" to its
name.

+ New Synthetic Column

Pops up a Synthetic Column dialogue to insert a new synthetic column just after this one.

G Sort up

Sorts the table rows according to ascending value of the contents of the column. Only available
if some kind of order (e.g. numeric or alphabetic) can sensibly be applied to the column.

@ Sort down

Sorts the table rows according to descending value of the contents of the column. Only
available if some kind of order (e.g. numeric or aphabetic) can sensibly be applied to the
column.

Hide
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101
Hides the column. It can be reinstated from the Columns window.

@. Sear ch Column

Pops up the Column Search Window that allows you to locate a given text string in the cells of

a chosen column. When invoked like this, the column on which you clicked to get the menu is
filled in automatically.

g Explode Array Column

For columns which have an array value with a fixed number of elements, selecting this option
will hide the original column and replace it by a set of scalar columns, one for each of its
elements. For instance if a column PMAG contains a 5-element vector of type float[]

representing magnitudes in 5 different bands, selecting this option will hide PMAG and insert

5 new Fl oat -type columns PMAG_1..PMAG 5 in its place, each containing one of the
magnitudes.

A.3.2 Parameters Window

—1

TOPCAT(1): Table Parameters [ ]

Window Parameters Display Help

* | B X

Table Parameters for 1: o6dfgs_mini.xmlbz2

Marne | Yalue | Units | UCD [ Descriptiol
Harme &dfgs _EV _subset Tahle name -
UFEL jarfile: fdatafandromedalfstarjavafjavalh. .. UFL of original table
Column Count |17 Murmber of columns
R Coumnt B7E Murmber of rows
Description &oFGS master config file (wersion EF March. ..

Qriginal Source |http: [/ Moo —wiau. roe. ac. ubkf&dFCS/&dfgs_. .. URL of data file used 1
Credits Column explanations provided by Mike Re, =
Convarsian Converted fram &dfgs_E7 fld.gz by Mark T...

EESOLUTION 15 arcsec stat error;pos.eq.ra (Nominal paositional err =
4 |§:§:

Description: |

Mame: |Description

Class: 5tring

Shape:

Units: |

uco: |

Yalue:

adFGs master config file (wersion EY March 2004% - DEMO SUBSET.
These data are taken from the adF Galaxy Redshift Surwvey Database,
see astro-phA505068. Kindly provided by Mike Read, ROE. These
data are for EX&MPLE PURPOSES OMLY, intended for demonstrations of

same of TOPCAT's properties For science use, please consult the
4]

Parameter s Window

The Parameters Window displays metadata which applies to the whole table (rather than that for
each column). You can display it using the Table Parameters (& ) button when the chosen table

is selected in the Control Window's Table List.
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In table/database parlance, an item of per-table metadata is often known as a "parameter” of the
table. At least the number of rows and columns will be listed. Some table file formats (for instance
VOTable and FITS) have provision for storing other table parameters, while others (for instance
CSV) do not. In the latter case there may not much much of interest displayed in this window.

The top part of the display is a JTable with one row for each parameter. It indicates the parameter's
name, its value, the type of item it is (integer, string etc) and other items of interest such as units,
dimensionality or UCD if they are defined. If a column of the table has no entries (for instance, the
Units column might be empty because none of the parameters has had units defined for it) then that
column may be absent from the display - in this case the Display menu can be used to reved it.

You can interact with this JTable in the usual ways, for instance dragging columns sideways,
changing their widths, and sorting the entries by clicking on the headings.

Y ou can edit some parameter values and descriptions by double-clicking on them as usual.

The bottom part of the display gives an expanded view of a selected parameter (click on arow in
the top part to select one). Thisis especially useful if the parameter value is too long to show fully
in the table display. In most cases you can edit the fields here to change the value and other
characteristics of a parameter.

The following items are available in the toolbar:

+ Add Parameter

Pops up a New Parameter Window to alow you to add a new parameter to the table.
@ Remove Parameter
If one or more of the parameters displayed in the JTable in this window have been selected by

clicking on the relevant rows, then clicking this button will remove them. Some parameters
such as Row Count cannot be removed.

A.3.3 Columns Window
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Columns Window

The Columns Window displays a JTable giving all the information (metadata) known about each
column in the table. You can display it using the Column Info ( % ) button when the chosen table

is selected in the Control Window's Table List.

The display may take a little bit of getting used to, since each column in the main data table is
represented by a row in the JTable displayed here. The order and widths of the columns of the
JTable widget can be changed in the same way as those for the Data Window JTable, but this has
no effect on the data.

The column on the left labelled Visible contains a checkbox in each row (one for each column of
the data table). Initialy, these are al ticked. By clicking on those boxes, you can toggle them
between ticked and unticked. When unticked, the column in question will become hidden. The row
can still be seen in this window, but the corresponding data column is no longer a part of the
Apparent Table, so will not be seen in the Data Window or appear in exported versions of the table.
Y ou can tick/untick multiple columns at once by highlighting a set of rows by dragging the mouse
over them and then using the Hide Selected ( ) or Reveal Selected (E) toolbar buttons or

menu items. If you want to hide or revea al the columns in the table, use the Hide All ( E ) or

O
Reveal All ( % ) buttons.

L

Each column in the displayed JTable corresponds to one piece of information for each of the
columns in the data table - column name, description, UCD etc. Tables of different types (e.g. ones
read from different input formats) can have different categories of metadata. By default a metadata
category is displayed in this JTable if at least one table column has a non-blank value for that
metadata category, so for instance if no table columns have a defined UCD then the UCD column
will not appear. Categories can be made to appear and disappear however by using the Display
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menu. The metadata items are as follows;

I ndex
The index of the column in the current Column Set (Section 3.3). The column with value "1"
here will be the leftmost one in the Data window etc. This value is blank for hidden columns.
Sorting on this column (by clicking its header) will show all the visible table columns in order
at the top of the display.

Visible
Indicates whether the column is part of the Apparent Table. If this box is not filled in, then for
most purposes the column will be hidden from display. You can toggle visibility by clicking
on this column.

Name
The name of the column.

$ID
A unique and unchanging ID value for each column. These are useful in defining algebraic
expressions (see Section 7) since they are guaranteed unique for each column. Although the
column Name can be used as well, the Name may not be unigue and may not have the correct
form for use in an algebraic expression.

Class
The Java class of the items in that column. You don't have to know very much Java to
understand these; they are Float or Double for floating point numbers; Byte, Short, Integer or
Long for integer numbers, Boolean for a logical (true/false) flag, or String for a string of
ASCIl or Unicode characters. There are other possibilities, but these will cover most. The
characters'[]' after the name of the class indicates that each cell in the column holds an array of
the indicated type.

Shape
Cells of atable can contain arrays as well as scalars. If the column contains an array type, this
indicates the shape that it should be interpreted as. It gives the dimensions in column-major
order. The last element may be a ™*' to indicate that the size of the array may be variable. For
scalar columns, thisitem will be blank.

Units
The units in which quantities in this column are expressed.
Expression
The algebraic expression defining the values in this column. This will only be filled in if the

column in question is a synthetic column which you have added, rather than one present in the
datain their original loaded form.

Description
A textual description of the function of this column.

ucb
The UCD associated with this column, if one is specified. UCDs are Uniform Content
Descriptors, and indicate the semantics of the values in this column.

UCD Description
If the string in the UCD column is the identifier of a known UCD, the standard description
associated with that UCD is shown here.
There may be other itemsin the list specific to the table in question.

You can edit most of these items, e.g. to rename a column or change the expression defining a
synthetic column, by double-clicking on them as usual.

By default, the order in which the rows are displayed is determined by the table's current Column
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Set (Section 3.3). However, you can change the display order in this window by clicking on the
column headers (in the same way as for some other JTables). The little up arrow at the top left of
the scrolled JTable display indicates that the display is in its "natural” (Column Set) order, but by
clicking on headers you can sort by column name, units UCD etc. Clicking sorts up, clicking again
sorts down, and athird time (or clicking on the top left) restores natural order.

Y ou can change the order of the columns in the Column Set by dragging the grey number cell at
the left of the corresponding row up or down. Note however this is only possible for non-hidden
columns, and it only works if this JTable is currently displayed either in its natural order or sorted
by the Index column (see above) - dragging rows wouldn't have any effect if some other sort order
was active. An alternative way to change Column Set order is to drag the column headers left or
right in the Data Window.

A good way to find a column in the Data window if your table is too wide to do it by browsing isto
sort the table in this window on some suitable item (e.g. Name, Units, UCD), scroll to the column
of interest, and then click on it; that causes the view in the Data Window to scroll sideways so that
the selected columniisvisible.

The following buttons are available in the tool bar:
+ New Synthetic Column

This pops up a Synthetic Column Window which allows you to define a new column in terms
of the existing ones by writing an algebraic expression. The new column will be added by
default after the last selected column, or at the end if none is selected.

@ Add Sky Coordinate Columns

This pops up a Sky Coordinates Window (Appendix A.11.8) which allows you to define a pair
of new sky coordinate columns based on an existing pair of sky coordinate columns.

“ Replace Column With Synthetic

If a single column is selected, then clicking this button will pop up a Synthetic Column
dialogue (Appendix A.11.7) to replace the selected column with a new synthetic one. The
dialogue is initialised with the same name, units etc as the selected column, and with an
expression that evaluates to its value. You can alter any of these, and the new column will
replace the old one, which will be hidden and renamed by appending a suffix like"_old" to its
name.

= Edit Column Definition

. If a single column is selected, then clicking this button will pop up a Synthetic Column
dialogue (Appendix A.11.7) that lets you edit its metadata, and Expression if it has one, in
place.

Hide Selected Column(s)

If any of the columns are selected, then clicking this button will hide them, that is, remove
them from the current Column Set. This has the same effect as deselecting all the checkboxes
corresponding to these columns in the Visible column.

r"" Reveal Selected Column(s)
If any of the columns are selected, then clicking this button will make sure they are visible,

that is, that they appear in the current Column Set. This has the same effect as selecting al the
checkboxes corresponding to these columnsin the Visible column.
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E Hide All Columns

O
Clicking this button will hide all the columns in the table; the table will have no columns
visible in it following this. If you just want to see a few columns, it may be convenient to use
this button and then select afew visible onesindividually to reveal.

% Reveal All Columns

i
Clicking this button will ensure that all the table's columns are visible (none are hidden).
g Explode Array Column

If a column is selected which has an array type and a fixed number of elements, clicking this
button will replace it with scalar-valued columns containing each of its elements. For instance
if acolumn PMAG contains a 5-element vector of typefloat[] representing magnitudesin 5
different bands, then selecting it and hitting this button will hide PMAG and insert 5 new
Fl oat -type columns PMAG_1...PMAG_5 in its place each containing one of the magnitudes.
If the column does not have a fixed number of elements listed in the Shape column of this
window, this button is disabled. In that case, if you know how many columns you want to
explode it into, you can enter that value into the Shape field by double-clicking on it. Thiswill
only work for columns that are actually arrays.

Collapse Columnsto Array

If multiple (N) numeric columns are selected, clicking this button will prompt for the name of
a new column containing N-element array values, collected from all the selected columns.
Currently, the output type will always be doubl e[ ], and blank values in the input columns will
show up as blank array elements (NaNs). Currently, the elements in the output column will
appear in the order of the input columns appearance in the table, regardless of the current
ordering of the rows in this window; the new column’s Description text lists the input columns
in order, if there are not too many. The effect is more or less the opposite of the Explode
option above.

G Sort Selected Up
If asingle column is selected then the table's current Sort Order will be set to sort ascending on
that column. Otherwise this action is not available.

@ Sort Selected Down

If asingle column is selected then the table's current Sort Order will be set to sort descending
on that column. Otherwise this action is not available.

Severa of these actions operate on the currently selected column or columns. You can select
columns by clicking on the corresponding row in the displayed JTable as usual. A side effect of
selecting a single column is that the table view in the Data Window will be scrolled sideways so
that the selected column isvisible in (approximately) the middle of the screen. This can be aboon if
you are dealing with atable that contains a large number of columns.

A.3.4 Subsets Window
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Subsets Window

The Subsets Window displays the Row Subsets (Section 3.1) which have been defined. You can
display it using the Row Subsets ( @) button when the chosen table is selected in the Control

Window's Table List.

Two specia subsets are always present: All includes the whole table, and Activated contains a
single row if one has been activated by clicking on arow or point that corresponds to it.

The subsets are displayed in a JTable widget with a row for each subset. You can interact with this
Jrable in the usua ways, for instance dragging columns sideways, changing their widths, and
sorting the entries by clicking on the headings.

The columns of the JTable are as follows:

1D
A unique and unchanging identifier for the subset, which consists of a " " character
(underscore) followed by an integer. This can be used to refer to it in expressions (Section 7)
for synthetic columns or other subsets.

Note: in previous versions of TOPCAT the hash sign ("#") was used instead of the underscore
for this purpose; the hash sign no longer has this meaning.

Name
A name used to identify the subset. It is idedly, but not necessarily, unique. It can be edited
(double-click on the cell) to change the name.

Size
The number of rows in this subset. This column is usualy filled in when the subset is defined,
but it is not guaranteed to remain correct if the table data change, since counting may be an
expensive process so it is not automatically done with every change. If values in this column
are blank or suspected incorrect, a recount can be forced by using the Count Subsets (;#3%)

B4

button described below.

Fraction
Shows the same information as the preceding Size column, but as a percentage of the total
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number of rows in the table.

Expression
If the subset has been defined by an algebraic expression, this will be here. It can be edited
(double-click on the cell) to change the expression.

Column $ID

If the subset has been defined by equivalence with a boolean-valued column, thiswill show the
$ID of the column that it came from (see Appendix A.3.3).

Entries in the Name and Expression columns can be edited by double-clicking on them in the
normal way.

The following toolbar buttons are available in this window:

+ New Subset

Pops up the Algebraic Subset Window to allow you to define a new subset algebraically.
gk & Add Sample Subset
[m]
L]
Pops up a dialogue window to alow you to define a new subset consisting of every N'th row of
the table.
’l Add Head Subset

L]

[m]

[m]
Pops up a dialogue window to allow you to define a new subset consisting of the first N rows
of the table.

g5 Add Tail Subset
L]
L]
Pops up a dialogue window to allow you to define a new subset consisting of the last N rows of
the table.
=g Edit Subset

- Pops up the Algebraic Subset Window that lets you edit the subset's Name, and Expression if it
has one, in place.

o . ®|nvert Subset
o
Creates a new subset which is the complement of the selected one. The new one will include

all the rows which are excluded by the selected one (and vice versa). To use this action, first
select a subset by clicking on itsrow in the JTable.

=== Classify By Column

P_ops up the Column Classification Window, which can add a set of mutually exclusive subsets
based on the contents of a given column or expression.

ﬁ Remove Subset

Deletes one of the subsets in the list. Once deleted, a subset cannot be recovered. Note that
attempts to use its name or _ID in algebraic expressions which you add or modify in the future
will fail, though its use in existing expressions will continue to work.

To Column

If one of the rows in the JTable is selected, this will turn that subset into a new column. 1t will
pop up the Synthetic Column Window, filled in appropriately to add a new boolean column to
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the table based on the selected subset. You can either accept it as is, or modify some of the
fields. To use this action, first select a subset by clicking on itsrow in the JTable.

Highlight Subset

Highlights the contents of this subset by marking the rows visibly in the data window and also
ensuring that the rows are visible in any plot windows. This replicates what happens when the
subset isfirst created.

2% Count Rows

sl
Sl

Counts how many rows are in each subset and displays this in the Size column. This forces a
count or recount to fill in or update these values.

ﬁ;w Broadcast Subset

Causes the selected subset to be broadcast using SAMP or PLASTIC to other listening
applications. Any other listening application which is displaying the same table is then invited
to highlight the selection of rows corresonding to the selected subset. This option and the
corresponding Send Subset to ... option are also available from the Inter op menu. See Section
9 for more information about tool interoperability.

The following additional menu items are available:
%C Send subset to ...

As for the Broadcast Subset item above, but sends the subset to only a single selected
application. A submenu will give a list of al the currently registered applications which can
make sense of a subset. If there are none, thisitem will be disabled.

% Autocount rows
Normally, the Size and Fraction columns of the displayed table (see above) are filled in as
soon as a new subset is defined. However for very large tables this could be slow - if you want
to prevent this autocounting you can deselect this menu item. In this case the Size and Fraction
columns will only be filled in when the Count (3###) button is hit or if TOPCAT finds out the
-
E—
Size as the result of some other operation (such as plotting).

A.3.5 Statistics Window
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Statistics Window

The Statistics Window shows statistics for the values in each of the table's columns. You can
display it using the Column Statistics ( E ) button when the chosen table is selected in the

Control Window's Table List.

The calculated values are displayed in a JTable widget with a row for each column in the main
table, and a column for each of a number of statistical quantities calculated on some or al of the
values in the data table column corresponding to that grid row.

You can interact with this JTable in the usual ways, for instance dragging columns sideways,
changing their widths, and sorting the entries by clicking on the headings.

The following columns are shown by default:

Name
The name of the column in the main table represented by thisgrid row.

M ean
The mean value of the good cells. For boolean columns, this is the proportion of good cells
which are True.

