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1. INTRODUCTION

1. INTRODUCTION

This COOKBOOK is intended to help beginning users of the NRAO Astronomical Jmage Processing
System (AIPS) by providing a recipe approach to the most basic 4IPS operations. While it illustrates some
aspects of AIPS, it does not pretend to be complete. However, it does include detailed instructions for
running many important items of 4IPS software. With these as a model, the user should be able to run
other AJPS software aided by the EXPLAIN, HELP and INPUTS files and the complete index of software given
in § 14 of the COOKBOOK. In this edition, we have expanded some sections in order to provide an overview
of a few less basic, but nonetheless interesting, programs which are available and which often seem to be
forgotten even by experienced AJPS users.

AIPS software is continually changing and growing. (This edition describes the 15 October 1985 release
of AIPS, frequently referred to as 150CT85.) Users are encouraged to recommend new and better analysis
and display tools and to help debug the existing software by entering “Gripes” (see §11.3). Please note
that examples of bugs that are documented by printouts of inputs, message logs, etc. are most useful to the
programmers. Also note that written bug reports are much more effective than verbal reports.

The original COOKB00K was written in 1981 by Alan Bridle as he first encountered AJPS. It was
substantially rewritten in 1982 by Alan Bridle and Ed Fomalont, with assistance from Tim Cornwell and
Jacqueline van Gorkom. In 1983, it was TgXset and revised by Eric Greisen, with the assistance of Don
Wells, Fred Schwab, and Alan Bridle. The present edition was revised and edited by Alan Bridle and Eric
Greisen. It has been updated and corrected to reflect the state of AIPS as of 15 October 1985. It contains
an expanded spectral-line section (§9) written by Jacqueline van Gorkom and a new VLBI section (§10)
written by John Benson. Appendix Z contains instructions and advice peculiar to the individual 4IPS sites
of the NRAO. Please report any inadequacies or errors in the COOKBOOK to Alan Bridle in Charlottesville.

This edition contains a glossary of astronomical and computing terms written by Fred Schwab. This

glossary is larger than before, but is still incomplete; suggestions for additions to it should be sent to Fred
Schwab in Charlottesville.

As a result of typesetting, the COOKBOOK does not exist in a form which can be listed intelligibly on
ordinary line printers. Copies may be obtained by writing to the NRAO Computer Division in Charlottesville
or at the VLA. A faster method is to use your own copying machine. AIPS sites which have a QMS Lasergrafix
printer, such as Charlottesville and the VLA, may have files on disk from which up-to-date copies of the
COOKBOOK may be printed. Consult your local AJPS Manager for details on how to do this.

Additional written documentation on AIPS is available in several forms. A programmers’ reference
manual called Going AIPS is available in two volumes, The first volume is intended for applications pro-
grammers, while the second volume is needed by programmers developing 4JPS for new peripheral devices
or computers. Printed copies of Going AIPS may be obtained by writing to the NRAO Computer Division in
Charlottesville. The printer files are provided in AJPS releases and should be available at your installation.
In addition, there is a four-volume manual called AIPS: A Manual, NRAO Computer Division Users’
Manual Series, Number 31. The original text files and a printed copy may be available at your installation.

AIPS provides run-time documentation in the form of HELP and EXPLAIN files which may be viewed
at the terminal or printed. (See §4.8 for explicit instructions.) Should these not suffice, consult your local
AIPS Manager and then, if needed, call the 4IPS programmers in Charlottesville. Although individual 4IPS
programs have often been written, and are best understood, by a single programmer, the 4IPS group as a
whole assumes responsibility for all released software. Anyone in the group will attempt to help you or, at
least, to identify another member of the group better able to help you.
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1.1. What AIPS can do

AIPS is a system of hardware and software for:
1. Processing uv data to make images and to improve their quality.
2. Displaying images in a variety of ways.

8. Analyzing and combining images to obtain useful parameters.

Input to and output from AJPS is by magnetic tape. The uv data can be read or written in the so-called
EXPORT format which can be generated by the DEC-10 at the VLA, the IBM in Charlottesville, or an
AIPS program. Visibility data can also be read and written in the “groups” extension of the FITS format
(often called UV-FITS). Images can be read or written in the FITS format. A special Charlottesville IBM
format for images is also supported.

1.2. Organization of the CO0KB00K

1.2.1. Contents

Section 2 of the COOKBOOK describes in general terms how to get started in AJPS — signing up,
logging in, mounting tapes, etc. Appendix Z gives details of these operations specific to NRAO’s 4IPS sites.
Your local 4IPS Manager may be able to provide a version of this appendix appropriate to your system.
Section 3 leads you through the basics of reading in your uv data and making images — the operations which
beginning users are most likely to encounter first. Section 4 describes a few useful features of 4IPS which
you will need to use it efficiently. This section is best read after you have acquired some experience with
AIPS either by following through § 3 or by some other means. Sections 5 through 8 introduce the basic 4IPS
tools for improving images, for making interactive and hard-copy displays of them, and for analysing them.
Section 9 contains hints and further AIPS tools of particular interest, but not restricted, to spectral-line
users and other observers who have images of more than 2 dimensions. Similarly, § 10 is aimed primarily at
users of VLB interferometers. Section 11 deals with exiting from AJPS and tidying up your disk areas to be
polite to the other users. Section 12 suggests some cures for common hang-ups and miscellaneous “disasters®
which seem to afflict 4IPS users. No such list can be made comprehensive or sufficiently general to cover all
the computer systems now running AIPS. You will need to consult with your local AJPS Manager or other
users if you encounter an unlisted problem.

Section 13 is intended for the “mature” AJPS user who wishes to learn about data formats, procedures,
RUN files, and various subtleties of AIPS syntax. We recommend that you read this after becoming familiar
with the operations described in §§3 through 8. Section 14 contains lists of all available routines broken
down by categories and in a complete, alphabetic list. Appendix G presents Fred Schwab’s Glossary of radio
astronomy data processing terminology.

1.2.2. Minimum match

In this COOKBOOK, we use the minimum-matching capability of 4IPS to abbreviate the instructions
needed to run the programs. This speeds up your activity at the terminal while working in AJPS. However,

the full names of some of the AIPS instructions may be easier to learn and to remember. They are given in
§14.



AIPS COOKBOOK 15-Oct-1985 Page 8
1.8.1. Banana storage 1. INTRODUCTION

1.2.3. Fonts and what they signify

Throughout this COOK800K, RESPONSES TO BE TYPED BY THE USER APPEAR IN THE PRESENT
FONT. Prompts provided by the operating or AJPS systems are left-justified on the same line, e.g., system
prompt $, AIPS prompt >. THIS IS THE FONT USED FOR SAMPLE OUTPUTS FROM THE COMPUTER and for
program names such as PRTUV. A lower-case italic font, such as this, is used for numeric and character
parameter values which must be supplied by the user. The symbol AIPS refers to the program which you
will use to communicate with the computer. The symbol AIPS refers to the full system, made up of the
AIPS program, numerous other programs which may be run from AIPS, and the hardware configuration. The
symbol Or means “hit the RETURN key on the terminal”.

In previous editions of the COOKBOOK, the words “map” and “image” were used more or less inter-
changeably as they often are in radio astronomy. In this edition, “map” has been replaced by “image”
throughout in keeping with the modern trend in astronomical terminology. Note, however, that the term
“map” still appears in some AJPS task names, disk file types, and other terms that are buried in the code
itself. The symbol § means Section and refers to the various chapters and sub-chapters of this COOKB00K.

1.3.1. Banana storage

Bananas ripen after harvesting. They do it best at room temperature. Because of this there are three
stages to banana storage.

1. On the counter: When you buy a bunch of bananas that are not exactly at the
ripeness you want, you can keep them at room temperature until they are just right
for you. Be sure to keep them out of any plastic bags or containers.

2. In the refrigerator: If there are any bananas left, and they are at the ripeness
you like, you can put them in the refrigerator. The peel will get dusty brown and
speckled, but the fruit inside will stay clear and fresh and at that stage of ripeness
for 3 to 6 days.

3. In the freezer: If you want to keep your bananas even longer, you can freese them.
Mash the bananas with a little lemon juice, put them in an air tight freezer container
and freese. Once they’re defrosted, you’ll go bananas baking bread, muffins and a
world of other banana yummies. Or, you can freeze a whole banana on a popsicle
stick. When it is frozen, dip it in chocolate sauce, maybe even roll it in nuts, then
wrap it in aluminum foil and put it back in the freezer. Talk about a scrumptious
snack.

1.3.2. Banana coffeelate

1. Peel and mash 2 ripe bananas.

2. Blend in 1/2 teaspoon vanilla extract, a few grains salt, 1/4 cup chocolate
syrup, 2 teaspoons sugar, and 2 teaspoons instant powdered coffee.

8. Add 1} cups nilk.

4. Beat with rotary beater or electric mixer until smooth and creamy. Chill.
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2. STARTING UP AIPS

This section contains general information concerning the steps needed to obtain access to, and use,
an AJPS system. It attempts (as does the design and coding of AIPS itself) to avoid specific references to
particular computer devices and to the peculiarities of any one 4IPS installation. However, some installation-
specific practicalities remain. For the NRAO installations, these are described in Appendix Z.

2.1. Signing up for AIPS time

Most computer systems cannot support more than a few simultaneous users of AJPS. Thus, most
locations are obliged to institute a mechanism for distributing the available 4IPS time to the people desiring
it. At NRAO, sign up sheets and rules for their use are normally posted in or near the principal *AIPS
Caige” (user-terminal room). To promote fair and efficient use of the system, there are often restrictions on
the amounts of time that any one user or user group may reserve.

AIPS can support several users which it calls AIPS1, AIPS2, etc. The user designated AIPS1 has software
priority for the use of the array processor and moral priority for the use of the display devices and tape
drives. In many cases, however, the user designated AIPS2 may carry out similar processing tasks by verbal
negotiation with the AIPS1 user over the use of these resources. The facilities available through AIPS3 and
higher are more limited and most users will require either AIPS1 or AIPS2.

Your installation may have separate sign-up sheets and terminals for AIPS1, AIPS2, etc. with rules
reflecting these priorities. Consult your local 4IPS Manager for details.

2.2. Using the terminals

The way that a terminal behaves is a function both of the type of terminal and of the computer system
to which it is attached. It is important for beginning users to master the foibles of the terminal(s) they
will be using. For example, on some terminals/systems, CTRL H is used to back over and delete characters
which have been typed. Other systems require instead the use of the RUB OUT key or the BACK SPACE key
for this purpose. Some systems erase deleted characters while others merely reposition the cursor so that
deleted characters may be overwritten. Appendix Z describes these characteristics for the NRAO hardware.

Some computer systems are very friendly to the users. They allow, for example, the “XGN / XOFF”
protocol by which the user may temporarily suspend the execution of his programs while he examines the
current contents of the terminal display and then resume the execution. They also recognize interrupt
commands which, usually with little ceremony, will abort the current program. Such friendly systems also
normally allow “type-ahead” by which the user may type the next command line(s) while the current line is
being executed.

More expensive terminals are now available with more than one screen’s worth of memory. Such termi-
nals allow the user to scroll and/or page back to look at earlier output. We recommend such terminals for
AIPS since its HELP and INPUTS files are sometimes longer than the usual number of lines (24) on a terminal
screen.
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2.3. Logging in

Logging in may be the most machine-dependent step in using 4JPS. Most systems require you to signal
your intention to use the computer from a particular terminal in order to assign that terminal to you and
to begin any accounting processes. Then, normally, you must ask some batch or job control process in the
system to run the AIPS program for you. Finally, you must tell the AIPS program who you are. Details for
the VLA VAXes, the Charlottesville VAX, and the Charlottesville MODCOMP are given in Appendix Z.
On other installations, consult your local AJP§ Manager before logging in.

As you enter the commands needed to log in to your system, please read all messages which appear.
They are often important and relate to current system, disk, and AIPS problems which may affect your
reductions.

After the system messages, the statement
To start up AIPS type AIPS OLD or AIPS NEW or AIPS TST

will appear followed by a system prompt ($) on those systems which offer a choice. Type in your selection.
The OLD version is likely to be relatively free of bugs (provided the AIPS version in NEW does not prescribe
format changes which prevent OLD from working), but the NEW version will contain improvements and
will be mostly debugged. The TST version is a debugging area recommended for NRAO staff and those few
users who may require the most recent software. (Note that this choice affects only the version of the AIPS
program itself. You may choose TST, NEW or OLD versions of the AJPS reduction programs at a later
time — see §4.5.)

You should then see the message:
Starting 150CT85 version of AIPS
BEGIN THE ONE TRUE AIPS NUMBER n

where 160CT86 identifies the release of AJPS and n is a number between 1 and 6. Where appropriate, check
that this “4AJPS number” is indeed the one for which you signed up. If not, you are probably using the wrong
terminal: on many systems AIPS1 and AIPS2 are assigned to specific terminals, labeled as such, while other
AIPS numbers are available on a first-come-first-served basis. AIPS will now ask you for your user number
and provide a ? prompt:

AIPS n: ENTER USER ID NUMBER

7 wuuuy O

where uuy is the number assigned to you for the local AIPS system. The AIPS prompt > should now appear.

2.4. Hardware tape mount

On some AIPS systems, tapes are handled by designated operators. Before mounting tapes, read
Appendix Z (for NRAO sites) or obtain directions from your local AJPS Manager or operators for methods
by which tapes are to be handled. Most AJPS systems, however, are on the self-service plan. In that case, go
to the room in which the tape drives are located and find one which is not in use. Mount the tape physically
on the drive following the mounting instructions in Appendix Z or those posted at your installation for the
particular kind of tape drive. Don’t forget to insert a write ring if you intend to write on the tape or to
remove any write ring if you intend only to read the tape. Note the identification number m marked on the
drive you are using, as you will need to provide that number to the software for mounting and dismounting
the tape and for executing AIPS tasks which read or write tape.
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2.5. Software tape mount

When you have the tape physically mounted on the tape drive, most computer systems must also be
told that you have done this and which tape drive you have chosen. This step is called a “software tape
mount.” Most systems allow this operation to be done from inside AIPS by typing:

> INTAPE m Cp to specify the drive labeled m.
> DENSITY dddd Or to set the density to dddd bpi if needed.
> MOUNT Or to mount the tape in software.

Read any messages which appear on your terminal carefully since they report the success, failure, and/or
limitations of the operation. A few systems require the software tape mount to be done before actually
beginning the AIPS program. Consult your local 4JP§ Manager for instructions.

2.6.1. Banana daiquiri

1. Combine in an electric blender: 2 oz. light rum, 0.5 oz. banana liqueur, 0.5 os.
lime juice, 1/2 small banana peeled and coarsely chopped, and 1/2 cup crushed
ice.

2. Blend at high speed until smooth.

8. Pour into large saucer champagne (or similar) glags. Serves one.

2.6.2. Hot banana souffié

1. Preheat oven to 375°.
2. Select a 6-cup soufflé dish or other mold and grease it liberally with 1 tablespoon
butter.

3. Place 6 eggs, 1/2 cup cream, juice of 1/2 lemon, 1 tablespoon kirsch, and 1/4 cup
sugar in blender. Blend until the batter is smooth.

4. Peel 2 large bananas, removing any fibers and break into chunks. With blender
running, add the chunks one at a time.

5. Break 11 ounces cream cheese into chunks and add them to the blender.
6. When all the ingredients are thoroughly mixed, run the blender at high speed for a
few seconds.

7. Pour batter into prepared dish and place it in the hot oven. Bake 45-50 minutes until
the top is lightly browned and puffy. You may quit when the center is still a bit soft
or continue baking until the center is firm.

8. Serve at once. A whipped cream flavored with Grand Marnier makes a nice topping.
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3. MAKING IMAGES

A complete list of the software dealing with uv data can be obtained at your terminal by typing HELP
UVPR Or or HELP MAPETC Ogr. These lists are also given in § 14 of the COOKBOOK.

Images are made by AJPS from uv data in either of two possible formats. The first is that of the VLA
EXPORT tapes prepared on the DEC-10 or by the task UVEXP in previous AJPS sessions. The second is
that of FITS format tapes for uv data written by the VLA “Pipeline”, the VLA DEC-10, the 4IPS task
FITTP, or other systems.

To make images and store the uv data on disk, the following sequence of 4IPS programs is needed:

1. PRTTP or EXIND to identify and check the data on tape and to find the number of
visibility data points to be processed.

2. UVLOD to copy data from tape to disk.
8. UVSRT to sort data into proper order for the FFT.
4. UVMAP or MX to make the image(s) and beam.

Image improvement — CLEANing or other deconvolution, self-calibration, editing, etc. — is discussed in
§5.

S.1. PRTTP and EXIND

Bring your data tape to the AIPS processor and follow the tape mounting instructions in §§2.4 and
2.5 above. The program PRTTP reads a full tape and prints out a summary of all the uv and image data on
tapes written in any of the supported formats. To use this program, type:

> TASK 'PRTTP' ; INP O to list the required inputs on the terminal.
> INTAPE m Ogp to specify the tape drive number (m).

> NFILES 0 Cp to print information for all the files.

> GO O to run the program.

The tape will be rewound if necessary and will then begin to move forward. All files will be read. A printout
will appear on the system printer with a valuable summary of header information for each file on the data
tape.

As PRTTP begins, you should see the message PRTTP BEGINS on the AJPS “monitor” (a terminal screen
near your primary terminal or, in its absence, your own terminal). The AIPS prompt > should have already
returned on your terminal, however, since PRTTP is running as a detached “task.” Tasks are the more
complicated AJIPS programs, run by the G0 command after setting the task name with TASK ‘taskname’.
They are shed from the terminal, as PRTTP has been here, allowing you to use AIPS for any other processing
except running the same task at the same time.

The program EXIND works on only one file at a time and works only on EXPORT format uv data tapes.
The following might be used as a set of inputs to EXIND:

> TASK 'EXIND' ; INP Cp to list the required inputs on the terminal.

> INTAPE n Op to specify the use of drive number n — make this specification
compatible with your tape mount!

> NFILE 3 Cp to skip 3 files before getting data (default: 0).

> GO Cp to run EXIND with these inputs.
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To run EXIND again, this time on the next file, enter:
> NFILE 0; GO Og
once EXIND has finished on the first file. If you have reset the task name in order to run another task while
EXIND was in progress, enter:
> NFILE 0; GO EXIND On

instead. To get hard copy of the EXIND output for later use, follow the instructions in §4.1 dealing with the
message file.

3.2. UVLOD

UVLOD copies the uv data from tape to disk, The data on tape can be in either EXPORT or FITS
format. The following shows inputs to UVLOD for reading data on 3C138 at C band (6 cm) from the third
file on a tape mounted on tape unit number 2:

> TASK 'UVLOD’ ; INP Oy to set the task name and review the required inputs.

> SOURCE '3C138' Cp to load only 3C138 data.

> BAND 'C’' Cy to load only 6-cm data.

> INTAPE 2 Gr to specify the tape drive number, which must be same as tape
mount number.

> NFILES 2 Gr to skip to the third file on the tape.

> OUTN '3C138 A C’' Oy to signify that this is A-array data at C band (for example).

> OUTC 'UVDATA' Cr

> OUTDISK 3 O to specify writing to disk 3, e.g., to select a disk with sufficient
free space. (See §4.6 for help in monitoring free disk space).

> NPOINTS 17 Og to specify the number of visibility points in thousands. Get
the number you need from the PRTTP or EXIND output.

> REWIND Cg to rewind tape before skipping files.

> GO Op to run UVLOD.

The tape will begin to move and appropriate messages should appear on the £JPS monitor. When the
prompt > appears on your terminal, you are free to use AIPS for other purposes. Only one source and band
will be loaded with each run of UVLOD as set up here. However, more than one source or band may be loaded
under control of additional parameters: type HELP UVLOD g for details.

Once UVLOD has finished, check that your disk catalog now contains the uv data you have just tried to
load by:

> INDI 0 ; UCAT Op
which will list all uv data sets in your disk catalog. This list should look something like:

CATALCG ON DISK 3
CAT USID MAPNAME CLAS8 SEQ PT LAST ACCESS STAT
1 76 3C138 A C .UVDATA . 1 UV 22-0CT-1985 12:33:34

Alternatively, get terminal and hard-copy listing of your catalog by:

> INDI 0 ; INTY 'UV* Cg to list all disks, uv files only.

> CATALOG Og to put the catalog listing in the message file.
> PRTMSG Op to print the message file.
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This sequence takes a little longer to execute, but the hard-copy list (sent to the appropriate printer) may
be useful if your catalog is a long one.

Note that the catalog has assigned an ordinal number to the data set in the first (CAT) column of the
listing. This number and the disk number (3) should be noted for future reference as they are useful when
selecting this data set for further processing.

Please deassign the tape drive once you are completely done with tape data. Use:
> INTAPE n Oy to specify the drive labeled n.
> DISMOUNT Og to dismount the tape in software.

Also, please remove your tape from the tape drive promptly so that other users will know that it is again
available for use.

3.3. UVSRT

The next step in image making is to sort the data for the FFT. This is done with UVSRT:

> TASK 'UVSRT'; INP O to set the task name and list the input parameters.

> INDI n; GETN ctn Or to select the input file, where n is the disk number with the uv
data and ctn is its catalog number on that disk. (n = 8 and
ctn = 1 from our UCAT example).

> OUTN INNA ; OUTCL 'UVSRT' Cr to set the output file name to the same as the input file name
and the output file class to UVSRT. These are actually the
defaults,

> SORT 'XY' Oy to select the “XY” sort type required for image making.

> INP Oy to review the inputs you have selected. N.B., check them care-
fully since the sort can be a very time-consuming step for large
data sets.

> GO Op to run the task UVSRT.

On a VAX 780 under VMS, UVSRT will take about 15 minutes to sort a data set with 100,000 visibility
points (longer if the machine is being heavily used) and will need two scratch files of about 15,000 blocks
each. Sorting times increase as somewhere between nlog(n) and n? and the scratch files go as n. If the disks
are filled, the job may get terminated. Check in §4.8 for things to do if this happens.

Once UVSRT has finished, check that a uv data base with the “class® UVSRT has appeared in your disk
catalog by:
> INDI 0 ; UCAT G
The catalog listing might now look like:
CATALOG ON DISK 3

CAT USID MAPNAME CLASS SEQ PT LAST ACCESS STAT
1 76 3C138 A C .UVDATA . 1 UV 22-0CT-1985 12:33:34
2 76 3Ci38 A C .UVSRT . 1 UV 22-0CT-1986 12:56:50

Note that the catalog number of the sorted file need not be contiguous with that of the unsorted file. On
those AIPS systems which are configured to have “public® catalog files, the file numbers will often not be
contiguous. Many AJPS installations, including the NRAO VAX systems at the VLA and Charlottesville,
have “private” catalog files, in which your uv files will have contiguous catalog numbers starting from 1 when
you first write uv data to disk.
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Once the sorted data base is made, please delete the unsorted data unless you plan to self-calibrate your
data. Data bases can be very large and there is no need to keep the unsorted data on disk if you do not
intend to self-calibrate, as it can be reloaded quickly with UVLOD. To do the deletion:

> IND! n; GETN cin Cr where n and ctn select the data set to be deleted. (n = 3, ctn
= 1 here.)

AIPS will return the name of the selected data set. Check this; then:

> ZAP Cp will do the deletion.

8.4. Image making (UVMAP and MX)

There are two tasks which may be used to grid and Fourier transform the sorted data. The simpler
one, UVMAP, will be described first. The other, called MX, can also do deconvolution by the CLEAN method
and will be described second. Matters of image making strategy to be considered in using these tasks are
discussed in §§3.4.3 and 3.4.4.

Note that radio synthesis images are made in a rectangular coordinate system of direction cosines that
represents a projection of angular coordinates onto a tangent plane. Over wide fields of view, the image
coordinates are not simple scalings of right ascension and declination. For details of coordinate systems
supported by AIPS, please consult 4IPS Memo No. 27, “Nonlinear Coordinate Systems in AIPS,” by Eric
W. Greisen.

For many practical purposes, it is sufficiently accurate to suppose that parameters such as image shifts
(e.g., RASHIFT below) correspond to simple angular shifts of the image on the sky, and 4IPS input terminology
reflects this simple approximation. Actual coordinate shifts and transformations in AJPS are accomplished
using the full nonlinear expressions, however. This should be borne in mind when relating shifts in pixels
(image cells) to shifts in sky coordinates (a, §) manually.

3.4.1. UVMAP

The task which simply does gridding and Fourier transformation of the sorted data is UVMAP. Examples
of its inputs follow:

> TASK 'UVMAP'; INP O to see you what you have to specify.
> INDI n; GETN cin to select the sorted data set (n = 3, ctn = 2 here).
> STOKES 'IQU’ to make a Beam, I, Q, and U images of the source (the default

')’ makes only an I image and beam).

N.B., The default STOKES 1" will select uv points where LL and RR data are present and points where
only LL or only RR are present. STOKES 'IQU’ requires both LR and RL to be present and either LL or
RR or both. As these criteria are not identical, beams output with class IBEAM from STOKES ‘I’ may not
be identical to those output as IBEAM from STOKES 'IQU’, and you may wish to distinguish them later for
CLEANing purposes, using the RENAME command (see §4.2 on “The Catalog file”).

> IMSIZE 512, 256 O to make a 512 by 256 image—IMSIZE parameters must be pow-
ers of 2 from 32 to 2048 in UVMAP.
> CELL 05 Cp to select 0.5 arc sec cell size (i.c., 256 by 128 arcsec field of

view with the 512 by 256 IMSIZE specified above).
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> UVTAPER 50, 40 Or to specify the widths to 30% of the Gaussian taper in z and
¥ in units of kilowavelengths (s.c., the UVTAPER specified here
is 30% at 50,000 and 40,000 wavelengths). Default: no UVTA-

PERing.

> UVRANGE 10, 100 Op to restrict the projected baselines used to the range 10,000 to
100,000 wavelengths. Default: no baseline restriction.

> UVWTFN 'NA’ Or to specify “natural” weighting. The default, * *, specifies “uni-

form” weighting.
Other inputs, as well as the last 3, are defaulted sensibly. Use:
> HELP zzz Cg

where zzz is a parameter name, e.g., INSIZE, UVWTFN, etc., to get useful information on what they specify. The
default uv convolution function is a spheroidal function (XTYPE, YTYPE = 5) that has very good characteristics
for suppressing aliasing. Check that you are satisfied with the inputs by:

> INP g

then:

> GO &y will run UVMAP.

The AIPS monitor provides some important messages while UVMAP is running. When you see UVMAP:
ENDS SUCCESSFULLY on this monitor, you should find the requested images in your catalog using:
> INDI 0 ; MCAT Cr
This would produce a listing such as:
CATALOG ON DISK 2
CAT USID MAPNAME CLASS SEQ PT LAST ACCESS 8STAT
42 76 3C138 A C . IMAP . MA 22-0CT-1985 13:50:10
43 76 3C138 A C . IBEAM MA 22-0CT-1985 13:59:568
44 76 3C138 A C .QMAP MA 22-0CT-1985 14:10:10
46 76 3C138 A C .UMAP MA 22-0CT-1985 14:19:19

To get a hard copy listing of the catalog type:
> INDI 0; CLRN ©Cg to clear all the inputs that specify file names.
> INTY 'MA' ; CAT ; PRTM Cp to catalog images and print the listing on the system printer.

