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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.
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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, CDF 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 -denmo 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.

W DO

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.

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 (‘l) last N (‘D) or every N ¢ (.D) rows, or the complement (':'EE}

of an existing subset.

Graphical selection
There are several ways to indicate a region graphicaly in the plotting area of the plotting
windows. which can be used to define subsets. The options are New Subset From Visible (
.) Draw Subset Blob (: ‘) and Draw Subset Polygon (”) 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.

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

In the form of a java identifier (starts with a letter, continues with aphanumerics including
underscore, No spaces)

Not too long
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When you choose a name, 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
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
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or Reveal Selected
) ( ',

don't drag the mouse over the Visible column, do it somewhere in the middle of the table. The
Hide All ( H ) and Reveal All ( % ) buttons set al columns in the table invisible or visible

O C:
- auseful convenienceif you've got a very 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.

) button in the toolbar or menu. Note when selecting rows,

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.
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4 Tablel/O

4.1 Table Formats

TOPCAT supports a wide variety of tabular data formats. In most cases these are file formats for
tables stored as single files on a disk or at the end of a URL, but there are other possibilities, for
instance a table you have opened could be the result of an SQL query on a database.

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 use the t copy command line utility in the STILTS package.

The format handling is extensible, so new formats can be added fairly easily. All the table
input/output is handled by STIL, the Starlink Tables Infrastructure Library; more detailed
descriptions of the /O capabilities can be found in its documentation
(http://Iwww.starlink.ac.uk/stil/).

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 Supported Input Formats

Loading tables into TOPCAT is done either from the command line when you start the program up
or using the Load Table dialogue. For FITS, VOTable, CDF and GBIN formats the file format can
be detected automatically (note this is done by looking at the file content, it has nothing to do with
filename extensions). For other formats though, for instance ASCII or Comma-Separated Values,
you will have to specify the format that the file isin. 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. You can always specify the format rather than using automatic detection if
you prefer - this can be agood idea if atable appears to be failing to load in a surprising way, since
it may give you amore detailed error message.

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.

Note: in some earlier versions of TOPCAT, ASCII format tables could be detected automatically,
so you could load them by typing something like "t opcat tabl e. t xt ™. In the current version, you
have to signal that thisisan ASCII table, for instance by typing "t opcat -f ascii table.txt".

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

41.11FITS

FITS binary and ASCII table extensions can be read. Normally, TOPCAT will load al TABLE or
BINTABLE extensionsin agiven file.

If only asingle extension is required from a multi-extension FITS file, thisis indicated by giving an
identifier after a'# at the end of the table location. The identifier can be in one of two forms:

e 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"
or "spec23.fits.gz#1" and the second one using the name "spec23.fits.gz#2". The suffix "#0" is
never used for alegal FITSfile, since the primary HDU cannot contain atable.
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* The name of the extension. This is the value of the EXTNAME header in the HDU, or
alternatively the value of EXTNAME followed by "-" followed by the value of EXTVER. This
follows the recommendation in the FITS standard that EXTNAME and EXTVER headers can
be used to identify an HDU. So in a multi-extension FITSfile "cat.fits' where atable extension
has EXTNAME='UV_DATA' and EXTVER=1l, it could be referenced as
"cat.fits#UV_DATA" or "cat.fitstUV_DATA-1". Matching of these names s case-insensitive.

You can select which extension to use interactively if you use the Hierarchy Browser to load the
table.

If the table has been written using TOPCAT's "f i t s- pl us" output format (see Section 4.1.2.1) then
the metadata will be read in from the primary HDU as well.

For normal FITS files, header cards in the table's HDU header will be made available as table
parameters (see Appendix A.3.2). 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.

If the table is stored in a FITS binary table extension in afile on local disk in uncompressed form,
then the table is 'mapped' into memory - this generally means fast loading and low memory use.

4.1.1.2 Column-oriented FITS

As well as normal binary and ASCII FITS tables, STIL supports FITS files which contain tabular
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 TDIMn header cards) is the same, namely, the number of rows in the table that is represented.
The point of thisisthat all the cells of a given column are stored contiguously, which for very large,
and especially very wide tables means that certain access patterns (basically, ones which access
only asmall proportion of the columnsin atable) can be much more efficient since they require less
I/O overhead in reading data blocks.

Such tables are perfectly legal FITS files, but most non-STIL software will probably not recognise
them as tables in the usual way. This format is mostly intended for the case where you have alarge
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.

Like normal FITS, two variants are supported; with (col fi ts-pl us) and without (col fits- basi c)
metadata stored as aVV OTable byte array in the primary HDU.