SD
The population standard deviation of the good cells.
Minimum
The minimum value. For numeric columns the meaning of this is quite obvious. For other

columns, if an ordering can be reasonably defined on them, the 'smallest’ value may be shown.
For instance string values will show the entry which would be first alphabetically.

Maximum
As minimum, but shows the largest values.

nGood
The number of non-blank cells.
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Several additional items of statistical information are also calculated, but the columns displaying
these are hidden by default to avoid clutter. Y ou can reveal these by using the Display menu:

Index
Theindex of the column in the table, i.e. the order in which it is displayed.

$ID
The unique identifier label for the column in the main table.

Sum
The sum of all the values in the column. For boolean columns thisis a count of the number of
True values in the column.

Variance
The population variance of the good cells.

Sample SD
The sample standard deviation of the good cells.

Sample Variance
The sample variance of the good cells.

Median Absolute Deviation
The median of absolute deviations from the median: medi an(abs(x- nedi an(x)). This is a
robust measure of statistical dispersion.

Scaled M edian Absolute Deviation
The Median Absolute Deviation (see above) multiplied by 1.4826. This is supposed to be a
consistent estimator for the standard deviation, on the assumption of a normal distribution.

Skew
Gamma 1 measure of skewness of the value distribution.

Kurtosis
Gamma 2 measure of peakedness of the value distribution.

Row of min
The index of the row in the main table at which the minimum value occurred.

Row of max
The index of the row in the main table at which the maximum value occurred.

nBad
The number of blank cdlls; the sum of this value and the Good cells value will be the same for
each column.

Cardinality
If the column contains a small number of distinct values then that number, the column's
cardinality will be shown here. Cardinality is the number of distinct values which appear in
that column. If the number of values represented is large (currently >50) or a large proportion
of the non-bad values (currently >75%) then no value is shown.

Some of these quantities are suitable only for array-valued columns, and cal cul ate per-element array
statistics that are arrays of the same length as the input values (the input arrays must all be the same
length):

Array nGoods
Per-element count of the number of non-blank values in the input arrays.

Array Sums
Per-element sum of the valuesin the input arrays.

Array Means
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Per-element mean of the valuesin the input arrays.

Array SDs
Per-element population standard deviation of the valuesin the input arrays.

In addition, some quantile values can calculated on demand (by selecting their values in the
Display menu, asfor the previous list). The available values are:

QO001:
value below which 0.1% of rows fall

QO1.:
value below which 1% of rows fall (1st percentile)

Quartilel:
value below which 25% of rowsfall (first quartile)

Median:
value below which 50% of rows fall (median)

Quartile3:
value below which 75% of rowsfall (third quartile)

Q99:
value below which 99% of rows fall (99th percentile)

Q999:
value below which 99.9% of rows fall

These are considerably more expensive to calculate than the other statistical quantities, and so they
are not provided by default (the same applies to the MAD). If you attempt to calculate them for
large tables, you may get a message saying that there is insufficient memory. In this case you can
use an approximate quantile calculation method which is not memory limited: see the description
below of the Approximate Quantile Calculation (.) option.

The quantities displayed in this window are not necessarily those for the entire table; they are those
for a particular Row Subset (Section 3.1). At the bottom of the window is the Subset For
Calculations selector, which alows you to choose which subset you want the calculations to be
done for. By clicking on this you can calculate the statistics for different subsets. When the window
is first opened, or when it is invoked from a menu or the toolbar in the Control Window, the subset
will correspond to the current row subset.

The toolbar contains the following extra buttons:
B Save as Table
Clicking this button will save the quantities displayed in this window to atable on disk. It can
be saved in any of the tabular formats which TOPCAT understands.
Import as Table

The table of statistical quantities displayed by this window (rows corresponding to input table
columns and columns corresponding to statistical quantities) is itself a table. By clicking this
button it can be loaded into TOPCAT as a new table and manipulated in al the usua ways.
This has the same effect as saving the statistics to file (see previous button) and then reloading
that file.

@ Recalculate

Once statistics have been calculated for a given subset they are cached and not normally
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recalculated again. Use this button if you want to force a recalculation because the data may
have changed.

. Approximate Quantile Calculation

If selected this button will cause the quantiles to be calculated using a method which is both
approximate and slower than the default (exact) method, for which reason it's usually not
preferred. However, the approximate method executes in constant memory, while the exact
method can fail by running out of memory for very large row counts.

For a large table the calculations may take a little while. While they are being performed you can
interact with the window as normal, but a progress bar is shown at the bottom of the window. If you
initiate a new calculation (by pushing the Recalculate button or selecting a new subset) or close the
window during a calculation, the superceded cal culation will be stopped.

A.3.6 DataLink Window

DatalL ink Window

The DataLink Window, unlike the other Table View Windows, is rather specialist, and only applies
to a particular type of table, namely the {links}-response table format defined by the Datalink
standard. This format is sometimes loosely known as the Datalink format, and is used to represent
links of various kinds to external data resources.

Because of its specialist nature, this window does not appear in the Control Window toolbar like the
other view windows, so to open it you have to select the E=M DataL ink View item from the Views

=S
o

D

menu in the Control Window. This menu item will only be enabled if the loaded table looks like it

has the appropriate form.
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The upper panel of this window displays the table content just like the Data Window, but the lower
panel contains link-specific information about the row that is currently selected in the upper one.

The Row Link Type sub-panel reports what type of link the given row represents. Its value
depends on which table columns arefilled in, and may be one of:

* Fixed AccessURL: Thelink isto aURL givenintheaccess_url column.

* Service Invocation: The link is to a parameterised URL defined by a service descriptor
referenced in the ser vi ce_def column, with parameters supplied by other columns and/or user
interaction.

 Link Error: The row reports an error in the error_message column indicating why a
requested link cannot be supplied.

The Row Detail panel provides additional information on the row. For the rows that actually
represent a link, information such as link semantics and resource content type are listed where
available, along with a URL sub-panel as below.

The URL sub-pand, if present, shows the actual link URL and provides options to invoke it, i.e. to
do something with the listed resource. The parts of this panel are:

URL
Displays the URL that can be invoked, with per-row parameters substituted in if applicable.
Y ou can cut and paste from this field to copy the URL if required.

Type

Displays TOPCAT's best guess, given the information available in the row, about what kind of
resource the link represents. It doesn't always get it right. If it's wrong, you can select one of
the options manually from this selector instead. The value in this selector is by default updated
every time you select a new row in the table. However, if you want the selected type to be
"sticky", i.e. not to be automatically updated, uncheck the Guess checkbox on the right of it.
Then the selected value will stay the same until it's changed manually. The purpose of this
selector isto give ahint to the Action selection.

Action
Provides alist of possible actions to perform on the identified URL. The action depends on the
value of the Type field; when the Type changes, the Action changes to the value it had last
time that Type was selected. Each Type has a default Action, but you can change it by
choosing from the selector. If you don't want the action to get updated automatically, uncheck
the checkbox on the left as explained above. Most of the action options have behaviour that is
similar to a corresponding activation action, as noted below. The options are:

* Report URL: displaysthe URL in the Result field

* View image internally: displays the linked resource (an image in a format like PNG,
GIF, JPEG, FITS) in an internal image viewer (like the Display Image action)

* View FITS image internally: displays the linked resource, a FITS image, in an internal
image viewer (like the Display Image action)

* Load Table: loads the table from the linked resource (a FITS or VOTable table) into this
TOPCAT application (like the Load Table action)

* Plot Table: pops up a plane plot window that allows to perform plots using the table
referenced by the linked resource, without actually loading the table into the TOPCAT
application (like the Plot Table action)

* View DataLink Table: displays the linked resource (a DataLink table) in a new window
like this one (like the View Datalink Table action)

* Send FITS Image: sends the linked resource (a FITS image) using SAMP to external
image viewers (like the Send FITS Image action)

* Send Spectrum: sends the linked resource (a spectrum) using SAMP to external
spectrum viewers (like the Send Spectrum action)
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* Send Table: sends the linked resource (a VOTable) using SAMP to externa table
viewers (like the Send VOTabl e action)

 Download URL: downloads the linked resource to a local file, chosen using a popup
filesystem browser

» Show Web Page: opens the linked resource in the system web browser (like the View in
Web Browser action)

Note that there currently is not much opportunity to customise the behaviour of the various
Action options supplied by this window; these actions are less configurable than their
corresponding Activation Actions.

Invoke
Hitting this button actually invokes the selected Action on the current row.

Result
Displays the outcome of the most recently invoked URL. An OK or FAIL indicator is
displayed, along with atext message that may provide some detail.

In the case of a Service Invocation link type, there may be user-supplied parameters for the link. If
so, a Parameters sub-panel appears at the bottom with a list of the available parameters (defaults
may or may not be present) to allow you to enter values. Note that the user interface for supplying
these parametersis currently very basic, and may be improved in future rel eases.

A.4 Plot Windows

This section describes the plotting windows introduced at TOPCAT version 4. These provide most
of the same functionality as the old-style plot windows (Appendix A.5), but additionally much more
flexibility, configurability, extensibility and better performance and capabilities for making visual
sense of very large data sets.

TOPCAT has a number of windows for performing data visualisation of various kinds. These share
various characteristics which are described in the first subsection below; the specific windows
themselves are described in the later subsections.

Six plot windows are currently available:

. T Histogram Plot
i,

. Plane Plot

. @ Sky Plot

. Cube Plot

. @ Sphere Plot

* [ TimePlot

More may beintroduced in future releases.

Therest of this section describes the plotting functionsin detail.

A.4.1 Differences From Old-Style Plot Windows

A brief summary of improvements these windows offer over the old-style plot windowsis:
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New Sky Coordinate Plot

» Choice of projection: Sin (rotatable), Aitoff, Plate Carrée

» Dataand view sky coordinate systems selected separately: options are equatorial, galactic,
supergalactic, ecliptic

*  Sky coordinate grid labelled, configurable and visible at all zooms

New data plot options

Vectors

Ellipses (with position angle)
Pair data point links
Contours

Variable size markers

Kernel density estimates

... and many more

Improved interactive response

» Various mouse wheel and drag actions pan and zoom the plot instantly

* In 3d plots right mouse button recentres cube on selected point

* In 3d plots zooming zooms data in the cube rather than enlarging the cube wireframe
itself

* Many controls are sliders which update the plot as you slide

Better support for large datasets

Severa features have been introduced to provide more meaningful visualisation of large
datasets. Improved density-like plots and contours give you better ways to understand plots
containing many more points than there are pixels to plot them on. There is separately some
improvement in scalability you can typically get reasonable interactive performance up to
about 10 million points depending on avallable memory etc and what you're doing (though
there are reports of it working with several 108 points). The intention is to improve this limit
further in future.

New plot shading modes
Density colour coding for all plot types, with colour map either absolute or modifying dataset
base colour. The result is something that 1ooks like a scatter plot at low densities and a density
plot for high densities, and generally means that you can easily make quantitative sense of
overcrowded regions of a scatter plot. Flat, transparent and aux colour coding still available as
before.

Improved axis labelling

e Choice of font size and style

* Option of LaTeX input for non-ASCII characters etc
* Log axeslabelled better

e Minor tick option

Analytic function plotting in 2D
Plot functions of X or Y coordinate using algebraic expression language.

Configurability
Many more configuration options including legend placement, grid display and colour,
antialiasing, text label crowding limits etc etc.

STILTS export
The GUI can report the text for the STILTS command that would reproduce the currently
visible plot.
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The new windows allow you to assemble a stack of layers representing different plot types of
different data sets on the same axes. The user interface for controlling this is quite a bit different
than for the old-style plot windows, and is described in the subsequent sections. However, making a
simple plot is still simple: select atable, select the columns, and you're off.

Some features from the old-style plots that are not currently available in the new-style plots are:

» true RGB density maps (though density shading modes will often do as good or a better job)
» foggingin 3D plots

These may be introduced in a future release, possibly informed by user demand.

A.4.2 Plot Window Overview
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Plot window

Plot windows consist of two main parts: the Plot Panel containing the actual plotted graphics (by

default, at the top), and the Control Panel (by default, at the bottom). The Control Panel is where

you configure what will be plotted. For a simple scatter plot it may just be a case of selecting what

columns to plot against each other, but it can get quite detailed. If you want more screen space to

play with, it can be helpful to float the control panel into a separate window using the Float

Controls () toolbar button; you can find this button in both the main and the control panel
o]

toolbars. To unfloat the control panel, either just close the control panel window, or click the Float
Controls toolbar button again. With floating controls, the window |ooks like the following figure.
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Plot window with floated control panel

The control panel itself has two main parts: a control stack on the left containing currently active
controls (represented by names and icons), and a detail panel on the right which shows information
about the currently selected control. Click on one of the control entries on the left to see its details
on the right. Different controls have different detail panels, but in general each one will have
multiple tabs for configuring different things. Y ou can select these by clicking on the tab names. A
good way to learn about the optionsis to click on the different controls and their tabs to see what's
available and experiment with the various options to see what happens to the plot, but all the panels
and tabs are aso explained in this manual. The control panel also has a toolbar at the top, used for
adding and removing controls from the stack.

The control list has two types of entry:

Fixed controls:
These control the overall plot appearance. In the above figure, the fixed controls Frame (Jr==

), Legend ), Ax&e(gm) and STILTS (. ) arevisible.
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The different fixed controls are described in Appendix A.4.3.
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Layer controls:
These determine the actual data that will be plotted and what graphical form it takes; each
control contributes a layer or layers to the plot. To add a layer control, use the toolbar just
above; each button with alittle green "+" adds a control of the corresponding type. To remove
alayer control, select it and use the Remove Current Layer ( @ ) button in the toolbar. You

can also use the L ayer s menu at the top of the main window to add and remove layers.

The checkbox beside each control determines whether it is currently active; if unchecked, any
plotting instructions is contains will be ignored. You can set them active or inactive by
clicking on the checkboxes.

You can also drag each control up or down by dragging with the grab handle (#). Layers
A

lower down the list are plotted later (perhaps obscuring earlier one), so you can drag them up
and down until you have the layers you want on top.

The different layer controls are described in Appendix A.4.4.

In the foot of the window, there are also four other small panels:

Position Panel
When the cursor is positioned over the plot itself, this reports its position in data coordinates.
In some cases, such as 3-d plots, this may not be possible, in which case it's blank.

Count Panel
Displays the number of points currently plotted and the total number of points represented by
the plot. The total (the second figure) is the number of positionsin all the plotted data sets, and
the current number (the first figure) excludes those in subsets not currently plotted and those
outside the bounds of the visible plot.

Navigation Help
Shows some reminders for what different mouse gestures do. Little icons are supposed to
represent clicking and dragging different mouse buttons and the mouse wheel. Note the
content changes according to where the mouse is on the plot, since that affects navigation
behaviour. For more information see Appendix A.4.2.1. Clicking on the X button will make
this panel go away.

Progress Bar
If something slow is happening you may see a progress bar at the bottom of the screen while
you wait. Unless you are plotting several million points, you may not see this at all. For slow
data loads, this will always be displayed. For actions like actually drawing the plot and turning
a blob into a subset selection you can choose whether progress is shown using the Show Plot
Progress (f.....) button in the toolbar. It's nice to know that something's going on, but it can be
A
distracting; displaying progress also slows the plot down a bit.

The main toolbar at the top of the window contains the following actions (repeated in the menus):

== Float Controls

Puts the Control Panel into a floating window rather than at the bottom of the plot window, as
described above. Once floating, the control panel can be joined back to the main window by
clicking this button again.

e Draw Subset Blob

Allows you to draw a region on the screen defining a new Row Subset. When you have
finished drawing it, click this button again to indicate you're done. See Appendix A.4.2.3.3 for
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more details.
. Subset From Visible

’ Defines a new Row Subset consisting of only the points which are currently visible on the
plotting surface. See Appendix A.4.2.3.1 for more explanation.

@ Replot

Redraws the current plot. It is usually not necessary to use this button, since if you change any
of the plot characteristics with the controls in this window the plot will be redrawn
automatically. However if you have changed the data, e.g. by editing cells in the Data
Window, or by redefining a subset, the plot is not automatically redrawn. Clicking this button
redraws the plot taking account of any changes to the table data.

C{}D Rescale

Rescales the axes of the current plot so that it contains al the data points in the currently
selected subsets. By default the plot will be initially scaled like this, but it it may have changed
because of changes in the subset selection or from zooming in or out.

[I: :,] Lock Axes

Usually, when the data plotted has changed significantly, the axes are automatically rescaled
so that al the points are visible. The application makes a guess about when it's a good idea to
do this automatic rescaling. If you don't want it to auto-rescale, set this toggle button, and it
won't rescale unlessit really hasto. Thisis not available for the Sky Plot.

]

B
This controls when the Aux data range, sometimes used to colour data points (see the Aux
Axis Contral), is updated to match the currently visible data. By default, the range is updated
dynamically as the plot changes, for instance when you pan or zoom it, so that the data range
covered by the aux colour ramp matches the range of the currently visible data. But if this
checkbox is checked, then the range is frozen to the current value. Data-sensitive updates to
the aux range will then not be performed until it's unchecked again.

Lock Aux Range

It also affects some other dynamic ranging calculations such as Auto-Scale sizes for plot
forms Size, SizeXY, Vector, SkyVector, Ellipse, SkyEllipse, XY Corr and SkyCorr.