1
1
1
1

The UVMAP messages which contain vital parameters of your imaging task are logged in a history file
that is cataloged on disk as an “extension” of your output image file (see §4.3). This history file can be
printed out by:
> INDI n; GETN cén ; PRTHI Cp where n and ctn are the disk and catalog number of the desired

file (n = 3, ctn = 42 here would select the I image).
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8.4.2. Mx

>
>

Another option for image making is the task MX, which combines imaging and CLEANing in one more
general, and often more accurate, package. MX permits simultaneous imaging of up to 16 fields of view and
up to 255 frequency channels, but can image only one Stokes parameter at a time. We discuss its more
sophisticated options in §5.1.2 under CLEANing and in §9.3 (Spectral Line).

The following inputs would make a single I image and beam using MX:

TASK 'MX' Cr
INDI n; GETN cin Op

> NMAPS 1 ; NFIELD 1 Cp
> STOKES 'l' Or

IMSIZE 1024 Cp

CELL 0.1 Op

UVTAP 10, 20 Cr

RASHIFT 200 ; DECSHIFT -100 Cr

UVRANGE 0, 50 Cr

UVWT ' * Cp

> NITER 0 Op
> INP Or

Then:

>

>

> INDI n; GETN cin ; DOCRT 1; PRTHI Op
> INDI n; GETN cin ; DOCRT -1 ; PRTHI O

GO O

to select the sorted data set (n = 3 and ¢tn = 2 in our previous
example).

to make one image of one field.

to select Stokes I for imaging.

to make a 1024 by 1024 image. IMSIZE values must be a power
of 2 from 32 to 4096 in MX.

to select 0.1 arcsec cell size, 1.c., 102.4 arcsec square field of
view with the 1024 by 1024 IMSIZE specified above.

to specify the widths to 30% of the Gaussian taper in z and y
in kilowavelengths.

to shift the image center ~ 200/(15cos(6)) sec of RA East,
100 arcsec south from the tangent point of unrotated uv data.
(N.B., if the uv data were ROTATEd by UVSRT, the shifts apply
to the new, rotated coordinates).

to restrict the projected baselines used to the range 0 to 50,000
wavelengths. Default: no restriction.

to use default (uniform) weighting; ‘NA' would specify natural
weighting.

to do no CLEANing once the image is made.

to review the inputs. (You will need to CTRL-8 your terminal
at some point as there are many more inputs to MX than we
have listed here!)

to run MX.

Scan the 4IPS monitor for messages while MX is running. After you see MX: ENDS SUCCESSFULLY on
this monitor, you should find the requested images in your catalog using:

IND! 0 ; MCAT Cp

The image file classname produced by MX for STOKES ‘1’ and NITER 0 is .IMAP; the default beam file
classname is .IBEAM. The vital imaging parameters are logged in a history file that is cataloged on disk as
an extension of your image file; see §4.3 and use:

to view this on your terminal.
to generate hard copy on your printer.

where n and cin are the disk number and catalog slot number of the required image.
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8.4.8. Which to use — UVMAP or MX?

MX is generally a little faster than UVMAP (the exceptions being uncommon combinations of small images
made from large datasets). MX makes a uv “workfile® which is used in its CLEAN step, so you save some
computation by using MX rather than UVMAP for imaging when you want to use MX later for CLEANing. MX
has the following advantages over the combination of UVMAP and APCLN (the task which CLEANs images
made by UVMAP):

1. MX's CLEANing step allows you to CLEAN almost to the edges of the imaged field,
whereas APCLN only CLEANs properly over a quarter of the field. MX’s CLEANing
step also subtracts the components from the ungridded data, avoiding aliasing of
sidelobes into the field of view. These properties of MX make it the best choice for
snapshot data.

2. MXlets you image up to 16 rectangular subfields, then CLEAN them all simultaneously.
It is therefore the method of choice for all observations where there may be strong but
localized sources over most of the primary beam. It could be prohibitively expensive
in time and disk space to image and subsequently CLEAN a single huge field with
UVMAP and APCLN in such cases.

8. MXis the only imaging program in 4JPS§ that permits images as large as 4096 by 4096
cells, as occasionally required for high-resolution imaging of very strong extended
sources. Note, however, that you would need more than 525,000 blocks of disk space
(400,000 with CLEANing) to make one such image on a VAX, and may then be
unable to CLEAN it in an acceptable time. (The disk space requirements of MX
are complicated and do not completely scale with image size. A 2048 by 2048 with
CLEANing would require 300,000 blocks of disk plus enough disk to hold a copy of
the input uv file.) We strongly recommend that you consult an AIPS advisor at your
site before making images over 1024 by 1024 in size!

4. MXdoes not convert the images to integer format, and subtracts components from the
gridded uv data, taking proper account of the w terms. These features all lead to
more accurate final CLEAN images than could be obtained with UVMAP and APCLN.
The increased accuracy can be important if you seek very high dynamic range.

However, UVMAP may be preferable if you want to make images of several Stokes parameters simulta-
neously (and with identical uv coverage), and if you will CLEAN an area no larger than a quarter of the
field area and do not require the ultimate in final dynamic range. Multi-Stokes imaging with UVMAP involves
fewer separate steps than with MX, and images are made by UVMAP in the integer format expected by image
arithmetic programs such as COMB (§ 8.1), whereas images from MX must be converted to this format. UVMAP
may have some advantages for spectral-line work as well (see §9 of this COOKBOOK).

The main danger in using MX is one of observer psychology. Because MX combines imaging and CLEAN-
ing, some observers feel encouraged to CLEAN images without ever inspecting the dirty one. This is
extremely bad practice. They can thereby CLEAN images that are dominated by noise (wasting both their
own time and CPU cycles). Worse, they may fail to specify CLEAN boxes properly, leaving significant
emission outgide the CLEAN area, or CLEANing large areas of empty sky. These practices can lead to false
results and/or needlessly increase the time to produce an image of optimum quality.

Do not use MX blindly. Combine the imaging and CLEANing steps only after you have diagnosed some
elementary properties of your field — where the brightest emission is, what shape it is, and whether it is
bright enough to justify CLEANing anyway. It is a good idea to make the first images of your field at the
lowest resolution (heaviest taper) justified by your data. This will allow you to choose the input parameters
for subsequent combined imaging and CLEANing steps optimally.
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8.4.4. Helping the deconvolution when imaging

Here are a few points to bear in mind when setting up the imaging parameters in UVMAP or MX if you
think you will need to deconvolve the synthesized images later.

Other things being equal, the accuracy of beam deconvolution algorithms (§5.1) generally inproves
when the shape of the dirty beam is well sampled. When imaging complicated fields, it may be necessary to
compromise between cell size and field of view. If you are going to CLEAN an image, you should set your
imaging parameters so that there will be at least three or four cells across the main lobe of the dirty beam.

With UVMAP, you must image a large enough field that no strong sources whose sidelobes will affect your
image have been aliased by the FFT. With MX, make a small image field around each confusing source.

You help CLEAN to guess what may have happened in the unsampled “hole” at the center of the uv
plane by including a zero-spacing (usually single-dish) flux density when you make the image. This gives
CLEAN a datum to “aim at” in the center of the uv plane. Extended structure can often be reconstructed
by deep CLEANing when the zero-spacing flux density is between 100% and ~125% of the average visibility
amplitude at the shortest spacings (run UVPLT to estimate this average for your data set). If your data do
not meet this criterion, there may be no reliable way for you to image the extended structure of your source
without adding further information to your observations (e.g., by adding uv data from a more compact array,
by Fourier transforming a suitably tapered and deconvolved single dish image of the VLA primary beam, or
by using such an image as the default image for a maximum entropy deconvolution as in §5.1.6).

If UVPLT shows a rapid increase in visibility amplitudes on the few shortest baselines in your data, but
not to a value near the integrated flux density in your field, you may get better images of the fine structure
in your source by excluding these short baselines with the UVRANGE parameter.

If your source has complicated fine structure and is at declinations south of +50°, there may be important
visibility structure in the outer regions of the uv plane which the VLA samples sparsely at these declinations,
even after “full synthesis” imaging. In such cases, CLEAN may give images of higher dynamic range if youn
are not too greedy for resolution at the imaging stage and use either UVTAPER or UVRANGE to down-weight
or exclude poorly sampled outer segments of the uv plane.

3.5. Coriander banana nut bread

1. Blend together in a large bowl lg- cups sifted all-purpose flour, 3/4 cup sugar, 1
tablespoon baking powder, 1/2 teaspoon baking soda, 1/2 teaspoon salt, 2 tea-
spoons ground coriander.

2. Mixin 1% cups chopped unblanched almonds and set aside.
8. Melt 1/3 cup shortening and set aside to cool.

4. Mix until well blended 1 large well-beaten egg, 1/4 cup buttermilk, and 1 teaspoon
vanilla extract.

5. Blend in 1-} cups mashed ripe bananas and the shortening.

6. Make a well in center of dry ingredients and add banana mixture all at one time. Stir
only enough to moisten dry ingredients.

7. Turn into greased 9 X 5 X 3-inch loaf pan and spread to corners.

8. Bake at 350° about 1 hour or until a wooden pick comes out clean when inserted in
center of bread. Immediately remove from pan and set on rack to cool.
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4. SOME IMPORTANT UTILITIES

Before going on to further image processing, you should become more familiar with a few 4JPS and
system utilities, some of which have already been encountered in the image-making steps of § 3 above. Lists
of available utilities can be obtained at your terminal by typing HELP CATINFO Cp and HELP GENERAL

Or. See also §14.

4.1. The Message file

Many AJIPS programs will produce messages on the AJPS monitor — the black-and-white alphanumeric
screen near your terminal or, in its absence, your terminal itself. Most of the messages that fly by on this
monitor are also written to disk in a file called the message file. The message file can be printed out by
typing PRTMSG O following a > prompt at your terminal. PRTMSG is an example of an AJPS “verb.” Unlike
an AIPS “task,” it does not need a GO in order to execute and it is not shed from your terminal. Because
they tie up the terminal while executing, “verbs” are generally simple programs which do not take long to
execute.

Each entry in the message file has an associated priority: O for user input, 2 for “unimportant® messages,
5 for general output messages, and 8 for serious error messages. To set the priority level for hard copy output
of messages type:

> PRIORITY np O where np is the desired minimum level,

before running PRTMSG; then only messages at this level or above will be listed on the printer. If np is < 5,
then messages at level O are also printed. PRTMSG has additional parameters which allow you to limit the
output by program name (PRTASK), time (PRTIME), and AJPS number (PRNUM) and to have it displayed on
your terminal (DOCRT 1) rather than on the printer (DOCRT -1). PRTNSG does not delete messages from
your file. Use:

> CLRMSG Oy to delete messages and compress the file.

Note that CLRMSG supports parameters like those of PRTMSG. Old messages are automatically deleted from
your file when you EXIT from AIPS. (The time limit for “0ld” messages is set by your 4IPS Manager and is
typically about 3 days.)

4.2. The Catalog file

A summary record of your 4IPS data sets (uv data, images, beams) is kept in a disk file called the
catalog file. To interrogate your disk catalog, use:

> INDI 0 ; MCAT G to list all images.

> INDI 0 ; UCAT ©Cp to list all uv data sets.

A complete listing of the catalog file, which may be printed with PRTMSG, can be generated by:

> CLRNAME Og to reset adverbs INNAME, INCLASS, INSEQ, INTYPE, INDISK.
> CAT Cgr to generate the listing.

which will list all of your disk data sets. To limit the listing to a particular name, class, sequence number,
type, and/or disk, use an appropriate combination of the parameters INNAME, INCLASS, INSEQ, INTYPE, and
INDISK, respectively. Unless a hard copy or a limited part of the catalog is desired, it is faster to use MCAT
and UCAT. A typical listing looks like:
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CATALOG ON DISK 1
CAT USID MAPNAME CLASS SEQ PT LAST ACCESS STAT
18 76 3C166LS0OK .IMAP . 1 MA 27-0CT-1985 22:30:18

19 76 3C166L50K .IBEAM MA 27-0CT-1985 23:02:14

22 76 3C166L50K  .IMAP MA 28-0CT-1985 15:30:45
CATALOG ON DISK 2
CAT USID MAPNAME CLASS SEQ PT LAST ACCESS STAT
22 76 12004519 .IMAP . MA 01-NOV-1985 23:50:10

23 76 1200+519 .IBEAM MA 01-NOV-1985 23:59:58

24 76 1200+519 .QMAP MA 28-0CT-1985 00:10:10

26 76 1200+519 .UMAP 28-0CT-1985 00:19:19

28 76 12004519 .ICLN MA 02-NOV-1985 00:35:20 WRIT
31 76 SCRATCH FILE.MX1 SC 02-NOV-1985 00:35:37 WRIT
32 76 SCRATCH FILE.MX1 8C 02-NOV-1985 00:35:39 WRIT
CATALOG ON DISK 3

DN -

DN b b A A e

CAT USID MAPNAME CLASS SEQ PT LAST ACCESS STAT
2 76 3C138 A C .UVSRT . 1 UV 22-0CT-1985 12:56:50
36 76 1200+519 UvXY . 1 UV 02-NOV-1985 00:32:50 READ

37 76 1200+b619 JUVWORK . 1 UV 02-NOV-1985 00:34:26 WRIT

This user (number 76) has eight image files, three on disk 1 and six on disk 2. He also has two sorted uv
data sets and an MX uv work file on disk 3. There are two scratch (temporary) files on disk 2 which were
created by MX running out of AIPS1 (hence their MX1 classname). Image data files (images and beams) are
distinguished by the type code MA in this list. The uv data files are distinguished by the type code UV and
the scratch files by type SC.

Note that this user has given the image files on disk 1 image names which encode useful information
other than the source name. These were images of 3C166 at L band with 50 kilowavelength (uv) taper.
Such information could be extracted from history files, but it is useful to carry it at a level where it can be
seen by CAT. He has also given the UVSRT file in slot 2 on disk 3 a name which encodes the source name
(3C138), the configuration (A), and the frequency (C). Careful choice of filenames can save you a lot of other
bookkeeping. Note how SEQ numbers are used to distinguish different versions of a file with the same name.
The file name can be any valid string up to 12 characters in length.

4.2.1. Renaming data files

Files may also be renamed, after they have been cataloged, using the AIPS verb RENAME. Typical inputs
might be:

> INDI 2 ; INNA '1200+4519' Cr to select disk 2 and set the input (old) name.

> INCL 'IMAP'; INSEQ 1 Og to set the rest of the input name parameters, s.e., to select the
file in slot 22 on disk 2 in the example above.

> OUTN ’'12004-51 15K’ ; OUTSEQ 2 Or  to set desired output name and sequence number.

> INP RENAME O to review the inputs to the verb.
> RENAME Og to rename the I image to ’12004-51 15K’ and reset its sequence
number to 2.

There are two verbs which can alter the catalog numbers assigned to files. RENUMBER moves a file to an
empty, user-specified slot. RECAT simply compresses the catalog without changing the order of the entries in
the catalog.
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4.2.2. Speedy data flile selection

Associated with each catalog entry is an identification number called the “catalog slot number”. The
CAT column at the left of the listing shows these catalog numbers. They can be used conveniently to initialize
inputs for 4IPS programs which read data sets from disk. Use:

> INDI n! ; GETN cinl Cr where n1 selects the disk and cinl is the catalog slot number.

The verb GETNAME (abbreviated through minimum match as GETN above) sets the parameters INNAME, IN-
CLASS, INSEQ, and INTYPE used by many tasks and verbs. Some tasks require a second and even a third set
of input image name parameters. For these, use:

> IN2D n2 ; GET2N cin2 Cp to set the second set.
> IN3D n8 ; GET3N cins Cp to set the third set.

4.2.3. Catalog entry status

Note that several catalog slots on disks 2 and 3 in our example catalog listing above do not have blank
entries in the STAT column. This listing could have been taken while the user was running a CLEAN under
MX on the sorted uv data set in slot 36, as this file is opened for READing. The CLEAN image file, ICLN in slot
28, and the scratch and UVWORK files are opened for WRITing. Procedures which attempt to read files which
are opened for writing, or vice versa, will be rejected with appropriate error messages, so you should note
any non-blank entries in the STAT column carefully. In some situations, mainly involving system crashes or
abortion of tasks, files may be left in READ or WRIT status indefinitely. The file status may be reset in such
cases by use of CLRSTAT Cg following the appropriate INDISK and GETNAME. Note that a WRIT status on
a file which is not, in fact, being used at present probably indicates that the file is corrupt and should be
deleted using the verb ZAP following use of CLRSTAT.

Check that a data set you are about to use has a clear status before running any AJPS programs that will
use it. (It is often possible to let two tasks read the same file at the same time, but this is not reccommended.)
Also note its ordinal number in the catalog, as this will be useful for GETN.

4.2.4. Other catalog listings

You can get a listing of the image header file on your terminal by following the GETNAME step above
with
> IMHEAD Cp for a detailed listing.
> QHEAD Oy for a shorter listing,

QHEAD reports the position at the numeric center of the image while IMHEAD reports the position of the
“reference pixel”. The output of these verbs may also be printed via PRTMSG (at PRIORITY 2).

4.3. History files

Associated with each uv and image file is a “history” file giving important information about the
processing done so far on the data in the file. Every AIPS task and verb, that alters the data or header,
records the parameters used by it in this file. In general, each “card” in the file begins with the task or verb
name and then gives one or more of the input parameter values actually used (s.e., the defaults are filled in).
All or parts of the file may be displayed on your terminal or printed on the line printer. For example, use:
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> INDISK n ; GETN cin Cp to select the file to be displayed.

> PRTASK 'UVMAP’ Cg to examine only history information from UVMAP.

> DOCRT TRUE O to direct the display to your terminal.

> PRTHI O to print the UVMAP history.

> PRTASK ' '; DOCRT FALSE (r to select all history cards and direct the output to the line
printer.

> PRTHI Cg to print the full history file.

4.4. Saving and restoring inputs

All input parameters (“adverbs”) are global throughout AIPS. When a parameter value is specified for
any program, it will remain at that value in any other program which has an input of the same name until
you change it. This global nature of the input parameters is useful in some cases, but can be inconvenient
in others. Before running any task or verb check the input parameters carefully with:

> INP name Op where name is the program name.

The parameters you have specified for AIPS at any given time may be saved on disk by typing:
> SAVE gaaaa Cr where aaaaa is any string of up to 12 characters.
> GET aaeaa Cr will restore these inputs at a later time.

These commands save or restore all the inputs and the rest of your AIPS “environment”. For this reason, they
must be the only commands on the input line. AIPS automatically saves the environment in an area called
LASTEXIT whenever an EXIT or RESTART command is processed. A GET LASTEXIT is automatically executed
whenever that user logs back in to the AIPS program. Thus, each user retains his own environment from one
use of AIPS to the next. To obtain a null version of the adverb values and the rest of the environment, type:

> RESTORE 0 GO

There are three temporary areas for saving the user’s AIPS environment as well. To save your inputs
temporarily, type:

> STORE n O to save the inputs in area n, where n = 1, 2, or 3.
> RESTORE n Oy to recover the inputs previously stored in area n.

The input parameter values associated with a task or a verb can be stored by the command:
> TPUT name Op where name is the verb or task name.
and retrieved by the command:
> TGET name Op

This avoids, to some extent, the global nature of the adverb values in AIPS. Whenever a task is executed
(by the verb GOD), TPUT is run automatically. TGET will therefore produce the set of input parameters used
for the last execution of the task, unless you deliberately overwrite them with a TPUT of your own.

4.5. The verb GD

GO is shown in examples throughout this COOKBOOK. What is not emphasized elsewhere, and is often
overlooked by users, is the fact that GO has inputs just ike other verbs. You may specify which task you
want either with an immediate argument, s.e., GO UVSRT Og, or with the parameter TASK, i.c., TASK
'UVSRT' ; GO Cr. GO has two other parameters, DOWAIT and VERSION, as well. The former is passed to the
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task and instructs it to resume AIPS as soon as possible (DOWAIT FALSE Or) or to resume AIPS only after
completing its operations (DOWAIT TRUE Cgr). The latter allows the task to return a meaningful error
code to which AIPS may respond by aborting the current input line, procedure, FOR loop, etc. The verb
WAIT ‘taskname’ also forces AIPS to wait for a task to complete, but it cannot respond to some failure in
that task. For example, the line:

> GO UVSRT ; WAIT UVSRT ; GO UVMAP Cy

may cause unwanted images to be generated by UVMAP if UVSRT fails for lack of disk space or some other
reason. However, the line:

> DOWAIT TRUE ; GO UVSRT ; GO UVMAP Og

will not attempt to execute UVMAP if UVSRT fails. Note that AIPS will not get hung up when a task aborts
even if DOWAIT is true.

VERSION, the last input to GO, is used to specify which version of the program you wish to execute. For
example, it allows you to use the TST or OLD versions of a task from the NEV version of AIPS. It also allows
private versions of programs to be executed. Type HELP VERSION Og for details.

GO has another useful capability. Normally, in order to invoke a verb, you simply type its name, e.g.,:
> PRTMSG Op to print the message file contents.
However, if you type, instead:
> GO PRTMSG Cr
having forgotten that PRTMSG is a verb, then AIPS will actually execute:

> TPUT PRTMSG ; PRTMSG Cg to save the current PRTMSG inputs and then print the contents
of the message file.

You can recover those inputs at a later time with TGET PRTMSG Cg.

4.6. Monitoring the disk space

Disk space is generally at a premium and there are several ways to monitor the available amount of
space. Within AIPS there is:

> FREE Op to list the total space available on each AJPS disk and other
useful information.

and
> USER 32000 ; INDISK 0 O to get all disks and users.
> GO DISKU ©Cp to run the AJPS disk user task.

This will (eventually) list on the 4IPS monitor the amount of data space in use by each user for all 4IPS
disks. Identify the worst disk hogs and apply appropriate peer pressure.

Sometimes the available disk space has been eaten up by AJPS scratch files which are no longer being
used. Tasks which abort and other mysterious events can cause this situation to arise. To delete all your
scratch files, except those for tasks which are still running, type:
> SPY O to see which tasks are running.
> SCRD O to delete the files.

Scratch-file destruction is now fairly safe, so S8CRD is run automatically whenever EXIT, RESTART, or ABORT
taskname are executed. Tasks MX, ASCAL, UVMAP, APCLN, and UVSRT often create rather large scratch files.
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The verb TIMDEST will destroy all data sets which have not been used in some minimum time interval.
In standard versions of AIPS, this time interval is 14 days. TIMDEST will also delete messages older than 3
days from all users’ message files. The parameters of TIMDEST allow you to request less stringent cutoffs.
Your local 4IPS Manager may set other limits on the time ranges.

Section 11 of this COOKB00K tells you how to backup or delete your own data to relieve disk crowding.
At present, all other methods for managing disk space involve system-dependent commands of one sort or
another. To use these methods:
> EXIT O to exit from AIPS, saving your AIPS inputs in the LASTEXIT
area.

Then consult Appendix Z for instructions appropriate to your machine.

4.7. Moving and compressing files

There are two tasks which may be used to move files from one disk to another with options to reduce
the size of the files. They are SUBIM, used on images, and UVCOP, used on uv data sets. SUBIM uses the
parameters BLC and TRC to select a portion of the input image. If these parameters are defaulted (set to
0), the entire image is copied. Clean component and history extension files are copied as well, but plot and
slice extensions are not. Similarly, UVCOP uses the parameter array BPARM to select a range of uv-sample
times to copy. If BPARM is zero, all data are copied except for completely flagged records. If you have done
extensive data editing, UVCOP may produce a rather smaller data set even when the whole time range is
copied. Antenna and gain extension files are copied, but plot files are not.

4.8. Finding information in AJPS

Much of the documentation of AIPS can be displayed on the terminals by typing HELP word Or, where
word can be the name of a verb, task or adverb. The information given will supplement that given in the
INPUTS for a verb or task. It is the only source of information on the adverbs. To have the HELP information
printed on the line printer, enter EXPLAIN word Ogr instead. For the more important verbs and tasks,
EXPLAIN will print extra information giving more detailed explanations, hints, cautions and examples to
assist users of the program.

There are more general help files which list a variety of information. Some illustrate the use of features in
AIPS (try HELP BATCHJOB O for a description of the batch processor). Others list the currently working
software (e.g., HELP ANALYSIS Og gives a listing of software which analyzes images). These files should be
consulted often. All of these general HELP files are listed in § 14 of this COOKB00K and give a summary of
the software which is currently available in AJPS. They are updated as new software is developed. HELP and
EXPLAIN have other capabilities as well. Type:
> HELP Op
or

> HELP HELP Oy to get a summary.
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5. IMPROVING IMAGES — DECONVOLUTION, SELF-CAL, EDITING

This Section deals with the major programs which can be used to improve the quality of dirty images
which are not noise-limited but which suffer from dynamic range problems. See Lectures 7-11 in the 1985
NRAO-VLA Workshop on Synthesis Mapping for general discussion and guidance about image defects and
the strategies for reducing them,

5.1. Deconvolving images

The most widely used deconvolution method is CLEAN. Images made with UVMAP should be CLEANed
using the task APCLN described in §5.1.1. MX combines imaging and CLEANing functions in a single task. Its
CLEAN option uses many of the same inputs as APCLN, plus some extra items described in detail in §5.1.2.
Sections 5.1.3 through 5.1.5 give some tips, which apply to both APCLN and MX, on monitoring the progress
and success of a CLEAN and on restarting CLEANS.

Deconvolution can also be done by a variety of other methods, several of which are available in 4IPS.
The most popular of these alternatives is a maximum entropy-like algorithm implemented in the task VM. It
is described in §5.1.6.

5.1.1. APCLN

APCLN implements an array-processor CLEAN of the type devised by Barry Clark (Astron. Astrophys.,
89, 355 (1980)). CLEAN components are found during “minor” iteration cycles by CLEANing the brightest
parts of the residual image in the array processor with a “beam patch” of limited size. More precise
CLEANing is achieved at the ends of “major” iteration cycles when the Fourier transform of the CLEAN
components is computed, multiplied by the transform of the beam, transformed back to the image plane,
and then subtracted from the dirty image. The rule for deciding when a major iteration should end in order
to achieve a desired accuracy is complicated (see the Clark paper). APCLN allows the user to vary the rule
somewhat to suit the requirements of the particular image and to control all the usual options associated

with CLEANing.

Type EXPLAIN APCLN Og to list useful guidelines on the line printer. Then enter:

> TASK 'APCLN'; INP Cg to tell you what you have to specify.

> INDI nl ; GETN ctnl Op to select the dirty image, where ni1 is the disk on whichit is
stored and ctnl is its catalog number there.

> IN2D n2; GET2N ctn2 Cp to select the dirty beam, where n2 and ctn® are its disk and

catalog numbers.
Examples of other inputs to APCLN are:

> OUTN '3C138A C' Cp to specify the CLEAN image name — default: same as INNAME.

> OUTS 0 Cg to create a new output file. If OUTSEQ # 0, the specified value
is used. OUTSEQ must be set to restart a CLEAN (§5.1.4).

> OUTC 'ICLN1' O to specify the output file class. It defaults to *ICLN’ for IN-
CLASS IMAP, 'QCLN’ for QMAP, *UCLN’ for UMAP, and *VCLN’
for VMAP.

> GAIN 0.2 Cg to set the loop gain parameter, defaults to 0.1. Values in

the range 0.1 to 0.25 may be suitable for complicated sources,
higher values are okay for simple, point-like sources.

> FLUX 0.003 Cg to stop CLEANing when peak of residual image falls to 3 mJy.
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> NITER 500 Cgr to stop CLEANing when 500 components have been subtracted
(default 100).
> BMAJ 1.25 G to set the major-axis FWHM of restoring beam to 1.25 arcsec.

BMAJ = O specifies that the beam is to be fitted. BMAJ < 0
means that the residual image is to be stored in the output

file.

> BMIN 1.10 Cp to set the minor-axis half-width of restoring beam to 1.10 arc-
sec.

> BPA 52.8 Cp to set the position angle of beam axis to 52°48' measured CCW
from North (East from North).