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 versionsit was not supported
at al).

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. TOPCAT is believed to read
any table which conforms to the VOTable 1.0, 1.1, 12 or 1.3 specifications
(http://www.ivoa.net/Documents’VOTable/). This includes tables in which the cell data are
included in-line as XML elements (VOTable/ TABLEDATA format), or included/referenced as a
FITS table (VOTable/FITS) or included/referenced as a raw binary stream (VOTable/BINARY or
VOTable/BINARY 2). TOPCAT does not attempt to be fussy about input VOTable documents, and
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it will have agood go at reading V OTables which violate the standards in various ways.

V OTable documents can have a complicated hierarchical structure, and may contain more than one
actual table (TABLE element). Normally, TOPCAT will load all tables it finds in the document. If
you just want to load a single table, indicate the zero-based index of the TABLE element in a
breadth-first search after a '# character at the end of the table specification. Here is an example
V OTable document:

<VOTABLE>
<RESOURCE>
<TABLE nane="Star Catal ogue"> ... </ TABLE>
<TABLE nane="(Gal axy Catal ogue"> ... </ TABLE>
</ RESOURCE>
</ VOTABLE>
If this is available in a file named "cats.xml" then loading the document in the usual way from the
filestore browser or command line will open two new tables in TOPCAT. If you just want the Star
Catalogue or the Galaxy Catalogue you can use the name "catsxml#0" or "catsxml#l"

respectively.

4.1.1.4 CDF

NASA's Common Data Format, described at http://cdf.gsfc.nasa.gov/, is a binary format for storing
self-describing data. It is typically used to store tabular data for subject areas like space and solar
physics. Since v4.0-1 TOPCAT is capable of reading CDF files, though it can't write them.
Currently, no attempt is made to represent values representing times in a human-friendly fashion.
This may change in future releases.

4.1.1.5ASClII

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
impossible to cope with them all, but TOPCAT attempts to make a good guess about how to
interpret a given ASCII file as a table, which in many cases is successful. In particular, if you just
have columns of numbers separated by something that looks like spaces, you should be just fine.

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

» Bytesinthefileareinterpreted as ASCII characters

» Eachtable row isrepresented by asingle line of text

* Lines are terminated by one or more contiguous line termination characters: line feed (0x0A)
or carriage return (0x0D)

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

« A fiedd 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 aquoted field, whitespace characters are permitted and are treated literally

*  Within a quoted field, any character preceded by a backslash character ("\") is treated literaly.
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
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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 are ignored

* Anything after a hash character "#" (except one in aquoted string) on alineisignored as far 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 df i sh Dobbi n " 0. 05
4 ant " 6 0. 001
5 ant 6 0. 001
6 ant v 6 0. 001
7 "queen ant" "Ma\' am 6 2e-3
8 human " Mar k" 2 1.8

In this caseit will identify the following columns:

Name Type
RECNO Short
SPECI ES String
NANVE String
LEGS Shor t

HEI GHT/ m  Fl oat

It will also usethe text "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.

If you understand the format of your files but they don't exactly match the criteria above, the best
thing is probably to write a ssmple free-standing program or script which will convert them into the
format described here. Y ou may find Perl or awk suitable languages for this sort of thing.

This format is not detected automatically - you must specify that you wish to load atable in asci i
format.

4116 1PAC

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. They typically have a
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filename extension ". tbl " and are used for Spitzer data amongst other things. An example looks
likethis:

\title=" Aninal s’

\ This is a table with some animals in it.

| RECNO | SPECI ES | NAME | LEGS | HEIGHT |

| char | char | char | int | double [

I I I I | m I

| | S | | |
1 pi g Pi gling Bl and 4 0.8
2 cow Dai sy 4 2
3 gol dfi sh Dobbi n 0 0. 05
4 ant nul | 6 0. 001

4.1.1.7 Comma-Separated Values

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 that TOPCAT can 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.

The rules 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.

This format is not detected automatically - you must specify that you wish to load a table in csv
format.

4.1.1.8 GBIN

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 as part of the standard TOPCAT distribution, so some additional
setup isrequired 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, partly because
GaiaTools is targeted at java 8 while STIL is at time of writing java 6 compatible, and partly to
avoid an additional large library dependency for a rather niche requirement. It is likely that since
you have to supply the required data model classes you will also have the required GaiaTools
classes to hand as well, so this shouldn't constitute much of an additional burden for usage.
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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 TOPCAT's classpath at run time
ought to do the trick. Examples of such jar files are the MDBExpl or er St andal one. j ar file available
from http://gaia.esac.esa.int/mdbexp/, or the gbcat.jar file you can build from the
CU9/software/gbcat/ directory in the DPAC subversion repository.