#, Sketch Frames
If selected causes intermediate "sketch” frames to be drawn when navigating around very large
plots. For plots that take along time (at least a non-negligable fraction of a second) to draw, if
this option is selected then when navigating around it will paint intermediate frames based on a
subsample of the data rather than painting the whole plot at every step. This can result in a
somewhat flickering appearance, but it means that frame updates happen more frequently, so
it's a bit more responsive.

f..... Show Plot Progress
=
If selected a progress bar at the bottom of the window is active when large (slow) plots are in
progress. This can be useful if you are navigating round a very large plot so that you can see
something is happening rather than the application apparently just doing nothing. On the other
hand a flickering progress bar can be distracting. Updating the progress bar may also slow the
plot down alittle.

|E| Export Plot

Allowsyou to save the plot in avariety of graphics formats using the Plot Export window.



SUN/253 122

The window menus offer an aternative way to perform the actions available from the toolbar
described above. They also provide some additional options:

Layersmenu
This menu repeats the options available in the toolbar from the Control Panel at the bottom of
the window; each one adds a new Layer Control of one of the available types to the stack, or
Removes ( @ ) the currently selected control.

Export menu
This menu provides some options for exporting graphics and data from the plot to external
contexts:

IEI Export Plot

Saves the visible plot in an image format; see Appendix A.4.2.5.
5 STILTS Command Window
akilks

Displays a command which can be executed from outside TOPCAT to reproduce the
currently visible plot; see Appendix A.4.3.4.

Layer Data Import

B Layer Data Save

These two sub-menus may or may not contain options. Some plotted layer types (for
instance 1d or 2d histograms) generate table data as part of their calculations that can be
exported separately. If one of these layersis currently plotted, then options may appear in
these menus. The Import options retrieve the table and add it to the list of tables currently
loaded in TOPCAT; the Save options can write the data directly to disk using one of the
supported table formats.

The following subsections explain some other features common to all the plotting windows.

A.4.2.1 Navigation

All the plot windows are interactive, and you can navigate around them using the mouse buttons.
For most plot types the left and right buttons and the mouse wheel do something; in 3d plots the
middle button is used as well.

The details of what mouse actions do what depend on which plot window you are using, and they
can aso be configured to some extent using the Navigation tab in the Axes fixed control in the
control stack. However, as arule, the actions when used on the body of the plot are these:

A Leftdrag
Drags the plot around. Where possible, the same plot position stays under the cursor as you
drag. In 2d this pans the plot left/right/up/down, and in 3d it rotatesiit.

{3 Right drag
Stretch zoom. Dragging up/down stretches/squashes the plot vertically, and dragging left/right
stretches/squashes it horizontally. The zoom is centered on the position where you start the
drag from, so that data position stays in the same place on the screen. In 3d, the zoom is along
the two plot directions most closely aligned with the plane of the screen.

{3 Middledrag
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Frame zoom. Dragging right-and-down or right-and-up drags out a frame; when the button is
released, the plot will be zoomed in to cover area enclosed by the frame. Dragging left (and up
or down) does something like the opposite, you can zoom out using a similar (though not quite
the same) mechanism.

[#g Mouse wheel
Spinning the mouse wheel forwards/backwards will zoom in/out. In 2d the zoom is around the
current position of the mouse, and in 3d it is (usually) around the center of the view cube.

[ Left click
Identifies a point. If there is a plotted point near the cursor, it will plot a marker on it and
activate (Section 8) it. If you click on an empty bit of the plot, any existing activated point will
be removed, otherwise nothing will happen.

In the 2d plot types, you can pan or zoom in just one direction by using the same actions outside of
the plot itself. If you do a pan/zoom action to the left of the Y axis, it will pan/zoom only vertically,
and if you do it below the X axis, it will do it only horizontally.

Most of these actions give you some visual feedback on the screen, showing a rectangle or some
arrows to give you a clue what you're doing. If you find that distracting, you can turn it off using the
Plot|Show Navigation Graphics () menu item.

% 2] (@sSelear [BPanX;¥ [HZoomXx/Y [E Zoom Iso

Navigation help panel at the bottom of plot windows

In each plot window there is a row at the bottom of the window giving hints on the currently
available navigation actions. The little icons are each supposed to represent either aclick ( [F) or a
drag () with one of the three buttons pressed, or a wheel spin ([#g), and are followed by a
short description of what it will achieve. Note these hints change according to where the mouse is
currently positioned on the screen. Moving the button over this panel will give you some help on
the help. Clicking the ¥ button will make the line disappear, and you can bring it back with the
Window|Show Navigation Help rg ) menu item. The ? button will bring up a help window

specific to the navigation in this window.

If you are using a mouse with fewer than three buttons or no wheel, the following subsitute
gestures can usually be used:

[3 L eft button
If you only have one button, thisisit.

[& Right button
If you only have one button, you can use it with the CTRL key.

[E Middle button
If you only have one button, you can use it with the SHIFT key. If you have two buttons,
sometimes pressing them both at once will work.

[#9 Whesl
Often a wheel action can be smulated on a trackpad by moving two fingers together up or
down.

A.4.2.2 Table Data Layer Controls

Most, but not all, of the available layer controls (Appendix A.4.4) are concerned with plotting table
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datain some way or other. In general, these allow you to set up away to generate a plot layer (some
generated graphics) from some selected columns of a given table with a chosen style.

However, if you have more than one Row Subset for a given table, a single control can be used to
generate several layers, one for each subset. In most cases it makes sense to have the graphics
generated by the different subsets configured similarly, but still visually distinguishable.

These table layer controls generally have three tabs: Position, Subsets and Form. The Position tab
is for specifying coordinates, and depends on the specific type of the plot and the layer control. The
Subsets and Form tabs control which row subsets are plotted and how they are displayed, and a
description of how they are arranged follows below.

Position Tab

[’Pusitiun S5ubsets | Form

Table: | 1: 6dfgs_E7.fits -

X: [RMAG - BMAG v | |4
Y: [RMAG > | 4»
XeY

Position tab of atable data layer control

The Position tab lets you specify atable and a basic set of coordinates for the positions to plot. The
details of how the data point at each of those positions is represented, including in some cases more
coordinate values (e.g. for error bar sizes etc), are specified in the other tabs (usualy Form).

Subsets Tab

| Position | Subsets | Form |

%@ All Color: N ~ |ﬂ|ﬂ |ﬂ
$ [ Activated Label:

-
iD galaxy In Legend: ¥
3 v star

wew | ooo

Subsetstab of atable data layer control

The Subsets tab lists the defined Row Subsets for the table you have selected in the Position tab
(see the Subsets window). The subsets All and Activated are always present; others may or may not
be depending on whether any have been defined. Note that actions you take in the plot (for instance
selecting a new subset by region) can result in new entries being added to thislist.
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The list on the left names the subsets with an activation checkbox and a grab handle; the panel on
the right gives the detail for the currently selected subset. Select a subset to see/change its detail by
clicking on it.

For each subset you can select:

*  Whether it is plotted (using the activation checkbox)
» The plotting sequence (by dragging it up and down using its grab handle)
*  Thedefault plotting colour

* Thelabel with whichit isannotated in the legend (if visible)

*  Whether it appearsin the legend at all

Although you can select plotting colours in the Form tab as well, it's generally better to do it here
since this changes the colour of all the forms plotted for a given subset, rather than one form at a
time. The little Show/Hide All (F##/CCI) puttons at the bottom of the list can be used as a
convenience to make al the subsets visible or invisible at once (which might be useful if you have
lots of subsets).

Form Tab

fPusitiun | Subsets | Form |

+ Forms -Shading
Mode: ‘ auto Bl 'l”h

%E + Mark

-Global Style
Shape: | @ | [4|p

S5ize; | = 1w Elﬂ

Color 4 » I ¥l By Subset

EE A XYVector

-Subset Styles

Subset - |

Form tab of atable data layer control

The Form tab lets you control how the data coordinates specified in the Position tab will be used to
generate graphics on the screen. On the left is a stack of different Form types that will each be
plotted; a default item Mark is usually included to start with, but you can add more from the +

Forms menu button. Each form in this stack can be turned on or off individually by clicking its
activation checkbox, dragged up and down using its grab handle, or deleted using the @ Remove

Selected Form item from the Forms menu.

When you select a form by clicking on it in the stack, a configuration sub-panel will appear on the
right hand side of this panel. This allows you to select style information to determine the details of
how the plot will look for each layer, and sometimes al so reports information calculated by the plot.
The details differ greatly between forms, but they generally contain two sub-panels for defining the
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style details, Global Style and Subset Styles:

Global Style
Controls the style details for the chosen form, for instance marker shape and size. Options here
affect all subsets, though by default the colour is taken from the Subsets tab. If you want to set
the colour the same for all subsets, uncheck the By Subset checkbox which will activate the
Colour selector.

Subset Styles
If you want to have different subsets represented with different styles, for instance different
shapes for different subsets, you can select a subset here and alter style details for that subset
only, overriding the Global settings above. The Visible checkbox indicates and controls
whether the subset selected for specific configuration is currently visible in the plot.

A.4.2.3 Defining Subsets Graphically
The plot windows can be used to define new Row Subsets by indicating a screen region containing

the points of interest. Depending on the type of plot, one or more of the following options will be
available as toolbar/menu items:

. Subset From Visible
. Algebraic Subset From Visible

» i Draw Blob Subset
.::-

” Draw Algebraic Subset

In all these cases, when you have graphically specified a region, a dialogue box will pop up to ask
you the name of the corresponding subset(s). As described in Section 3.1.1, it'sagood ideato use a
name which is just composed of letters, numbers and underscores. You can optionally select a
subset name which has been used before from the list, which will overwrite the former contents of
that subset. When you enter a name and hit the OK button, the new subset will be created and
added to the list shown in the Subset Window, and the points in it will be shown straight away on
the plot using a new symbol. As usual, you can toggle whether the points in this subset are
displayed using the Subsetstab in the table layer control.

The different options for making these graphical selections are described in the following
subsections.

A.4.2.3.1 Subset from Visible
The Subset From Visible ( :?-) toolbar button creates a new subset containing al of the points

that are visible on the curren; plot. When you click the button, you will be asked for a name for the
new subset.

This option can be useful if you have panned, zoomed, set the axes manualy, or otherwise
navigated the plot so that only the points currently visible are the ones you are interested in.
However, it is only suitable if the group you are interested in corresponds to a rectangular region in
the plotting space.
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A.4.2.3.2 Algebraic Subset From Visible
The Algebraic Subset From Visible () action (available in the Subsets menu of the Plane and

Cube plot windows) creates subsets containing all of the points that are visible on the current plot.
The subset content of thisis the same as for the Subset From Visible action, but this action defines
the subset as an algebraic expression based on the axis limits rather than just marking the points that
can currently be seen. This can be more useful, for instance if you want to use the subset definition
in some other context. However, it is only available for some plot types (Plane and Cube), since in
other cases the rectangular visibility region does not correspond to a straightforward algebraic
expression.

When you hit this button, the Multi Algebraic Subset Window will be displayed, showing the

algebraic function(s) corresponding to the currently visible region, and offering to create a new
subset (or, if there are multiple datasets plotted, several new subsets) from it.

A.4.2.3.3 Draw Blob Subset
The Draw Blob Subset (-i) button allows you to draw a freehand region or regions on the plot

containing the points you are interested in.
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Defining a subset by blob drawing

When you click the toolbar button it will appear with a checkmark over it (:igr) to indicate that
you are in blob-drawing mode. You can then drag the mouse around on the plot (keep the left
mouse button down while you move) to enclose the points that you're interested in. Asyou do so, a
translucent grey blob will be left behind - anything inside the blob will end up in the subset. You
can draw one or many blobs, which may be overlapping or not. If you make a mistake while
drawing a sequence of blobs, you can right-click (or Ctrl-click) and the most recently added blob
will disappear. When you've finished drawing your blob(s) click the ::gg button again, and you

will be asked for a name for the subset.

A.4.2.3.4 Draw Algebraic Subset
The Draw Algebraic Subset (”) action allows you to select points in a region of the plot by

clicking on points of your choice to mark out a shape. Different shapes such as polygons and circles
are available, depending on the plot type. When complete, subsets will be defined with an algebraic
expression which you can see and edit. This can be particularly useful (and a better option than the
blob) if you want to refer to the subset outside of the context of the current session, for instancein a
STILTS command or a published paper.

This action is currently only available in the Plane and Sky plot windows.
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Defining a subset by algebraic drawing. This shows use of mode Below in the Plane plot.

When you use this action to define a plot region, it operates in one of a number of inclusion modes,
depending on the plot type. In all cases, you click on one or more points to define the boundaries of
the region. The available modes are described at the end of this section.
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Operation is asfollows:
1. To start marking out a shape, hit the " button in the toolbar, and a popup window will first

ask you which incluson mode you want to use. Alternatively, you can use one of the
mode-specific sub-menu itemsin the Subsets|Draw Algebraic Subset menu to choose a mode
without the extra popup.

2. Once in drawing mode, the toolbar button will appear with a checkmark over it (P), and a

little square marker will appear near the mouse pointer aslong asit's over a suitable part of the
plot. You can then click on the plotting area to mark the points, and the area thus defined
(according to the mode you have chosen) will be shaded in grey. Each point you have clicked
on to define the area is marked with the little square marker. The algebraic form of the
expression for the points entered so far will be displayed at the bottom of the screen. A
right-click (or Ctrl-click) will remove the most recently-added point.

3. When you've finished adding points, click on theE button again. Thiswill pop up the Multi

Algebraic Subset Window, which displays the algebraic function corresponding to the region
you have outlined, and offering to create a new subset (or, if there are multiple datasets plotted,
severa new subsets) from it.

The generated expression tries to be as compact and comprehensible as possible. Precision of the
indicated points is determined from the pixel resolution of the plot, so literal numbers are not more
unwieldy than they have to be.

The available inclusion modes depend on the plot type, as follows:
Plane Plot

» Polygon: Select at least three points to define a closed polygon. The selected region is
inside it. The expression generated uses the functionii si nsi de from the Shapes class.

* Box: Defines arectangle aligned with the axes from two opposite corners. The expression
isjust of theform x>x0 && x<x1 && y>y0 && y<yl.

» Aligned Ellipse: Defines an ellipse aligned with the plot axes. The first point selected
defines the ellipse center, and the next point is on the radius. If later points are selected,
they reset the radius. The expression generated is of the form square((x-x0)/a) +
squar e( (y-y0)/b) <1, using the squar e function from the Maths class (squar e( x) =x*x).

* Rotated Ellipse: Defines an ellipse with arbitrary alignment. The first point selected
defines the ellipse center, the second point is the end of the primary radius, and the third
point defines the extent of the secondary radius. If later points are selected they reset the
secondary radius. The  expression generated is of the  form
squar e(a( x- x0) +b(y-y0)) +squar e( c(x-x0) +d(y-y0)) <1, using the square function
from the Maths class (squar e( x) =x*x).

 Below, Above, Left, Right: The points define a jagged line representing a continuous
function of x (or y) which has, in general, a discontinuous derivative. If just one point is
selected, all the points on the corresponding side of that single point are included. Line
segments at either end of the line are considered to continue to infinity - it's easy to
understand how this works by trying it out (or see the figure above). If only one point is
selected, the expression generated is of the form y<yo, and for two points it has the form
y<ntx+c. If there are more points, the special function pol yLi ne from class Shapes is
used.

Sky Plot

» Circle: The first point selected defines the center of a small circle on the sphere (cone),
and the next point is on its radius. If later points are selected, they reset the radius. The
expression generated uses the skyDi st ance function from class Sky.
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» Ellipse: Defines an ellipse with arbitrary alignment. The first point selected defines the
ellipse center, the second point is the end of the primary radius, and the third point defines
the extent of the secondary radius. If later points are selected they reset the secondary
radius. The expression generated usesthei nskyEl | i pse function from class Sky.

» Polygon: Select at least three points to define a closed polygon. The edges of the polygon
are the minor arcs of great circles (geodesics on the sphere). The expression generated
usesthei nskyPol ygon function from class Sky.

A.4.2.4 Distance M easur ement
The Measure Distance (E) action is available from some plot windows (Plane, Histogram, Sky

and Time plots). This alows you to use the mouse to measure the distance between two points on
the plot. To use it, first click the M easur e Distance toolbar button or menu item, and then press the
mouse button on a point in the plot from which you wish to measure, and drag the mouse, holding
down the button, to the point you wish to measure to. As you drag the mouse, the distance(s)
between the two points are displayed and updated interactively. Once you release the mouse button,
measurement mode is exited, and you need to invoke the action again to make another
measurement.
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Measuring distance in the Plane Plot

The details of what distances are displayed depends on the plot window in question, according to
what metrics are defined on the plot space. For the Sky plot, the shorter great circle arc is drawn on
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the plot between the two points, and the distance is labelled in degrees, minutes or seconds. For the
Histogram and Time plots, vertical and horizontal components are drawn and labelled in terms of
the distances along the corresponding axis. For the Plane plot, both components and the direct
distance are measured.

A.4.2.5 Plot Export Window

—| Export Plot 0 N
Look In: |1 screenshot » | |G |8 1S3 |BEES
Marne | Size | M odified | File Format:
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Plot export window

The Plot Export Window can be reached with the Export plot to file ( ) toolbar button in any

of the plot windows.