> INVERS 1 Cp to specify which version of the CLEAN components file(s) is
desired. Default is 1.

> NBOXES 1 $&r to set the number of boxes in which to search for CLEAN
components. Must be < 10, default is 1.

> BOX 156, 156, 356, 356 Cr CLEANing box is 201 x 201 centered on pixel (256, 256). De-

fault 0, 0, O, O specifies inner quarter of image area. Fill BOX
with more windows if NBOXES > 1. Note that APCLN cannot
CLEAN properly over more than one-quarter of the image area.

The TV cursor can be used to set the CLEANing boxes if the TV display shows either the dirty image
or a previous version of the CLEAN image. Type:

> NBOXES n Cr to set the number of boxes, where n < 10,
> TVBOX Or to begin an interactive, graphical setting of the n boxes.

Position the TV cursor at the bottom left corner of the first CLEANing box and press a trackball button.
Then position the cursor at the top right corner of the box and press Button B. Repeat for all desired boxes.
This will fill the box array for APCLN. Note that the terminal will display some additional instructions. These
may be followed to reset any of the previously set corners should you need to do so.

To continue the example parameters:

> DOTV TRUE Cr to show residual images on TV in interactive AIPS and to pro-
vide an opportunity to terminate the CLEAN after each major
cycle using trackball button D. The residual image is displayed
on the TV after each major cycle and the CLEAN image is
displayed at the end, if DOTV is set to TRUE (+1.0). Default =
FALSE (-1.0) for no display. (See also §5.1.3.)

> INP Or to review what you have specified.

Note that specifying INNAME and (usually) NITER may be enough to run the program if your dirty image and
beam have the same image name (differing only by their classnames, ¢.g., IMAP and IBEAM) and if you are
content to use the system defaults for the CLEANing parameters. These defaults are reasonably chosen for
CLEANing a complicated image.

The FACTOR parameter in APCLN can be used to speed up or to slow down the CLEANing process by
increasing or decreasing the number of minor cycles in the major cycles. The default FACTOR 0 causes major
cycles to be ended using Barry Clark’s original criterion. Setting FACTOR in the range 0 to +1.0 will speed up
the CLEAN, by up to 20% for FACTOR 1.0, at the risk of poorer representation of extended structure. Setting
FACTOR in the range 0 to —1.0 will slow it down, but gives better representation of extended structure. For
further details on the use of non-standard FACTORs, consult with Bill Cotton in Charlottesville.

When you're satisfied with the inputs listed by INP, then:
> GO Cp to start the CLEAN.
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5.1.2. MX

In its CLEANing mode, MX finds the individual components in “minor” iterations by the same methods
as APCLN. However, MX then subtracts CLEAN components from the ungridded uv data using either a direct
Fourier Transform (DFT) or a hybrid DFT/gridded Fast Fourier Transform (gridded-FFT) to compute the
model visibility from the CLEAN components. The DFT is more accurate, but is often slower than the
gridded-FFT (except in some multiple-field cases — EXPLAIN MX Og will print out some text containing,
among many other things, details of timing as a function of data set size and number of CLEAN components).
You can let MX choose which method to uge as its CLEANing progresses by using the default (null) value of
its input parameter CMETHOD; we strongly recommend use of this default unless you are sure which method
to specify for your case (again, use EXPLAIN MX Og to print out some detailed advice on this).

CLEANing with subtraction from the ungridded data avoids aliasing of sidelobes into the field of view.
In many cases, therefore, MX CLEANs more accurately than does APCLN over a much larger portion of the
dirty image.

MX can also deconvolve components from up to 16 fields of view simultaneously (provided that they
were imaged simultaneously using MX’s imaging step), taking correct account of the w term at each field
center. This is a vital advantage if you have many localized bright emission regions scattered throughout
your primary beam; only the regions containing significant emission need to be imaged and cleaned, rather
than the entire (mainly empty) area of sky encompassing them all. To take advantage of this property of MX
to CLEAN high-resolution images on the basis of knowledge about the field derived from prior information
(or from a low-resolution image made from the same data set), you will need to invoke the multifield options
at MX's imaging step. An illustrative set of input parameters might be:

> NFIELD 3 Oy to specify that you want to image 3 fields.

> IMSIZE 128 to specify that the minimum image size for any of the fields
should be 128 by 128.

> RASHIFT = -70, 0, 250 O
> DECSHIFT = 120, 10, -400 O

to specify that the first field should be centered on (—70",120"), the second on (0”,10") and the third on
(250", —400") relative to the original tangent point. You might then specify the CLEANing areas within
each field by the parameter:

> FLDSIZ 32, 32, 246, 246, 20, 20 O

These inputs would produce three images. The first would be 128 by 128 cells centered on (~70",120"); it
would be searched for CLEAN components over its center 32 by 32 cells. The second would be 256 by 256
cells centered on (0”,10"); it would be searched for CLEAN components over its center 246 by 246 cells,
leaving a five-cell “guard band” around the CLEANing area to avoid interpreting the region most likely to
be contaminated by effects of aliasing and the gridding convolution. The third would be 128 by 128 cells
centered on (250", —400). It would be searched for CLEAN components over its center 20 by 20 cells. The
beam would be 256 by 256 cells centered on (0,0).

Most of MX's CLEANing inputs are like those described under APCLN in §5.1.1. The following are used
exactly as in APCLN: OUTN, QUTS, OUTCL, GAIN, FLUX, NITER, BNAJ, BMIN, BPA, and FACTOR. NBOXES and BOX
in MX work as in APCLN, but apply only to the first field defined by the imaging inputs. If NBOXES = 0, the
CLEAN search area of field number 1 is determined from the first FLDSIZ window. If NBOXES> 0, FLDSIZ is
used only to check the size of the image required for field 1. DOTV = -1 in MX specifies no residual display
on TV channel 1 (as in APCLN) but DOTV = n with 1 < n < 16 in MX specifies TV display of the residuals
from field number n.
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MX has the following inputs which differ substantively from those of APCLN:

> INDI n Cj to specify the number of the disk on which the original uv data
set used to make the images resides.

> INNAM 'filename’ Or to specify the filename of the original uv data set.

> INCL ‘classname’ Or to specify the classname of the original uv data set.

> INSEQ segn Og to specify the sequence number of the original uv data set.

> IN2D! n Cj to specify the number of the disk on which resides a uv work

file in which MX stores the current uv data with the current list
of CLEAN components subtracted. The file is created at the
imaging step with default name the same as the input uv data
set and default class .UVWORK. It is modified as MX’s CLEAN

progresses.
> IN2N 'filename' O to specify the filename of the uv work file; default is INNAM,
> IN2CL ‘classname’ Cr to specify the classname of the uv work file; default is UVWORK.
> IN2SEQ sqn O to specify its sequence number; default is highest.

The above inputs may of course be set using:
> INDI nl ; GETN cinl Op
> IN2DI n2; GET2N c¢ing Cp

as usual, where (n1, ctnl) and (n2, ctng) select the disk numbers and catalog slot numbers of the appropriate
files. Alternatively, if you have previously run MX with the same parameters, TASK 'MX' ; TGET Cr will
restore them.

Note that the uv workfile will exist, and you should specify its parameters, even if you have only made
a dirty image or images with MX previously. If you do not specify the workfile parameters, MX will repeat all
steps of making the dirty image, which wastes time.

Note also that MX will remake the beam file whenever it is restarted, as the beam it uses for CLEANing
need not have the same size as the image. (During CLEANing, it uses the smallest beam it thinks it can
get away with). We therefore recommend that you delete or rename the beam file from any previous run of
MX whenever you restart analysis of the same data set with MX, to prevent confusion later. (Renaming the
full-size beam made when MX is used without CLEANing may be useful if you subsequently want to use it
for another type of deconvolution, such as VM, which needs such a beam file}.

To specify the default component subtraction method, type:

> CMETHOD ' ' Og to allow MX to use DFT or gridded-FFT component subtrac-
tion at each major cycle, depending on which is faster. We
strongly recommend use of this default unless you are very
sure that you wish to force DFT or gridded-FFT subtraction
at all iterations. 'DF T’ forces DFT subtraction; 'GRID' forces
gridded-FFT subtraction.

Before running MX, use:

> TASK 'MX';INP Op to review your inputs (there are so many that it’s easy to forget
some).

> GO Og to begin execution.
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5.1.83. What to do while CLEAN is running

The 4IPS monitor displays useful information about the progress of the CLEANing, and the TV itself
displays the residual images after each major cycle (if DOTV was set to TRUE). You may change the image
display parameters (e.g., coloring, transfer function, zoom, etc.) using the display modification commands
while the CLEAN is in progress to keep the residual image looking intelligible. When using the TV, APCLN
and MX schedule 15-second pauses after each major cycle. The new residual image will be displayed on the
TV monitor just before these pauses. Pressing trackball button D during the 15 seconds will end APCLN/MX
in an orderly fashion at that point. Pressing any of buttons A, B, or C causes the execution to resume (as
does waiting 15 seconds). The AJPS monitor prompts you for this action, which allows quasi-interactive
CLEANing. Its use is encouraged when images are being CLEANed for the first time.

If you do not specify BMAJ and BMIN, a Gaussian CLEAN beam will be fitted to the central portion of
the dirty beam. The results may not be desirable since the central portions of many dirty beams are not
well represented by a single Gaussian and since the present fitting algorithm is not very elaborate. If you
use the default, check that the CLEAN beam is a satisfactory representation of the dirty beam. Use task
PRTIM on the central part of the dirty beam for this purpose.

When APCLN and MX terminate, a record of the CLEANed image is entered into your disk catalog and
the image can then be displayed, contoured, etc. as described in §§6 and 7 below. The most important
parameters of the CLEAN are logged in a “history” file that is cataloged as an extension of the CLEANed
image file. This history file can be printed by:
> INDI n; GETN cin Og to select the CLEAN image, where n and cin select its disk

and catalog numbers.

> PRTHI Cgr

5.1.4. Restarting CLEANs

CLEANing can be restarted under control of the parameter BITER in the APCLN inputs or BCOMP in the
MX inputs. BCOMP is an array of up to 16 values, one for each field imaged by MX. Set BITER / BCOMP equal to
the number of components to be used from the previous CLEAN when CLEANing is restarted. When you
are restarting a CLEAN, the OUTNAME and OUTSEQ parameters must be set explicitly to those of the previous
CLEAN image since the CLEAN component list is associated with this image file (as its CC extension).
When restarting a CLEAN with MX, you must also spcify IN2N, IN2CL and IN2SEQ explicitly to identify the
uv workfile. An image can be re-convolved by setting NITER = BITER (in APCLN only) and specifying the
desired {new) CLEAN beam.

Both APCLN and MX write over the CLEAN image file(s) as they proceed to clean deeper. Note that
intermediate CLEAN images can be preserved if needed either by copying them with SUBIM or by writing
them to tape with FITTP.

5.1.5. Listing CLEAN components

The list of CLEAN components associated with a CLEAN image can be printed by:

> INDI n; GETN cin Cp to select the CLEAN image, where n and ctn select its disk
and catalog numbers.

> BITER nl; NITER ng; XINC n8 Or to list CLEAN components from nl to (nl + ng - 1) with
increment n$.

> DOCRT TRUE Cgp to route the list to your terminal.
> DOCRT FALSE Cr to route the list to the line printer.
> GO PRTCC Cp to execute the task.
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5.1.8. Alternatives to CLEAN — VM

The subject of image deconvolution has been widely studied and an enormous variety of methods
proposed. Three of the alternatives to CLEAN have been implemented as ezperimental tasks in AIPS.
These are algorithms due to Gerchberg and Saxton (APGS), van Cittert (APVC), and David Steer (STEER).
Type EXPLAIN APGS Or, EXPLAIN APVC Og, or EXPLAIN STEER Oy for further information on these
tasks and, if needed, call Tim Cornwell at the VLA before using them. The most widely used and successful
alternative to CLEAN has been the Maximum Entropy Method (“MEM”) implemented in AJPS by the task
VM. It requires a dirty image and beam, such as those produced by UVMAP or by MX with NCOMP set to 0, each
twice the (linear) size of the region of interest. It deconvolves to produce an all-positive image which has
as compressed a range of pixel values as the data allow. The final VM image is usually smooth, but provides
“super-resolution” in regions of good signal-to-noise ratio.

There are three main reasons for preferring MEM over the CLEAN methods:

1. MEM can be much faster for images which have real signal in many pixels. “Many”
seems to be > 5122 or so.

2. MEM produces smoother reconstructions of extended emission than does CLEAN.
The latter often yields images with many beam-sized lumps in low brightness, appar-
ently smooth regions.

3. MEM allows introductior of a priors information about the image in the form of a
“default” image.

Contrary to the received wisdom, MEM can be used for quantitative work on regions of good (> 10)
signal-to-noise ratio, if the dirty image is convolved with a CLEAN beam prior to deconvolution. Use the
AIPS task CONVL for this purpose. Note that MEM cannot be used on images which are not intrinsically
positive, such as images of the Stokes Q, U, and V parameters. MEM can produce very nice deconvolutions,
but requires careful control. We recommend studying the output of EXPLAIN VM Cg before uging the task.
Lecture 7 of the 1985 NRAO-VLA Workshop on Synthesis Mapping also provides relevant information.

5.2. Self-calibration

The task ASCAL is a tool for obtaining images with high dynamic range when there is sufficient signal
to noise in the uv data. It does this by comparing the input uv data set with the predictions of a source
model in order to compute a set of antenna-based amplitude and phase corrections which would bring the
data into better agreement with model, as a function of time throughout the observations. For an n-element
array there are (n—1)/2 times more observations than unknown antenna gains at any time, so the process is
well-determined when n is reasonably large. The input model may be either a point source (parameters set
by BPARM(1), BPARM(2), BPARM(3) and BPARM(4) in ASCAL) or a set of CLEAN components derived from a
previous image (parameters set by IN2DI, IN2NAME, IN2CLASS, IN2SEQ, INVER and NITER).

Do not use ASCAL unless your data are of sufficiently high signal to noise to warrant improvement. Ask
yourself whether your externally-calibrated CLEAN images contain unCLEANable artifacts well above the
noise, and whether your source meets the criteria for self-calibration given by Tim Cornwell in Lecture 9 of
the 1985 NRAO-VLA Workshop on Synthesss Mapping. Note that if your images are limited by receiver
noise, self-calibration may produce erroneous results.
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5.2.1. Programs to run

If you decide to use ASCAL, a good sequence of steps is:

1.

4.

10.

11.

12.

Use UVPLT to make a plot file showing the shape of the visibility function as a function
of baseline length in the externally-calibrated data set. N.B., for large data sets,
use XINC to reduce the number of points plotted to no more than a few thousand;
otherwise it will take too long to make and plot the plot file.

Use TKPL and the hard-copy switch on your TEK terminal, or PRTPL or QMSPL, to get
hard copy of the above plot file.

If you can use a point-source model for the first iteration, i.c., if a range of baselines
sufficient to calibrate all antennas is dominated by a single component (flat visibility
function well above the noise), go to step 6 directly.

If you must use a more complicated model, obtain a CLEAN component representa-
tion of it by making and CLEANing an image of the externally-calibrated data using
either (UVMAP + APCLN) or MX. Note that you may want to use a higher loop GAIN in
a CLEAN to be used as an input model for an early iteration of self-calibration than
you would for final deconvolution of a very extended structure.

Use PRTCC to help you decide how many components from this CLEAN to include in
the ASCAL model; when you have decided this, determine the appropriate uv-limits
for the gain solution by referring to the hard copy of the visibility function you made
at step 2.

Use UVSRT to sort the data from “XY” (pre-imaging) order back to “TB” order (unless
you preserved the TB sort for self-calibration purposes).

Plan your ASCAL inputs; see the inputs list and the section on “Choosing ASCAL
inputs” that follows below (§5.2.3).

Use ASCAL to calculate the gain corrections, to produce a new TB-sorted data set,
and to catalog the gain corrections as an extension to the new uv data file.

Use GNPLT on the output data file, followed by TKPL, to review the gain corrections
before proceeding further. (You may want to take hard copy of this output for future
reference also — use the TEK hard-copy switch, or run PRTPL or QMSPL on the plot
file extension of the new uv data file that was written by ASCAL.) In problem cases,
GAPLT should be used to make more detailed plots of the gain file.

Ask whether the gain corrections were believable — were they smaller than at the
previous iteration of ASCAL, if any? If not, is there a good reason why not — did
you change input parameters such as the model, the type of solution, or the solution
interval, in a way that may have forced larger corrections than before? Proceed only if
you are reasonably sure you understand what is happening at this point — otherwise
consult a local expert at your site.

If the corrections were believable, run UVSRT to produce a new version of the uv data
in XY order for imaging. You should consider deleting one or more of the uv data
gets from the previous iteration at this point to save disk space.

Go back to step 4 and repeat the whole process if your new CLEAN image is a sig-
nificant improvement over the previous one (with comparable CLEANing parameters
on both occasions). You may want to go back to step 1 and repeat the process from
there if you have been using amplitude self-calibration and wish to check that your
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amplitude calibration has not drifted significantly. If the new CLEAN image differs
little from the previous one, do not continue on with further iterations of steps 5
through 11 unless you feel you can make an informed change to the ASCAL input
parameters at step 7.

5.2.2. Inputs to ASCAL

The following input parameters are used by ASCAL:
> INDI n1; GETN ctnl Cp to select the 'TB’ sorted uv data base.
> IN2D n2; GET2N ctn2 O to select the CLEAN image to use.

> NCOMP =n Oy

to cut off the model at the nt®* CLEAN component associated
with this image. If n < 0, then use up to ABS(n) components,
but stop at the first negative component.

> DOCAT 1 R to catalog the gain file as an extension to the input uv data
base. This is necessary to self-cal a spectral line data base and
to display the gain solutions.

> APARM(1) = z1 Cp minimum baseline (in kilowavelengths) to be given full weight.

> APARM(2) = 22 Cp maximum baseline (in kilowavelengths) to be given full weight.

> APARM(3) = 2§ Cr weight for baselines outside the APARM(1) — APARM(2) range.

> APARM(4) = nd Cr reference antenna (choose a known good one for best results).

> APARM(7) =1 Oy to solve for amplitude and phase corrections.

> APARM(7) = 2 Op to solve for phase weighted by amplitude.

> APARM(7) =3 Gy to solve for phase ignoring amplitude.

> APARM(8) =0 Cp to solve for RR and LL separately.

> APARM(8) =1 ©Cgp to average RR and LL correlators before solving.

> APARM(9) = z9 Cr to set the length of the solution interval (in minutes).

> APARM(10) =0 Cr to scale the gain corrections, when APARM(7) = 1, by the mean

modulus of all gains to keep the flux density scale from drifting.

> APARM(10) =1 Cp to request no gain normalization.

> BPARM(1) =0 Op to use CLEAN components as a model.

> BPARM(1) =1 Cp to use a single point source model instead.

> BPARM(2) = y2 Cg flux density of point source model (if BPARM(1) = 1).

> BPARM(3) = y§ O east offset of point source model in arcsec (if BPARM(1) = 1).

> BPARM(4) = y4 Cr north offset of point source model in arcsec (if BPARM(1) = 1).

> BPARM(7) = 0 Cp to do no editing of data.

> BPARM(7) =1 Oy to flag “bad” data under control of BPARM(8) and BPARM(9).

> BPARM(8) = y8 Cr if BPARM(7) = 1, to flag full weight points that differ from the
model by BPARM(8) times the rms residual.

> BPARM(9) = y9 Cgp if BPARM(7) = 1, to calculate the antenna-IF running mean

amplitude correction and flag an antenna-IF if that correction
is more than BPARM(9) X ¢ away from the mean.

The parameter BPARM(5) is not used. Other parameters are defaulted sensibly — type EXPLAIN ASCAL Op

for further information.
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5.2.3. Choosing ASCAL inputs

In many cases, only a few ASCAL input parameters need be set, other than those selecting the uv data
and the input model. The key parameters are NCOMP, APARM(1), APARM(9) and, if you are interested in
polarization, APARM(4).

It pays to be conservative when using NCOMP to select the number of CLEAN components which will
comprise the input source model. Setting NCOMP too high will fossilize errors from the earlier calibrations
in the model for the next one; after this, you are stuck with them as long as you continue feeding ASCAL a
model with as much CLEANed flux density. When calibrating I images, do not set NCOMP in ASCAL so high
that any negative CLEAN components are included. The first few iterations of ASCAL should be phase-only
calibration, since the tropospheric and ionospheric phase errors will almost always dominate amplitude errors
due to the atmosphere or to system drifts. In these first iterations, it is prudent to be even more conservative,
setting NCOMP so that the total CLEANed flux included in the model is between 50% and 80% of that at
which the first negative CLEAN component appeared. If your field is dominated by a few very strong,
small-diameter regions, it is a good idea to make the first iterations of ASCAL work on CLEAN components
from these regions alone, restricting the range of baselines suitably via APARM(1).

It is always important to restrict the high-weight domain of the ASCAL solution to the part of the uv
plane that is described well by the model. In the early stages of self-calibration, the trustworthy part of
your CLEAN model will almost always contain less flux density than was measured in the visibility function
at the shorter baselines. Another way of putting this is that the large-scale structure of the source will
be poorly represented by the model. You should set APARM(1) so that the total flux density in the input
model (the sum of the CLEAN components to the CLEAN iteration selected by NCOMP) exceeds the peak
visibility amplitude in your data at a baseline of APARM(1) kilowavelengths (read this off a plot file output
from UVPLT).

APARM(9) sets the length of the time interval, in minutes, over which the model and the data are averaged
when computing the gain corrections. This must be short enough that the gain corrections can track the
fluctuations produced by the atmosphere over the longer baselines with sufficient accuracy. It must be long
enough that the variances of the computed gain corrections (which depend on the signal-to-noise ratios in
the data over the uv range in which the model is being compared with the data) are acceptably small. These
constraints vary from source to source, frequency to frequency, and (because of the “weather”) from day
to day. They may not in fact be reconcilable for weak sources, especially in the wider VLA configurations
and/or at the higher frequencies. In many combinations of these circumstances, you may not be able to
self-calibrate your data. See Lecture 9 in the 1985 NRAO-VLA Workshop on Synthesis Mapping for details
of how to make this assessment.

APARM(4) selects the number of the reference antenna for the gain solutions. For total intensity con-
tinuum calibration, the choice of this ASCAL input is unimportant. It is always best, however, to choose a
reference antenna that was stable and present in all data throughout the run, if only because this prevents
propagation of noise or glitches in the reference antenna through the gain solutions (and plots of them) for
the other antennas. For polarization work it is important to select an antenna for which both polarizations
were always present, otherwise any polarization calibration which preceded ASCAL may be seriously compro-
mised. For spectral line work, where ASCAL’s companion program ASCOR may be used for interpolation of
the antenna/IF gains, it is also preferable to select a stable antenna with a full duty cycle as the reference.

Note that ASCAL should almost always be run with APARM(7) set to its default (selecting phase-only
calibration) for the first iteration or two. Consider turning on amplitude calibration by setting APARM(7)
= 1 only when either the phase adjustments being made are generally small (i.c., the worst cases being a
few tens of degrees) or the new reCLEANed image is clearly dominated by amplitude errors — which will
give symmetric Y-shaped patterns around strong point sources. In general, you will want to use the defaunlt
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APARM(10) = 0 when using APARM(7) = 1, to restrict drifting of the flux-density scale during amplitude
self-calibration.

Use of ASCAL to edit out bad data is a good idea during the later iterations at which the adjustments are
becoming reasonably small (see above). The editing is turned off by default. To turn it on, set BPARM(7) =
1 and then ASCAL will flag those points used at full weight in the solution whose residuals are greater than
BPARM(8) times the rms residual.

For further guidance and information on other ASCAL inputs, type EXPLAIN ASCAL Cr and/or read
Lecture No. 9 in the 1985 NRAO-VLA Workshop on Synthesis Mapping.

5.8. Editing uv data

There are many programs which aid in the processing, display, and editing of uv data. A summary of
this software is listed on your terminal by:

> HELP UVPR Cr

and is also in §14 of the COOKBOOK. In particular, there are facilities in ASCAL, CLIP, and CORER to flag uv
data in 4IPS based on deviations from specified norms. There is also a task, UVFLG, which allows flagging and
unflagging by antenna-IF or by correlator. Type HELP ASCAL Cr, HELP CLIP Cg, or HELP UVFLG Cg for
details. The task UVPLT plots various combinations of uv data — type HELP UVPLT OCg for details. The task
UVFND is also recommended for printing out suspicious portions of the data base. Note that CLIP examines the
data correlator by correlator, but UVFND normally converts the data to Stokes components (using the same
criteria as UVMAP) before checking that the amplitudes are in range. To examine the correlators individually,
use STOKES 'CORR' in UVFND.

CLIP is a very useful task for flagging data on the basis of its discrepancies from the visibility predicted
by a set of CLEAN components. The task UVSUB can be used to subtract the Fourier transform of the
CLEAN components from the visibility data. UVPLT enables the residuals to be displayed and CLIP can be
used to flag abnormally high points, Cautious users may prefer to run UVFND to display such points before
running the automatic CLIP task. Of course, after flagging, UVSUB should be run again to add the transform
of the CLEAN components back into the data (using the input FACTOR = ~1.0).

Another method for finding suspicious data is provided by the task FFT. Transform your image back
into the (u,v) plane by running FFT and then display the results on the TV. Verbs like CURVALUE and IMPOS
will help you find the u and v values for abnormally high cells. Then UVFND with OPCODE 'UvBX' will print
the data surrounding these cells and UVFLG can be used to delete the bad data. This method is particularly
effective on the residual images from CLEAN. (You can instruct APCLN and MX to put out a residual image
by setting BMAJ less than 0.)
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6. READING AND DISPLAYING IMAGES

In many cases, images will be generated outside of AJPS (e.g., on the VLA “Pipeline” imaging system
or on non-NRAO optical or radio telescopes). Such images are transported to 4IPS by writing them on
magnetic tape using the standard FITS format. A listing of the software associated with tape handling,
reproduced in §14, can be viewed on your terminal with HELP TAPU Gg.

A listing of the software associated with TV displays can be found by listing the HELP files CURSOR,
TVGEN, TVINTER, and TVCOLOR,. These files are reproduced in § 14 of the COOKB00K.

6.1. Loading an image from tape to disk

The task IMLOD is used to load images from tape to disk. It can read images in either the standard
FITS format (which has one image per tape file) or in the CV-IBM image format (which may have more
than one image per file). IMLOD assumes that the tape is positioned at the beginning of the image file. To
move the tape forward or backward by a specified number of file marks, enter:

> INTAPE n Cg to specify the tape drive labeled n.
> NFILES nf O to specify the number of file marks to move the tape.
> AVFILE Cr to move the tape.

If nf > 0, AVFILE will advance the tape the specified number of file marks. If nf = 0, the tape is moved
backward to the beginning of the current file. If nf < 0, the tape is moved backwards to the abs(nf) previous
file. In all cases, the tape is left at the beginning of a file. With a CV-IBM format tape, the verb AVMAP may
aleo be needed. Type HELP AVMAP Or for details.

To make sure that the tape is positioned correctly, type:
> TPHEAD Cp

This verb will display on the terminal information about the image header at which the tape is positioned.
The tape position is not altered. Once the tape has been positioned at the desired image, enter:

> OUTNAME ‘your-chosen-name’ Or to specify the output disk file name in AJFS.
> GO IMLOD ©Or to run the task.