Suppose you have the MDBExpl or er St andal one. j ar file mentioned above, you can do it by starting
TOPCAT likethis:

topcat -cl asspath NMDBExpl orer St andal one. j ar
or likethis:

java -classpath topcat-full.jar: VMDBExpl orer St andal one. j ar uk.ac.starlink.topcat.Driver
Note you will need to be using whatever version of javaisrequired by GaiaTools, probably java 8.

The GBIN format is recognised automatically, so you do not need to set the file type explicitly
when loading GBIN files.

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 simplest 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 gaia.cul.tools.util.Gbinlnterogator/gbcat tool. Method names are sorted
aphabetically. 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 arl i nk. gbi 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 is
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
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 that 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.

4.1.1.9 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. The implementation here ignores all comment lines: special
comments such asthe "#col um- uni t's: " are not processed.

An example looks like this:

Si npl e TST exanple; 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

5:17: 36. 3<tab> -6:50: 40<tab> 3.60<tab> -0.1ll<tab> -0.47
[ EODI

4.1.1.10 SQL Database Queries

With appropriate configuration, TOPCAT can be used to examine the results of queries on an
SQL -compatible relational database.

Database queries can be specified as a string in the form:

jdbc:driver-specific-url#sql-query
The exact form is dependent on the driver. Hereis an example for MySQL.:

jdbc: mysql ://1ocal host/astrol?user=nbt #SELECT ra, dec FROM swaa WHERE vrmag<18

which would get a two-column table (the columns being "ra" and "dec"), constructed from certain
rows from the table "swaa" in the database "astrol" on the local host, using the access privileges of
user mbt.

Fortunately you don't have to construct this by hand, there is an SQL Query Dialogue (Appendix
A.6.4) to assist in putting it together.

Note that TOPCAT does not view atable in the database directly, but the result of an SQL query on
that table. If you want to view the whole table you can use the query

SELECT * FROM t abl e- nane
but be aware that such a query might be expensive on alarge table.

Use of SQL queries requires some additional configuration of TOPCAT; see Section 10.3.

4.1.1.11 World 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 utms which are single space seperated.)

Datetine (YYYY nmdd HHWMVES) %d 92d 92d %6d -
As
aa index - 3-HOURLY (Provisional) 93d nT

2000 01 01 000000 67
2000 01 01 030000 32
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Support for WDC tablesis experimental (does the format still exist?) - it may not be very robust.

This format is not detected automatically - you must specify that you wish to load a table in wdc
format.

4.1.2 Supported 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 - these are described 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 atrick
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 ("col fits") format can be more efficient for
some applications, though this is unlikely to be understood except by STIL-based code (TOPCAT
and STILTS). If you want to write to aformat which retains all metadata in a portable format, then
one of the Section 4.1.2.3 formats might be better.

4121FITS

When saving in FITS format a new file is written consisting of two HDUs (Header+Data Units): a
primary one (required by the FITS standard), and a single extension of type BINTABLE containing
the table data.

There are two variants of this format:

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

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 atogether and treat the file just asif it contained only the table. When
TOPCAT (or other STIL-based applications) read it however, they 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. Other, more standard
schemes exist for combining the benefits of FITS and VOTable, but suffer from some
disadvantages: votabl e-fits-inline iS hard to process efficiently (in particular the data
cannot easily be mapped into memory) and vot abl e-fi ts-href requires that you keep your
data in two separate files, which can get separated from each other. If you want to ensure that
the metadata are available to other VOTable-aware programs, you should use one of the
normal VOTable formats (Section 4.1.2.3).

In general, you can just let TOPCAT detect the format automatically and not worry about which of
these variantsisbeing used - if fi t s- pl us isbeing used you just get some hidden benefits.

The FITS standard only supports BINTABLE extensions with a maximum of 999 columns. In
TOPCAT versions up to v4.4, attempting to write a wider table to FITS format would fail. In v4.5
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and later, a non-standard convention (described in SUN/252) is used so that tables with up to 2/31
columns can be written and re-read. Note however that if software unaware of this convention (e.g.
CFITSIO or earlier versions of TOPCAT) 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.

4.1.2.2 Column-oriented FITS

When saving in column-oriented FITS format a new file is written consisting of 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 especially 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 (much of TOPCAT's
operations, for instance plotting two columns against each other, fit 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.

Like normal (row-oriented) FITS (see Section 4.1.2.1), there are two variants:

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.

4.1.2.3V0OTable

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. The versi