Y ou can select afilein the usual way, and save the plot in one of the following graphics formats:

png
PNG bitmap. The background is opaque.

png-transp
PNG bitmap with a transparent background. Background pixels that fall outside the plot
surface itself (for instance outside the axes for a Plane plot or outside the celestial sphere for a
Sky plot) are transparent.

gif
GIF bitmap; note the number of coloursislimited to 256.

jpeg_ - .
JPEG bitmap; note that this is a lossy format, better suited to photographs than plots, and
colours will be blurred.

pdf
Portable Document Format; in most cases this vector format gives pretty good output, in
particular text will be rendered properly.
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svg
Scalable Vector Graphics; this XML-based vector format mostly works quite well, but can
result in OutOfMemoryErrors for large output files.

eps
Encapsulated PostScript; PostScript cannot handle transparency, which means that in some
cases the output will come out wrong. PostScript files can aso be very large if there are many
data points.

eps-gzip
Just like eps, but the output is gzipped before output.

There are two additional controls on the right hand side of this window:

File Format
Selects the output file format as above. The default setting is (auto), which guesses what
format you want to use from the filename, and which usually does the right thing.

Force Bitmap

This option only has an effect for vector graphics formats (PDF, SVG and PostScript). If
selected, it draws the data contents of the plot as a pixel map and embeds that into the output
file rather than plotting each point in the output. This may make the output less beautiful
(round markers will no longer be perfectly round), but it may result in a much smaller file if
there are very many data points. Plot annotations such as axis labels will not be affected - they
are still drawn as vector text. Note that in some cases (e.g. use of the auto, density or weighted
shading modes) this kind of pixellisation will happen in any case.

Exporting to the pixel-based formats (GIF, JPEG, PNG) is fairly straightforward: each pixel on the
screen appears as one pixel in the output file. PNG is generally recommended. GIF works well in
most cases, but if there are more than 255 colours some of the colour resolution will be lost. JPEG
can preserve a wide range of colours, but does not support transparency and is lossy, so close
inspection of image features will reveal blurring.

When exporting to Portable Document Format (PDF), Scalable Vector Graphics (SVG) or
Encapsulated PostScript (EPS), which are vector graphics formats, there are a few things to
consider:

Positional Quantisation

Some of the shading modes (Density, Weighted, Auto) are inherently pixellated, and others
(Flat, Aux) are not. In the former case you will see pixel boundaries for the plotted points
rather than nice rounded edges at high magnifications (though text and axes will always be
plotted nicely). In both cases, at present the positional resolution is the same as it would be on
the screen, so if you have a 400-pixel high plot for instance, there are only 400 possible Y
coordinates at which a marker can be plotted, which in general is not obvious by looking at the
output plot. In future versions the positional resolution of non-pixellated modes may be
improved. In either case, increasing the size of the plot on the screen by resizing the window
before performing an export to PDF, SVG or EPS will reduce the effect of the positional
guantisation. Note it will also have the effect of making the text labels proportionally smaller
to the graphics, so you may want to increase the font size too.

Transparency
For technical reasons transparent markers cannot easily be rendered when a plot is exported to
PostScript. In some cases the plot is done using a bitmap in the PostScript output to permit
transparency and in some cases the points are just plotted opague. PDF does a bit better, but
the compositing of transparent shapes is sometimes a bit different on the screen and rendered
to a PDF. It's a good idea to check the output of screen exports by looking at the produced file
- if it doesn't look like it should do, setting the For ce Bitmap option will probably make sure it
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does, though this will also pixellate the plotted symbols. There is more discussion of this point
in the subsections for the various shading modes.
File Size

In some cases (2D and 3D scatter plots with many thousands of points or more) output EPS
files can get extremely large; the size scales with the number of points drawn, currently with a
factor of a few hundred bytes per point. In some cases you can work round this by plotting
some points as transparent so that the plot is rendered as a bitmap (see the discussion of
transparency above) which scales as the number of pixels rather than the number of points.
The Gzipped EPS format helps somewhat (though can be slow); PDF output is better till.
Even PDF files may be unmanageably large for very many points however.

A.4.3 Fixed Controls

5
sakilks 2 TILTS

.:I Aux Axis

Fixed controlsin control panel stack

Fixed controls are those controls that appear at the top of the stack in the control panel, and do not
have a checkbox or a drag handle. They are used to configure or monitor the overall appearance of
the plot, independent of any particular plot layer or data set. Those common to all plot types are
described in the following subsections, though some plot types may also have their own.

A.4.3.1 Frame Control

The Frame control (J===) controls the graphical area on which the plot graphic is drawn. It

contains two tabs, Size and Title.

SizeTab
[ size | Title |

Outer width: (500 pixels

Outer height: |&00 pixels

Top border: pixels

Left border: pixels

Eottom border: pixels

Right border: —| pixels

Frame control Sizetab
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The Size tab allows you to set the geometry of the generated plot in pixels. By default, the plot is
simply resized to fit the current size and shape of the window. However, if you fill in the Outer
width and/or Outer height fields, the size will instead be fixed to the given dimension in pixels.
Note if you pick alarge value, you may need to manually resize the window to see al of the plot.
Similarly, the bor der fields fix the number of pixels surrounding the data region of the plot; if these
are left blank, as by default, these borders are sized to accommodate the things that have to fit in
them (such as axis annotations and the Aux axis colour ramp).

The main use for this tab is to fix the size and alignment of the generated images if you want to
export aseries of similar plots.

Title Tab
[ Size | Title |

Plot Title: [Colour-Magnitude Diagrarm
Title Visible: [v|

Framecontrol Titletab

The Title tab allows you to give atitle for the plot. If text isfilled in the Plot Title field, and if the
Title Visible checkbox is checked, then the given text will appear at the top of the plot.

A.4.3.2 Legend Control

The Legend control of ) is dways visible in the plot Control Panel. It allows you to configure
# e

whether and how the plot legend appears.

oo

This control has two tabs, Style and L ocation.

Style Tab
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|/ S5tyle | Location

¥l Show Legend
v| Opaque
v| Border

L egend control Styletab

The Style tab configures the appearance of the legend panel, and has the folowing options:

Show L egend
Whether the legend appears in the plot. Thisis set automatically: if only one data set is present
no legend is shown, but once multiple datasets are present the legend is visible. But the option
can be overridden manually using this control.

Opaque
If true, the legend has an opague white background. If false, it is transparent, and any plot data
underneath it isvisible.

Border
If true, ablack line border is shown around the legend. If false, thereis no border.

Location Tab

|/ S5tyle | Location

) External
® Internal

L egend control Location tab

The Location tab configures where on the plot the legend is drawn (if present). There are two
options, External and Internal. If Internal is chosen, then a control is activated showing a small
box inside a large box. Drag the small box around with the mouse to change the position of the
legend inside the plot bounds.
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Note the font used in the legend is currently controlled by the font from the Axes selector.

A.4.3.3 Axes Control

The Axes control (;B) has a number of tabs specific to the particular plot type. These tabs allow
you to configure thiﬁés like the axis ranges, linear/log axis scaling, axis labelling, grid drawing,
details of the navigation controls and so on. The different plot types have axis controls that differ
significantly from each other, so the specific axis controls are described separately along with each

plot type:

Histogram axes control (Appendix A.4.8.2)
Plane plot axes control (Appendix A.4.9.2)
Sky plot axes control (Appendix A.4.10.2)
Cube plot axes control (Appendix A.4.11.2)
Sphere plot axes control (Appendix A.4.12.2)
Time plot axes control (Appendix A.4.13.3)

A.4.3.4 Stilts Control

The STILTS control (> ) displays the command you would have to issue to the STILTS package
#zkilks

to reproduce the currently visible plot. The text is continuously updated to match the currently
selected options, layers and navigation status.

|/ Command | Formatting

stilts plotdplane
¥pix=61l2 wpix=534
¥log=true xlahel=parallax wlabel=gmag grid=true
¥Min=0 x¥max=1312 wmin=3.33 wmnax=17.17
lTegend="Talse
in=/mht/ datassurvey /Tgas_source, TitTs x=parallax
w=phot_g_mean_mag
Taver_l=Mark
shading_l=auto
lTaver_Z=Contour -

Copy Test Window A

STILTS control Command tab

Unlike the other fixed controls, this one does not provide any options to change the current plot, and
if you just want to use TOPCAT interactively you don't need to use it at al. But if you want to be
able to regenerate the current plot from the command line or a script without setting it up again
from a GUI, for instance to generate publishable figures in a reproducible way, you may find it
useful.

STILTS is a command-line interface to al the functionality that TOPCAT provides from a
Graphical User Interface. Any plot that can be displayed in TOPCAT can aso be generated by
providing the right parameters to one of the STILTS plotting commands. The STILTS user
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document provides a full tutorial introduction for these commands, as well as detailed
documentation for each of the plotting commands (p! ot 2pl ane, pl ot 2sky, ...) and many examples.
However, there is alarge number of parameters to configure, and the command line to reproduce a
complex plot can be quite lengthy, so this control helps you to set up such plots by constructing the
command line corresponding to what you can currently see. The text displayed in this panel can
either be copied directly to reproduce a plot you have set up interactively, or it can be used as a
basisfor later adjustments to some of the parameters.

TOPCAT itself contains the STILTS application, so you don't need to instal any additional
software to use it. You can run it by adding the "-stilts" flag to a topcat command, or on a
Unix-like OS use the sti I ts script. If you don't already have it, you can download sti I ts to the
directory containing your TOPCAT jar file; see also SUN/256. The I nvocat i on formatting options
described below can also help.

You can use this facility with very little understanding of the details of STILTS. You just need to
copy the text (using the Copy button or however that's usually done on your OS) and paste it onto a
system command line or into a script. Executing the resulting command should then pop up the
current plot in a new window outside of TOPCAT. If it doesn't work, changing some of the
Formatting options described below (e.g. setting Invocation to Class-path) may help. To write the
result to agraphicsfileinstead of displaying it in awindow, just add a parameter like out =pl ot . png
to the end of the line. The available graphics output formats are listed in Appendix A.4.2.5.

To understand the generated command and get a better idea of how to tweak the parameters to
adjust the plot, you can consult the STILTS user document mentioned above. Just watching how the
displayed command changes as you interact with the plot is another way to learn what does what.

This display is available both as a Fixed Control and as a separate window. Both do the same thing,
but the window may be convenient if you want to see the way the command text changes as you
interact with the GUI in other parts of the fixed or layer controls. To pop up or hide the separate
window display, you can either use the Window button at the bottom of the fixed control, or the
Export|STILTS Command Window menu item.

Some actions are available from buttons or menu items:

Copy
Copies the whole command into the system clipboard, for convenience if you want to paste it
into an editor or at a shell prompt. Y ou can achieve the same thing using the usual OS-specific
gesturesif you prefer, e.g. highlighting all the text with the mouse.

Test
Attempts to execute the displayed command. If successful the reproduced plot will pop upin a
new window, and should look the same as the one currently visible in the plot window. This
can help to detect some potential problems with the displayed command line, but not all (see
more discussion below).

Window
Displays a separate window containing the information in this control (or hides it if already
displayed). This can be convenient to see how the generated command line changes as you
interact with the GUI controls.

Error
If TOPCAT detects some problem with the syntax of the displayed command, this button is
enabled and clicking it will show an error message. This can happen if you are trying to refer
to anon-algebraic subset by name, or for other reasons including bugs in the code.

NOTE: The STILTS command displayed in this panel is not guaranteed to work from the
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command line. There are afew reasons for this. The STILTS command tries to name the tables you
have loaded into TOPCAT. If they have straightforward filenames this will probably work, but if a
plotted table is for example the result of a match operation carried out in the current session, it will
not exist on disk yet so it can't be named on the command line. Similarly, using the names of
columns or non-algebraic Row Subsets created during the current session may result in command
lines that won't work as written, since those values don't exist in the input files. In this case you
should prepare a table corresponding to the current TOPCAT state, save that, and edit the STILTS
command to use the name of that file for input (or you can reload the file and do plots using that).
Subsets as such cannot be saved in this way, but you can achieve much the same thing by storing
subset information in a boolean column using the To Column action ( ) from the Subsets

Window. Note STILTS does not understand TOPCAT's saved session format. There may aso be
bugs in the (rather complex) command-generation code that cause the command to fail or to
generate a dlightly different plot. Hopefully there are not too many of these, but if you find one
please report it.

Another thing that can cause trouble is quoted values in algebraic expressions, since STILTS
quoting syntax does not always work well on the shell command line. If there are quoted
expressions within a quoted argument it is sometimes helpful to escape the inner quotes, e.g.
converting cnd_1='select "gmag > rmag"' 10 cmd_1='select \"gmag > rmag\"'. Another
approach isto avoid unnecessary spaces, which may allow inner quotes to be omitted.

An attempt is made to flag problems in the displayed command line. Constructions that are
suspected or expected to cause trouble when executing it are highlighted in a different colour. If the
command line itself seems to violate the plotting command syntax, the Error ( n ) button will

become enabled; clicking on it will display some indication of what's wrong.
However, the best way to test whether a displayed command will work is to copy and paste it onto

an actual command line and try to run it. If it works, the plot will show up in a new window. To
export thisinto a graphic file, smply add or modify the out parameter (e.9. out =t c- pl ot . pdf ).

Formatting Tab

|/Cummam:l Formatting |

Invocation: | stilts - ﬂm

Layer Suffixes: |_Numeric + | |4/}

Table Names: | Pathname + 1"}

Include Defaults: [

Line Endings: | backslash ‘F| 4| p

. (=1
Indent: EIE

STILTS control Formatting tab

The Formatting tab gives you various options to adjust how the generated STILTS command is
displayed in the Command tab. In the popup window version of this display, these options are
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available asitemsin the For matting menu instead.

You may want to adjust these options for personal taste, or so the output works better with the
command-line environment you're using. The basic format is intended to work with a Unix-like
shell such as bash; in most cases the nane=val ue settings should not be too sensitive to
shell-specific syntax, but it may be useful for instance to change line ending characters.

The available formatting options are:

Invocation
Determines how the sti | t s command itself isintroduced. Options are:

o dtilts: Just the word "sti I ts", which will work if a command with that name is on the
execution path.

» topcat: The expression "t opcat -stilts", which will work if thetopcat command ison
the path.

» Class-path: A longer expression based on the location of the java class files that the
currently running TOPCAT application is using. This should work as along as a j ava
executableis on the path.

Layer Suffixes
Determines how the parameters associated with different plot layers are labelled. STILTS
groups the parameters corresponding to a given plot layer by using a common suffix,
introduced by a parameter with the form "I ayer <suf fi x>=<I ayer - t ype>" (see SUN/252). You
can choose any form for these suffixes that does not interfere with the non-suffix parts of the
other parameters, and this option allows you to choose how they are generated. Options are:

e _Numeric: _1, _2,...
« _Alpha _A _B, ...

« _apha _a, _b,..

e Numeric: 1, 2, ...
 Alpha AB, ...

Zone Suffixes
Determines how suffixes assigned to different plot zones are labelled. Currently, plot zones are
an experimental feature used only in the Time Plot Window, so this option does not appear in
most plot types. The options are as described for the Layer Suffix selector above.

Table Names
Determines how tables in TOPCAT are referenced in the generated command line. Options
are:

» Pathname: Full pathname of the input table file, where available. Should be fairly robust
for tables |oaded from files.

* Filename: Tail of filename only (no directory name) of the input table file, where
available. More compact than Pathname, and should work if the STILTS command is
executed in the directory in which al files exist.

» Labe: User-assigned label for the table, as shown in the Control Window.

 TNum: "T" followed by the table identifier. The identifier is the small integer shown in
the tablelist in the Control Window.

Include Defaults
Parameters in STILTS commands usually have default values, and if the required values are
equal to the defaults, those can be omitted from the command line. By default, parameters
which take their default values are not displayed in this window. But if you set this checkbox
true, even parameters taking their default values are displayed as well. Default-valued
parameters are shown in afainter colour than non-default ones. This may give you a better idea
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of the various options which are available for the current plot.

Line Endings
STILTS commands can be quite long and are usually displayed over several screen lines. This
control configures how lines breaks are displayed. Options are:

* plain: just anew line character terminates lines
» backslash: abackslash ("\") is added at the end of each line; suitable for bash and other

Unix-like shells.

o caret: acaret ("1") is added at the end of each line; suitable for Windows CMD/.bat
scripts.

» backtick: a backtick (" ") is added at the end of each line; suitable for Windows
PowerShell

* none: the command is displayed as onelong line

Indent
Configures the amount of whitespace by which groups of related lines are indented.

A.4.3.5 Aux AxisControl
The Aux Axis control (.:I) isonly visible when at least one layer is using the shared colour map.

The following plot layers do this:

Aux colour mode (Appendix A.4.6.6)
Weighted colour mode (Appendix A.4.6.7)
Grid form (Appendix A.4.5.18)

Sky Density form (Appendix A.4.5.19)
Healpix control (Appendix A.4.4.4)
Lineform (Appendix A.4.5.12)

Line3d form (Appendix A.4.5.13)
Spectrogram control (Appendix A.4.4.7)

These all colour parts of the plot in away that is quantitatively significant, and the Aux Axis control
gives you a chance to control the details of the value-colour mapping, and to display the mapping in
a colour ramp displayed beside the plot. Some other layer types (e.g. Density mode) also shade the
plot according to numeric values, but use their own colour map, and don't display the colour ramp.