The string your-chosen-name can be any (< 12-character) title that you want to use as the image name
within AJPS. To cross-reference your bookkeeping on multiple computers, it is often useful to specify the
name of the image file and its extension from a previous machine (e.g., the VLA “Pipeline”). AJPS provides
equivalents of the DEC-10 extensions, which it calls the image “Class®. IMLOD allows you to specify this
6-character parameter, OUTCLASS ‘abedef' Og, as well.

If OUTNAME is unspecified, it defaults to the “name” of the image read from the FITS header — either
the name previously used in AJPS or the source name. If OUTCLASS is unspecified, it defaults to the Class
previously used in 4IPS orto a compound name (e.g., IMAP, IBEM, QMAP, ICLN) which attempts to describe the
image. You can change the AIP§ image and class names later using RENAME (see §4.2.1 of this COOKB00K).

To load further images from the same tape in sequence:

> OUTNAME ‘your-chosen-name’ Op to set a new name.

> GO IMLOD Oy to run the task again.

To load n consecutive images from tape using the system default OUTNAME (the name from the FITS header):
> OUTNAME ‘' Cp to specify that the system default is wanted.

> TASK 'IMLOD’ ©On to set task name for GO verb.
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>FOR 1 =1TO n;PRINT | ; WAIT ; GO ; END Cp to loop for n executions of IMLOD, wait-
ing for the previous execution to finish be-
fore starting the next. Be careful with the
value of n to avoid running off the end of
the tape.

To rewind the tape before unloading:

> REWIND Op

6.2. Loading an image from disk to the TV display

To select an image file for display you must assign a number of input parameters to the values carried
by the chosen file. If you know the disk and catalog numbers of the file from an MCAT listing, you can
initialize all of the name parameters together with the instruction:

> INDI n; GETN cin Cr where n and ctn select the required image.
Alternatively, you may specify the parameters individually.

The procedure TVALL incorporates most of the major display functions and will be described here. See
§ 14 for a complete listing of available display verbs.

You should use one of the following commands to specify the initial transfer function converting your
image file intensities to display pixel intensities (the slopes and intercepts of the display transfer functions
can be modified later, but you have an initial choice between linear, logarithmic, and negative linear displays
and a choice of the range of intensities loaded):

> FUNC 'LN’ Op linear—this is the default.

> FUNC ‘LG’ Cr logarithmic.

> FUNC 'NE' Or negative linear.

> FUNC 'NG’' Or inverse logarithmic.

> PIXRA zl1, 22 O to load only image intensities 21 to 22 in the units of the image.
The default is to load the full range of intensities in the image.

Then

> TVALL Cg to load the selected image.

The image should appear on the TV screen in black-and-white. If you don’t get what you expected, hit
button D to get out of TVALL and review your inputs to the loading routine with:

> INP TVALL Cg

If no image was loaded, check which image channel (TVCHAN) is specified by your inputs. There are several
image channels available on most TV display systems (e.g., 4 on NRAO’s IS systems). Try:

> TVON Cp to turn on channel TVCHAN.

If this still does not display your image, call the 4IPS Manager for your site. If a labeled wedge does not
appear on the display, you should also call your system Manager, as the display may need adjustment.

After your image has been displayed on the TV by TVALL, the trackball and its buttons (labeled A,
B, C, and D) can be used to modify the display. Pressing button A will enable black-and-white and color-
contour coding of the image intensities, successively. Adjustment of the cursor position on the TV (using the
trackball) will vary the slope and intercept of the display transfer function. TVALL will superpose a calibrated
horizontal wedge on the image. This should help you to choose the optimum cursor setting for the display.
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The I2S display can show images up to 512 by 512 in size. If the image is larger than about 424 pixels
in the y-direction, portions of the labeling of the wedge (the units) will be omitted or superposed on top
of the wedge (the tick numeric values). Other television systems will have comparable, but not necessarily
identical, numeric limits. A useful technique for displaying large images is to load only alternate pixels. The
command:

> TXINC 2 ; TYINC 2 Oy to load every other z and y pixel.
before TVALL would do this. Also use:

> TBLC = nl, n, ns, ... G bottom left pixel to load.

> TTRC = ml, m&, ns,... COr top right pixel to load.

to limit the displayed field.

You will find that the TV display does not respond instantaneously to the changes in the transfer
function requested by adjustment of the trackball, especially when the computer is being used heavily. It’s
best to turn the trackball slowly.

Pressing buttons B and C adjusts the zoom of the display: B to increase the magnification and € to
decrease it. When these buttons are enabled, the cursor controls the position of the center of the zoomed
field of view. Magnification factors of 1, 2, 4 and 8 are available on the I°S.

Pressing button D will exit from the TVALL display modification routine, leaving your display parameters
as they were when button D was pressed. Note that your terminal issues instructions when buttons are
pressed, but that it is in the death-like grip of TVALL otherwise until you press button D to exit from it.

You may resume the image modification without reloading the image by typing:
> TVFIDDLE O

6.2.1. Alternative color coding

To obtain alternative color coding of the TV image type:
> TVPSEUDO Gp
and then follow the instructions listed on your terminal.

A rich zoo of color coding is available. First-time users should take a little time to experiment with the
AIPS coloring options until they develop a feel for the effects of the trackball settings on the image appearance.
The wedge displayed by TVALL will adjust to the alternative colorations selected with TVPSEUDO. Remember
that the TV image does not respond instantaneously to trackball motions; move the ball slowly. Aficionados
of certain Dutch color contouring schemes or of the old VLA JMPS “spectrum colors” will find these options
available in TVPSEUDO using trackball button C.

6.2.2. Transfer functions

To fiddle the (black-and-white) transfer function of the display without reusing TVALL type:
> TVTRAN Og
and then follow the instructions listed on the terminal.

When using TVIRAN, notice that the TV display does not respond instantaneously to modifications you
make to the transfer function using the trackball. It’s best to turn the trackball slowly. Also, the transfer
function is displayed in the top right corner of the image only when the zoom is used at lowest magnification.
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6.3. Reading out image data using the trackball/cursor

There are several facilities for reading out intensity and position information from displayed images

using the TV cursor and the trackball:

> IMPOS Or

> CURV Cr

> TVSTAT Cr

> TVWIN Oy

> SETXWIN (dz,dy) Or

> TVBOX Cp

> REBOX Op

> TVSLICE Cr

reads out the two coordinate values (e.g., RA and Dec) from
the cursor position when any trackball button is depressed.

continuously reads out pixel coordinates and the pixel intensity
in user-recognizable units at the position selected by the TV
cursor. The pixel parameters are displayed in the upper left
corner of the image.

determines the mean, rms, and peak of a set of polygonal re-
gions in the image currently displayed on the TV. The regions
are selected with the TV cursor. Type EXPLAIN TVSTAT Cg
for details.

reads pixel coordinates from the next two cursor positions at
which a trackball button is depressed. The TV graphics shows
the current shape and position of the window. Button A allows
you to switch to (re)setting the other corner while the other
buttons exit after both corners have been set. TVWIN uses the
pixel coordinates to set up the bottom left (BLC) and top right
(TRC) corners of an image subsection, e.g., for input to the con-
touring programs CNTR and PCNTR, to the mean/rms calculator
IMEAR, and to many other tasks.

reads pixel coordinate of the center of a dz-pixel by dy-pixel
window and sets the adverbs BLC and TRC.

works like TVWIN above except that it is used to set up pixel
coordinates to define CLEANing areas for the 4IPS CLEAN
routine (APCLN). The adverb NBOXES must be entered before the
TVBOX command and is the number of rectangular CLEANing
boxes to be set with the TV cursor, trackball, and buttons.

allows revision using the TV of the CLEANing areas set pre-
viously with TVBOX.

works like TVWIN above to set BLC and TRC. Instead of a rectan-
gle however, the display shows a diagonal line which is useful
for setting the ends of slices.

Additional interactive TV functions are available. Type HELP TVINTER Or and HELP CURSOR Cr
for additional information. These help files are also reproduced in § 14.
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7. TAKING HARD COPY OF IMAGES

A listing of available AJPS§ tasks for two-dimensional displays and hard copies of images can be obtained
at your terminal by typing HELP PL2D. The listing is also given in § 14 of the COOKBOOK. Representative
samples of the hard-copy displays are given in § 7.9 at the end of this section.

7.1. Ordinary contour plots (CNTR)

In addition to the usual image selection parameters, you may specify the following parameters to the
contouring task CNTR:

> TASK 'CNTR';INP Op to tell you what you may specify.

Examples of the command syntax (not necessarily a recommended combination):

> BLC 250, 230 Op to set the bottom left corner of plot at 250,230.

> TRC 300, 330 Cr to set the top right corner of plot at 300,330 (in pixels with 1,1
at extreme bottom left of the image).

> CLEV 0 ; PLEV 1 Cy to get contour levels at 1% of the peak image value.

> PLEV 0 ; CLEV .003 Og to get contour levels at 3 mJy.

> LEVS -1,1,2,4,6 Cg to get actual contours at -1, 1, 2, 4, and 6 times the basic level

set by PLEV or CLEV. LEVS need not be integers, but very fine
subdivisions cannot be represented accurately on the plot.

N.B., if you request more than one negative level with the LEVS input, you must use commas between the
negative levels. Otherwise the minus sign(s) will be treated as subtraction symbols and the desired levels
will be combined into a single negative level by the AIPS language processor. BLC and TRC can be initialized
conveniently from the TV display using the cursor with the TVWIN instruction (see §86.3). Check:

> INP Ogp to review what you have specified.

When you’re satisfied with the inputs, then:

> GO &

generates a plot file as an extension to your image file, with the parameters you have just specified. Watch

the AJPS monitor (which, on some systems, is your terminal) to see the progress of this task. If the number
of blocks written in the plot file is over 200, the contour plot will be messy (unless the field is also large).

To look at the results, enter:

> GO TKPL O to display the plot file produced by CNTR on the Tektronix 4012
(graphics) terminal. The HARD COPY switch on the terminal
can be used to send the TEK image to the copier (often a

printer/plotter).
> ABORT TKPL Cr to stop an overly messy plot on the 4012,
> GO TVPL Gy to display the plot file on a TV graphics plane.
> GO PRTPL Gr to display the plot file to the printer/plotter.
> GO QMSPL Oy to display the plot file on a QMS laser printer.

Systems having other types of display devices may have other tasks to put the results on those devices. The
above tasks will select the plot file with the largest version number if INVER 0. This is generally what is
desired.
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7.2. Contour plots with polarization vectors (PCNTR)

PCNTR plots polarization vectors on top of contours. You must first make a polarized-intensity image
and a polarization position-angle image from the Q and U images (see §8.1.1 below). The inputs to PCNTR
can be reviewed by:
> TASK 'PCNTR'; INP Cp

It is a long list, so you will need to use the page-scroll keys (see §2.2) to review the start of these inputs.
Use:

> INDI 0 ; MCAT G to review the contents of your image catalog for image names
and classes.

> IND! nl; GETN e¢inl Ogr where n1 and ctnl select the disk and catalog numbers of the
image to be contoured.

> IN2DI n2; GET2N c¢tng2 Cp where ng and ctn2 select the polarized intensity image.

> IN3DI n8 ; GET3N ctnd Cr where n8 and ctn select the position-angle image.

> PCUT nn Op to blank out vectors less than nn in the units of polarized
intensity.

> ICUT mm Or to blank out vectors at pixels where the total (image 1) inten-
gity is less than mm in the units of image 1.

> FACTOR zz Cp to set the length of a vector of 1 (in units of total polarization)
to zz cell widths.

> INP O to review your inputs and remind you of others. Most are
similar to those in CNTR and sensibly defaulted.

> GO PCNTR G to generate the plot file, which can then be routed to output

devices via TKPL, TVPL, QMSPL or PRTPL.

7.8. Plotting two images (GREYS)

The combination of laser printers and their 4IPS driver task QMSPL makes the plots produced by GREYS
particularly useful. GREYS creates a plot file of the grey-scale intensities in the first input image plane and,
optionally, a contour representation of a second input image plane. A sample set of inputs could be:

> TASK 'GREYS';Inp Cp to review the inputs.

> INDISK nl; GETN citnl Cp to select the grey-scale image.

> BLC 250, 250,3 CR to select the lower left corner and the plane in the first image.

> TRC 320, 310,12 ¢ to select the upper right corner in the first image and, with
TRC(3), the plane in the second image.

> DOCONT TRUE Ogr to specify that contours are to be drawn.

> IN2D n2; GET2N ctng Or to select the contour image.

> PLEV 0 ; CLEV 0.005 Or to select 5 mJy/beam contour increments.

> LEVS -3 ,-1,1 31030100 Cp to plot contours at -185, -5, 5, 15, 50, 150, and 500 mJy/beam.

> DOWEDGE 2 Oy to plot a grey-scale step-wedge along the right-hand edge; 1 for

along the bottom and O for no wedge.
> INP Oy to review the inputs.
> GO O to make the plot file.

When GREYS has finished, run QMSPL to view the plot file. Note that QMSPL has a variety of options which
control the plotting and scaling of the grey-scale images without having to rerun GREYS.
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7.4. Deleting unwanted plot files (EXTDEST)

Plot files generated by CNTR, PCNTR, GREYS and other plot tasks are archived in your disk catalog as PL
extensions to the image file from which they were derived. Running CNTR a second time or some other plot
task does not overwrite the previous plot file, but makes another with a higher “version” number.

You can review the parameters of the plot files associated with a given image file by typing:

> INDI n; GETN cin Og where n and ctn select the disk and catalog number of the
desired image.
> INEXT 'PL'; EXTLIST Cg to select a listing of plot file contents,

Plot files (and other “extension files”) are automatically deleted when an image is deleted by zAP.
However, large plot files should be deleted as soon as they are no longer needed:

> INP EXTDEST Cr to review the inputs required.

> INDI n; GETN cin O where n and ctn select the disk and catalog numbers of the
image file.

> INEXT 'PL’ [ INVERS m Cr to set the type to PL (plot) and the version number to be
deleted to m. m = —1 means all and m = 0 means the most
recent (highest numbered).

> EXTDEST Or to do the deletion.

> INVERS 0 & to reset the version number to its default — usually advisable.

7.5. SLICE files (profile plots)

You can generate a one-dimensional slice (profile) through any two-dimensional plane of an image file
using the AJPS task SLICE. The output file is appended to the image file as an SL extension file. Slices are
computed along lines in the two-dimensional image joining any valid pair of points selected by BLC and TRC.
The set of software dealing with slice file analysis and display can be obtained on your terminal by typing
HELP SL1D. The list is also given in § 14.

To generate a slice:
> TASK 'SLICE'; INP Op reviews the inputs to SLICE.

Use INDISK and GETNAME to select the input image. The beginning (BLC) and ending (TRC) points for the
slice can be specified conveniently using the TV cursor if the image to be sliced is first displayed on the TV
with TVLOD or TVALL. To set these points with the TV, type:

> TVSLICE Op

then set the TV cursor to the desired beginning point for the slice, press any trackball button, and repeat
for the ending point for the slice. Note that, for slices, BLC need not be below or to the left of TRC. Finally:

> GO to generate the slice file.

When SLICE has terminated (watch the 4IPS monitor), the file may be plotted on the Tektronix 4012
(graphics) terminal using the verb TKSLICE:

> INP TKSLICE Op to review what you can specify.

> INEXT 'SL'; EXTL Or to find the intensity range and number of points in the inter-
polated slice.
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The default scales will plot all slice points on a vertical scale from the image minimum to the image maximum.
You can alter the part of the slice that is plotted and the vertical scale by specifying, for example:

> BDROP 100 ; EDROP 225 Cr to drop 100 points from the beginning and 225 points from the
end of the plotted portion of the slice.

> PIXRANGE -0.001 0.004 Op to set the range of the vertical axis to be —1 to 4 mJy/beam.

Then:

> TKSLICE Cr to plot the slice on the TEK screen.

Note: several slices may be put on one TEK plot. Use TKASLICE Og for the additional ones.

Slice files may be converted into plot files by:
> GO SL2PL Cg
The resulting plot files may then be output by:
> GO QMSPL Cr to display the plot file on the QMS laser printer.
> GO PRTPL Cr to display the plot file on the printer/plotter.

to obtain a better-quality plot than can be obtained with the HARD COPY button on the graphics terminal.
In addition:

> GO TKPL Cp to display the plot file on the graphics terminal.
> GO TVPL Gr to display the plot file on a TV graphics plane.

A one-dimensional fit of up to four Gaussian components to slice data can be calculated using the task
SLFIT (see §8.3.3). Relevant displays of the data, the fit, and the residuals are also available both as verbs
(like TKSLICE) and as options in the task SL2PL. See HELP SL1D or the listing in § 14 for complete lists.

Slice files are archived in your disk catalog as SL extensions to the image file from which they were
derived. Running SLICE again with new parameters does not overwrite the slice file, but makes another
with a higher “version” number. To review and/or delete slice files, follow the instructions for EXTLIST and
EXTDEST of plot files in § 7.4 above, but use INEXT ’SL’' Cg in place of INEXT ‘PL' Cg.

7.6. Other one-dimensional plots

The “slices” described above may, of course, be specified to be single rows of your image (s.e., BLC(2)
= TRC(2)). There are several tasks, however, which plot rows more directly. The simplest of these is PLROW
which makes a plot file of all selected rows in an image plane. Each row is plotted as a slice offset a bit
from the previous row. Low intensities which are “obscured” by foreground (s.e., lower row number) bright
features are blanked to keep the plot readable. Example inputs would be:

> TASK 'PLROW' ; INP Or to review the inputs.

> INDISK n; GETN citn Cr to select the image on disk n catalog slot ctn.

> BLC 100 ; TRC 300 Cg to select the subimage from (100,100) to (300,300).

> YINC 3 Gy to plot only every 37 row.

> PIXRANGE -0.001 0.050 Cg to clip intensities outside the range —1 to 50 mJy.

> OFFSET 0.002 Og to set the intensity scaling such that 2 mJy separates rows of
equal intensity.

> INP Op to check the inputs.

> GO O to run PLROV.

> GO QMSPL Cr to display the plot file on the laser printer after PLROW has

finished.
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The plot files produced by PLROW are a simple, special case of those produced by PROFL. PROFL makes a
plot file of a “wire-mesh” representation of an image plane complete with user-controlled viewing angles and
correct perspective. Enter EXPLAIN PROFL O for a full description. Both of these tasks are especially
useful where the signal-to-noise ratio is high.

Two other row-plotting tasks, PLCUB and XPLOT, are designed primarily for spectral-line and other data
“cubes” (see §9). PLCUB makes one or more plot files showing the intensities in each selected row. The row
subplots are positioned in a matrix in the coordinates of the 2™d and 374 axes of the cube. XPLOT, unlike the
tasks described previously, does not create plot files. Instead, it is an interactive task which plots selected
rows on the graphics terminal. Rows are selected not only with the usual inputs BLC, TRC, YINC, and ZINC,
but also with inputs designed to limit the rows displayed to those with peak intensities falling within the
flux range of interest.

7.7. Dicomed copies of images

At the time of this edition of the COOKBOOK, there is no AIPS-standard method for recording images
on the Dicomed film recorders. However, ad hoc methods exist both at the VLA site and in Charlottesville
for doing this. At neither site are the image recorders directly connected to an AIPS computer by AIPS
software. Thus the images must be transferred to a non-4JPS§ system. At the VLA site, Decnet is used for
the transfer (see Appendix Z, §Z.1.9). In Charlottesville, a FITS tape is used (see Appendix Z, §Z.2.9).

7.8. Banana poundcake

1. Mixin large bowl until blended:
1} cups mashed bananas (4 medium)
pkg. (182 0z.) yellow cake mix
pkg. (33 oz.) instant vanilla pudding mix
cup salad oil
cup water
teaspoon cinnamon
teaspoon nutmeg

B R RO DOt GO s s

eggs at room temperature
2. Beat at medium speed for 4 minutes.
8. Turn batter into greased and lightly floured 10-inch tube pan.
4. Bake in 350° oven for 1 hour or until cake tester inserted in cake comes out clean.
5. Cool in pan 10 minutes, then turn out onto rack and cool completely.
8. If desired, dust with confectioners sugar before serving.
Thanks to the United Fresh Fruit and Vegetable Association.
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7.8. Sample displays
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8. ANALYZING IMAGES

In order to obtain useful astronomical information from the data, software exists for the analysis of
images, combining of images, estimating errors, ¢t al. Only a few of the programs are described here; the
others should be self-explanatory using the HELP and INPUTS files for the tasks listed in § 14. A complete
list of software in AIPS for the analysis of images may also be obtained at your terminal by typing HELP
ANALYSIS Cg.

8.1. Combining images (COMB)

The task COMB is a general purpose program for combining two images, pixel by pixel, to obtain a third
image. Many options are available and, as a first example, we illustrate inputs to derive the polarization
intensity and angle from the Q and U Stokes parameter images.

8.1.1. Polarized intensity and position angle images

To compute a polarized intensity image, enter:

> TASK 'COMB’ ; INP O to review the required inputs.

> IND! 0 ; MCAT Og to help you find the catalog numbers of the Q and U images
that you want to combine.

> INDI nl; GETN ctnl Cg where nl and ctnl select the Q image.

> IN2D n2; GET2N ctn2 Cp where n2 and ctn2 select the U image.

> OUTN ‘zzzzz’ O where zzz77 is your choice of outfile name for the polarized
intensity image.

> OUTC ‘cce’ Op where ccc is your choice of classname for the polarized intensity
image, e.g., PCLN.

> OPCODE 'POLI’ Cg to select the 1/Q2 + UZ algorithm.

> GO O to compute the polarized intensity image.

The AIPS monitor should note TASK COMB BEGINS followed by a listing of the POL. INTENSITY algo-
rithm. While it is running, you can prepare the inputs to make a polarization position angle image. Type:

> OUTN ‘yyyyy’ Or where yyyyy is your choice of outfile name for the polarization
angle image.

> OUTC 'ddd’ og where ddd is your choice of class name for the polarization
angle image, e.g., PSIMAP, CHICLN.

> OPCODE ‘POLA’ Cg to select the 1 tan~! (%) algorithm.

Once COMB has finished, enter:

> GO Oy to compute the polarization angle image.

The AIPS monitor should note again TASK COMB BEGINS followed by a listing of the POL. ANGLE algo~
rithm. Once both COMB tasks have terminated with COMB: ENDS SUCCESSFULLY messages on the message
monitor, you should find the requested images in your catalog:

> MCAT Cg to list the images in your catalog.
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8.1.2. Other image combination options

COMB may also be used to add or subtract images, to rescale them, and to compute spectral indices,
optical depths, et al. Type:

> HELP COMB Op to review the available options.
At the time of writing the options include:
'SUM ' Addition a1M; + aa M3 + a3
'MULT’ Maltiplication atMi M3 + ag
DIV’ Division a1 M; /M3 + a3
'SPIX’ Spectral Index ayln (M /M) / In(vy/va) + ag
'OPTD’ Opacity a;ln (ale/Mg + 04) + a3
POLLI’ RMS sum al\/m+ az
'POLA’ Arctangent aitan~! (Mz/M,) + a2
'REAL’ Real part a1 M cos (azMz) + a3
IMAG’ Imaginary part a1 M, sin (a2 M2) + a3
'CLIP’ Clipping M, except blanked where ay > My > ag

or az>a; > M;

or My>az3>a;
where the a; are user-adjustable parameters and M; and M; are the images selected by INNAME, et al. and
by IN2NAME, et al., respectively.

8.1.8. Considerations in image combination

For some applications of COMB, undefined pixel values may occur. For example, if the spectral index is
being calculated and the intensity level on either image is negative, the index is undefined. In this case, the
pixel value is given a number which is interpreted as undefined or “blanked.” Blanking also arises naturally
in operations of division, opacity, polarization angle, and clipping and, of course, the input images may
themselves be blanked. In addition, the output image can be blanked whenever either M; <APARM(9) or
M; <APARM(10). Using APARM(8) = 1 Og, the user may specify that all undefined pixels are to be assigned
an apparently valid value of zero, rather than the “magic” undefined-pixel value.

A version of COMB, called CORMS, offers additional options. It can produce images which are estimates
of the noise in the combination, if desired, rather than the combination itself. It offers the blanking options
of COMB, but can also, if desired, blank on the basis of noise or signal-to-noise ratio. CORMS does not perform
the 'CLIP', 'REAL’ or 'IMAG’ operations of COMB, but it does offer an additional rotation measure, 'RM’,
operation. Type HELP CORMS O for additional information.

When combining two or more images, COMB, PCNTR, et al. must decide which pixels in the 2° image
go with which pixels in the 1** image. The user input parameter DOALIGN controls this process. A value
of 1 requires the two headers to be correct and sufficiently similar that an alignment by coordinate value is
possible, A value of —2 tells the programs to ignore the headers and align by pixel number. Enter HELP
DOALIGN Og for details and intermediate options. In some cases, the images may have been created on
different grids which are correctly described in the headers. The observations, for example, could have
differed in the phase reference position or projective geometry used or the imaging could have been done
with different axis increments. Such images should not be combined directly. Instead, the header of one
should be used as a template for re-gridding the other. Task HGEOM provides this service with up to 7*h-order
polynomial interpolation. See §8.4.1 and type EXPLAIN HGEOM Og for more information.
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8.2. Image statistics and flux integration (IMEAN, IMSTAT, TVSTAT, BLSUM)

The task IMEAN is used to determine the statistics of the image over a specified rectangular area. It
derives the minimum and maximum value and location, the rms, the average value and, if the image has
been CLEANed, an approximate flux density within the area. A typical run might be:

> TASK 'IMEAN’ ; INP Cg to list the input parameters.

> INDI n; GETN c¢tn Cp where n and ctn select the disk and catalog numbers of the
relevant image file.

> BLC nl, n2; TRC ml, m€ Cr to set the window from (n1,n8) to (m1,m2) — or use TVWIN
with the cursor on the TV,

> DOHIST TRUE Cy to make a plot file of the pixel histogram.

> PIXRANGE zl, z82 Cg to set the range of the histogram from z1 to z2.

> NBOXES n Cr to set the number of boxes in the histogram.

> GO Cp to run the task.

The statistics will appear on the AJPS monitor. For a hard copy type:

> PRTASK 'IMEAN’'; PRTMSG Op with PRIO < 5.

To see the histogram of the intensities, an example of which is shown in §7.9, type one of:
> GO TKPL Cr to display histogram on the Tektronix.

> GO PRTPL Cp to display histogram on the printer/plotter.
> GO QMSPL Oy to display histogram on the laser printer.

The verbs TVSTAT and IMSTAT provide similar functions to IMEAN without the histogram option. Both
return their results as AIPS parameters PIXAVG (mean), PIXSTD (rms), PIXVAL (maximum), and PIXXY (pixel
position of the maximum). IMSTAT uses the same file name, BLC, and TRC parameters as IMEAN. TVSTAT,
however, works on the image plane currently displayed on the TV and is not limited to a single rectangular
area. Instead, the TV cursor is used to mark one or more polygonal regions over which the function is to be
performed. Type EXPLAIN TVSTAT Og for a description of its operation.

The interactive task BLSUM employs a method similar to that of TVSTAT. The TV cursor is used to mark
a region of interest in a “blotch” image. Then BLSUN finds the flux in that region not only in the blotch image
but also in each plane (separately) of a second image. More than one region of interest may be done in any
given execution of the task. In spectral-line problems, the blotch image is often the continuum or the line
sum while the second image is the full “cube” (see §9.4) in almost any transposition. However, numerous
continuum applications also exist (e.g., polarization, comparison across frequency). Type EXPLAIN BLSUM
O for a description of the operation.