If no layer is using the shared colour map, then this control will not appear in the stack.

When present, this control has three tabs, M ap, Ramp and Range, described below.

Map Tab
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|/I'Ula|:| | Ramp | Range |

Aux Shader: | 8 Flasma - | |4}
Shader Clip: = (<[] Default
Shader Flip: [

Shader Quantise: () (7 ] O

Scaling: | linear -

4
Null Color: | v | [4|»] |G| [ Hide

Aux axis control Map tab

The Map tab controls the aux axis colour map. It has the following options:

Aux Shader
Select the colour map from alist of options. The available colour maps are listed in Appendix
Ad4l.

Shader Clip
Select a sub-range of the full colour map above. If the Default checkbox is checked, then all or
most of the colour ramp from the Shader control is used. If you want to configure the range of
colours from the map yourself, uncheck the Default checkbox, and dlide the handles in from
the end of the slider to choose exactly the range you want.

The default range is clipped at one end for colour maps that fade to white, so that al the
plotted colours will be distinguisable against a white background. That is generally agood idea
for scatter-type plots, but may not be so good for plots where the whole plotting surface is
coloured in, like density maps or spectrograms, so in that case you might want to uncheck
Default and |leave the handles at the extreme ends of the slider.

Shader Flip
Whether the aux scale should map forwards or backwards into the colour map.

Shader Quantise
Allows the colour map to be quantised. By default, the colour map is effectively continuous. If
you dlide the dlider to the right, or enter a value in the text field, the map will be split into a
decreasing number of discrete colours. This can be used to generate a contour-like effect, and
may make it easier to trace the boundaries of regions of interest by eye.

Scaling
Determines the function used to map the range of aux data values onto the colour map. The
options are:
* linear
* Jlog
* histogram
* histolog
* square
* sgrt
M acos

cos

In al these cases, the full range of data values is displayed on the colour bar (though it can be
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restricted by using the Aux Subrange control in the Range tab, described below). Thel i near,
| og, square, sqrt, acos and cos options just apply the named function to the full data range.
The histogram options on the other hand use a scaling function that corresponds to the actual
distribution of the data, so that there are about the same number of points (or pixels, or
whatever is being scaled) of each colour. The histogram options are somewhat more
expensive, but can be agood choice if you are exploring data whose distribution is unknown or
not well-behaved over its min-max range. The hi st ogr am and hi st ol og options both assign
the colours in the same way, but they display the colour ramp with linear or logarithmic
annotation respectively; the hi st ol og option aso ignores non-positive values.

Null Colour

What colour should be used to represent points with a null value for the aux data coordinate. If
the associated Hide option is selected, then those points will not appear in the plot at all.

Ramp Tab
(Map | Ramp | Range |

Show Scale: vl Auto
Aux Axis Label: [v| Auto
Aux Tick Crowding: | i) 1 [

Aux axis control Ramp tab

The Ramp tab controls the display and annotation of the colour ramp that displays the colour map
on the plot. It has the following options:

Show Scale
Whether the aux scale ramp is visible; if so an appropriately labelled colour ramp appears at
the right of the plot. The associated Auto option makes this decision automatically: if any aux
data is plotted, the scale will appear, otherwise it won't. Deselect Auto if you want to
determine visibility by hand.

Aux Axis Label
Selects the axis label to be displayed near the aux colour ramp if it is visible. The associated

Auto option, if selected, uses the name of one of the coordinates supplying aux data; deselect
Auto if you want to enter alabel by hand.

Aux Tick Crowding
The dlider influences how many tick marks are drawn on the colour ramp.

Range Tab
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|/I'Ula|:| | Ramp Range

Minimum Aux: |2002

Maximum Aux: (2008 5
Aux Subrange: [}
Lock Aux Range |_|

Aux axis control Rangetab

The Range tab lets you enter lower and upper values for the aux data range by hand, and provides a
double slider to restrict the range within these limits. If either the lower or upper range is left blank,
it will be determined from the data.

The Lock Aux Range checkbox controls whether the aux range is automatically updated as the plot
is adjusted (for instance as you navigate around it with the mouse). If locked, the range will stay the
same, but otherwise (the default) it is dynamically updated for the current view of the plot. This
checkbox isaduplicate of the = toggle button on the plot window toolbar described in Appendix

A.42.

Note the font used for labelling the aux axis is currently controlled by the font from the Axes
selector.

A.4.4Layer Controls

The layer controls are controls in the Control Stack that can be added, removed and moved around
to determine what layers go to make up the contents of a plot. Y ou can have zero, one or several of
each. Which ones are available is dependent on which plot type you are using (for instance the
Spectrogram control is only available for the Time plot). Add instances of each control to the
control stack by using the appropriate button from the control panel toolbar (the one in the lower
half of the window) or the corresponding item in the L ayer s menu.

The available layer controls are described in the following subsections. More may be added in
future releases.

A.4.4.1 Position Layer Control

The Position layer control (b;f_:_) isavailable for al the plot types. Most plots start off with one of
these in the stack by default, and you can add a new instance by using the Add Position Control (
:';ﬂ*) button in the control panel toolbar, or the corresponding item in the L ayer s menu.

* e
':_-i-q-lﬂ,

Thisisthe control which is used for most of the data plotting in the plotting windows. Each instance
of this control in the stack does plotting for a particular set of positions from a single table. The set
of positions is defined in the Positions tab as a column name or expression for each plot coordinate
(eg. for X and Y in a plane plot). However, the control can generate multiple layers from these
positions; the Subsets tab controls which subsets are plotted and how each one is identified, and the
Form tab provides many options for what graphics will be plotted based on the positions.
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This control is a Table Data control as described in Appendix A.4.2.2. That section explains the
Subsets tab; the Position and Form tabs are described in more detail below.

Position Tab

[’Pusitiun S5ubsets | Form

Table: | 1: 6dfgs_E7.fits -

X: [RMAG - BMAG v | |4
Y: [RMAG > | 4»
XeY

Position tab of Position layer control, for Plane plot

In the Position tab you enter the base position coordinates for each plotted point. This generally
means selecting a table and providing a value (table column or expression) for each positional
coordinate. When you first open a plot window, TOPCAT gives you atable layer control by default,
and attempts to fill in the positional coordinates with some reasonable values from the table (for
instance the first few numeric columns).

Note the details of the Position tab will be different for different plot types, for instance the Cube
plot hasaZ coordinate field alongside X and Y.

For the Plane plot only, there is an X<->Y button that lets you swap the contents of the X and Y
fields for convenience. Note that swapping those contents is the only thing it does, it does not for
instance swap the log flags for the axes, so the result may not be exactly the same as reflecting the
plot about the X=Y line.

Form Tab

fFusitiun | Subsets | Form |

+ Forms -Shading
Mode: ‘ auto ‘"| 1”!"

-
3V o+ Mark

-Global S5tyle
Shape: | @ | (4|p

S5ize; | = 1w Elﬂ

Color: 4 ¢ | [vl By Subset

%E A XYVector

FSubset Styles

Subset ""| |
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Form tab of Position layer control

The Form tab lets you define how the specified data set is plotted. The stack on the left gives alist
of forms currently being plotted, and the panel on the right shows the detailed configuration for the
currently selected form.

When first added, the stack contains a single entry, Mark, which plots a marker of a given fixed
shape and size. The colour is by default determined by the setting in the Subsets tab. For a simple
scatter plot, thisis all that you need. However, there are a number of other forms that you can plot
aswell or instead of the ssmple markers - vectors, error bars, ellipses, contours, text labels etc. You
add a new form to the stack by clicking on the + For ms button, which gives you a menu of all

the available forms for the current layer control. You can remove a form by selecting it and
selecting the Remove ( @ ) button in the same menu. Y ou can aso activate/deactivate the entries

in the stack with the checkbox and move them up and down with the drag handle as usual. The list
of forms that are avaiable depends on the plot type; the full list isin Appendix A.4.5.

The detail panel of each form depends on the form itself. It is divided into the following panels,
though not all forms have all the panels.

Shading
The shading mode controls how points are shaded based on their chosen colour. The various
options are described in Appendix A.4.6. Depending on the mode there may be more settings
tofill in here.

Coordinates
If additional coordinates are required for this form, for instance the size of error bars, you need
to enter the column or expression here. Each coordinate effectively adds another dimension to
the plot. Many forms, like Mark, do not require any additional coordinates.

Global/Subset Styles
Controls the style details for the chosen form; see Appendix A.4.2.2.

A.4.4.2 Pair Position Layer Control
The Pair Position layer control ('I\BE) allows you to plot symbols linking two positions in the plot
=0
space from the same table. You can add one of these controls to the stack by using the Add Pair
Control (E\a ) button in the control panel toolbar, or the corresponding item in the L ayer s menu.
-2}
This control is particularly useful for visualising the results of a crossmatch, and it is used

automatically by the Plot Result (@\@) option offered by some of the Match Window results. If

you want to plot pairs of points from different input tables, you first have to create a joined table by
using one of the crossmatch functions.

It works in asimilar way to the Single Position Layer Control, but the Position tab has fields for not
one but two sets of coordinatesto fill in.

This control is a Table Data control as described in Appendix A.4.2.2. That section explains the
Subsets tab; the Position and Form tabs are described in more detail below.
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Position Tab

[ Position | Subsets | Form |

Tahble: | 7: match{a,6) -

Data Sky System: | Equatorial - |1||Ir

Lonl: |alpha - :;
Latl: delta - EE
Lon2: ([RAJZ2000 - EE
Lat2: |DEJ2000| - | [4»

Position tab of Pair Position layer control, for Sky plot

In the Position tab you enter the pair of position coordinates for each plotted pair. This generally
means selecting a table and providing a value (table column or expression) for the first and second

sets of positional coordinates.

Note the details of the Position tab will be different for different plot types, for instance the Sky
plot has Lonl, Latl, Lon2 and Lat2 fields for the first and second longitude/latitude pairs, while a

Plane plot has X1, Y1, X2 and Y 2.

Form Tab
|/Fusitiun | Subsets | Form |

+ . ‘ ~Shading

. - -
* ° mna Mode:| i flat HH
L [
%E U/B Link32 -Global S5tyle
Color: 4 [¥|I By Subset

-Subset Styles

Subset: b

Form tab of Pair Position layer control

The Form tab lets you define how the specified data set is plotted. The list on the left gives alist of
forms currently being plotted, and the panel on the right shows the detailed configuration for the

currently selected form.
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The available forms for a pair plot (select them using the Forms button) are currently Mark2 (
ot

o ) which draws the points at both ends of the pair, and Link2 ( ‘j/g ) which draws aline linking
o
them. You can configure these, and select them on or off, separately. The detail panel for these
forms are dependent on the form itself and are described in more detail in Appendix A.4.5, but the
detail panels are divided into these parts:

Shading
The shading mode controls how points are shaded based on their chosen colour. The various
options are described in Appendix A.4.6. Depending on the mode there may be more settings
tofill in here.

Global/Subset Styles
Controls the style details for the chosen form; see Appendix A.4.2.2.

A.4.4.3 Quad Position Layer Control
The Quad Position layer control (E) allows you to plot symbols defined by four positionsin the

plot space from each row of atable - typically some kind of quadrilateral. Y ou can add one of these
controls to the stack by using the Add Quad Control () button in the control panel toolbar, or
il

the corresponding item in the L ayer s menu.

It works like the Single Position and Pair Position Layer Controls, but the Position tab has fields for
four sets of coordinates to fill in.
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Sky Plot Window with a Quad control

This control is a Table Data control as described in Appendix A.4.2.2. That section explains the
Subsets tab; the Position and Form tabs are described in more detail below.

Position Tab
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[ Position | Subsets | Form |

Table: | 1: crism.fits ¥

Data Sky System: |equaturia| (4]}

Lon (1): (clmin = q"p
Lat (1): |c2min bl 'l"h
Lon (2): |clmax - 'l||lr
Lat (2): |c2min - 1"}
Lon (3): [clmax bl 1"}
Lat (3): |c2max o 'l"l*
Lon (4): |clmin - 1"}
Lat (4): |c2max bl 'l"h

Position tab of Quad Position layer control, for Plane plot

In the Position tab you select a table and enter four sets of position coordinates (using a column
name or expression for each one) to define the plotted quadrilaterals.

Note the details of the Position tab will be different for different plot types, for instance the Sky
plot hasLon (1), Lat (2) etc for the (longitude,latitude) pairs, while the Cube plot has X (1), Y (1),
Z (1) etc. for the 3-dimensional Cartesian triples.

In some cases, for instance EPN-TAP tables with bounding boxes in sky plots, positions will be
filled in automatically. Y ou can of course change these default selections.

Form Tab
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' Position | Subsets | Form |

+ Forms -Shading

Mode: ‘ flat v (4r
%IE [ﬂ Poly4

-Global Style
-
= [w Poly4
s Ej' o Polygon Mode: |>=]cross EIH
*50 ° Marka
A Fast: [v|

Minimal Size: = 1w 1"}

Minimal Shape: | x |1I'

Color: 4» I |vl By Subset

-Subset Styles
Subset: v | | Visible

Form tab of Quad Position layer control

The Form tab lets you define how the specified data set is plotted. The list on the left gives alist of
forms currently being plotted, and the panel on the right shows the detailed configuration for the
currently selected form.

The available forms for a quad plot (select them using the + For ms button) are currently

. Poly4. draws an outlined or filled quadrilateral

. . Mark4: plots a marker on each point

Y ou can have zero or more of each form and configure them separately. The detail panel for these
forms is dependent on the form itself and are described in more detail in Appendix A.4.5, but the
detail panels are divided into these parts:

Shading
The shading mode controls how points are shaded based on their chosen colour. The various
options are described in Appendix A.4.6. Depending on the mode there may be more settings
tofill in here.

Global/Subset Styles
Controls the style details for the chosen form; see Appendix A.4.2.2.

If you want to draw triangles instead of quadrilaterals, you can just supply the same coordinates for
two of the positions. If you want a polygon with more vertices, try the Polygon form from the single
position layer control.

A.4.4.4 Healpix Layer Control
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The Healpix layer control (@) is available from the Sky Plot Window for plotting tables that

represent HEALPix maps on the celestial sphere. Y ou can add one of these controls to the stack by
using the Add HEALPix Control ( Hii) button in the control panel toolbar, or the corresponding

item in the Layer s menu.

Each row in the table must represent a single healpix tile, and a value from that row is used to
colour the corresponding region of the sky plot. The resolution (healpix order) of the input table is
supplied or may be guessed in order to do the plot, but the plot may be drawn at a degraded order
(bigger pixels) if required.

Note this is different from the SkyDensity form, which takes a table containing sky positions, and
represents that as a density map on the healpix grid by gathering the rows up into bins. The control
described here works on a table for which that binning has already been done, for instance as a
prepared sky map data product, by exporting from a SkyDensity layer, or by executing a suitable
(GROUP BY healpix_index) database query.
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Sky Plot Window with a Healpix layer

This control has two tabs, Data and Style.

Data Tab
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fData | S5tyle |

Tahle: | 1: IGSL «

Data Sky System: | equatorial - 'l"lr

HEALPix Data Level: |8 v | [4[»

HEALPix index: |hpx8 v | 4»

Value: |[nsrc - 1"!'

Row Subset: | All +

Healpix control Data tab

The Data tab lets you specify the table and columns containing the healpix tile data. It has the
following fields:

Table
The table supplying the data.

Data Sky System
The sky coordinate system of the grid on which the pixelsin the input table are laid out.

HEALPix Data L evel
HEALPix level of the (implicit or explicit) tile indices. Values up to 20 are currently
supported. This must be the value assumed by the data in the input table. If -1 is selected, an
attempt is made to determine the correct level from the data; this may or may not be
successful. Using the wrong value here will result in anonsensical plot, or no plot at all.

HEALPix index
Column in the input table giving HEALPix index value. If thisisleft blank, then the row index
isused, i.e. pixel #0 isassumed to be in the first row etc. Thisonly worksif the input table has
full sky coverage and the rows are in the correct sequence. Note this value is zero-based,
unlike the row index yielded by the special $0 or $i ndex token, you would have to write e.g.

$i ndex- 1.
Value

The column, or other expression, giving the colour to plot for the pixel at each row.
Row Subset

May be used to restrict the plot to one of the defined row subsets.

To control the colour map used to colour the sky tiles, use the Aux .:I fixed control.

Style Tab
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|/Data | Style

-

Degrade: 1=

-

Combine: | mean - 'l"l*

Per Unit: | degree? w |1||h
Transparency: (7} [

Healpix control Styletab

The Style tab lets you configure additional details of the plot's appearance. It has the following
fields:

Degrade
Controls the resolution at which the pixel grid is actually plotted. If the value is zero, then the
grid plotted is the same as that of the input data, but if a positive value is supplied then the
healpix order will be reduced by that many. Each increment means that 4 pixels from the
previous order will be combined into one. The way that combination is done is controlled by
the Combine option.

Combine
Defines how values degraded to a lower HEALPix level are combined together to produce the
value assigned to the larger tile, and hence its colour. This is mostly useful in the case that
degr ade>0.

For density-like values (count - per - uni t, sum per - uni t ) the scaling is additionally influenced
by the Per Unit option.