8.3. Fitting of images

There are three programs which estimate the position and intensity of a component on a two-dimensional
image. The simple and fast method is the verb MAXFIT. This fits a two-dimensional parabola to the maximum
within a few pixels of an image position, and gives the peak and its position. The tasks IMFIT and JMFIT
are similar and fit an image subsection with up to four Gaussian components with error estimates. In
one dimension, the task SLFIT fits Gaussian components to slice data and the task XGAUS fits Gaussian
components to each row of an image.
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8.3.1. Parabolic fit to maximum (MAXFIT)

MAXFIT’s speed makes it useful for simple regions. Type:
> HELP MAXFIT Cr to get a good explanation of the algorithm.

These should be self-explanatory. The IMSIZE parameter can be important in crowded fields. MAXFIT can
be used conveniently by first displaying the image on the TV and then typing:

> IMXY ; MAXFIT Or

First the cursor will appear on the TV. Move it close to a maximum and hit any of the buttons behind the
trackball. The fit will then appear on your terminal.

8.3.2. Two-dimensional Gaussian fitting (IMFIT)

A more sophisticated least-squares fit of an image is obtained with IMFIT, which fits an image with up
to four Gaussian components and attempts to derive error estimates. A linear or curved, two-dimensional
“baseline” may also be fitted. A sample set-up is as follows:

> TASK 'IMFIT' ; INP Op to list the input parameters.

> INDI n; GETN ctn Og where n and ctn select the disk and catalog numbers of the
required image.

> BLC nl, n€; TRC ml, m& Og to set the area to be fitted as (n1,n€) to (m1,mg — or use
TVWIN with the cursor on the TV,

> NGAUSS 2 Cg to set the number of components to be fitted to 2.

> CTYPE 1,1 Op to have both components be Gaussians.

> GMAX 0.34 0.20 Oy to give estimates of peak intensity in Jy.

> GPOS 200, 100, 210, 110 Op to give estimates of the pixel locations of each component.

> GWID 64206420 G to give estimates of component sizes in pixels. In this case,

each component has a FWHP of 6 by 4 pixels with the major
axis at position angle 20 deg.

> DOWID FALSE Cr to hold all of the widths constant in the fitting process (if
required).

> INP Cg to review inputs.

> GO Cp to run the task.

To save execution time, include as small an area as possible in the fit. In some cases, it is useful to
hold some of the parameters constant, particularly when fitting a complex clump of emission with several
components. The parameters can interact. Error estimates are given for each component. IMFIT will
sometimes fail to converge in complicated regions. When this happens, you might try using the task JMFIT,
which is very similar in function, but uses a different mathematical method to minimize the rms and to
estimate the errors. Comparison of the results of INFIT and JMFIT will sometimes be instructive. It is wise
to treat the results of MAXFIT, IMFIT and JMFIT with considerable caution, particularly the estimates of the
errors in the component widths after deconvolution.

Use RUN INPFIT Og (see §13.6) to obtain a procedure which will help to supply input parameters to
IMFIT. This RUN file loads a procedure called INPFIT into AIPS. To invoke it, load the image which you want
to fit onto the TV with TVALL and type:

> INPFIT (3) O to specify three components.

The procedure will prompt you to set the desired subimage window with the TV cursor (it uses verb
TVWINDOW) and then to point the TV cursor at the peaks of each of the Gaussians, hitting any button when
the cursor is correctly placed. The inputs GMAX, GP0S, BLC, and TRC are set in this way.
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8.8.3. Gaussian fits to slices (SLFIT)

The task SLFIT fits Gaussian components to one-dimensional data in slice files (see §7.5). Assuming
that the usual GETNAME step has been done, a typical session would go like:

> INEXT 'SL'; EXTL Cp to list the parameters of the slice files.

> INVERS m O to select the m*" file for analysis.

> TKSLICE Cg to plot the slice on the graphics terminal.
> EDROP 840 ; BDROP 700 Op to select a subsection to fit.

> TKSLICE Op, to replot just the subsection.

> NGAUS 2 O to fit 2 Gaussians.

> TKSET Gr

This verb will prompt you to POSITION CURSOR AT CENTER & HEIGHT OF GAUSSIAN COMP 1 and will turn
on the Tektronix crosshairs. Move the crosshairs with the thumbwheels to the requested position and press
any key ezcept Or on the Tektronix 4012 keyboard. The terminal then requests you to POSITION CURSOR
AT HALFWIDTH OF GAUSSIAN COMP 1 and turns the crosshairs back on. Move the crosshairs until they are
at the half-intensity point of the component and press any key except Cg. Continue until all components
have been entered. Then type:

> TKAGUESS Cp to plot the guess on top of the slice plot.
If everything looks ok, then:
> GO SLFIT g to run the task.

When the task gets an answer, the solution will be displayed on the 4IPS monitor, recorded in the
message file, and recorded in the slice file itself. To get a hard copy of the results:

> PRTASK ‘SLFIT'; PRTMSG Cr to print the message file.

and, to display the results on the graphics terminal, enter:

> TKSLICE O to replot the slice.

> TKAMODEL ©Cp to add the model results to the plot.

> TKARESID Cg to add the residuals (data — model) to the plot.
To get a higher quality plot of the results, an example of which is shown in § 7.9, type:

> DORES TRUE ; DOMOD TRUE Cr to request the model and the residuals.

> DOSLICE FALSE Og to leave the slice data out of the plot.

> TASK 'SL2PL'; GO ; WAIT Cr to make a plot file and wait for it to be complete.
> GO PRTPL Cp to display it on the printer/plotter.

8.3.4. Other one-dimensional Gaussian fits (XGAUS)

XGAUS is an interactive task which can fit up to four Gaussians and a linear baseline to each row of
an image. It writes its results as a set of n — 1 dimensional image files. Although XGAUS was designed for
use primarily on transposed spectral-line cubes (see §9.10), it has a wide variety of other applications. The
interaction is optional and uses both the terminal and the graphics screen (Tektronix 4012 or TEK). The
data, initial guess, model fit, and the residual for each row may be plotted on the TEK screen. If the number
of Gaussians being fit is larger than one, you may choose for each row to enter a revised initial guess using
the TEK crosshairs. This process is similar to that of TKSET described above (§8.3.3). This task has too
many options to do them justice here. Enter EXPLAIN XGAUS Og for details.
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8.4. Image analysis

Image analysis is a very broad subject covering essentially all that AJPS does or would like to do plus
specialized programs designed to analyze a user’s particular image in the light of his favorite astrophysical
theories. AJPS provides some general programs to perform geometric conversions, image filtering or en-
hancement, and model fitting and subtraction. These are the subjects of the following sections. Specialized
programs for spectral-line and VLBI data reduction are described in §§9 and 10, respectively.

8.4.1. Geometric conversions

The units of the geometry of an image are described in its header by the coordinate reference values,
reference pixels, axis increments, axis dimensions, and axis types. The types of coordinates (celestial, galactic,
etc.) and the type of tangent-plane projection (SIN from the VLA, TAN from optical telescopes, ARC from
Schmidt telescopes, NCP from the WSRT) are specified in the AJPS headers by character strings. See 4JPS
Memo No. 27 for details of these projections. A “geometric conversion” is an alteration of one or more of
these geometry parameters while maintaining the correctness of both the header and the image data. The
AIPS tasks which do this interpolate the data from the pixel positions in the input image to the desired
pixel positions in the output image. Most of them require very large internal buffers and hence, are available
only on virtual-memory computer systems.

The simplest geometric conversion is a regridding of the data with new axis increments and dimensions
with no change in the type of projection or coordinates. Two tasks, GEOM and LGEOM, perform this basic
function and also allow rotation of the image. One use of these tasks is to obtain smoother displays by
regridding a subimage on a finer grid. To rotate and blow up the inner portion of a 5122 image, enter:

> TASK 'LGEOM’; INP Og to review the inputs.

> INDISK n ; GETN c¢in Cg to select the image.

> BLC 150 ; TRC 350 Cr to select only the inner portion of the image area.

> IMSIZE 800 Or to get an 8002 output image. This will allow the subimage to

be blown up by a factor of 3 and rotated without having the
corners “falling” off the edges of the output image.

> APARM 0 Op to reset all parameters to defaults.

> APARM(3) =30 Op to rotate the image 30° CCW (East from North usually).
> APARM(4) =3 Gy to blow up the scale (axis increments) by a factor of 3.

> APARM(6) =1 Cp to use cubic polynomial interpolation.

> INP Op to check the inputs.

> GO Oy to run the program.

LGEOM allows shifts of the image center, an additional scaling of the y axis relative to the z axis, and
polynomial interpolations of up to 7*® order. Type EXPLAIN LGEOM O for more information and advice.
GEOM is a small-buffer version of LGEOM. As a result, it works on non-virtual-memory computers, but is very
limited in the amount of rotation it can do on larger images.

A much more general geometric transformation is performed by HGEOM, which converts one image into
the geometry of a second image. The type of projection, the axis increments, the rotation, and the coordinate
reference values and locations of one image are converted to those of a second image. HGEOM should be used
before comparing images (with COMB, GREYS, PCNTR, BLANK, TVBLINK, etc.) made with different geometries,
s.e., radio and optical images in different types of projection or VLA images taken with different phase
reference positions. Use EXPLAIN HGEOM O to obtain the details and useful advice.



Page 48 AIPS COOKBOOK 15-Oct-1985
8. ANALYZING IMAGES 8.4. Image analysis

A potentially very powerful transformation is performed by PGEOM. In its basic mode, it converts between
rectangular and polar coordinates. An example of this operation is illustrated in §8.4.4. However, PGEOM
can also “de-project” elliptical objects to correct for their inclination and “unwrap” spiral objects. Type
EXPLAIN PGEOM Oy for information.

8.4.2. Filtering

For our purposes here, we can define “filtering” as applying an operator to an image in order to enhance
some aspects of the image. The operators can be linear or nonlinear and do, in general, destroy some of
the information content of the image. As a result, users should be cautious about summing fluxes or fitting
models in filtered images. (Technically, these remarks can also be made about CLEAN and self-calibration.)
However, filtered images may bring out important aspects of the data and often make excellent, if unfamiliar-
looking, displays of particular aspects.

NINER produces an image by applying an operator to each cell of an image and its 8 nearest cells. The
task offers three nonlinear operators which enhance edges (regions of high gradient in any direction). It also
offers linear convolutions with a 3 X 3 kernel which can be provided by the user or chosen from a variety
of built-in kernels. Among the latter are kernels to enhance point gsources and kernels to measure gradients
in any of 8 directions. The ’SO0BL’ edge-enhancement filter can bring out jets, wisps, and points in the
data, while the gradient convolutions produce images which resemble a landscape viewed from above with
illumination at some glancing angle (as when viewing the Moon). Both are very effective when displayed
on the TV or by the GREYS / QMSPL combination (see §8.4.4). Enter EXPLAIN NINER O for additional
information.

MWFLT, at present, applies any one of four nonlinear, low-pass filters to the input image. Each filter is
applied in a user-specified window surrounding each input pixel. One of the operators is a “normalization”
filter designed to reduce the dynamic range required for the image while bringing out weaker features. The
others produce, at each pixel, the weighted sum of the input and the median, the “alpha-trimmed” mean, or
the alpha-trimmed mode of the data in the window surrounding the pixel. These last filters can be turned
into high-pass filters by subtracting the output of MWFLT from the input with COMB. Type EXPLAIN MWFLT
Cg for further information.

8.4.3. Modeling

The addition of model data to an image or uv data set is often useful either to simplify later processing
steps or to study processing steps using a “source” of known structure. For example, the removal of the
response to an appropriate uniform disk from the uv data for a planet will leave CLEAN the task of
deconvolving only the remaining fine-scale structure to which it is well suited. The removal of a few bright
point sources of known position and strength may allow imaging with significant tapers in a numerically
smaller field. The tasks IMMOD and UVMOD will add {or subtract) a point, Gaussian, disk, or rectangular
source to the (scaled) input image or uv data, respectively. Both tasks can also add noise and both allow
the original data to be replaced by the model. Type EXPLAIN IMMOD ; EXPLAIN UVMOD Oy for details.

The task CCMOD will create a clean-components file representing the chosen Gaussian or disk model.
CLEAN may then be “restarted® with the model as its initial set of components. The task UVFIT may be
useful for fitting Gaussian or uniform-sphere models to small (< 2000 visibility) vv data sets.
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9. SPECTRAL-LINE SOFTWARE

Spectral-line software generally involves three-dimensional images, often called “cubes”, in which the
third dimension is frequency or velocity. Special programs are needed to build and transpose these cubes
and to display them properly. Much of the continuum software will work on data cubes or on appropriate
two-dimensional images from a data cube. Spectral-line uv data are read into AJPS from “uv” FITS tapes;
if written from the VLA “Pipeline”, these contain files of eight channels at a time. Spectral-line images can
be read into AIPS from FITS tapes.

This section is organized as follows. First, a “flow-diagram” is given of how a typical spectral-line
data set could be processed in AIPS. Second, input examples are given for each program. Finally, some
more advanced profile analysis programs are discussed. Some aspects of the art of spectral-line imaging
are discussed in the 1985 NRAO/VLA Workshop on Synthesis Mapping, in Lecture 12 on “Spectral-line
Techniques”.

9.1. Data reduction strategies

Starting from uy data,
1. Use UVLOD to load data from FITS tape (see §9.2).
2. Use IMHEAD to check the headers to see which frequency channels are in the file.

or, starting from images,
1. Use IMLOD to load images from FITS tape and then go to step 11.
Do you need self-calibration? Decide on this by first processing the broad-band continuum channel or a line
channel with a very strong signal:
8. Use UVCOP to split off a channel with a strong line, or use channel 0.
4. Use UVSRT to sort the data from TB to XY order.
6. Use (UVMAP + APCLN), or MX, to make an image and CLEAN it.
8. Use ASCAL to self-calibrate the TB-sorted uv data.
7. Repeat steps 4 + 5.
Now ask: did the image improve so much that the improvement would be noticeable even in the (line minus

continuum) images? That is, would such dynamic range improvement of a (line minus continuum) image be
above the noise? If the answer is “yes”:

8. Use ASCOR to apply the same correction to all your channels.
9. Use UVSRT to sort the data to XY order.

10. Use UVMAP to make the images (§9.3). (You may want to use MX for wide field
continuum imaging, or in the exceptional case that no continuum has to be subtracted
and the line signal needs CLEANing).

11. Use MCUBE to put the images in a cube (§9.4).
12. Use ALTDEF to put velocity in the header (§9.5).
18. Use ALTSWTCH to display velocities rather than frequencies.
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14. Use TVMOVIE to look at all your images (§9.6).

15. Use OFFZOOM and make hard copies of TV planes with sets of channel images (TVON
1 ; TVOFF 234 Or, TVOFF 1; TVON 2 g, etc.)

Do you need to subtract a continuum (§9.7)? If so,
16. Use SUMIM to combine sets of adjacent channels.
17. Use COMB to combine mean continuum images at the outer ends of the band.
18. Use COMB again to subtract the continuum image from the cube.
19, Use TVMOVIE to look at the cube with continuum subtracted.
20, Use OFFZDOM and make hard copies of line images.

As an important check:

21. Use IMEAN to calculate the noise in some line-free channels.

Did you reach the theoretical noise? If not, think, and go back to steps 10 or 16. Do not proceed until you
understand what went wrong.

Do you need to CLEAN the line signal?
22. Use SUBIM to split off the channels that need CLEANing (§9.9).
23. Use APCLN to CLEAN the images (if made by UVMAP), otherwise MX.
24. Use MCUBE to put the clean images back in the cube.

Once you are satisfied with the CLEANing:
25. Use TRANS to change the axis order in the cube to let you look at profiles (§9.10).

Now you can do a variety of things (§9.11):
26. Use COMB to compute optical depth.
27. Use BLSUM or PRFPL (VLA only) to make integral profiles.
28. Use SLICE and TKSLICE to look at single profiles.
29. Use PLCUB or XPLOT to look at many profiles.
80. Use XBASL to remove baselines.
81. Use XGAUS to fit gaussians.
82. Use BLANK to filter out noise in many different ways.
83. Use XSMTH to Hanning smooth,
84. Use CONVL to smooth spatially.
85. Use XMOM to calculate moments.
86. Use MOMNT to smooth, blank and calculate moments in one go.
87. Use GAL to fit a rotation curve.
88. Use TV3COLOR, TVHUEINT, TVSLY to have fun with TV displays of the data.
89. Use KONTR (VLA only) to plot all the channel images in one plot.
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9.2. Reading in multichannel uv data

UVFITS tapes written from the VLA Pipeline system contain files with 8 frequency channels at a time.
Other systems may produce files with other numbers of channels (any number can be handled in 4I7S).

As a VL A-specific example, consider a spectral-line data set with 31 frequency channels. The UVFITS
tape containg 5 files: the first, channel 0; the second channels 0 to 7; the third, channels 8 to 15, etc. Suppose
that the source is N315. To read all 5 files:

> TASK 'UVLOD' ; INP Cr to review the inputs.

> OUTCL ' '; OUTN ' ' Cr to use default outname and outclass.

> POINTS 1 O to make it different from zero.

> DOWAIT TRUE O to have AIPS wait for each UVLOD to finish before starting the
next one.

>FOR I1=1:5;PRINT |; GO; END Cr torun UVLOD 5 times.

Now check the headers with IMHEAD. This gives a lot of information, but the line giving the frequency
differentiates the files. For example, if you centered at 1400 MHz and used a total bandwidth of 3.125 MHz
and a channel spacing of 97.656 kHz, you should see the following:

TYPE PIXELS COORD VALUE AT PIXEL COORD INCR  ROTAT

FREQ 1 1.4000000E+09 1.00 2.3400000E+06 0.00
FREQ 8 1.4000000E+09 17.00 9.7656000E+03 0.00
FREQ 8 1.4000000E+09 9.00 9.7656000E+03 0.00

for the first three files loaded. The listing shows the number of channels (PIXELS) there are in the file, the
frequency at the reference pixel (which can be outside the file), and the channel spacing (COORD INCR).

9.3. Making spectral-line images

There are two programs you can use, UVMAP and MX, both of which are shown in examples given below.
UVMAP can make images of all frequency channels in a file. It does the gridding once, for the first channel in
the file. It produces one beam for the first channel. MX does the gridding separately for each channel and
produces beams for all channels. It puts the channel images of 1 uv file into a cube. In most cases, you will
want to subtract a continuum before you do any CLEANing, so we won’t discuss the simultaneous imaging
and cleaning option in MX.

The inputs in UVMAP that are spectral-line specific are, for example, to image channel 0 (one image and
one beam):

> TASK 'UVMAP' ; INP Og to review the inputs,

> INNA °'N315' Op to select the source.

> INSEQ 1 Cp to select the first file.

> STOKES ' * O to make a total intensity image.

> NMAPS 1 Oy to make only 1 image.

> CHANNEL 1 O to start at the first frequency in the file.
> OUTN 'N315C0' Cp to give channel O a special name.

> GO UVMAP Op to run UVMAP.
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To image channels 1 to 7 and make one beam {channel 1):

> INSEQ 2 Or to select the second file.

> STOKES ‘LINE' O to make more images at different frequencies.
> NMAPS 7 On to make 7 images.

> CHANNEL 2 G to start at the second frequency in the file.
> OUTN ' ' Op to use the default outname.

> GO UVMAP Og to run UVMAP.

To image channels 8 to 15 and make one beam (channel 8):

> INSEQ 3 Op to select the third file,

> NMAPS 8 Cp to make 8 images.

> CHANNEL 1 R to start at the first frequency in the file.

> GO UVYMAP Cp to run UVMAP,

As these illustrations show, the meaning of CHANNEL in UVMAP is the frequency pixel in the uv data file, at
which one wante to start making a total of NMAPS images. The examples also use the global nature of AIPS’
inputs; those, such as INNAME, which don’t change, don’t have to be entered for each execution of UVMAP.

To image channels 8 through 15 using MX:

> INNA 'N315' Op to select the source.

> INSEQ 3 Oy to select the third file.

> STOKES 'I' Cp to make intensity images.

> NMAPS 8 Op to make 8 images.

> CHANNEL 1 Op to start at the first frequency in the file.

> ECHAN 0 G to grid each frequency separately.

> BCHAN 0 Op to specify that you’re not restarting an image.
> GO MX Cr to run MX,

This makes images and beams of channels 8 through 15.

9.4. Building the cube

The task MCUBE is used to put a series of 2- or 3-dimensional images at different frequencies into a
3-dimensional image (“cube”) cataloged on disk. The cube can be transposed to create images with velocity
on one axis and RA or DEC as the other axis of each plane. Many spectral-line functions make sense only
on cubes. Once the images have been put into a cube, you can inspect all the data with one command,
TVMOVIE. And, if you want to perform the same operation on many images, it is most convenient to do it on
a cube instead.

To put 31 frequency channel images into one cube, type:

> TASK 'MCUBE'; INP Cp to review the inputs.

> INNA °'N315' Op to select the source.

> INCL 'IMAP’ Cg to select input image class for all images.

> INSEQ 1 ; IN2SE 31 ; IN3SE 1 Ogr to set the first and last image and the step in the task’s loop

over input sequence number,
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> AXREF 1 ; AX2REF 31 Cp to set the pixel coordinate of the first and last image on the
third axis in the cube.

> NPOINTS 31 Cp to set the total number of points on the third axis.

> OUTN ' ' Cg to use the default QUTNAME.

> OUTCL 'LMVCUB' Cr to specify, in OUTCLASS, the order of axes.

> GO Cp to run MCUBE.

Later on, you might want to replace some of these images by CLEANed images. E.g., assume that you have
CLEANed channels 10 to 20. These images got the class ICLN. It is a good idea to give them sequence
numbers that are the same as the channel numbers, thus 10 to 20. Putting them in the existing cube can
then be done as follows:

> TASK 'MCUBE’; INP Oy to review the inputs,

> INNA 'N315°'; INCLA 'ICLN’ Cr to select the clean images.

> INSE 10 ; IN2SE 20 ; IN3SE 1 O to set the first and last image and the step in the loop.
> OUTN °'N315' ; OUTCL 'LMVCUB’' Og  to select the existing cube,.

> OUTSE 1 Cg

> GO Cp to run MCUBE.

9.5, Modifying the image header

On occasion you may feel the need to modify or add to the information in the image header. For
example, to add an alternate velocity description for the frequency axis of a cube, type:

> INDISK n ; GETN cin O to select the image.

> AXTYPE 'OPTHEL' Cr to specify optical-convention velocities relative to the Sun.

> AXREF 16 Og to specify the velocity reference pixel (channel 16 is the center
of the band in our example).

> AXVAL 5.E6 Op the velocity at the reference pixel in m/s.

> RESTF 1420.4E6, 5752 Or to specify the line rest frequency in Hz (1420405752 Hz).

> ALTDEF Cp to add the information to the header.

> ALTSW Cr to switch between frequency and velocity information in label-
ing.

Observers may find the Galactic coordinates of their sources to be of interest. To switch the header
between Celestial and Galactic coordinates, type:

> CELGAL G to go to galactic coordinates.
> CELGAL Oy to go back to celestial coordinates.

9.6. Displaying the cube

The easiest way to look at the cube is by using TVMOVIE. This verb loads sub-portions of planes of a
cube into the TV memory, and displays them in sequence at a variable frame rate. Type:

> INDISK n; GETN cin Cr to select the cube.
> INP TVMOVIE Or to review the inputs; use defaults for a start.
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> TVMOVIE O to load the images and start the movie.

Now follow the instructions on your screen on how to change the transfer function, change speed, etc. To
restart the movie, type:

> REMOVIE Cp
Once you are done, type:

> OFFZOOM Og to show one of the memory planes with a number (16 in our
example) of images.

To look at a different TV channel with the remaining images, type:
> TVON 2; TVOFF 1 Oy depending on which one you were looking at.
Be aware that the order of planes is reversed in even numbered planes.

In general, if you want to use any of the other display programs, you must specify which plane in the
cube you want to see. So, e.g., if you want to do TVALL on channel 16, which is on pixel 16 at the third axis,

you type:
> TBLC 0 0 16 ; TVALL O

Note that adverbs TBLC and TTRC are used for TV displays while BLC and TRC are used for tasks.

9.7. Subtracting the continuum

The continuum can be subtracted in a variety of ways. XBASL may offer the best method, but the
standard is still to combine a group of line-free dirty channel images and subtract that from the cube. Let
us assume that there is no line emission in channels 1 through 10 and 21 through 31. We first make two
images of channels 1-10 and of 21-31 with SUMIM. Type:

> TASK 'SUMIM’ ; INP O to review the inputs.
> INNA ‘N315'; INCL ‘'IMAP’ Og to select the images.
> INSE 1 ;IN2SE 10 ; IN3SE 1 O to select the first and last image and the step in the loop.
> OUTN ’'N315C1,10" Oy to select an output file name.
> FACTOR 0 O to use the default, which takes the average of the images.
> GO O to run SUMIM.
To do the other set of images:
> INSE 21 ; IN2SE 31 ;IN3SE 1 Gy

> OUTNAME °'N315C2131' Oy

> GO O
With COMB, these images can be averaged by typing:
> TASK 'COMB'; INP O to review the inputs,
> INNA °'N315C1,10'; INCL 'SUMIM’ Cgp to select the first image.
> INSE 1 Cg
> IN2NA °N315C2131'; IN2CL 'SUMIM’ O to select the second image.
> IN2SE 1 O
> OPCODE 'SUM' Oy to take APARM(1) x MAP; + APARN(2) x MAP,.
> APARM 0.5, 0.5, 0 Cp to average the images.
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> OUTN 'N315CON’' Cr to select an output file name.
> GO Cr to run COMB.

and then subtracted from the cube by entering:

> TASK 'COMB' ; INP Cg to review the inputs.

> INNA 'N315'; INCL 'LMVCUB’ Cg to select the cube.

> INSE 1 G

> IN2NA °N31SCON' ; IN2CL 'COMB' Og to select the continuum.

> IN2SE 1 Cp

> OUTN 'N315L-C’'; OUTCL 'LMVCUB’' Cr to give it an output name.

> OPCODE 'SUM’ Cr

> APARM 1, -1 Cr to take MAP; — MAP,.

> GO Cp to run COMB.

In general, this will work fine; however, in some cases, e.g., if you have used very broad bandwidth or if
you have a very strong continuum source, you might want to do the subtraction in the uv-plane. Use SUMIM
and COMB to combine the beams of the line-free channel images. Use APCLN to CLEAN the mean continuum
image with the mean continuum beam. Use UVSUB to subtract these clean components from all the uv data
sets. Remake the channel images, form a mean residual continuum image, and subtract it from the channel
images.

9.8. Converting from real to integer and back

The output from MCUBE or MX is in floating point, but some programs work only on integers (e.g., COMB
at present). CNVRT converts from floating point to integer and back; type:

> TASK ‘CNVRT'; INP Cp to review the inputs.
> INDISK n ; GETN cin Cg to select the image.
> GO G to run CNVRT.

9.9. Decomposing the cube into separate images

Some programs do not work on cubes, e.g., APCLN. Suppose that you want to CLEAN channels 10 to
20 after you have subtracted the continuum. To separate the images from the cube, use task SUBIM; type:

> TASK 'SUBIM’ ; INP Op to review the inputs.

> INNA °'N315L-C’; INCL 'LMVCUB' ;INSE 1 Cp to select the cube.

> OUTN 'N315L-C'; OUTCL 'IMAP’ Cr to give it an output name and class.
> BLC 0; TRC 0 Cp to select full planes.

> FOR J=10:20 ; BLC(3)=J ; TRC(3)=J ; PRIN J; OUTSE J; GO ; WAIT ; END

This runs the program 11 times, taking planes 10 to 20 and creating separate images for them. To put the
CLEANed images back into the cube, see §9.4.
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9.10. Transposing the cube

The task TRANS will transpose the cube. Typical inputs are:

> TASK 'TRANS'; INP Cp to review the inputs.