The available options are:

sum the sum of al the combined values per bin

sum per - uni t : the sum of al the combined values per unit of bin size
count : the number of non-blank values per bin (weight isignored)
count - per - uni t : the number of non-blank values per unit of bin size (weight isignored)
nean: the mean of the combined values

nedi an: the median of the combined values (may be slow)

ql: thefirst quartile of the combined values (may be slow)

q3: the third quartile of the combined values (may be slow)

mi n: the minimum of all the combined values

max: the maximum of all the combined values

st dev: the sample standard deviation of the combined values

hi t : 1if any values present, NaN otherwise (weight isignored)

Per Unit
Defines the unit of sky area used for scaling density-like Combine values (eg.
count - per-unit Or sum per-unit). If the Combination mode is calculating values per unit
area, this configures the area scale in question. For non-density-like combination modes (e.g.
sumor mean) it has no effect.

The available options are:

e steradian: steradian
* degree2: square degree
* arcnin2: sguare arcminute
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* arcsec2: sguare arcsecond
* mas2: square milliarcsec
* uas2: sguare microarcsec

Transparency
Adjusts the transparency of the filled area.

A.4.45Histogram Layer Control

The Histogram layer control ( ), alows you to make a 1-dimensional histogram-like plots

Al
(weighted and unweighted histograms, various kinds of Kernel Density Estimates). It is the main
control in the Histogram plot window, but is also available in the Plane and Time plot windows, so
you can overplot a histogram on scatter or time plots, if you can think of some reason to do that.
The Histogram window starts off with one of these controls in the stack by default, but as usual you
can add more by using the Add Histogram Control ( | |l,!-.) button in the control panel toolbar, or
il
the corresponding item in the L ayer s menu.

Each instance of this control in the stack can make histogram-like plots of a particular quantity from
a particular table. The value to be histogrammed, and optionally an associated weighting term, are
defined in the Positions tab using column names or expressions. However, the control can generate
multiple layers from these coordinates; the Subsets tab controls which subsets are plotted and how
each one is identified, and the Form tab provides many options for what graphics will be plotted
based on the sample values specified in the Position tab.

This control is a Table Data control as described in Appendix A.4.2.2. That section explains the
Subsets tab; the Position and Form tabs are described in more detail below.

Position Tab

[ Position | Subsets | Form |

Table: | 3: 6dfgs_E7.fits - |

X |[BEMAG - RMAG | (4}

Weight: - | (4|}

Position tab of Histogram layer control

In the Position tab you enter the value of the X value, the one whose values along the X axis will be
used to generate the plots. This may be a table column name or an expression. You may also
optionally fill in a column name or expression in the Weight field. This weights the values as they
are counted; each table row contributes a height value of the weighting coordinate to the bin into
which its X coordinate falls. If Weight isnot filled in, avalue of 1 is assumed.
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Form Tab

|/Pusitiun |/5uhsets |/Furm |

+ Forms -Global S5tyle
Color: 4F | [l By Subset
%E .|||||| Histogram|||rpaheparenay: ) [
SV & KDE Combine: | sum v | |d|p
Bar Form: | [ |y Semi Filled = | 4>
Thickness: | ———— 2 v | |{|[}
Dash: | ——— ¥ | (4|}
FSubset Styles
Subset =
-rReport
Subset: | All
EBin data .Iﬁ Import _"J_r| Save

Form tab of Histogram layer control

The Form tab lets you define how the specified data set is plotted. The stack on the left gives alist
of forms currently included in the plot, and the panel on the right shows the detailed configuration
for the currently selected form.

When first added, the stack contains a single entry, Histogram, which plots a simple histogram.
The colour is by default determined by the setting in the Subsets tab. This may be all you need, but
iIf you want to use other histogram-like plots such as Kernel Density Estimates, you can add new
forms to the stack using items in the popup menu from the + Forms button above the stack. You

can remove a form by selecting it and using the Remove ( .@ ) item in the same menu. You can

also activate/deactivate entries in the stack with the checkbox and move them up and down with the
drag handle as usua. The available forms are currently ||| Histogram; some variants on the idea
Jdulll

Densogram; and ,;'ﬁ'\, Gaussian, which

of aKernel Density Estimate: A KDE, A KNN, >
1N

effectively plots a Gaussian best fit to a histogram.

The Global Style and Subset Style sub-panels control shared and per-subset configuration specific
to the selected form as described in Appendix A.4.2.2.

Histograms have some additional configuration items, as described in the Bins ( I ) fixed control.
il

When a histogram layer control is used in the Histogram window, those configuration items are
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found in the Bins fixed control, where they control the settings for all the histogram layers in the
plot. However, if you use a histogram layer in a Plane plot, those items will appear as additional
itemsin the Form tab and can be controlled separately for each histogram.

A.4.4.6 Area Layer Control
The Area layer control (.) allows you to plot atwo-dimensional shape from each row of atable.

This might typicaly be something like an instrument coverage footprint corresponding to an

observation. The shape may be specified in various different ways. as an STC-S region

specification string (as found for instance in the s_r egi on column of ObsCore or EPN-TAP query

results), as an array specification of polygons or circles, or as an ASCIl-encoded MOC. You can

add one of these controls to the stack by using the Add Area Contral ( ) button in the control
.

panel toolbar or the corresponding item in the Layers menu for suitable plot types (Plane, Sky or

Sphere).

Areas specified in this way are generally intended for displaying relatively small shapes such as
instrument footprints. Larger areas may aso be specified, but there may be issues with use, for
instance auto-determination of the initial plot region may not work so well, and the rendering of
shapes that are large relative to the sky may be inaccurate. These issues may be addressed in future
releases.
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Sky Plot Window with an Area control

This control is a Table Data control as described in Appendix A.4.2.2. That section explains the
Subsets tab; the Position and Form tabs are described in more detail below.

Position Tab
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| Position | Subsets | Form |

Table: | 5: rosat.fits -

Data Sky System: | equatorial - 'l"lr

—

Area: (coverage - Hm -'11_, POLYGON HM

Position tab of Arealayer control, for Sky Plot

In the Position tab, you just need to select the input table using the Table selector, and then supply
the expression for the region specification in the Area selector. This area value will typically be a
table column containing the relevant information, for instance the s region column in tables
resulting from an ObsCore or EPN-TAP query. However, it's also possible to enter a suitable
expression, for instance "arr ay( RA, DEC, RADI US) " if you want to specify a CIRCLE-format shape
given position and radius columnsin the table.

The areamay be specified in various formats, currently:

STC-S
Region description using STC-S syntax; see TAP 1.0, section 6. Note there are currently some
restrictions: <frame>, <refpos> and <flavor> metadata are ignored, polygon winding
direction isignored (small polygons are assumed) and the | NTERSECTI ON and NOT constructions
are not supported. The non-standard MoC construction is supported.

POLYGON
2N-element array (x1,y1, x2,y2, ..., XN,yN); a NaN,NaN pair can be used to delimit distinct
polygons.

CIRCLE
3-element array (x,y,r).

POINT
2-element array (X,y)

MOC-ASCII
Region description using ASCII MOC syntax; see MOC 1.1 section 2.3.2. Note there are
currently afew issues with MOC plotting, especially for large tiles.

UNIQ
Region description representing a single HEALPix cell as defined by a UNIQ value; see MOC
1.1sec2.3.1.

TFCAT
Time-Frequency region defined by the TFCat standard. Support is currently incomplete; holes
in Polygons and MultiPolygons are not displayed correctly, single Points may not be
displayed, and Coordinate Reference System information is ignored.

The selector to the right of the Area selector defines which of these formats the selected value or
expression will be understood as. TOPCAT tries to guess the right value when the Area selector is
filled in; if it guesses wrong, you should select the correct option manually. If the Area value is
changed, it will update the guess accordingly; if you don't want it to do that, use the L ock ([: ‘1])

button to stop it happening.
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Form Tab
| Position | Subsets | Form |
+ Forms -Shadlng.
Mode: ‘ auto > || (4
3V 35X Area
-Global Style
-
=% A
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Form tab of Arealayer control

The Form tab lets you define how the specified region data will be plotted. The list on the left gives
alist of forms currently being plotted, and the panel on the right shows the detailed configuration
for the currently selected form.

The following forms are currently available for the Area plot:
. Area: draws an outlined or filled area

. . Central: plotsthe central point of an area

. . Areal abdl: adds atext |abel near the center of an area

It can be useful to have multiple instances of the Area form, for instance to paint the outline and fill
the interior separately. The Central and Areal abel forms just plot points/text in the same way as
Mark/Label, but they work with an Area coordinate rather than normal positional ones.

You can add a new form using the + Forms button. Each such form can be configured

separately using a panel divided into two parts:
Shading
The shading mode controls how points are shaded based on their chosen colour. The various
options are described in Appendix A.4.6. Depending on the mode there may be more settings
to fill in here.

Global/Subset Styles
Controls the style details for the chosen form; see Appendix A.4.2.2.
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A.4.4.7 Spectrogram Layer Control

This control is experimental. It is missing some important features, and the interface may be
changed in a future version.

The Spectrogram Layer Control (ﬁ.‘.‘ ) plots a spectrum at successive (usualy, but not
I_ ¥ 1]

necessarily, regularly-spaced) pointsin atime series. It is only available for the Time Plot Window;
you can add one of these controls to the stack by using the Add Spectrogram Control (r:‘.‘;’ )
I_ ¥l

button in the control panel toolbar, or the corresponding item in the L ayer s menu.
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Time Plot window with a Spectrogram layer

This control has only one layer-specific tab, Data, described below. The Zone tab is described in




SUN/253 165
Appendix A.4.13.1.

Data Tab
|/Data Zone |

Table: | 2: STEREO_STA L1 SEPT_20070607 V05.cdf

Time: |[Epoch NS ~ |4 ||| coF_EPOCH ~ | [¢]»
Spectrum: Spec 1 N5 v ;;
Time Width: > | |4
Row Subset: All =

Spectrogram control Data tab

The Data tab allows you to specify which values from a table will generate a spectrogram. It has
the following fields:

Table
The table supplying the data.

Time
A table column or expression giving the epoch coordinate at which spectra are located. This
should normally be atime-typed column; if it is simply of numeric typeit will be interpreted as
seconds since 1 Jan 1970.

Spectrum
An array-valued table column giving the spectral data.

TimeWidth
A table column or expression (variable or constant) giving the temporal coverage of a plotted
spectrum. If not filled in, it is assumed to be the most common (median) difference between
time points.

Row Subset
The subset for which the spectrum should be plotted. To plot multiple subsets (not usually
useful with thiskind of plot) you would need multiple spectrogram layer controlsin the stack.

To control the colour map used to represent the spectral values, use the Aux .:I fixed control.

A.4.4.8 XY Array Layer Control

The XYArray layer control (.) can be used to plot points, lines and error bars, but unlike the

Position Layer Control it works with table cells whose values are arrays giving multiple
coordinates, rather than single values. It is typically used where the value stored in each cell of a
column is an array representing a whole spectrum or time series, or some related quantity (such as
errors, frequencies, epochs etc). Each row of the table therefore corresponds to a full spectrum,
timeseries, or other array of coordinate pairs.
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You can add one of these controls to the Plane plot stack by using the Add XYArray Control (
.) button in the control panel toolbar, or the corresponding item in the Layers menu. Y ou may
+

need to deactivate the default Position Layer Control stack entry (:’§f+) as well to avoid confusion

and make sure the ranging works correctly. This control is only available for the Plane plot.

Plane Plot window with an XY Array layer

Note that unlike for instance plots of simple X,Y positions, there is no obvious single position
associated with each plotted row (X/Y array pair, or wiggly line). That means that by default, you
can't click on a plotted line to activate it, or see it highlighted when you activate the corresponding
row by clicking on it in the Data Window. To do that, you can use the Handles Form ( ..-E\)’ which
plots a "handle" marker at some configurable reference position near each line. That then serves as
the effective position on the plot for each row for the purposes of activation, highlighting, graphical
subset definition, etc. For convenience, a disabled Handles entry is added by default to the stack in
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the Forms tab, so you can enable it just by clicking on its checkbox. The handle positions and
appearance can be adjusted using the configuration panel.

This control is a Table Data control as described in Appendix A.4.2.2. That section explains the
Subsets tab; the Position and Form tabs are described in more detail below.

Position Tab

 Position | Subsets | Form

Table: | 1: xql00sub.fits «

X Values: subWave - ﬂ|t

Y Values: subFlux - ﬂ|t

Position tab of XY Array layer control

In the Position tab you have to fill in array values for the X Valuesand Y Values plot coordinates.
The contents can be array-valued column names or expressions. For each row, the X and Y
coordinates must be arrays of the same length (if they are not, nothing will be plotted for that row),
though different rows may have different array lengths. To manipulate array values, some of the
expression language functions in the Arrays class may be useful; for instance the expression
"mul tiply(flux,1./mean(flux))" can be used to normalise an input f I ux array. For most of the
available plots, if either the X or Y array value is missing, it will be interpreted as a sequence
(0,1,2,...) of the same length as the array that is present.

TOPCAT will try to fill in the X and Y coordinates with suitable array values from the table, if it
can find some. As well as array-valued columns, array-valued table parameters can be used, and are
often suitable for the X axis; these can be referred to using the syntax "par an<nanme>", as explained
in Section 7.3. It helpsif columns are declared with fixed array sizes, where applicable.

Form Tab
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| Position | Subsets | Form |
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Form tab of XYArray layer control

The Form tab lets you define how the specified data set is plotted. The list on the left gives alist of
forms currently being plotted, and the panel on the right shows the detailed configuration for the
currently selected form.

The available forms for an XY Array plot (select them using the + Forms button) are currently

. Lines: draws aline between the X,Y positions
Woad
. . Marks: draws a marker for each X,Y position
. B Handles: draws a single marker at areference position for the whole array of X,Y pairs

. I Y Errors: draws avertical error bar at each X,Y position
. |_]:_| XY Errors: draws horizontal and/or vertical error bars at each X,Y position

o o StatLine: draws a single line giving per-element combinations (e.g. mean) of the input
e

array values

Ve StatMark: draws a marker for each per-element combination (e.g. mean) of the input
A%

array values

. _,JN ArrayQuantile: draws quantile ranges for samples from the input array values

Y ou can have zero or more of each form and configure them separately. The detail panel for these
forms are dependent on the form itself and is described in more detail in Appendix A.4.5, but the
detail panels are divided into these parts:

Shading
The shading mode controls how points are shaded based on their chosen colour. The various
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options are described in Appendix A.4.6. Depending on the mode there may be more settings
tofill in here.

Global/Subset Styles
Controls the style details for the chosen form; see Appendix A.4.2.2.

A.4.4.9 Function Layer Control
The Function layer control ([Q ) isonly available for the Plane, Histogram and Time plots. You
can add one of these controls to the stack by using the Add Function Control ([Q ) button in the

control panel toolbar, or the corresponding item in the L ayer s menu.
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Plane plot with two function layers plotted, one as a function of Horizontal axis value, and one
asafunction of Vertical axisvalue

This control has three tabs, Function, Style and L abel, described below.

Function Tab

fFum:liun | S5tyle | Label

Independent Axis: | Vertical b | |1||h|

Independent Yariable Mame;: v

Function Expression: |zindA

Function control Function tab

The Function tab defines the function to be plotted and has the following fields:

Independent Axis
Which axis the independent variable varies along; options are currently Horizontal and
Vertical.

Independent Variable Name
Name of the independent variable. Thisistypically x for a horizontal independent variable and
y for a vertical independent variable, but any string that is a legal expression language
identifier (starts with a letter, continues with letters, numbers, underscores) can be used.

Function Expression
An expression using TOPCAT's expression language in terms of the independent variable that
defines the function. This expression must be standalone - it cannot reference any tables.

Style Tab

( Function | Style | Label |

Colour: |l ~ | |4 |ﬂ

Thickness: | =——— HM

Dash: | -=--=---- - Elﬂ

Antialiasing: v

Function control Styletab

The Style tab configures the plotting style. Options are:

Colour
Colour of theline.

Thickness
Thickness of thelinein pixels.
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Dash
Dash pattern of the line - solid is the default, but various options are available.

Antialiasing
If true, lines are antialiased, which makes them look smoother on the screen or bitmapped
export images. Has no effect on vector export images (PDF, SVG, EPS).

Label Tab

fFum:liun | S5tyle | Label

Label: ¥| Auto
In Legend: [v|

Function control Label tab

The Label tab allows you to choose the text that appears in the legend. Options are:

L abel
Gives the label that will appear in the legend. By default the function expression is used, but if
you want to override this you can deselect the associated Auto checkbox and enter your own
value.

In Legend
If true, an entry for this function appears in the legend, if false it does not. Note the setting of
this value does not affect whether the legend itself appears, which is controlled by the Legend
control.

A.4.4.10 SkyGrid Layer Control

The SkyGrid layer control (.) is available from the Sky Plot Window, and plots an additional
axis grid on the celestial sphere. This can be overlaid on the default sky axis grid so that axes for
multiple sky coordinate systems are simultaneously visible. You can add one of these controls to
the SkyPlot stack by using the Add SkyGrid Control () button in the control panel toolbar, or
the corresponding item in the L ayer s menu. o

Note that some of the configuration items for this plot layer, such as grid line antialiasing and the

decimal/sexagesimal flag, are inherited from the values set for the main sky plot grid in the Sky
Axes Control.
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Sky plot with no data, but an additional Galactic sky axis grid plotted over the default
equatorial grid.