> INCLASS 'LMVCUB' Oy to select the untransposed cube.

> TRANSC '312" Gg to make new axis order 3,1,2 in terms of the old axis order
(RA, DEC, VEL becomes VEL, RA, DEC).

> OUTCL 'VLMCUB' Cg to give it an outclass reflecting the axis order.

> BLC 0; TRC 0 Cp to transpose the whole cube.

> GO Op to run the program.

9.11. Further profile analysis

A wide variety of programs is available to do further analysis of the data.
> HELP CUBE O to list them all on your terminal.
This help file is also listed in §14.

By displaying the transposed cube you can inspect RA, VEL or DEC, VEL images. The cube can be
rotated with LGEOM, e.g., to align one of the axes with the major axis of a galaxy.

A single profile can be produced from these images with SLICE, then plotted using TKSLICE (see §7.5).
PLCUB, PLROW and XPLOT are convenient programs for displaying multiple profiles,

The task XBASL can be used to remove baselines. Be aware, however, that if you have made an error in
the calibration, this has most likely caused slopes in amplitude and phase. Therefore, it is generally better
to track down the error and correct it than to decide (arbitrarily) to take out slopes in amplitude.

Smoothing and blanking are important for almost all analysis programs. CONVL works on cubes and
does a spatial smoothing (on LMV cubes). Using all the defaults in XSMTH performs a Hanning smoothing
in velocity (on VLM cubes). Smoothing is not just useful for bringing out weak extended signals. Smoothed
images can also assist in determining the boundaries of sources to set windows for subsequent spectral

analysis. For example, the smoothed cube could be used to set the CLIP limits in task COMB to be applied
to the unsmoothed cube.

The task BLANK offers a variety of algorithms for “blanking” out regions of bad data or source-free
regions in spectral-line cubes. It has an interactive mode, which allows you to indicate with the cursor on
the TV what are “good” regions. Set everything to default, use OPCODE 'TVCU’ Cp and type GO BLANK
Or. Then just follow the instructions, pushing button A to lay out the polygon and button D followed by
Or to go to the next image. If marking “bad” regions is easier, set DOINV TRUE Cg before running BLANK.

The blanked cubes can be used to calculate integral profiles with BLSUM (or PRFPL at the VLA) and to
calculate moments 0 to 3 of the profiles with XMOM. Thus, the 0-moment image will be the integral under the
profile (e.g., total HI), the first moment is the velocity field, etc. Task MOMNT does the smoothing, blanking
and calculating of moments all in one run. This is very easy to use, but can be dangerous since you don’t see
what is going on. RGBMP computes “integral® images another way — as three weighted sums representing
the low, center, and high velocity parts of the cube. An interesting display results from:

> TVINIT ; TBLC 0; TTRC 0 to initialize everything.

> INDI n; GETN cin Cp to select the RGBMP output.
> TV3C ; FOR TVCH =1TO 3 ; TBLC(3) = TVCH ; TVLO ; END Cg
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If you prefer to fit Gaussians instead of calculating moments, the program XGAUS can be used. It is a
good idea to use XPLOT first to look at (a sample of) the profiles, before you do any Gaussian fitting. In
most cases, it is perhaps preferable to use the interactive mode, so that you can see what is happening, but
be aware that it might be rather time-consuming. The experimental task NNLSQ performs a constrained,
non-linear deconvolution of the spectra in a VLM cube.

GAL fits models of galaxy rotation to images of the predominant velocity (e.g., the first moment images
written by XMOM, XGAUS, or MOMNT).

At the VLA, you can plot all your channel images in one plot on the Zeta plotter. Star positions and
beams can be included. All this is done with the task KONTR.

9.12. Sample display from PLCUB

PLOT FILE VERSION 2 CREATED 24-SEP-1985 13:17:35
NGC6503 26.0 KM/S 1POL NGC6503.VXY31.1
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10. REDUCING VLBI DATA IN AIPS

This section focuses on the three main differences between reducing VLA and VLBI data in 4IPS. The
special concerns for VLBI are: global fringe fitting, applying a priori amplitude calibrations, and imaging
data sets that are sparsely sampled in the uv plane. The AJPS tasks that have been written primarily for
VLBI have names that are prefixed with a V or VB. A list of programs of particular interest for VLBI may
be found in §14 or displayed on your terminal by typing HELP VLBI Og. Remember, the best and most
complete information available on all AIPS verbs and tasks may be found in their EXPLAIN files.

10.1. Copying VLBI data into and out of 4IPS

There are three portals into AJP§ for VLBI data. They are:
1. UVLOD which reads FITS tapes.
2. VBCIT which reads Caltech VLBI Merge formatted data.
3. VBLIN which reads NRAO/SAO VLBI formatted data.

There are two portals out of AIPS. They are:
1. FITTP which writes a FITS tape.
2. TOVLB which writes a Caltech VLBI Merge format file.

10.1.1. VLBI data sets on a FITS tape.

To copy a uv data file from a FITS tape, run UVLOD:

> TASK 'UVLOD'; INP Cg to review the inputs.

> INTAPE 1 G to specify which tape drive is used.

> OUTNA 'DA193VLB’' Gy to set the output file name and class.
> OUTCL 'UVDATA' O

> GO Oy to run the program.

10.1.2, Data from the Caltech Mark 1I VLB Correlator

To copy a VAX-11 file containing data in Caltech Merge format, run VBCIT:

> TASK 'VBCIT'; INP Cp to review the inputs.

> INFILE 'UMABZ:[VLB.ME]DATA.CIT* Cr  to set the complete (VAX) input file name.

> OUTNA 'DA193VLB’' Gy to set the output file name and class.

> OUTCL 'VBCIT' Or

> NPOINTS 20 Or to set the maximum number (in 1000’s) of visibility records to
be copied.

> APARM 0 Og to reset the APARN options to the default values.

> GO Cp to run the task.
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10.1.8. Data from the NRAO Mark II VLB Correlator

Generally, it is easier to copy all, or part, of your VLBI data tape onto disk first. The AIPS task, VBLIN,
will run slowly, so it is more comfortable not to tie up a tape drive for several hours. Run the NRAO/SAO
program EDIT or LINEEDIT or DOCSAMP to copy selected data from tape to disk. These programs run only
in the VAX/VMS environment, and run outside of AIPS. Mount your VLBI tape with the foreign qualifier:

$ MOUNT/FOR MTAO: TAPE TAPE Or

and run LINEEDIT. Answer the * prompt with these parameters:
* INFILE='IBMVAX' TRANS Og

* OUTFILE="output file name’ DATAHDR=24/ Cr

If you need to run LINEEDIT more than one time, the output files can be appended onto the same VAX
output file by specifying the APPEND parameter after the * prompts.

Copy the VLBI data into AIPS via the task VBLIN, which transforms delay lags to frequency channels
and applies corrections for high-order terms in the correlator model. Use your favorite text editor to create
a text file (outside of AIPS) that contains a list of the names of all of the stations that participated in the
VLBI run. Enter them one per line, left-justified, and spelled exactly as they were spelled when used by the
correlator. Then, from inside AIPS, run VBLIN:
> TASK 'VBLIN' ; INP Cr to review the inputs.
> INFILE 'UMA3:[VLB.MEJDATA.DAT' Cp  to set the complete input file name of the visibility data.

> IN2FIL 'UMA3:[VLB.ME]STNS.LIS’ Og to specify the complete input file name of a list of all stations
used in the VLBI observation (see above).

> OUTNA 'DA193VLB' Cr to select the output file name and class.

> OUTCL 'VBLIN' O

> SOURCE °'DA193' O to specify the source whose data are to be copied.

> NPOINTS 20 Cr to give the maximum number (in 1000’s) of visibility records
to be copied.

> BCHAN 4 ; ECHAN 10 Cp to define the range of delay lags to be transformed into fre-

quency channels. Generally, the NRAO/SAO formatted data
contains 12 delay lags where zero residual delay is centered on
channel 7. The present values cause 7 delay lags to be trans-
formed into 4 single-sideband frequency channels.

> APARM 0,0,0,1,1,1,1,265,1,0 Cr  to switch on the transform and various correction algorithms.
APARM(8) is the reference day number. It should be the earliest
day in your observing run. If you run VBLIN in several separate
passes in order to load sub-array data into AJPS, use the same
reference day number in each VBLIN pass. Otherwise, your sub-
array data with different reference days cannot be merged.

> GO R to run the program.

Warning: the Caltech VLBI package and the AIPS tasks which interact with it (VBCIT, VBLIN, and
TOVLB) have not been written to AIPS’ usual software portability standards. As a result, they run well on
VAXes under VMS, but may not be available on other computers and operating systems.



AIPS COOKBOOK 15-Oct-1985 Page 61
10.8. Sorting, concatenating and merging uv data files. 10. REDUCING VLBI DATA IN AIPS

10.2. Sorting, concatenating and merging uv data files.

The AIPS data files created by VBLIN and UVLOD will be in an arbitrary sort order. Use UVSRT to sort
them into time-baseline order:

> TASK 'UVSRT'; INP Op to review the inputs.

> INDISK n ; GETN cin Op to select the input file.

> OUTNA INNA ; OUTCL 'TBSRT' Cr to specify the output file.
> GO Op to make the sorted uv file.

You may use DBCON to concatenate several separate uy files. Both of the input files must have the same
reference day number, and have identical antenna id numbers. That is, the antennas extension (AN) files
with each input uv data file must be the same. You may list the contents of AN files using PRTAN. To run
DBCON:

> TASK 'DBCON’; INP O to review the inputs.

> INDISK nl; GETN ctnl O to select the 1** input file.

> IN2DISK n€; GET2N ¢tn2 Og to select the 2°9 input file.

> OUTNA INNA ; OUTCL 'DBCON’ Cr to specify the output file.

> DOARRAY 1 GOy to force DBCON not to mark the output data records as in sep-

arate sub-arrays. Both of the input files must have the same
reference day and have identical antennas files.

> GO Cp to concatenate the two files,

VLBI correlators usually produce redundantly correlated data. Merge your UVSRT or DBCON output
using UVAVG:

> TASK ‘UVAVG'; INP Oy to review the inputs.

> INDISK n ; GETN cin Cg to specify the input file.

> OUTNA INNA ; OUTCL 'UVMRG’ OR to specify the output file.

> YINC 4.0 Or to set the averaging interval of the input data records (in sec-
onds).

> OPCODE 'MERG' Oy to direct the task to perform the merge operation.

> GO Og to run the program.

10.3. Global fringe fitting

There are two ways to use global fringe fitting. The choice depends on the source strength. Be prepared
to spend some time fiddling in order to understand how the process works. The first try probably should be
on a subset, 1.e., a one-hour slice, of your experiment.

10.3.1. Standard global fringe fitting

This subsection describes fringe fitting on data from a source that can be detected easily on most
baselines. This “standard” mode of global fringe fitting uses only data from the program source itself. The
sequence of programs described below should yield good results.
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Run VBFIT to find the delay and fringe rate residuals on a per station basis, but do not use VBFIT to
apply these corrections to the visibility data.

> TASK 'VBFIT'; INP Cr to review the inputs.

> INDISK n; GETN ctn Cr to specify the input file.

> IN2NA * *;IN2CL ' ' Cr to reset the input model file to the null file.

> OUTNA INNA ; OUTCL 'VBFIT' Cr to specify the output file.

> APARM 0 ; BPARM 0 Cr to reset the APARMs and BPARMs to the default values.

> APARM(1) 4 Cr to set the fringe searching and fitting interval (in minutes). It

may be set safely to a time interval at least as long as the phase
coherence time.

> APARM(5) 4 Cr to give the integration time of the input data records (in sec-
onds).
> APARM(6) 750 Og to specify the residual delay range, centered at 0, over which

to search for fringes (in nanoseconds). Mark II VLBI observes
through 2 MHz bandpasses and correlations are sampled in
250 nanosec intervals. The Nyquist delay range is nchans x
250 nanoseconds, where nchans is the number of frequency
channels in the visibility records.

> APARM(7) 100 Cg to set the residual fringe rate range, centered at 0, over which
VBFIT searches for fringes (in milliHz). The Nyquist fringe rate
range is 1000.0 mHz / 2 x Tayg, where Ty is the data-record
average interval (in seconds).

> APARM(8) 1 Cr to turn on a CRT print-out that shows the SNR’s of each sta-
tion for each fit interval.
> BPARM(2) = -1 Cr to tell VBFIT that the input data have already been divided by

a model (which is equivalent to using a point source model)
and to have only the delay and rate solutions determined.

> LEVS 1.5,1.2,2.3,9.3,... G to specify the antenna weights that are used to select a ref-
erence antenna, and to calculate the delay and fringe rate so-
lutions. Each LEVS entry corresponds to one antenna in the
same order as they appear in the antennas file. (Use PRTAN
to list the antennas file.) Estimate the LEVS for each antenna
by using the system temperatures in Janskys and the antenna

sensitivities, That is, LEVS = 50.0 X /Tyt /Jy7T.y,.
> INP Og to check the inputs.
> GO Cp to do the fit — finally.

Use PRTDR to list the delay and delay rate solutions.

Run VBCOR to smooth the delay/rate solutions obtained from VBFIT, and to apply them to the visibility
data. Use the same input file as in the VBFIT step and type:

> TASK 'VBCOR' ;INP Op to review the inputs.

> IN2DISK n ; GET2N ctnf O to get the VBFIT output file. VBCOR will uge the delay and rate
golutions in the DR extension file.

> OUTNA INNA ; OUTCL 'VBCOR' Cr to specify the output, corrected uv data file.

> BPARM(1) 0 Op to average the frequency channels in the output records to-
gether.
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> BPARM(2) 4.0 Cr to give the averaging time of the input visibility records.

> TIMSMO 2.0 Cr to set the smoothing time for the delay and delay rate solutions
to 2.0 hours.

> GO Cr to run the program.,

The VBCOR output file is the fringe-fitted uv data set.

Before proceeding further, it is important to satisfy yourself that the VBFIT and VBCOR operations were
successful. You should examine the delay and rate solutions found by VBFIT (the DR extension file in the
output file), and the smoothed solutions in the DR extension file from VBCOR . Use PRTDR. The delays are
listed in nanoseconds and the rates in milliHs. Entries of —1. indicate that no solution was possible. The
delays and rates should not vary wildly from one time interval to the next.

When you are satisfied with the preceding steps, run VSCAL to remove the station-dependent phase
errors left over from the fringe fitting. The phase solutions may be done on a record-by-record basis, but
it is faster to use as long a time interval as is consistent with the coherence time, s.e., < 1/2 the coherence
time,

> TASK 'VSCAL';INP Op to review the inputs.

> INDISK n ; GETN ¢in Og to get the VBCOR output file as the VSCAL input file.

> IN2NA * ' ;IN2CL " ' Op to reset the model file to a null file.

> OUTNA INNA ; OUTCL 'VSCAL' Cr to specify the output file.

> APARM 0 ; BPARM 0 Cr to reset the APARMs and BPARMs to the default values.

> APARM(7) 2 Cp to force a phase solution only.

> APARM(9) 0.0666 O to set the solution time interval equal to the individual record
average interval (in minutes). In this example, 4 seconds =
0.0666 minutes.

> BPARM(1) 1 Cp to cause the input data to be divided by a point-source model.

> BPARM(2) 1.0 O to give the flux density of the point source model.

> INP Cg to check the inputs.

> GO Op to run the program.

Now you may time-average the fringe-fitted data set down to a reasonable size. Run UVAVG to average
the VSCAL output:

> TASK 'UVAVG'; INP On to review the inputs.

> INDISK n ; GETN cin O to specify the VSCAL output file as the UVAVG input file.
> OUTNA INNA ; OUTCL 'UVAVG' Cp to specify the output file.

> YINC 120.0 Oy to set the time-averaging interval to 120 seconds.

> OPCODE °‘AVG' O to enable the averaging operation.

> GO Cp to run UVAVG.

At this point, it is well worth spending time to examine your visibility data carefully. You may plot
them with VBPLT or UVPLT, and list them with PRTUV. You may transfer a copy of the uv data out of 4IPS
and into a VAX-11 disk file in the Caltech VLB Merge format with TOVLB.



Page 64 AIPS COOKBOOK 15-Oct-1985
10. REDUCING VLBI DATA IN AIPS 10.8.1. Standard global fringe fitting

10.3.2. Global fringe fitting a very weak source

In order to fit fringes, VBFIT has to find fringes. If VBFIT has to search through a large residual delay
by rate window, a weak signal will always be lost in the noise. Increasingly weaker fringes can be detected
as the search window is made smaller. But, of course, the smaller search windows must be more nearly
centered on the fringes. Using calibrator-source observations, the station-based delay and rate residuals can
be measured as often as you observed the calibrator source. Then the calibrator-source delays and rates can
be used to shift the weak source’s fringes to the center of the delay-rate window, thereby allowing fringe
searching through a smaller window.

This “fringe delay and rate referencing” and subsequent fringe fitting are accomplished by running VBFIT
and VBCOR in the order specified below. For the sake of brevity, some of the more obvious input parameters
are not listed. If you are confused, see §10.3.1 for details on VBFIT and VECOR.

First, run VBFIT on the calibrator source to measure the residual delay and rate offsets.

> INDISK n; GETN cin Og to specify the input file (the calibrator source data).

> APARM(1) 4 Cr to set the fringe fitting interval (in minutes). It may be set to
a time interval as long as the phase coherence time.

> APARM(5) 4 Or to give the integration time of the input data records (in sec-
onds).

> APARM(6) 750 Cr to specify the residual delay range over which to search for
fringes (in nanoseconds).

> APARM(7) 100 Or to specify the residual fringe rate range over which VBFIT
searches for fringes (in milliHz).

> BPARM(2) = -1 Cp to solve for delay and rate corrections only.

> LEVS 1.5,1.2,2.3,93,... O to set the antenna weights.

> GO VBFIT Cr to run the program.

Use PRTDR to list the delay and delay rate solutions.

Now correct the program-source data with the VBFIT solutions from the calibration-source scans. Run
VBCOR on the program-source data:

> INDISK nl; GETN ctn Cp to get the program-source file.

> IN2DISK n2; GET2N ctn2 Op to get the VBFIT output file. VBCOR will use the delay and rate
solutions from the calibration-source scans.

> BPARM(1) 1 Op to block the averaging of the output frequency channels.

> BPARM(2) 4.0 Cp to give the averaging time of the input visibility records.

> TIMSMO 2.0 Cr to set the smoothing time for the delay and delay-rate solutions
to 2.0 hours.

> GO VBCOR O to run the program.

Run VBFIT on the corrected program-source data. Use a small fringe-search window. Estimate the
dimensions of the window from the stability and consistency of the delay/rate solutions on the calibration
source.

> INDISK n; GETN cin O to select as the input file the output file from the preceding
. VBCOR step.
> APARM(1) 10 Cr to set the fringe fitting solution interval to a moderately long

time, 10 minutes.
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vV V V V V VvV Vv

>

>

>

>

>

APARM(5) 4 Op

APARM(6) 50 Og

APARM(?7) 10 O

BPARM(1) 0 O

BPARM(2) = -1 O

LEVS 1.5,1.2,2.3,9.3,... Cr
GO VBFIT G

to give the input data averaging interval.

to set the fringe search range in residual delay, 50 nanoseconds.
to set the fringe search range in residual fringe rate, 10 milliHs.
to cause the output frequency channels to be averaged together.
to solve for delay and rate corrections only.

to set the antenna weights.

to run the program.

Next run VBCOR on the corrected program source data to smooth and apply the delay and delay-rate
solutions:

INDISK nl ; GETN cinl Or

IN2DISK ng; GET2N ctnf O

BPARM(1) 0 O

TIMSMO 2.0 Cp

GO VBCOR ©Cp

to get the output file from the previous VBCOR step. Remem-
ber that these are the program-source data that have been
corrected by the delays and rates derived from the calibrator-
source data.

to get the output file from the preceding VBFIT stage. These
are the delay and rate solutions from the corrected program-
source data.

to average the frequency channels in the output records to-
gether.

to set the smoothing time for the delay and delay-rate solutions
to 2.0 hours.

to run the program.

The output from VBCOR is the weak source fringe fitted data set. You should examine carefully the delay
and rate solutions from each stage of the above menu (use PRTDR). Fringe searching on a very weak source
is a touchy business. You may need to experiment a bit for best results.

When you are satisfied with your fringe

fitting results, you may calibrate the phases and average the

data. Run VSCAL to remove the residual station-dependent phase errors before time averaging. The phase
solutions should be on a time interval < 1/2 the coherence time.

>

>
>

INDISK n ; GETN cin Cr
APARM(7) 2 Op
APARM(9) 2 Cgp

> BPARM(1) 1 CR
> BPARM(2) 1.0 Op
> GO VSCAL Oy

vV VvV Vv Vv

Run UVAVG to average the VSCAL output:
INDISK n ; GETN citn Or
YINC 120 Onp
OPCODE 'AVG' O
GO UVAVG O

to get the VBCOR output file as the VSCAL input file.
to force a phase solution only.

to set the solution time interval equal to the 2 minutes for a
coherence time > 4 minutes.

to divide the input data by a point-source model.
to specify the flux density of the point source.
to run the program.

to get the VBCAL output file as the UVAVG input file.
to set the time-averaging interval to 120 seconds.
to enable the averaging operation.

to run UVAVG.

Display the visibility data using VBPLT, UVPLT, and PRTUV.
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10.4 Amplitude calibration

The visibility amplitudes in the fringe fitted data set are raw cross-correlation coefficients. These data
are converted to correlated flux densities by using the task VBANT. The amplitude calibration is done in the
following manner:

1. Create a text file which contains the system temperatures, antenna temperatures and
gain curve descriptions from each station in the VLB array.

2. Using observations of one or more calibration sources, calibrate the flux density scales
of each antenna in the VLB array.

8. Apply the calibration file that results from steps 1 and 2 to the program source(s)
using VBANT.

4. (Optional). Use BCAL1 and BCAL2 to solve for and remove baseline-dependent gain
errors. This requires very high quality calibration source observations (good SNR
data and an accurate source model).

10.4.1. Creating the calibration text file

Using your favorite text editor, create the calibration text file required by VBANT. The text file contains
the source flux densities, and the system temperatures, antenna temperatures and gain curves from each
VLB station in the observing run. The format of the calibration file is described in the EXPLAINVBANT
Cr. Please read it carefully.

Once the text file is completed, copy it into the local 4IPS RUN file sub-directory, [AIPS.RUN]. The
file name must be six or fewer characters and the qualifier must be .nnn (your hexadecimal user id). Run
VBANT on any source with DOCAT=1. You may list the gain table created by VBANT using PRTGA or plot it
with GAPLT. It is well worth the time and effort required to get the system temperatures entered correctly
in the calibration file. Be certain to enter T,y,’s at the end of scans immediately before source changes.

10.4.2. Constant Gain Corrections

After you have entered your best a priori numbers in the calibration text file, run VBANT on your
calibration source scans. Plot the resulting correlated flux densities against uv distance using UVPLT. Bad
data should be obvious and may be edited using CLIP and UVFLG. With good models of the calibrator sources’
structures, you can determine corrections to the flux density scales for each station in the VLB array. Most
VLB calibrator sources can be adequately described by one or two Gaussian components.

UVFIT can be used to fit a source model and overall antenna gains. It can handle up to 2,000 visibilities
only, so averaging with UVAVG may be required. The following example shows how to fit antenna gains and
a single elliptical gaussian model of known position and flux:

> TASK 'UVFIT' ; INP Cp to review the inputs.

> INDISK n; GETN cin Op to specify the input uv data set.

> OPCODE 'GAUS'; NGAUS 1 Oy to gpecify 1 gaussian component.

> GMAX 1.2 ; DOMAX FALSE Op to fix the flux at 1.2 Jy.

> GPOS 0 ; DOPOS FALSE Cr to hold the position fixed at the origin.

> GWIDTH 0.002, 0.001, 45, Oy to provide an initial guess of the gaussian widths as 2 X 1 mas

at a position angle of 45°.
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> DOWIDTH TRUE Oy to fit for size.

> GAINERR 1 ©Or to fit for all antenna gains with initial guess = 1.

> NITER 50 O to limit the fitting to 50 iterations.

> IMSIZE 0.0005, 0.01 Og to limit sizes to be in the range 0.5 to 10 mas.

> DOCAT TRUE ; INVER 1 Og to save the solution in a CC file of version number 1.

> INP Cr to check the inputs.

> GO Cp to run UVFIT.

The scale-factor corrections from UVFIT may be entered as multipliers in the VBANT calibration text
file. For example, if the NRAO scale factor is 1.043, set the FT parameter on the NRAO TSYS card to
FT=(1.043*1.043). Alternately, VBCAL may be used to correct data already processed through VBANT. After
applying the antenna gain solution with VBCAL or VBANT, you may compare the data with the model using
VBPLT. If you have a sufficient amount of data, it is a good idea to image your calibrator sources. Use VSCAL
and MX,

10.4.3. VBANT for program sources

Run VBANT on your program source. Set DOCAT = 1 to save the GA file. It’s useful to examine the GA
file using GAPLT and PRTGA. You can plot the visibilities with VBPLT or UVPLT and edit the wild points with
CLIP or UVFLG.

10.4.4. Baseline-dependent gain errors

VLBI data sets typically have non-closing gain errors of several percent in amplitude and a few degrees
in phase. You may attempt to measure and remove these baseline-dependent errors if you have good
enough data from several calibrator sources. The noise in the calibrator-source images should approach the
theoretical limit. The signal-to-noise ratio in the visibility data must be at least 100:1 on baseline-averaged
data. Use the following sequence of tasks to solve for and remove the non-closing errors.

Run UVSUB to divide the calibration source visibility data by your best model.

> TASK 'UVSUB';INP Cr to review the inputs.

> INDISK nl ; GETN cinl Ogr to select the corrected visibility data as the input file.
> IN2DISK n2; GET2N ¢nt2 Cp to select your best image as the input model file.

> CMETHOD 'DFT' Cr to calculate model visibilities using DFT.

> OPCODE 'DIV' Oy to divide by the model.

> GO O to run the program.

Next run BCAL1. This task averages each baseline in the UVSUB output over all times and writes an ASCII
output file. The output file contains one entry (row) for each baseline. The columns contain the antenna
numbers (columns 1 and 2), the real and imaginary amplitudes and weight for IF channel 1 (columns 3, 4
and 5), and the real and imaginary amplitudes and weight for IF channel 2 (columns 6, 7 and 8). You would
expect BCAL1 results to be similar for different calibration sources.

Run BCAL2 on your calibrator and program source visibility data sets. The INFILE is, of course, the
ASCII file created by BCAL1,
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10.5. Self-calibration and imaging

To self-calibrate and make images, follow this sequence of tasks:

1. VSCAL self-calibrates the uv data. VSCAL is a special version of ASCAL written for
VLBL

2. UVSRT sorts the VSCAL output into XY order.
8. MXimages and cleans. MX is generally preferable to UVMAP and APCLN for VLBI data.

10.5.1. VSCAL

Special considerations for running VSCAL on VLBI data are:

1. During the first several iterations of VSCAL — MX, solve for phase corrections only, i.e.,
set APARM(7) = 0. Switch on the amplitude corrections only after you have converged
to a fairly good image.

2. On the first VSCAL iteration, use a point source as a starting model. Set BPARM(2) to
the zero-spacing flux density and BPARM(1) = 1.

3. When solving for the amplitude corrections, use the TIMSMO parameter, initially set-
ting the smoothing times to several hours.

4. APARM(10) = O prevents the flux density scale from floating. If you are confident in
your a priors gain calibrations in VBANT, keep APARM(10) = 0.

5. Sources having a significant amount of extended structure will be poorly sampled
due to the lack of short VLBI baselines. The extended structure will cause erroneous
solutions for the antennas on the short baselines. Use APARM(1), APARM(2), and
APARM(3) to down-weight the short baselines in the VSCAL solutions. For example,
for a typical 18-cm VLBI run, you might set APARM(1) = 4000, APARM(2) = O and
APARM(3) = 0.1. Remember, during the first few VSCAL — MX iterations, your image
will probably be dominated by a compact feature.

10.5.2. MX

A few special points about using MX for VLBI data are:

1. Print out and read the MX EXPLAIN file. MX is a powerful and complicated task. It
shouldn’t be used blindly.

2. It’s useful to make a dirty beam image in order to measure the beam full-width at half
maximum. Set CELLSIZE so that there are at least three cells across the narrowest
part of the beam and run PRTIM to examine the central part of the beam image in
detail. Use the dirty beam dimensions to set BMAJ, BMIN, and BPA; fitted values from
MX are unreliable for VLBI data.

3. For sources that are nearly unresolved on the short baselines, set the ZEROSP parame-
ters. You will have to experiment with the zero spacing weight, ZEROSP (5). A weight
that is too high will cause a DC offset in the CLEANed image.

4. Examine your CLEAN components with PRTCC after each MX run. It’s important to
note when the negative components first appear.

6. For VLBI data sets, uniform weighting gives the best results. Set UVWTFN =’ °*
Because the visibility record weights can vary by over a factor of 1000, set the UVBOX
parameter to a large number to smooth out the visibility weights.
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11. TIDYING UP AND EXITING FROM AIPS

Before exiting from 4IPS, you should do several things to tidy up various kinds of debris you may have
left in the system.

11.1. Backups

While processing and particularly just before exiting from AIPS, please delete as many of your own
data sets as possible. Images and uv data may be backed up on tape in FITS format using the task FITTP.
Uv data may also be backed up on tape in Export format using the task UVEXP. FITTP can write more than
one AIPS file on tape in a single execution. For example, to backup all sorted uv files (class UVSRT), type

> TASK 'FITTP'; INP Oy to review the inputs.

> DOALL TRUE Cp to specify that all files with the allowed name parameters are
to be written.

> INNA "' ; INSEQ 0 Op to allow any name and sequence number.

> INDISK 0 Cp to allow any disk.

> INTYP 'UV' Cp to restrict to uv files.

> INCLASS 'UVSRT' Cp to restrict to class UVSRT files.

> INP Gy to check the inputs.

> GO g to write the tape.

Then, to write all 3C123 files on disk 2 after the sorted uv data files, for example, type:

> INTYP ' ' ;INCLASS ' ' Op to allow any class and type.

> INNA '3C123' Op to restrict things to 3C128 files.

> INDISK 2 ©Op to restrict to disk 2.

> WAIT ; GO Oy to have AIP8 wait for the FITTP execution started above to

finish and then to run PITTP with the new inputs.

On some systems (e.g., VAX/VMS), a system-dependent global backup procedure may be available.
This procedure will allow you to write all of your files on tape quickly, verify the tape, and then, optionally,
delete the files. Type EXPLAIN ABACKUP and EXPLAIN ARESTORE for information. Such procedures
are very nice, but they produce a highly system-dependent tape. A tape written on one VAX may not be
readable on another, for example. Nevertheless, ABACKUP should be used (where available) instead of leaving
data on disk for prolonged periods.

If space is short, data sets which remain on the disk for more than a week or two will be ruthlessly
deleted by designated AIPS gorillas. If you wish to leave data on disk for an extended period of time, please
notify the System Manager and bring an appropriate “gift”.

11.2. Deleting your data

Please delete redundant images and data as soon as possible to preserve disk space for other users. It
is tempting to work on many sets of data at the same time, but this generally takes a lot of disk space and
users should limit the amount of data resident on disk to that which will be processed during the session.
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A data set and all extension files can be deleted by:

> IND n; GETN ¢in Og where n and c¢in select the disk and catalog numbers of the
data set to be deleted.
> ZAP Op to do the deletion.

To delete data in contiguous slots from n to m in a catalog, get the INDISK and use the loop:
> FORI=nTO m; GETN | ; ZAP ; END Cp

For massive deletions — the kind we hope you will use when you leave an NRAO site — use:

> ALLDEST Oy to destroy all data files which are consistent with the inputs to
ALLDEST.

And to clear all your messages and compress your file, after using PRTMSG to print any you want to keep,
use:

> PRNUM -1 ; PRTASK ' '; PRTIME 0 Or to do all messages.
> CLRMSG Oy to do the clear and compress.

DO NOT DELETE OTHER USERS’ DATA OR MESSAGES WITHOUT THE EXPLICIT PERMIS-
SION EITHER OF THE OTHER USER OR OF THE SYSTEM MANAGER. Old data and messages

belonging to any user (including you) may be deleted by the verb TIMDEST. The definition of *old” is set by
your local AJPS Manager, who must be consulted about the rules for invoking TIMDEST.

A list of the software associated with deleting various files can be obtained at your terminal by typing:
> HELP DELETE p
This listing is also given in § 14.

11.3. Sending comments to the 4JPS programmers

Comments, suggestions and bug reports about any facet of 4IPS can be entered into a file by typing:
> GRIPE ©On

while in AIPS. Simply follow the directions and record your comment. On a weekly basis, “gripes” are
collected from all NRAO computers and an acknowledgement is sent to each individual “griper.” More
detailed replies to the gripes are generated by the AJPS programming staff and are mailed to each griper
later. Normally, a full reply will be given at the end of the current AIPS release cycle (s.e., quarterly),
but significant modifications and additions to AIPS, if warranted in response to gripes, may take longer
to implement. In such cases, follow-up replies are also generated and sent to the gripers. The gripes and
responses will become public (at NRAO), so write them clearly and in good taste. Complete copies of the
gripes and responses are kept in notebooks in the 4JP§ Caiges at Charlottesville and the VLA.

Gripes can be registered outside of AIPS at monitor level by typing (in VAX/VMS when logged in as
AIPS):

$QGRIPE On

and following directions. The program invoked by this procedure, GRIPR, implements the same code as AIPS,
but its control structure is much simpler. Try:

> HELP O

after the @GRIPE for some information about the program’s capabilities. The command to invoke this
program may be different at some installations, particularly non-VAX/VMS ones.
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11.4. Exiting

To exit from AIPS type:
> EXIT Or
Please clean up any papers, tapes, etc. in the area around your terminal before you go.

11.5.1. Bananes roties

1. Preheat oven to 375°,
2. Place 6 (peeled) bananas in a baking dish.
8. Sprinkle bananas with juice of 1/2 lemon.

4. Pour 2 tablespoons melted butter and 2 tablespoons dark rum over the bananas.
Sprinkle with 2 tablespoons brown sugar.

8. Place in oven for 10 minutes.

8. Pour on 2 more tablespoons melted butter and 2 more tablespoons dark rum and
bake for 5 minutes more.

7. Serve at once, spooning some sauce over each banana.

11.5.2. Going bananas with bananas

1. Garnish a baked ham or ham steak with bananas.
2. Make a quick, rich desert with bananas and cream.

8. Bananas are perfect for lunch boxes. They come in their own wrapper, are easy to
eat and mess-less.

4. Slice a banana in half lengthwise, brush with melted butter and bake it until tender;
serve it as a “vegetable® with roasted meats or fish. Very Caribbean.

8. Don’t forget old favorites like bananas sliced over cereal, diced in pancake batter, or
buried midst the ice cream in a banana split.

6. Slice and stir-fry bananas with carrots, tomatoes and ground beef for a super-quick
main dish.

11.5.8. Golden mousse

1. Combine 1 cup mashed ripe bananas, 2 tablespoons orange juice, 1/4 cup shredded
coconut, 3 tablespoons brown sugar, a few grains salt, and 1/8 teaspoon grated
orange rind.

2. Whip until stiff 1 cup heavy cream.

8. Fold whipped cream into fruit mixture and turn into freesing tray. Freese rapidly
without stirring until irm.



Page 72

AIPS COOKBOOK 15-Oct-1985

12. PANIC SECTION 12.1. My printout 1s sems-infinite!!

12. PANIC SECTION

DON'T PANIC 1!!!!

On all computer systems things go wrong due to user error, program error, or hardware failure. Unfor-
tunately, AJPS is not immune to this. The section below reviews several general problem areas and their
generalized solutions. Refer to Appendix Z for the details appropriate to your particular computer system.
Type HELP PANIC Cr to review recent information on bugs, disasters and misfortunes within AJP$ that
have known solutions. Some well-known possibilities follow.

12.1. My printout is semi-infinite!!

To abort a job which is currently printing out, do the following:

1.
20

4.

Turn off power to the printer to conserve paper.

Type SPY G to see if the offending program is still executing. If so, ABORT
taskname Op will kill it.

Get into monitor mode (prompt $ on most machines) either on your terminal or
another one.

Abort the current print job. See Appendix Z for the details for your machine (e.g.,
§2.1.7.1).

Turn the power back on for the printer.

12.2. The TEK screen will not print hard copy!!

1.
2.
3.
4.

Find the device which makes the hard copies. Is it turned on?

Check to see if there is paper in the device.

Power it down, then power it up again. Try the HARD COPY button on the TEK again.
If it still fails, call for hardware repair.

12.3. My data catalog has vanished!!

10
2.

8.

Are you connected to the right 4IPS computer, if your site has more than one?

Are you logged in to the correct AJPSversion? NRAO AIPS systems, in particular,
may have separate data areas for the TST and NEW / OLD releases.

Have you set INDISK et al. correctly before running CAT? Type INP CAT Og to check.
Is USERID not set to O or your user number?

Is a non-system disk mounted? Type FREE Og or exit from AIPS, and have the

operating system tell you which disks are currently running. See Appendix Z for
details.
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12.4. My program crashed for lack of disk!!

Read this COOKBOOK, §4.6 and Appendix Z for your computer system.

12.5. My tape refuses to read/write!!

1. Isthe tape correctly loaded in the drive and is the drive “on line® (check the ON LINE
light)?

2. Have you set the density correctly? Some drives need the density to be set by a
switch, others have software control. Some try to read the tape and sense the density
automatically. Be aware that some drives do not set the density until you actually
read or write the tape. Under these circumstances, the density indication on the drive
can be misleading. If in doubt, consult your local 4IPS Manager about the meaning
of the tape density indicator lights on the drive you are using.

8. Did you actually mount the tape in software from the 4IPS level with the MOUNT verb
(or, on those systems requiring it, from the Monitor level)?

4. Have you specified the INTAPE or OUTTAPE number to correspond with the drive you
mounted the tape on?

5. Are you using the correct program to read the tape? If you are unsure of the format
of a tape, use the task PRTTP to diagnose it for you. It will recognize any format that
AIPS is able to read.

6. Are you writing to a completely blank tape? This fails sometimes. Or are you writing
to an old tape which is new to you? In both cases, try specifying DOEOT FALSE
Cr and then rerunning the tape-writing program. If this fails, refer to the notes in
Appendix Z (e.g., § Z.1.7.3) for suggestions.

7. Has the drive been cleaned recently? Do not attempt to clean a drive yourself. Using
the wrong cleaning fluid or cleaning the wrong parts of a drive can do serious damage.
If you have any doubts, use another drive.

8. Is your tape defective? Tapes can lose oxide or become stretched, creased, or dirty,
all of which will cause problems. Try using another tape, if possible.

12.6. My terminal has hung itself up!!

If your terminal is “dead”, s.e., refuses to echo characters typed on the keyboard or otherwise to show
signs of talking to your computer, you have a problem. There are numerous possible causes.

1. Are you executing a long verb, e.g., TIMDEST, REWIND, AVFILE, INSTAT? If so0, be
patient.

2. Are you executing some interactive TV or TEK verb which is waiting for input from
the cursor or buttons? If so, provide the input.

3. Have you started a task with DOWAIT set to TRUE (+1.0)? If so, wait for the task to
finish. Most tasks report their progress on the message monitor (or your terminal).

4. Is AIPS waiting while a tape rewinds or skips files or is it waiting to open some disk
file currently being used by one of your tasks? Be patient.
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5. Have you stopped output to your terminal accidentally by hitting the appropriate NO
SCRL or other XOFF control sequence? If so, hit the XON control sequence. (These
are CTRL 8 and CTRL Q, respectively on VAX/VMS.)

6. Can you abort AIPS at your terminal using the appropriate system commands (s.e.,
CTRL Y on VAX/VMS)?

7. Do other terminals connected to the computer appear to be “alive”? If so, login on
one of them and inquire about the status of your AIPS program and tasks. It might
be necessary to stop them from your new terminal and then log back in on your old
terminal. If this doesn’t bring your terminal back to life, report the problem to the
AIPS Manager.

8. If all terminals appear dead, then your computer has probably “crashed”. Report the
problem to your AIPS or System Manager. If you feel you must reboot the system,
do so only after checking that all current users and the System Manager (if available)
agree that that action is required.

9. If even a reboot fails, report the problem to the System Manager or hardware experts
and go do something else. UNDER NO CIRCUMSTANCES SHOULD YOU AT-
TEMPT TO REPAIR THE TERMINAL, TELEVISION, DISK, CPU, OR OTHER
HARDWARE DEVICES. Such repairs must be performed by trained personnel.

12.7.1. Banana nut bread

1. Cream 1 cup sugar and 1/2 cup margarine together.

2. Add 2 eggs, 2 cups flour, 1/2 teaspoon salt, and 1 teaspoon baking soda and mix
thoroughly.

8. Add 1 cup chopped nuts (walnuts or pecans), 3/4 cup mashed bananas, and, lastly,
4 teaspoons sour milk and mix well,

4. Put in greased loaf pan.
6. Bake in 350° oven for 1 hour.

12.7.2. Orange gingered bananas

1. Combine in a small saucepan 1/4 cup orange juice and 1/2 teaspoon cornstarch.
Cook and stir over medium heat until boiling.

2. Add 1/4 cup orange juice, 1 1/2 teaspoons honey, and 1 1/2 teaspoons chopped
crystallized ginger and cook, stirring, until thoroughly heated.

8. Place 2 peeled, green-tipped bananas in a shallow baking dish and cover with sauce.

4. Bake at 350° about 15 minutes or until the bananas are tender (but not soft), basting
with the sauce several times.
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13.1. AIPS syntaz

The program AIPS uses a computer language called POPS to communicate with the user. This language
has numerous capabilities which have been mostly hidden in the previous sections. However, to use the full
power of the AIPS system, the user will need to know more. This section of the COOKBOOK attempts to
provide additional detail. There is also a four-volume AIPS Manual, the first volume of which is devoted to
the information most pertinent to users. A copy should be available in your AJP§ Caige — ask your System

13. AIPS FOR THE MORE SOPHISTICATED USER

Manager if it is not.

18.1. AIPS syntax

Some niceties of using the syntax of AIPS are:

1.

2.

5'

More than one expression can be put on a line. These expressions must be separated
by a semicolon ( ; ). Exceptions are RESTORE, GET, RUN and a few other *pseudoverbs”
which, with their arguments, must stand alone. For example, GET APMAP ; INDISK
= 1 Og will ignore the INDISK = 1. When in doubt, see the HELP files for the
pseudoverb to find the restrictions on its use.

As in numerous systems, recognized keywords in AIPS do not need to be typed in
full. One must type only enough of the leading characters so that the symbol is not
ambiguous. The first four characters usually suffice. This “minimum matching” has
been exploited throughout this COOKB0OK.

The parameter variables in AIPS are called “adverbs.” They are assigned values by
the equals verb ( =), e.g., INTAPE = 2 Or. However, the equals sign may be replaced
by a space in almost all cases. The exception arises when the variable on the left is a
subscripted array element and the expression on the right involves a unary minus or
other function reference (e.g., APARM(3) = -1 ; APARM(4) = SIN(X) Or).

Array adverbs are set to a constant value by putting a single value on the right hand
side of the equals sign, ¢.g., CELLSIZE = 1.5 Or. A list of values may be put in the
array by putting the list on the right hand side of the = sign separated by commas
(.) e9, LEVS = -1, 1, 2, 3, 6, 9 Op. The commas may be replaced by spaces in
most cases. An exception occurs if an element is negative or some other arithmetic
expression. Thus, SHIFT = -19 -2 Og will produce SHIFT = -21, -21.

Adverbs can be used in arithmetical expressions or set equal to other adverbs, e.g.,
OUTNAME = INNAME ; OUTSEQ = 2.5 ¥ INSEQ + 3.

Both upper and lower case letters may be used in AIPS. However, adverb character
string values are converted to upper case before being stored and used.

These shortcuts permit the following AIPS command sequence, for example:

vV V V VvV Vv VvV

INNAME °3C138' Cp
INCLASS 'IMAP' Cgr
INSEQ 0 Cp

BLC 200,200 Or

TRC 300,300 Op
OUTNAME '3C138’ Og

18. AIPS FOR THE MORE SOPHISTICATED USER
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> OUTSEQ 5 O
> GO PRTIM O
to be shortened to:

> Inn ‘3¢138’ ; INC ‘Imap’ ; blc 200 ; Trc 300 Ogr (Note use of upper and lower case.)
> OUTN INN ; OUTS INS 4+ 5 Op
> go prtl Cg (Task name can be in either case, too.)

13.2. Data-flle names and formats

The physical name of the data file is generated internally, is dependent on the type of computer, and
need not concern the user. The user selects an image by specifying the disk number, the type of image ("MA®
for images, *UV’ for uv data), the user identification number, and the three parts of the user-assigned image
designation. The last are:

1. Name — A string of up to 12 legal characters.
2. Class — A string of up to 6 legal characters.

8. Seq — A number between 0 and 9999.

Each of these parts corresponds to separate input adverbs called INNAME, INCLASS, and INSEQ (and their
variations). The image name can be chosen arbitrarily by the user and sensible choices of names can relieve
a lot of bookkeeping. Many programs will choose a reasonable image name if not specified by the user.

There is a set of conventions for the name adverbs which is used throughout 4IPS, For example, INNAME
' ' means accept any image “name” having the user-specified class and sequence. INSEQ 0 means accept
any image having the specified name and class or, if only one image is to be used, accept that image with the
specified name and class having the highest sequence number. OUTNAME ' * means use the actual INNAME.
OUTCLASS ' ' means use the task name except for those tasks which write more than one output image.
OUTSEQ 0 means use a sequence number one higher than any currently on disk (which match the name
and class being used). The name and class strings also support *wild-card® characters both for input and
output. This construct is very powerful, especially in tasks, such as FITTP, which can be instructed to use
all images matching the user-specified name parameters. Type HELP INNAME Og and HELP OUTNAME Og
for the details.

Only the array data, in the form of 2-byte scaled integers or 4-byte floating-point numbers, are stored
in the data file. The header information is stored in a separate file for each image or uv data set. Directory
information is stored in a special file, called the Catalog File. Each disk has such a file and it contains
directory information for all images and uv data sets for all users on the disk pack. On some systems, each
user will have his own catalog file on each of the disks. The Modcomp in Charlottesville has the former
arrangement, while the VAXes at the VLA and Charlottesville have the latter.

Extension files may be associated with any image data file. Each image can have (in principle) up to
ten types of extension files and up to 255 “versions® of each type. These subordinate files contain additional
information associated with the image and are designated by a two-letter type code. "HI® is a history file,
*CC’ is a CLEAN components file, 'PL’ is a plot file, 'AN’ is an antennas file, *SL’ is a slice file. In AIPS,
an extension file associated with an image is uniquely specified by the usual file-naming adverbs plus the
extension file type (adverb INEXT) and the version number (adverb INVERS). The default convention for
INVERS is reasonable — on input, zero means the highest (s.e., most recent) version and, on output, the
highest plus one.
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Array elements in an image are designated by their pixel values. If M(s,j,k,1,m,n,0) is a seven-
dimensional array, the (1,1,1,1,1,1,1) pixel will be associated with the lower left hand corner of the image.
The #*® (first) coordinate increments fastest and is associated with a column in each plane of the image.
The jt* (second) coordinate is associated with a row in each plane. The other coordinates allow the image
to be generalized to cover up to seven dimensions, i.e., “cubes” and the like. The two adverbs BLC for
bottom left corner and TRC for top right corner allow the user to specify the desired subarray in up to seven
dimensions. Whenever a sub-image is taken from an image, the pixel designation of any image element will
usually change.

18.8. AIPS language

AIPS contains a basic set of symbols and keywords which are needed for facility in the language, as well
as the symbols needed by the application code. A list of the basic symbols is given in § 14 and may be listed
on your terminal by typing:
> HELP POPSYM Ogp

Here are some simple examples of uses of the AIPS language:

> TYPE(2+4+5%6) Op 32 is written on the terminal.

> TYPE 'X =’', ATAN (1.0) Or X = 45 is written on the terminal.

> TYPE 'MAPNAME ', INNAME, INCLASS, INSEQ Or MAPNAME 3C138 IMAP 1 is written on
the terminal.

138.4. Processing loops

The do-loop capability in AIPS uses the pseudoverbs FOR, TO, and BY and allows repetitive operations.
Such loops are intended for use in “procedures,” but, if the loop can be typed fully on one input line, it will
work outside the procedure mode. The following example shows how to delete a series of images with the
same name and class and with consecutive sequence numbers 1 through 10:

> INNA 'TEST' ; INCL 'IMAP’ Op to set (fixed) name parts.
> INDI 1 Og to set (fixed) disk number.
> FOR INSEQ =1 TO 10 ; ZAP ; END OCp to delete the files.

FOR loops must be terminated with an END. The following example shows how to delete every other file in a
catalog with 20 entries:

> FOR INSEQ =1 TO 20 BY 2 ; GETN(l) ; ZAP ; END Oy

13.5. Procedures

Procedure building is a method of combining keywords in AIPS in any convenient way to obtain useful
constructs. For complicated sequences, it will be easier to prepare procedures in RUN files (§13.6) than to
prepare them in interactive AIPS. A procedure construct is given a name, with or without arguments, and
then can be treated as a verb in AIPS. For an example, we will build a procedure which will allow the user to
load an image on the TV, set the cursor, and fit for the maximum intensity. The following should be typed
on the terminal:
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> PROC MFIT (I) Or

GETNAME(l) Cr

TVLOD ; IMXY ; MAXFIT Or

RETURN Cr

FINISH Cr

>

to define procedure MFIT with one argument I. (I and J are
two dummy adverbs which are already defined in AIPS.)

(Notice the prompt symbol : . This means that we are in the
procedure-building mode.)

to load the image, produce and read the cursor, and fit the
maximum near the cursor position when a TV button is pressed.

to designate a return point in the procedure — normally not
required at the end of a procedure unless a value is to be left
on the stack, i.c., a function.

to designate the end of the procedure-building mode and to
get back into the normal (prompt >) mode.

When you are typing a procedure into AIPS, the code is compiled as it is typed. Most syntax errors are
spotted immediately and the user is unceremoniously dumped out of procedure mode. However, all lines
written before the detected error are kept and the procedure editor can be used to carry on.

Rather limited procedure editing capabilities are available. However, for making procedures which are
longer than about five lines, the use of permanent storage files in the “RUN” area is recommended. This is

discussed in §13.6 below.

To list procedure MFIT, type:
> LIST MFIT O
This will produce the following:

=W N -

5

PROC MFIT(I)
GETNAME(I)

TVLOD ; IMXY ; MAXFIT
RETURN

FINISH

The procedure is identical to that typed, with the addition of line numbers.

Procedure editing is done on a line by line basis. To edit line 2 in the above procedure, type:

> EDIT MFIT 2 Gy
;i GETNAME(l) ; TVLOD G

; IMXY ; MAXFIT Cg
;i GETNAME(I+1) Cr
; ENDEDIT Oy

> LIST MFIT Cg

to enter Procedure editing mode.

(Notice prompt symbol ; for procedure-editing mode.) This
change replaces the old line 2 adding a TVLOD.

to add a line between the changed line 2 and old line 3.
to add yet another line after 2.
to terminate procedure editing.

The listing of the modified procedure will give:

O~ WN -

PROC MFIT(I)
GETNAME(I) ; TVLOD
IMXY ; MAXFIT
GETNAME(I+1)

TVLOD ; IMXY; MAXFIT
RETURN

FINISH
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To delete lines n through m from a procedure, type:
> ERASE zzzzzrzz n: m O where zzzzzzz2 is the name of the procedure.
To insert one or more lines between lines 3 and 4 of a procedure, type:
> EDIT zzzz2223 3.5 OR
i (Type additional lines as needed.)
; ENDEDIT Op
Notice that the lines are renumbered after any EDIT or ERASE. Use LIST to determine the new line numbers.

The pseudoverb MODIFY allows the user to modify characters within a line of a procedure in order to
correct that line or to change its meaning. The grammar is:

> MODIFY proc-name line-number where proc-name is the name of the procedure and line-number
is the line number in the procedure as shown by LIST.

MODIFY begins by showing the existing line with a ? as a prefix. Then it prompts for input with a ? To
keep the character of the original line immediately above the cursor, type a blank (space-bar). To delete
that character, type a $ (dollar-sign). To replace that character, type the new character (to get a new blank
character, type an € sign). Insertions complicate things. To insert text prior to the character immediately
above the cursor, type a \ followed by the desired text followed by another \. You may continue to MODIFY
the remainder of the line, but you must remember that the current character position in the old line is to
the left of the current cursor position by the number of inserted characters (including the 2 \’s). MODIFY will
display the resulting line of code after you hit a carriage return ( Or) and does not change the line number.
Example:

> MODIFY ED 2 Oy

TTYPE 'THIS IS EDS PROC’

? MYG\NEW\ GFORCEXAMPLE® Oy

TYPE 'THIS I8 MY NEW PROC FOR EXAMPLE’

> MODIFY ED 2 Op

?TYPE 'THIS IS MY NEW PROC FOR EXAMPLE'’

? $$$$  \EDURE,\ G

TYPE °*THIS IS8 MY PROCEDURE, FOR EXAMPLE'®

More information about procedure building and editing can be found by typing:
> HELP PROCEDUR ©Op
Procedure creation and editing uses up the limited memory of the POPS processor. When the memory is

gone, the message BLEW CORE! will appear and you can do no more procedure writing without starting over
(s.e., RESTORE 0 Or). CORE Og will tell you how much memory is left.

The procedure MFIT can be executed by:
> MFIT(n) g where n is the slot number of the appropriate image.
(It is assumed that the correct disk unit number has already been set.) This procedure can also be part of
another procedure or put in a loop. For example:
> FORI= 1 TO 10 BY 2; MFIT(l) ; END Cr
will load the TV and fit the maximum for the first ten images on the appropriate disk.

All of the syntax available in AIP8 is available for use inside procedures ezcept for certain pseudoverbs.
These *prohibited” pseudoverbs include SAVE, GET, STORE, RESTORE, PROCEDURE, EDIT, ENDEDIT, NODIFY,
LIST, CORE, and S8CRATCH. Others do not make much sense in procedures, including NSGKILL, DEBUG, and
ABORTASK. Other pseudoverbs are, however, particularly useful in procedures. These include TGET, TPUT, and
GO.
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There are a number of verbs which are extremely useful in procedures. To set the image name adverbs
to those visible on the TV, use TVNAME. When GETN accesses an empty slot, an error condition is raised
and the procedure dies. To handle this error condition in your procedure, use EGETN n instead and test the
adverb ERROR which will be “true” if the slot is empty. Some tasks require image-data dependent inputs.
To help handle this in general procedures, the verb GETHEAD allows all header parameters to be fetched into
adverbs. Type EXPLAIN GETHEAD Og for details. There are numerous arithmetic functions, useful looping
constructions, and powerful methods of building arithmetic, logical, and string expressions in POPS. Type
HELP POPSYM Og or see § 14 for details.