This control has only one tab, Style, with the following fields:

Sky System
Selects the sky system (Equatorial, Galactic, Supergalactic or Ecliptic) whose coordinates the
plotted grid lines should represent. Note this is assessed relative to the View Sky System
selected in the Sky Axes Control. If the value here is the same as the View Sky System (by
default Equatorial) the grid used by this layer will be the same as the default axis grid.

Grid Color
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Selects the colour with which grid lines will be drawn.

Transparency
Determines how transparent the grid lines will be.

L abel Position
Determines whether and how the numeric labels will be placed along the grid lines. Currently
only two options, Internal and None.

Longitude Grid Crowding
Use the slider to control how closely longitudinal grid lines (meridians) are packed.

Latitude Grid Crowding
Use the dlider to control how closely latitudinal grid lines (parallels) are packed.

A.4.4.11 SphereGrid Layer Control
The SphereGrid layer control (.) plots a spherical net centered on the coordinate origin. It is

available from the Sphere and Cube plot windows, and you can add one of these controls to the
stack by using the Add SphereGrid Control (.) button in the control panel toolbar, or the

corresponding item in the L ayer s menu.

The plotted grid is currently not labelled, but it can provide orientation to make clear for instance
the position of a bounding unit sphere. Its radius can be controlled by a slider or by entering a fixed
value. Since the sphere is always centered on the origin, if the whole visible cube is far from the
origin, it may be that few or none of the grid lines show up on the plot.
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Plot of the XYZ vertices providing surface of an asteroid (48 Doris) with a spherical grid
overplotted.
This control has only one tab, Style, with the following fields:

Radius
Defines the radius of the plotted sphere. The dlider adjusts the radius as a proportion of the
visible plot cube, and the text entry field allows you to enter the radius in data units.

Grid Color
Colour of the plotted grid lines.

Thickness
Thickness of the plotted grid lines.

Lon Count
Determines the number of lines of longitude drawn.

Lat Count
Determines the number of lines of |atitude drawn.

A.4.5Plot Forms

Plot "forms" are the instructions for what shapes to actually paint on the plotting surface given some
positional data from atable. The most obvious (Mark) is simply to plot a marker with a fixed size
and shape at each data position. However, there is a range of other things you might want to do,
including error bars, vectors, contours, text labels, ...

The options provided are described, with the additional configuration information required, in the
following sections. Not all are available for every plot type.

A.451Mark Form

TheMark form ( ) ssimply plots markers with a fixed shape and size.
*
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Example Mark plot

-Shading
Mode: ‘ flat B 1”h
-Global S5tyle
Shape: | @ 1"?
Size: | = 1w | |1||h|
Colour: 4 ¢ | [¥] By Subset

Mark form configuration panel

Configuration options are:

Shading Mode
See Appendix A.4.6.

Shape

Marker shape from alist of options.

Size

Marker size in pixels.

A.45.2 Size Form
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The Size form ( I:ID) plots markers of afixed shape whose size varies according to a supplied data

coordinate. The marker size thus represents an additional dimension of the plot.

The actual size of the markers depends on the setting of the Auto Scale option. If autoscaling is off,
then the basic size of each marker is the input data value in units of pixels. If autoscaling is on, then
the data values are gathered for all the currently visible points, and a scaling factor is applied so that
the largest ones will be a sensible size (afew tens of pixels). This basic size can be further adjusted
with the Scale dlider.

Currently data values of zero always correspond to marker size of zero, negative data values are not
represented, and the mapping is linear. An absolute maximum size on markers is also imposed.
Other options may be introduced in future.

Note the scaling to size isin terms of screen dimensions (pixels). For sizes that correspond to actual
data values, the Error form may be more appropriate.

| o0
30 : 30
i fD
: : :
230 Ll
-5 -51
Example Size plot
-Shading
Mode: ‘ flat w (]
-Coordinates
Size: [FLUX_60 > | [4]»
-Global S5tyle
Shape: | @ 1l"l*
Scale: = | L L[]
Auto Scale: [v]
Color 4 » . ¥l By Subset
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Size form configuration panel

The configuration options are:

Shading Mode
See Appendix A.4.6.
Size
The size coordinate data values. Fill this in with a column name or expression from the table

just like for the positional coordinates. The units are either pixels or arbitrary, according to the
Auto Scale setting.

Shape
Marker shape from alist of options.

Scale
Scales the size of variable-sized markers. Adjusting the slider will make all markers larger or
smaller. Alternatively you can enter a scale factor in the text field.

Auto Scale
Determines whether the basic size of variable sized markers is automatically scaled to have a
sensible size. If checked, then the sizes of all the plotted markers are examined, and some
dynamically calculated factor is applied to them all to make them a sensible size (by defauilt,
the largest ones will be a few tens of pixels). If unchecked, the sizes will be the actual input
valuesin units of pixels.

If auto-scaling is off, then markers will keep exactly the same screen size during pan and zoom
operations; if it's on, then the visible sizes will change according to what other points are
currently plotted.

A.45.3 SizeXY Form
The SizeXY form ( 0) plots a shaped marker whose width and height vary independently
[m]

acoording to two sulpz)lplied data coordinates. The marker shape can thus encode two additional
dimensions of the plot.

The actual size of the markers depends on the setting of the Auto Scale option. If autoscaling is off,
the basic dimensions of each marker are given by the input data values in units of pixels. If
autoscaling is on, the data values are gathered for al the currently visible points, and scaling factors
are applied so that the largest ones will be a sensible size (a few tens of pixels). This autoscaling
happens independently for the X and Y directions. The basic sizes can be further adjusted with the
Scale dlider.

Currently data values of zero always correspond to marker extent of zero, negative data values are
not represented, and the mapping is linear. An absolute maximum size on markers is also imposed.
Other options may be introduced in future.

Note the scaling to size isin terms of screen dimensions (pixels). For sizes that correspond to actual
data values, the Error form may be more appropriate.
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Example SizeXY plot

SizeXY form configuration panel

The configuration options are:
Shading Mode
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See Appendix A.4.6.

XIY Size
For width and height respectively, the size coordinate data values. Fill in with a column name
or expression from the table just like for the positional coordinates. The units are either pixels
or arbitrary, according to the Auto Scale setting.

Shape
Marker shape from alist of options.

Thickness
Controls the line thickness used when drawing shapes. Zero, the default value, means a
1-pixel-wide line is used. Larger values make drawn lines thicker, but note changing this value
will not affect all shapes, for instance filled rectangles contain no line drawings.

Scale
Scales the size of variable-sized markers. Adjusting the slider will make all markers larger or
smaller. Alternatively you can enter a scale factor in the text field.

Auto Scale
Determines whether the basic size of variable sized markers is automatically scaled to have a
sensible size. If checked, then the sizes of all the plotted markers are examined, and some
dynamically calculated factor is applied to them all to make them a sensible size (by defauilt,
the largest ones will be a few tens of pixels). If unchecked, the sizes will be the actual input
valuesin units of pixels.

If auto-scaling is off, then markers will keep exactly the same screen size during pan and zoom
operations; if it's on, then the visible sizes will change according to what other points are
currently plotted.

A.45.4 Vector Form

The Vector form ( p. ) plots directed lines from the data position given delta values for the
coordinates. The plotted markers are typically little arrows, but there are other options.

In some cases such delta values may be the actual magnitude required for the plot, but often the
vector data represents a value which has a different magnitude or is in different units to the
positional data. As a convenience for this case, the plotter can optionally scale the magnitudes of all
the vectors to make them a sensible size (so the largest ones are a few tens of pixels long). This
scaling can be adjusted or turned off using the Scale and Auto Scale options below.
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Vector form configuration panel

The configuration options are:
Shading Mode
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See Appendix A.4.6.

X Delta, Y Ddlta, ...
The coordinates of the changes in each coordinate which gives the vector. The coordinates
here match the coordinates of the plot.

Arrow
Arrow shape selected from arange of options.

Thickness
Controls the line thickness used when drawing arrows. Zero, the default value, means a
1-pixel-wide lineis used, and larger values make drawn lines thicker.

Scale
Changes the factor by which all vector sizes are scaled. If the arrows are too small, dide it
right, if they aretoo big, slide it left. The slider scale islogarithmic. Alternatively, enter afixed
valuein thetext field.

Auto Scale
If selected, this option will determine the default arrow scale size from the data - it will fix it
so that the largest arrows are a few tens of pixels long by default. That scaling can then be
adjusted using the Scale dlider. If unselected, then the default position of the Scale dlider
corresponds to the actual positions given by the submitted delta coordinates.

A.4.5.5 SkyVector Form

The SkyVector form ( p. ) plots directed lines from the data position given relative offsets to

longitude.cos(latitude) and latitude on the celestial sphere. The plotted markers are typicaly little
arrows, but there are other options.

In some cases such delta values may be the actual magnitude required for the plot, but often the
vector data represents a value which has a different magnitude or is in different units to the
positional data (for instance proper motions). As a convenience for this case, the plotter can
optionally scale the magnitudes of al the vectors to make them a sensible size (so the largest ones
are afew tens of pixels long). This scaling can be adjusted or turned off using the Scale and Auto
Scale options below.
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Example SkyVector plot

SkyVector form configuration panel

The configuration options are:
Shading Mode
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See Appendix A.4.6.

DeltaLon(*)
Change in the longitude coordinate represented by the plotted vector. The supplied value is (if
not auto-scaled) an angle in degrees, and is considered to be premultiplied by cos(Latitude).

DeltaLat
Change in the latitude coordinate represented by the plotted vector. The supplied value is (if
not auto-scaled) an angle in degrees.

Arrow
Arrow shape selected from arange of options.

Thickness
Controls the line thickness used when drawing arrows. Zero, the default value, means a
1-pixel-wide line is used, and larger values make drawn lines thicker.

Scale
Changes the factor by which all vector sizes are scaled. If the arrows are too small, dide it
right, if they aretoo big, slide it left. The slider scale islogarithmic. Alternatively, enter afixed
valuein thetext field.

Auto Scale
If selected, this option will determine the default arrow scale size from the data - it will fix it
so that the largest arrows are a few tens of pixels long by default. That scaling can then be
adjusted using the Scale dlider. If unselected, then the default position of the Scale dlider
corresponds to the actual values in degrees given by the submitted Delta Lon/Lat coordinates.

A.45.6 Error BarsForm
The Error Bars form ( '—I_') draws symmetric or asymmetric error bars in some or all of the
dimensions of a 1-, 2- or 3-dimensional Cartesian plot. The shape of the error "bars' is quite

configurable, including (for 2- and 3-d errors) ellipses, rectangles etc, aligned with the axes (for
rotated ellipses and rectangles, see the XY Ellipse and XY Corr forms).
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Example XYError plot

Error Barsform configuration panel

The configuration options are:
Shading Mode
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X Positive Error, X NegativeError, ...
For each dimension of the plot, you can enter positive and/or negative error values as columns
or expressions from the table. All of these values must be positive; any negative values will be
ignored. If both positive and negative values are filled in for an axis, the errors will be
asymmetric. If the negative value is blank (either because the coordinate is not filled in, or
because its value is blank for that row), the error bars will be symmetric, i.e. the negative error
bar will be the same size as the positive one. If you want to ensure only a positive error bar is
plotted, enter "0" for the corresponding negative error.

Error Bar

187

Error bar shape from alist of options. Exact appearance will also depend on the dimensionality

of the supplied errors.
Thickness

Controls the line thickness used when drawing error bars. Zero, the default value, means a
1-pixel-wide line is used. Larger values make drawn lines thicker, but note changing this value
will not affect all shapes, for instance filled rectangles contain no line drawings.

A.45.7 XYEllipse Form

The XYEllipse form (.) plots an ellipse (or rectangle, triangle, or other similar figure) defined

by two principal radii and an optional angle of rotation, the so-called position angle. This angle, if
specified, is in degrees and gives the angle counterclockwise from the horizontal axis to the first

principal radius.
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Example XY Ellipse plot
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XY Ellipse form configuration panel

The configuration options are:

Shading Mode
See Appendix A.4.6.

Primary Radius, Secondary Radius
The two principa radii for the ellipse, in the same units as the position coordinates. It doesn't
matter whether the primary is larger than the secondary. If the Secondary Radius field is left
blank, it is assumed to equal the Primary Radiusfield, i.e. the ellipses are circles.

Position Angle
Position angle in degrees. This is the angle anticlockwise from the X axis to the primary
radius. If the value is missing (either thisfield not filled in or blank in the data) it is considered
to be zero.

Ellipse
Ellipse graphical representation, selected from a range of options (includes also rectangles,
CrOSSES €tC).

Thickness
Controls the line thickness used when drawing ellipses. Zero, the default value, means a
1-pixel-wide line is used. Larger values make drawn lines thicker, but note changing this value
will not affect all shapes, for instance filled ellipses contain no line drawings.

Scale
Changes the factor by which all ellipse sizes are scaled. If the ellipses are too small, dide it
right, if they aretoo big, dlide it left. The sider scale islogarithmic. Alternatively, enter afixed
valuein thetext field.

Auto Scale
If selected, this option will determine the default ellipse scale size from the data - it will fix it
so that the largest ellipses are a few tens of pixels long by default. That scaling can then be
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adjusted using the Scale dlider. If unselected, then the default position of the Scale dlider
corresponds to the actual positions given by the submitted ellipse radii coordinates.

A.4.5.8 SKyEllipse Form
The SkyEllipse (-) form plots an ellipse (or rectangle, triangle, or other similar figure) defined
by two principal radii and an optional angle of rotation, the so-called position angle. This angle, if

specified, is in degrees and gives the angle from the North pole towards the direction of increasing
longitude on the longitude axis.
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SkyEllipse form configuration panel

The configuration options are:

Primary Radius, Secondary Radius
The two principal radii for the ellipse. If auto-scaling is off, these are in units of degrees. It
doesn't matter whether the primary is larger than the secondary. If the Secondary Radius field
isleft blank, it is assumed to equal the Primary Radiusfield, i.e. the ellipses are circles.

Position Angle
Orientation of the ellipse. Thisis the angle in degrees from the North pole to the primary axis
of the ellipse in the direction of increasing longitude. If the value is missing (either this field
not filled in or blank in the data) it is considered to be zero.

Ellipse
Ellipse graphical representation, selected from a range of options (includes also rectangles,
Crosses etc).

Thickness
Controls the line thickness used when drawing ellipses. Zero, the default value, means a
1-pixel-wide lineis used. Larger values make drawn lines thicker, but note changing this value
will not affect all shapes, for instance filled ellipses contain no line drawings.

Scale
Changes the factor by which all ellipse sizes are scaled. If the ellipses are too small, dide it
right, if they aretoo big, slideit left. The slider scale islogarithmic. Alternatively, enter afixed
valuein thetext field.

Auto Scale
If selected, this option will determine the default ellipse scale size from the data - it will fix it
so that the largest ellipses are a few tens of pixels long by default. That scaling can then be
adjusted using the Scale dlider. If unselected, then the default position of the Scale dlider
corresponds to the actual values in degrees given by the submitted ellipse radii coordinates.
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A.459 XYCorr Form
The XYCorr (E) form plots an error ellipse (or rectangle or other similar figure) defined by
errorsinthe X and Y directions, and a correlation between the two errors.

The supplied correlation is a dimensionless value in the range -1..+1 and is equal to the covariance
divided by the product of the X and Y errors. The covariance matrix is thus:

[ xerr*xerr xerr*yerr*xycorr ]
[ xerr*yerr*xycorr yerr*yerr

This plot type is suitable for use with the <x>_error and <x>_<y>_corr columnsin the Gaia source
catalogue.
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XY Corr form configuration panel

The configuration options are:

Shading Mode
See Appendix A.4.6.

X/IY Error
The error along the horizontal and vertical directions, as column names or expressions.

XY Correlation
Correlation beteween the errors in the horizontal and vertical directions. This is a
dimensionless quantity in the range -1..+1, and is equivalent to the covariance divided by the
product of the X and Y error values themselves. It corresponds to the x_y_corr values
supplied in the Gaia source catalogue.

Ellipse
Ellipse graphical representation, selected from a range of options (includes also rectangles,
CrOSSES €tC).

Thickness
Controls the line thickness used when drawing polygons. Zero, the default value, means a
1-pixel-wide line is used. Larger values make drawn lines thicker, but note changing this value
will not affect all shapes, for instance filled polygons contain no line drawings.

Scale
Adjusts the size of variable-sized markers like vectors and ellipses. The default value is 1,

smaller or larger values multiply the visible sizes accordingly.

Autoscale
Determines whether plotted ellipses are automatically scaled to have a sensible size. If true,
then the sizes of al the ellipse markers are examined, and some dynamically calculated factor
Is applied to them all to make them a sensible size (by default, the largest ones will be a few
tens of pixels). If false, the sizes will be the actual input values interpreted in data coordinates.
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If auto-scaling is on, then markers will keep approximately the same screen size during zoom
operations; if it's off, they will keep the same size in data coordinates.

A.4.5.10 SkyCorr Form
The SkyCorr (E) form plots an error ellipse (or rectangle or other similar figure) on the sky
defined by errorsin the longitude and | atitude directions, and a correl ation between the two errors.

The error in longitude is considered to be premultiplied by the cosine of the latitude, i.e. both errors
correspond to angular distances along agreat circle.

The supplied correlation is a dimensionless value in the range -1..+1 and is equal to the covariance
divided by the product of the lon and lat errors. The covariance matrix isthus:

[ lonerr*lonerr | onerr*laterr*corr ]
[ lonerr*laterr*corr laterr*laterr

This plot type is suitable for use with the ra_error, dec_error and ra_dec_corr columns in the
Gaia source catalogue. Note however that Gaia positional errors are generally quoted in
milli-arseconds (mas), while this plotter requires lon/lat errors in degrees, so to plot true error
ellipses it is necessary to divide the Gaia error values by 3.6e6. In most plots, Gaia position errors
are much too tiny to see!
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SkyCorr form configuration panel

The configuration options are:

Shading mode
See Appendix A.4.6.

Longitude error
Error in longitude in degrees, multiplied by the cosine of the latitude.

Latitudeerror
Error in latitude in degrees.

Lon-Lat correlation
Correlation between the errorsin longitude and latitude. Thisis adimensionless quantity in the
range -1..+1, and is equivalent to the covariance divided by the product of the Longitude and
Latitude error values themselves. It corresponds to ther a_dec_corr value supplied in the Gaia
source catalogue.

Ellipse
Ellipse graphical representation, selected from a range of options (includes also rectangles,
Crosses etc).

Thickness
Controls the line thickness used when drawing ellipses. Zero, the default value, means a
1-pixel-wide lineis used. Larger values make drawn lines thicker, but note changing this value
will not affect all shapes, for instance filled polygons contain no line drawings.

Unit
Gives the units in which the Longitude and Latitude errors are supplied. Options are degrees,
arcseconds etc. If the special value scaled is given then a non-physical scaling is applied to the
input values to make the the largest markers appear at a reasonable size (a few tens of pixels)
in the plot. Note that the actual plotted size of the markers can also be scaled using the scale
option; these two work together to determine the actual plotted sizes.
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Scale
Scales the size of plotted ellipses. The default value is 1, smaller or larger values multiply the
visible sizes accordingly. The main purpose of this option is to tweak the visible sizes of the
plotted markers for better visibility. The unit option is more convenient to account for the
units in which the angular extent coordinates are supplied. If the markers are supposed to be
plotted with their absolute angular extents visible, this option should be set to its default value
of 1.

A.4.5.11 Polygon Form
The Polygon (.) form plots filled or outlined polygons with an arbitrary number of vertices.

Thefirst vertex is given in the Position Layer Control's Position tab, and the others are given in the
Coordinates box within the Form tab.

- N VST — - -
- - 21.1
o P SRR - ~= Ty
\‘1 - - . .
40 - - - - -
e B \ |
-, Y ~y iy,
- -~ “u — — 51.0 W
5k A g — - =
“ - . | g, ™ é
"0 -y -l -7 . ¥ R o
NN R N NI I
_ . —
i -, - e = 20.9
-4, - -y = —~
- -
wa S By - 3 -
& - - - - e ¥
25 b . e ~, B b
-
N S e e e
L . B _:“ J | : 30 8
6h20 6h00 Shz0 Shoo

Example Polygon plot



SUN/253 196

Polygon form configuration panel

The configuration options are:

Shading mode
See Appendix A.4.6.

Other Points
Array of coordinates giving the polygon vertices excluding the first vertex, which is given by
the main Position. These coordinates are given as an interleaved array, e.g. (x2,y2, x3,y3,
x4, y4) . Expression language functions including array(a, b, c,...) from the Arrays class,
and par seDoubl es(t xt) from the Conversions class, can be useful here. Although the first
coordinate pair is supposed to be given in the Position tab and not in this array, if it's more
convenient to repeat the first pair here it doesn't usually affect the plot's appearance.

Use Position
Determines whether the basic positional coordinates for the plotted row are included as one of
the polygon vertices or not. The polygon has N+1 vertices if this value is set, or N if it is not,
where N is the number of vertices supplied by the Other Points array. If unset, the reference
position isignored for the purposes of drawing the polygon.

Polygon Mode
Defines how the polygon is drawn. Options are

* outline: drawsalineround the outside of the polygon
o fill:fillstheinterior of the polygon
* cross: drawsalineround the outside of the polygon and lines between all the vertices

Thickness
Controls the line thickness used when drawing polygons. Zero, the default value, means a
1-pixel-wide line is used. Larger values make drawn lines thicker, but note changing this value
will not affect all shapes, for instance filled polygons contain no line drawings.

A.4512LineForm

The Line form (

NN,.N'

There are additional options to pre-sort the points according to their order on the X or Y axis (using

) draws a point-to-point line joining up the points making up the data set.
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the Sort Axis control), and to vary the colour of the line aong its length (using the Aux
coordinate).
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-Global Style
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Thickness: | —————1 [ (4|}
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Antialiasing: [

Lineform configuration panel

The configuration options are:

Aux
If supplied, this controls the colour of the line along its length according to the value given
here. As for the Aux shading mode, the details of the colour mapping are controlled using the
Aux Axis control.

Thickness
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Line thicknessin pixels.

Dash
Dash pattern. The lineis solid by default.

Sort Axis
May be used to sort the points before the lines are drawn. By default (option None) the lines
are drawn between the points in the sequence in which they appear in the table. But if you set
it to X or Y the points will be pre-ordered aong the given axis, so that lines for unordered
rows will come out looking like afunction of the X or Y coordinate rather than a scribble.
Antialiasing
If true, pixels are blurred to give the line a smoother appearance.

A.45.13Line3d Form
The Line3d form (

Prons

dimensions. There are additional options to pre-sort the points by a given quantity before drawing
the lines, and to colour the line along its length using an auxiliary coordinate.

) draws a point-to-point line joining up the positions of the points in three

Note that the line positioning in 3d and the line segment aux colouring is somewhat approximate. In
most cases it is good enough for visual inspection, but pixel-level examination may reveal
discrepancies.

0.002

s WA
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Example Line3d plot

-Coordinates
Awe LOD v | [4[»
Sort: > | [4]»
-Global Style

Color; 4k | |v| By Subset
Thickness: | =——— HM

Line3d form configuration panel

The configuration options are:

Aux

If supplied, this controls the colour of the line along its length according to the value given

here. As for the Aux shading mode, the details of the colour mapping are controlled using the
Aux Axis control.

Sort

If supplied, this gives a value to define in what order points are joined together. If no value is
given, the natural order is used, i.e. the sequence of rows in the table. Note that if the required

order isin fact the natural order of the table, it's better to leave this value blank, since sorting is
apotentially expensive step.

Thickness
Thickness of the line in pixels.
A.45.14 Linear Fit Form

The Linear Fit form (%f;() determines a least-squares best fit of a line to the data points,

optionally weighted by a given value, and plots the corresponding line.
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Linear Fit configuration panel

The configuration options are:

Weight
Weighting to apply to each point. If left blank, no weighting (equivalent to unit weighting) is
applied. If independent sampling errors E are available for each point, a suitable value for this
may be 1./ (E*E) (equivaently pow(E, -2)).

Thickness
Line thicknessin pixels.

Dash
Dash pattern. The lineis solid by default.
Antialiasing
If true, pixels are blurred to give the line a smoother appearance.

As well as drawing the line onto the plot, the calculated fitting coefficients are displayed at the
bottom of the form configuration panel, under the heading Report. Note the coefficients are
calculated by subset, and are only displayed for one subset at a time. To see the calculated values,
select the subset of interest in the Subset selector. The reported items are:

Equation
The equation of the line. The basic linear equation is y=ntx+c, but if one or both of the axes
are plotted logarithmically, the fit is performed to take account of this, and the equation is
displayed accordingly.
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c
The constant intercept of thelineontheY axis.

m
Theline gradient.

Correlation
Pearson's product moment correlation coefficient.

RM S Deviation
The root-mean-squared deviation of the data from the fitted line, i.e. for the case where both
axes are linear, Sgrt( Sum[ w. (yi - mXx, - c)2] /I'N)

A.4.5.15 Quantile Form
The Quantile form ( _/V.) plots a line through a given quantile of the values binned within each

pixel column (or row) of a plot. The line is optionally smoothed using a configurable kernel and
width, to even out noise from the pixel binning. Instead of a simple line through a given quantile, it
isalso possibleto fill the region between two quantiles.

One way to use thisisto draw aline estimating a function y=f(x) (or x=g(y)) sampled by a noisy set
of data pointsin two dimensions.

Note: In the current implementation, depending on the details of the configuration and the data,
there may be some distortions or missing graphics near the edges of the plot. This may be improved
in future releases, depending on feedback.
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Example Quantile plot
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Quantile configuration panel

The configuration options are:

Transparency
Transparency with which components are plotted, from opaque to invisible.

Quantiles
Defines the quantile or quantile range of values that should be marked in each pixel column (or
row). The slider control goes from O (minimum in pixel column/row) to 1 (maximum in pixel
column/row), so 0.5 indicates the median. This control is a double-slider, so you can drag out a
range of values. If the values are the same as each other, a single point will be indicated, but if
there is arange then the area between the indicated quantiles will be filled.

The radio buttons let you toggle between using the dlider to set the quantile value(s) or
entering them in the text fields. If the two values are identical, you can leave the second text
field blank.

Thickness
Sets the minimum extent of the markers that are plotted in each pixel column (or row) to
indicate the designated value range. If the range is zero sized (two bounding quantiles are
equal) this will give the actual thickness of the plotted line. If the range is non-zero however,
the line may be thicker than thisin places according to the quantile positions.

Smoothing
Configures the smoothing width. This is the characteristic width of the Kernel function to be
convolved with the density in one dimension to smooth the quantile function.

You can adjust it using the slider (wider smoothing to the right) or enter a value in data
coordinates explicitly in the text field. If the smoothed axis is logarithmic, the value is a
multiplication factor rather than an additive increment.

Kernel
The functional form of the smoothing kernel. The functions listed refer to the unscaled shape;
all kernels are normalised to give atotal area of unity.

The available options are:

square: Uniform value: f(x)=1, [x|=0..1
linear: Triangle: f(x)=1-|x|, [x|=0..1
epanechnikov: Parabola: f(x)=1-x*x, [x|=0..1
cos: Cosine: f(x)=cos(x*pi/2), [x|=0..1
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* co0s2: Cosine sguared: f(x)=cos*2(x* pi/2), [x|=0..1

* gauss3: Gaussian truncated at 3.0 sigma: f(x)=exp(-x*x/2), [x|=0..3
gausst: Gaussian truncated at 6.0 sigma: f(X)=exp(-x*x/2), |x|=0..6

Join Mode

Defines the graphical style for connecting distinct quantile values. If smoothed samples are
packed more closely than the pixel grid the option chosen here doesn't make much difference,
but if there are gaps in the data along the sampled axis, it's useful to have a guide to the eye to
join one quantile determination to the next.

The available options are:

none: displayed quantile ranges are not joined

polygon: the area between aline connecting the upper quantiles and a line connecting the
lower quantilesisfilled

lines: a line of thickness given by Thickness is drawn from the center of each quantile
range to the next

Horizontal

Determines whether the trace bins are horizontal or vertical. If true, y quantiles are calculated
for each pixel column, and if false, x quantiles are calculated for each pixel row.

A.45.16 Labe Form

The Label form ( T:x:l:) draws atext label by each point position.
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Example Label plot
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L abel form configuration panel

The configuration options are:

Text
A column or expression from the table supplying the text to write on the plot. Any data type
(string or numeric) is permitted.

Text Syntax
How to turn the text into characters on the screen. Plain and Antialias both take the text at
face value, but Antialias smooths the characters. Antialiased text usually looks nicer, but can
be perceptibly slower to plot. At time of writing, on MacOS antialiased text seems to be
required to stop the writing coming out upside-down for non-horizontal text. LaTeX interprets
the text as LaTeX source code and typesets it accordingly.

Font Size
Size of the font in points.

Font Style
Style of the font - standard, serif or monospaced.

Font Weight
Whether the font is plain, bold or italic.

Anchor
The position of the text relative to the data position.

X Offset

Y Offset
Supplies pixel offsets for the label positioning. This alows fine adjustment of where the labels
will appear. Each valueisin pixels, and may be positive or negative.

Spacing Threshold
Crowding Limit
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These two options control how closely spaced labels can be. Labels which are too closely
crowded together will ssimply not be shown, since overplotting many labels together ends up
with them being illegible. The Spacing Threshold dider controls the smallest area that a
group of labels can have to themselves - if there are too many in the same area, none will be
drawn. Sliding it left allows more crowding and right allows less. The Crowding Limit
controls the largest number of labels that can be in a group. Setting it to 2 for instance is useful
if you want to see pairs of labels, even if the pair is close.

A.4.5.17 Contour Form
The Contour form |ots position density contours. These provide another way (alongside
(iﬁii)p p y p ay (along

the Auto, Density and Weighted shading modes) to visualise the characteristics of overdense
regionsin a crowded plot.

The contours are currently drawn as pixels rather than lines, so they don't look very beautiful in
exported vector output formats (PDF, SV G, PostScript).
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Example Contour plot
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-rCoordinates
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Smoothing: 7=
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Zero Point @ | () [ O
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Contour form configuration panel

The configuration options are:

Weight

207

The weighting to apply to each input sample when producing the grid whose values are to be
contoured. If supplied thisis used in conjunction with the Combine selection. If left blank, an

effective weighting of unity is used, and only smoothed point densities are contoured.

Color

The colour of the contour lines. If overlaid on top of other plot types that use the same colour,
you may want to change this from its default value.

Combine

Defines the way that the weight values are combined when generating the value grid for which
the contours will be plotted. If a weighting is supplied, the most useful values are nean which
traces the mean values of a quantity and sumwhich traces the weighted sum. Other values such

asmedi an are of dubious validity because of the way that the smoothing is done.

Thisvalueisignored if the weighting coordinate Weight is not set.

The available options are:

suni the sum of all the combined values per bin

mean: the mean of the combined values

nedi an: the median of the combined values (may be slow)

st dev: the sample standard deviation of the combined values
m n: the minimum of all the combined values

max: the maximum of all the combined values
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* count : the number of non-blank values per bin (weight isignored)

Level Count
The number of contours drawn. In fact thisis an upper limit; if there is not enough variation in
the plot's density, then fewer contour lines will be drawn.

Smoothing
The size of the smoothing kernel applied to the density before performing the contour
determination. If set too low the contours will be too crinkly, and if too high they will lose
definition.

Thickness
The thickness in pixels of contour lines.

Scaling
How the smoothed density is treated before the contours levels are determined. Options are
linear, logarithmic and equal area.

Zero Paint
Determines the level at which the first contour (and hence all the others, which are separated
from it by a fixed amount) are drawn. By dliding this from side to side you can sweep the
contours over the density range and get a good idea of where interesting featureslie.

The plot reports the contour levelsit has used:

Levels
The actual values at which contours have been plotted. This can be useful for weighted plots
using with a Combine value of mean, but for other combinations it may not have much
physical meaning.

A.45.18 Grid Form
The Grid form ( ‘) plots 2-d point data aggregated into rectangular cells on the plotting plane.
L]

You can optionally use a weighting for the points, and you can configure how the values are
combined to produce the output pixel values (colours). Y ou can use this layer type in various ways,
including as a 2-d histogram or weighted density map, or to plot gridded data.

The X and Y dimensions of the grid cells (or equivalently histogram bins) can be configured in
terms of either the data coordinates or relative to the plot dimensions.

The shading is done using the shared colour map. This colour map is used by all currently visible
Grid, Aux and Weighted layers. When at least one such layer is being plotted, the Aux Axis control
(Appendix A.4.3.5) is visible in the control panel, which allows you to configure the colour map,
range, ramp display etc.
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Grid form configuration panel

The configuration options are:

Weight
The weight value applied to each plotted point. Fill thisin with a column name or expression
from the table just like for a positional coordinate. The exact way this quantity is used depends
on the setting of the Combine control below. If it's left blank, the weighting is considered to be
unity (all values are 1); this makes sense for some combination types (e.g. sum) but not others
(e.g. nean).
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X Bin Size

Y Bin Size
A scale for the horizontal/vertical extent of of the rectangular bins into which the data is
aggregated. There are two ways to specify this. If the left-hand radio button is selected, the
adjacent slider will adjust the bin size, which is also affected by the actual width of the plotting
window in pixels. Slide the dlider left to get narrower bins or right to get wider ones. If the
right-hand radio button is selected, you can enter a numeric value giving the actual extent in
data units of the dimension. If the axisin question islogarithmic, thisvalueis afactor.

Combine
Determines how the Weight values for the points falling within a given data bin are combined
to produce the numeric value used for that bin's colour. For unweighted values (a pure density
map) it usually makes sense to use count or sum However, if there is a non-blank Weight
coordinate, one of the other values such as nean may be more revealing.

The following options (some are more useful than others) are currently available:

* sum the sum of all weights
* sum per-unit:thesum of all weights per unit of bin size
* nean: the mean of al weights
* nmedi an: the median of al weights (can be slow)
* qi:thefirst quartile of all weights (can be slow)
* @3: thethird quartile of all weights (can be slow)
* i n: the minimum weight
* max: the maximum weight
* stdev: the sample standard deviation of all weights
* count : the number of points plotted (weight value isignored, thisis like Density mode)
* count-per-unit: the number of points plotted per unit of bin size (weight value is
ignored)
* hit:oneif any point is plotted, b