Once a procedure is written and edited, it can be stored in a SAVE file for later use. Procedures are lost
whenever another GET file is obtained. Procedures can also be stored more permanently in RUN files which
are described below. To obtain a listing of the names of all of the procedures which are currently in your
AIPS environment, type:

> HELP PROCS O
This will produce a listing of internal AIP8 procedures as well as those produced by the user.

13.8. RUN files

The writing and editing of procedures more than about 10 lines in length is cumbersome in AIPS because
of its primitive editor. Long procedures are best written in text files at monitor level in the computer where
there are good editing facilities. These files can then be transferred to AIPS very simply using the RUN file
facility.

Any set of commands which can be typed on the terminal can be stored in a text file. At the present
time, the computer’s own text editor must be used to generate this file so this part of the process is machine
dependent. The text files are generally stored in an area designated by the word RUN. Thus, in VAX/VMS
these text files are stored in a subdirectory called [AIPS.RUN] under the AIPS logon. On most systems,
the file name must be of the form Accccc.nnn, where A is any alphabetic character, cccce are any 0-7
alphanumeric characters, and nnn is your user number expressed in 3 hexadecimal characters with leading
seros. AIPS programmers also provide a few RUN files for general use in each release. These are stored under
user number 1 and are automatically available to all users. See Appendix Z for some helpful information
applying to NRAO AIPS systems (e.g., §Z.1.8).

The first line of a RUN file is ignored by AIPS. You should type comments into your RUN files to remind
you what they are doing. The first line, any line which begins with an * in column one, and all text following
a § sign (in any line) are comments which will not be executed by AIPS.

To use a procedure, type:

> RUN zzz202 OR to read and execute file zzzzzz in AIPS. The text will be listed
as it is read.
> continue AIPS in normal mode.

The file zzzzzz.nnn or, if it does not exist, z2z222.001 will be executed by the above command. Note that
minimum match also applies to RUN file names.

RUN files are a convenient place to store procedures which are used commonly in AIPS since the code can
be accessed in AIPS simply by typing RUN whatever Or. RUN files are also useful for storing the commands
associated with a convenient set of tasks, such as loading an image, sorting the data, and making and cleaning
the image. All facilities in AIPS such as GET, SAVE, and TGET can be used in RUN files.
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13.7. Batch jobs

AIPS has a batch processor which can be used to run jobs outside interactive AJPS. The job consists of
a set of AJPS instructions which do not need user interaction. This excludes the TV, the Tektronix, and the
tape-drive oriented tasks and verbs. The Array Processor can be used in batch although interactive users
generally have priority on the AP. RUN files may be used in batch jobs and, since the batch editor facility is
also primitive, they are particularly attractive for use in batch.

The instructions to be executed in the batch processor are prepared in a *workfile.> The workfile can
be made while in AIPS and detailed instructions are given by typing:
> HELP BATCHJOB ©p
A simple example is given here:
> BATQUE = 2 ; BATCLEAR to select queue 2 and clear its workfile. There are generally two

queues and, if so, jobs which use the array processor cannot be
run in queue 1.

> BATCH Gy to enter batch preparation mode.

< TASK = 'UVSRT' Cp (Notice < prompt. Begin typing as in AIPS.)

< INN = '3C16’ ; INCL = 'UVDATA' Cy

< INSEQ 1 ; OUTN INN ; OUTCL INCL O

< OQUTSEQ = 0 ; SORT = 'XY' Oy

< GO O (Batch AIPS always waits for a task to finish before continuing.)

< RUN XXXXX Or (RUN files are good to use in a batch job.)

< GO Op

< ENDBATCH Cp to leave batch preparation mode type in ENDBATCH spelled
out in full.

> (Resume normal interactive processing.)

To list a batch file, type:
> BATFLINE = 0 ; BATLIST Cr
To edit line n in a batch file, type:
> BATEDIT n G

< put tezt here O to replace old line n.

< some more text Cp to insert more commands between old lines n and n+-1.
< ENDBATCH G (spelled out in full.)

> (Resume normal interactive processing.)

As with procedures, if n is an integer, the existing line n is overwritten with the line or lines typed before
ENDBATCH. If n is not an integer, the new lines are simply inserted between lines n and n+1. BAMODIFY
provides, for workfiles, the same functions as NODIFY does for procedures.

Finally, the workfile can be submitted to the batch processor by typing:
> SUBMIT Or
The instructions are sent to a checking program which checks that the input is free of obvious errors. All
RUN files are expanded and checked. If Checker (the task AIPSCm where m is some hexadecimal number <

F) approves, the job goes into the AIPS job queue, which is managed by QNNGRn. If you change your mind,
the job can be removed from the queue and returned to the workfile with the verb UNQUE.
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To submit a batch job outside of the AIPS interactive program, log in to the AIPS area and then type:

$ ©BATER Cp

and generate the batch work file as shown above. It can be submitted without ever going into AIPS. Note
that a different version of this command syntax may be required on your non-VAX/VMS computer.

Batch has several limitations. First, devices which require interactive use (TV device, Tektronix device,
and the tape drives) cannot be used in batch. Also, batch uses a different set of TPUT and TGET files. Thus,
a TGET in batch does not get the adverbs from your last interactive use of the specified task. However, the
AIPS facilities GET and SAVE are particularly useful for batch. You can use interactive AIPS to set up and
test set(s) of procedures and adverb values and SAVE them in named files. These files may then be recovered
by batch for the routine processing of large sets of data. This is considerably more convenient than using
the batch editor. Note, however, that SAVE / GET files may become obsolete with new AJPS releases.

At present, batch jobs are run after a short delay, on a first-come, first-served basis. However, batch
jobs which use the array processor are forbidden in batch queue number 1 (if there is > 1 batch queue) and
may be excluded at some times of day by your AIPS Manager in the other queues. After your job has been
submitted successfully, type:

> QUEUES G to list jobs in the queue.

Note the SUBMIT TIME for your job. It will not start before that time. The messages generated by your
batch job will be printed automatically. They are kept in your message file, however, and can be reprinted
or examined later via PRTMSG with PRNUMB set to the 4IPS number of the batch queue.

13.8. Writing your own programs with POPS

Users may wish to write their own programs for AJPS. To generate an AJPS-standard FORTRAN
program requires considerable additional information and labor (see HELP NEWTASK Cr and the Going
AIPS manuals). Fortunately, less elaborate programs may be constructed as procedures using existing verbs
and tasks.

Consider a more complicated procedure as an example. (This example is presented as if it were typed
into an interactive AIPS. However, users will probably prefer to prepare such complicated procedures in RUN
files.) We wish to determine the average value and rms scatter at any pixel location in a set of n images.
We shall demand that the n images all have the same INNAME and INCLASS with sequence numbers between
1 and n. The RENAME verb can be used to name the images appropriately. We could call this procedure:

AVGRMS (PIXXY, N, AVG, RMS)

where
PIXXY  is the pixel location in the images,
N is the number of images,
AVG is the average value at the pixel location, and
RMS is the rms value at the pixel location.

The array adverb PIXXY is a standard AIPS adverb, but the variables N, AVG, and RMS are unknown to AIPS.
These must be defined before we can write the procedure AVGRMS. This is done by a short dummy procedure
which we will call DAVGRMS:

> PROC DAVGRMS Op to define dummy procedure.
SCALAR N, AVG, RMS Op to define scalar adverbs.
FINISH Og to exit from dummy procedure,

Now begin the procedure AVGRMS:
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PROC AVGRMS (PIXXY, N, AVG, RMS) Cr

SCALAR SUM, SUM2 G

ARRAY VAL(20) Cp

RMS =0;SUM=0;SUM=0 »

FOR INSEQ =1 TO N Cr
QIMVAL Or

VAL(INSEQ) = PIXVAL O

SUM = SUM + PIXVAL Cr

SUM2 = SUM2 + PIXVAL * PIXVAL O

END Cr
AVG = SUM /N Op
IF N > 1.5 THEN Cr

RMS = SQRT((SUM2 - N*AVG*AVG) / (N * (N-1))) G

END GCp

TYPE 'AVG=',AVG,'RMS=",RMS,’AT PIXEL',PIXXY Or

TYPE ' # ', VAL ',' ERROR ' Og

FOR INSEQ=1TO N Cp
SUM = AVG - VAL(INSEQ) Cr
TYPE INSEQ, VAL(INSEQ), SUM Oy
END Cp

FINISH Or

to enter procedure building mode.
to define more variables.

to define an array.

to gero some variables.

to begin summing loop.

to get pixel value at PIXXY in image IN-
NAME INCLASS INSEQ.

to save pixel value (placed in PIXVAL by
INVAL) in our array.

to sum for averaging.

to sum for rms.

to mark end of FOR loop.
to get average value.

to check if N > 1.

to calculate rms if N > 1.
to mark end of IF clause.

to print a heading.

to begin another loop.

to get residual.

to print data and residual.

to mark end of FOR loop.

to return to regular AIPS mode.

The above procedure could be run in the following way. First fill in the adverbs INNAME, INCLASS and
PIXXY with the desired values. Then type:

> AVGRMS (PIXXY, n, AVG, RMS) O .
where n is the number of images to average. The calculation of the average and rms will take place and

be written on the terminal and on the message file. This procedure could be used by another procedure.
Suppose we wanted to determine the average and rms of the pixels within a rectangular area. If we set BLC
and TRC in the usual way to define the rectangular boundary, then the procedure:

> PROC AVGARRAY (BLC, TRC) Or

>

FOR | = BLC(1) TO TRC(1) Cr
FOR J = BLC(2) TO TRC(2) Cr
PIXXY =1,J Or

AVGRMS (PIXXY, N, AVG, RMS) Cp

END ; END Gr
FINISH O

to define new proc.

to loop over z-coordinate

to loop over y-coordinate.

to set pixel coordinates for AVGRMS.

to end y loop, then z loop.
to end the proc., RETURN not needed.

will calculate the average value and rms at this array of pixel locations. Please note that this is just an
example. The verb IMSTAT performs this function much more efficiently.



Page 84 AIPS COOKBOOK 15-Oct-1985
14. CURRENT AIPS SOFTWARE CURSOR

14. CURRENT AIPS SOFTWARE

The complete list of software in 4IPS is kept up-to-date in certain special HELP files. The list of all such
special HELP files can be obtained on your terminal by typing:

> HELP Op

Among these is a very long alphabetical list of all tasks, verbs, pseudoverbs and AIPS built-in procedures.
This may be scanned at the terminal by typing:

> HELP INDEX On

Shorter lists of the software, grouped according to usage, are also given in special HELP files. These lists
are presented below, followed by the long INDEX file. The name of the special HELP file is shown in bold
type above each group. Each line within a group lists a task (T), verb (V), pseudoverb (PV and pV), or
procedure (P) with a very brief description of its function. Pseudoverbs come in two flavors: those that act
roughly like verbs (pV) and those that must be treated specially (PV), i.c., that must appear alone on a line
or only in certain contexts.

> HELP name Op

where name is one of these entries, will give more useful information about that task, verb, pseudoverb, or
procedure. References to sections in the AIPS COOKBOOK are given to the right of each line below.

CURSOR

Type: Interactive use of cursor on TV and TEK

IMPOS v Find absolute position of cursor on TV §5.3,6.3
TKPOS v Find absolute position of cursor on TEK §

IMXY v Find image pixel location of cursor on TV §8.3.1
TKXY v Find image pixel location of cursor on TEK §

IMXY; IMVAL P Find intensity at cursor location on TV §

TKXY; IMVAL P Find intensity at cursor location on TEK §

TVPOS \' Find TV pixel location of cursor on TV §
TVNAME v Display name of image under the cursor §13.5
TKVAL v Find intensity from slice plot using cursor §
CURBLINK v Blink cursor or return to steady cursor §
CURVALUE A\ Display location and intensity under cursor §5.3,6.3
TVSTAT \'A Determine statistics in TV-selected areas of image §6.3, 8.2
TVWINDOW v Set BLC and TRC using cursor, graphics display §6.3
TVBOX v Set cleaning boxes with graphics display §5.1.1,6.3
REBOX A% Reset cleaning boxes with graphics display §6.3
TVSLICE A% Set slice end points with graphics display §6.3,7.5
TKBOX (1) P Set I'® cleaning box using cursor on TEK §
TKNBOX () P Set I cleaning boxes using cursor on TEK §

TKWIN P Set BLC and TRC using cursor on TEK §
SETXWIN(I,J) P Set rectangular box I x J around cursor location §6.3
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TVINTER

Type: Interactive use of the TV display

Loading of TV image

TVINIT v Initialize TV completely §

TVRESET P Reset TV functions leaving image on §

TVCLEAR A Clear TV channel §

TVLOD v Load an image on a TV channel §9.11, 13.5

TVALL P General purpose interactive TV display §6.2, 9.6

TVMOVIE A" Load planes of cube, run movie §9.6

TVHLD T Load high precision image, do equalization §

TVSLY T Display TVSLD output on TV §9.1
Image transfer function (contrast) and wedges

TVTRANS v Modify transfer function for image §6.2.2

OFFTRANS V Reset normal transfer function for image §

INWEDGE v Display image wedge from image min to image max §

TVWEDGE \4 Display image wedge, range as loaded §

IMERASE \'/ Erase image (or wedge) from TV §

TVALL P Provides contrast and wedges §6.2,9.6

TVFIDDLE V Same as TVALL except no TV load §6.2

TVHUEINT v Use 2 images for hue/intensity with enhancement §9.1

OFFHUINT P Clear the hue/intensity display §

TVLUT \4 Set n-point linear transfer function §

TVMLUT v Set many point linear transfer function §

TVHXF T Interactive histogram equalization of image §
Zooming

TVZ00N v Activate hardware soom on TV §

OFFZOON v Deactivate hardware zoom on TV §9.1,9.6

TVALL P Provides zooming capability §6.2,9.6

TVFIDDLE v Same as TVALL except no TV load §6.2
Scrolling

TVSCROL A Activate hardware scroll on TV §

OFFSCROL \4 Deactivate hardware scroll on TV §
Blinking

TVBLINK v Automatic blink between two channels §

TVNBLINK V Manual blink between two channels §

TVMOVIE v Load planes of subimage, run movie §9.6

RENOVIE v Re-run preloaded movie §9.6
Roaming—using several channels for one image

TVROAN Vv Load image on several channels, initiate scroll and soom §

SETROAN v Fill in roam parameters, then roam §
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TVINTER

REROAM
OFFROAM

v
P

Same as TVROAM with no loading
Initialize TV after roaming

Other displays

CURVALUE
TVNAME
TVLABEL
TVWLABEL
GRCLEAR

TVGEN

v

\4
\4
v
\4

Display pixel position and value under cursor
Print name of image under the cursor

Label TV image with coordinate axes

Label wedge with intensities

Clear graphics channel(s) of plots or labels

Type: General TV functions for loading and display

TVINIT
TVCLEAR
TVLOD
TVON
TVOFF
TVRESET
IMERASE
WEDERASE

GRCLEAR
GRON
GROFF

TVALL
TVFIDDLE
TVMOVIE

TVCOLOR

<< <A< SV

Initialize TV completely

Erase entire TV channel

Load image into TV channel

Turn on TV channel

Turn off TV channel

Reset TV functions leaving image on

Erase TV image on portion of a TV channel
Erase wedge image on portion of TV channel

Erase entire graphics channel
Turn on specified graphics channel
Turn off specified graphics channel

General purpose interactive TV display
Same as TVALL with no TV load
Load planes of cube, run movie

Type: Using color on the TV

TVRESET
TVPSEUDD
OFFPSEUD
TVALL
TVFIDDLE
TV3COLOR
TVHUEINT
OFFHUINT
RGBNP
IMLHS

HREYI<SIYI IS

Reset TV functions leaving image on

Enable several types of pseudo coloring

Disable pseudo coloring

Load, color, contrast and goom TV display

Like TVALL except no load

Produce false color display for 3 image planes

Produce Hue-intensity display from 2 image planes
Turn off the hue-intensity display

Create 3 planes for false color from data cube

Produce Intensity/Hue/Saturation image from 3 images

§5.3,6.3
§13.5

§
§9.11, 13.5

§6.2, 9.1, 9.6
§9.1, 9.6

S O L <oy con con

§6.2, 9.6
§6.2
§9.6

§6.2.1

§6.2, 9.6
§6.2
§9.1
§9.1

§9.11
§
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GENERAL

Type: General AIPS utilities

HELP pvV Provide information for verbs, tasks, adverb §3.4.1,4.8, all
EXPLAIN pv List help information on printer §4.8, all
INPUTS pY Display current parameters for a task or verb §4.8

INP pY Same as INPUTS except not written on message file §4.4,all
DISKU T List by user all disk space used in AJPS §4.6
FREESPAC V List total available disk space in 4IPS §4.6,12.3
SAVE pvY Save AIPS environment in a semi-permanent file §4.4

GET PV Retrieve a SAVE file §4.4,13.1
TGET pvV Get adverb values used in previous task execution §4.4,45
TPUT pv Save adverb values for later retrieval by TGET §4.4,4.5
STORE pY Save AIPS environment in a temporary file §4.4
RESTORE PV Retrieve a STORE file §4.4,13.1
SGINDEX \' List all SAVE / GET files §

TGINDEX \' List all TPUT / TGET entries §

PRINT \' Print the following keyword value(s) §6.1,9.9
TYPE v Print the following keyword value(s) §13.3, 13.8
READ A Read values of the following keyword(s) §

PRTNSG \'4 Print the messages in the user’s message file §3.2,4.1, 13.7
CLRNSG v Delete messages from the user’s message file §4.1,11.2
MSGKIL rv Stop all messages from being saved §

PRTHI \' Print the history file of an image §3.4.1,34.2,4.3,5.1.1
RESTART v Restart AIPS §

EXIT v Exit from AIPS §4.6,11.4
PASSWORD V Enter new 4IPS password for login user §

GO0 pv Starts a shed task and passes parameters to it §4.5, all
ABORTASK pV Aborts specified task, removes scratch files §7.1, 121
sPY v Inquire which tasks are active §4.6,12.1
WAITTASK pvV Suspends AIPS until specified task is done §4.5,6.1,9.9
PROC PV Begin building a procedure (See HELP PROC) §13.5, 13.8
PROCEDUR PV Begin building a procedure {(See HELP PROC) §

RUN PV Execute a text file generated in the RUN area §13.1,13.6
BATCH v Begin building a batch file (See HELP BATCHJIOB) §13.7
SUBNIT v Submits specified batch queue into execution §13.7

GRIPE v Enter a complaint/suggestion in the Gripe file §11.3
GRINDEX \' Index of all entries in the current Gripe file §

GRLIST \4 List any one of the entries in the Gripe file §

GRDROP \'/ Drop one of your entries in the Gripe file §
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CATINFO

Type: Dealing with the image catalog

CATALOG v List all images in catalog consistent with inputs §3.2, 4.2
MCAT \'/ List all images in catalog §3.4.1,4.2
UCAT v List all uv data sets in catalog §3.2, 4.2
PCAT \4 List all files in “half” of catalog §

CLRSTAT v Clear WRIT and READ statuses from catalog §4.2.3
IMHEADER v List the contents of an image header §4.2.4,9.2
QHEADER v List summary of image header §4.2.4
TPHEAD v List image header from tape §6.1
EGETNAME \' Fill INNAME et al. from slot number of INDISK §13.5
GETNAME \' Fill INNAME et al. from slot number of INDISK §4.2.2, all
GET2NAME A Fill IN2NAME et al. from slot number of IN2DISK §4.2.2, all
GET3NAME v Fill IN3NAME et al. from slot number of IN3DISK §4.2.2,7.2
CLRNAME v Fill INNAME et al. with null values §3.4.1,4.2
CLR2NAME v Fill IN2NAME et al. with null values §
CLR3NAME v Fill IN3NAME et al. with null values §

TVNAME v Set INNAME et al. to that under TV cursor §13.5
RECAT A’ Compress catalog file renumbering entries §4.3
RENAME v Rename file §4.3, 13.8
RENUMBER v Renumber a catalog entry §4.3
RESCALE v Rescale file using header scale factor and offset §

SGINDEX v List all SAVE / GET files §

TGINDEX v List all TGET files §

EXTLIST v List extension file information §7.4,75
CORFQ T Correct uv data header for incorrect frequency §
AXDEFINE A% Redefine axis values in header §

CELGAL vV Switch between Galactic and Celestial coords §9.5
ADDBEAN v Insert clean beam values in header §

GETHEAD Vv Fetch header value into adverb §13.5
PUTHEAD v Put adverb value into header §

PL2D

Type: Two-dimensional displays and plot files

CNTR T Contour diagram — plot extension file §7.1,79
GREYS T Greyscale image plus contour — plot file output §7.3,79
PCNTR T Contour plus polarization line vector — plot file output §7.2,7.9
PFPL1 T Plot task paraform: x and y same as image §

PLCUB T Plot rows of image on a 2-D grid §7.6,9.11, 9.12
PLROV T Plot rows of image w user-controlled spacing §7.6, 7.9, 9.11
PROFL T Profile (perspective) diagram — plot file output §7.6,79
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TKPL T Display plot file on the TEK §5.2.1,7.1
PRTPL T Display plot file on the line printer §5.2.1,7.1
QWKPL T Display plot file on the line printer (VAX only) §
TVPL T Display plot file on the TV §7.1
QMSPL T Display plot file on QMS laser printer §5.2.1,7.1,7.6
EXTLIST v List extension files associated with an image §74,7.5
EXTDEST v Destroy extension files §7.4,7.5
TVLOD v Load an image onto specified TV channel(s) §9.11, 13.5
TVALL P Load an image onto TV and interact with display §6.2,9.6
TVROAM v Load a large image onto several TV channels and roam §
PRTIM T Print image intensities on the line printer §5.1.3
SL1D
Type: One-dimensional displays and analysis
Create slice and display
SLICE T Store intensity along a line segment in extension file §7.5,9.11
SL2PL T Convert slice file to a plot file for general display devices §7.5,7.9, 8.3.3
TKSLICE v Initialize TEK and display slice file §7.5, 8.3.3,9.11
TKASLICE v Superpose slice file to existing display on TEK §7.5
PLCUB T Plot rows of image on a 2-D grid §7.6,9.11, 9.12
PLROV T Plot rows of image w user-controlled spacing §7.6,7.9,9.11
XPLOT T TEK plots of image rows §7.6,9.11
Fitting model to slices
XGAUS T Fit Gaussian components to rows of cube §8.3.4,9.11
SLFIT T Fit model guess to a slice file §8.3.3
TKSET A% Use TEK cursor to guess initial Gaussian model for slice §8.3.3
TK1SET(I) A% Use cursor on TEK to change guess of I'* component §
TKGUESS v Initialise TEK and display guess §
TKAGUESS v Superpose guess to existing plot on TEK §8.3.3
TKMODEL v Initialize TEK and display fitted model §
TKAMODEL v Superpose fitted model to existing display on TEK §8.3.3
TKRESID v Initialize TEK and display fitted model-slice §
TKARESID v Superpose fitted model-slice to existing display on TEK §8.3.3
Utilities
EXTLIST v List extension files associated with an image §74,75
EXTDEST Vv Destroy extension files §74,75
PFPL2 T Plot task paraform: x is a slice of image §
PFPL3 T Plot task paraform: x and y no relation to image §
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UVPR

Type: uv processing

Index, write and read uv data tapes

EXIND T List index from an EXPORT tape §3.1
EXFND T List data from an EXPORT tape §
EXPND T Copy EXPORT tape, one source/file §
FILLR T Read VLA ModComp format uv data tapes §
FITTP T Copy uv data from disk to uv-FITS tape §11.1, 13.2
PRTTP T Print summary of tapes, any recognized format §3.1
UVEXP T Copy from disk uv data to an EXPORT tape §i1.1
UVLOD T Copy uv data from EXPORT or uv-FITS tape to disk §3.2,9.2,10.1.1
WSLOD T Load uv data from WSRT tape to AIPS disk format §
wv data manipulation
DBCON T Concatenate uv data bases §10.2
BLOAT T Convert data to correct spectral-line form §
uveor T Copy part of a uv data base §4.7,9.1
UVAVG T Average or merge BT or TB sorted uv data §10.2, 10.3
AVER T Average uv data in time §
DESCM T Reduce size of a uv file §
UVSRT T Sort uv data on disk §3.3,9.1, 10.2
UVFLG T Flag selected uv data §5.3
CLIP T Flag uv data above a given intensity §5.3
UVFIX T Recompute u, v, and w from antenna data §
uv processing
APMAP T Make image(s) from EXPORT tape §
UVMAP T Make image(s) from disk file §3.4,9.3
UVSUB T Subtract point components from uv data §5.3,9.7, 104.4
UVMOD T Rescale uv data while adding model component §8.4.3
ASCAL T Self-cal uv data §5.2,9.1
ASCOR T Apply ASCAL results §5.2.3, 9.1
BCAL1 T Find baseline-based uv calibration §10.4.4
BCAL2 T Apply baseline-based uv calibration §10.4.4
VBANT T Apply T sys and gain corrections for VLBI §10.4
VBFIT T Global fringe fitting for VLBI §10.3
VBCOR T Apply results of VBFIT §10.3
VBCAL T Apply antenna scale factors to data §
FFT T Make Fourier transform of an image §5.3
Display of uv data
PRTUV T Print selected uv data §10.3
UVFND T Print selected uv data §5.3
PRTAN T Print antenna files §
PRTGA T Print gain files §
UVPLT T Plot uv data in a variety of ways — plot file §3.4.4,5.2.1,5.3
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VBPLT T Plot data vs model 1 baseline/plot

Miscellaneous uv processing

CORER T Calculate uv correlator statistics

CORFQ T Correct uv data header for incorrect frequency
FUDGE T Template task to work on uv data

UVFIL T Template task to create a uv data set

UVFIT T Fit models to small uv data sets

UVSEN T Find sensitivity and rms gidelobes of data set
MAPETC

Type: Imaging, Cleaning and Self-calibration

Imaging
APMAP T Make an image directly from the EXPORT tape
UVMAP T Make image from sorted data on disk
MX T Multi-field and channel image and clean
FFT T Take the Fourier transform of an image
UVDIS T Display the Fourier transform on the TV
GRIDR T Grid pseudo-uv, single-dish data into image
Deconvolution
APCLN T Clean an image using the Array Processor
APGS T Deconvolution by Gerchberg-Saxton algorithm
APVC T Image deconvolution by van Cittert iteration
CCMOD T Prepare a model clean component file
DCONV T Gaussian deconvolution of an image
INMOD T Rescale image while adding model component
PRTCC T Print selected parts of clean components file
STEER T Image deconvolution by David Steer clean method
VN T Make an image using a maximum entropy-related method
XBASL T Removes ntb-order baselines from image rows
Self-calibration
ASCAL T Self-calibrate a uv data set using a clean image
ASCOR T Apply ASCAL gain solutions to another file
GAPLT T Plot gain files antenna by antenna
GNMRG T Merge two similar gain files
GNPLY T General plot routine for ASCAL gain solution
PRTGA T Print gain files
VBCOR T Apply VBFIT results to other data
VBFIT T Global fringe fitting for VLBI
VSCAL T Self-calibrate a VLBI uv data set
Miscellaneous

TAFFY T Template task to work on image data
CANDY T Template task to make model images

§10.3

§
§3.4,9.3

§3.4, 5.1, 9.3, 10.5.2
§5.3

§

§

§3.4.3, 5.1, 9.1
§5.1.6

§5.1.6

§8.4.3

§

§8.4.3

§5.1.5, 5.2.1
§5.1.6

§5.1.6

§9.7, 9.11

§5.2, 9.1
§5.2.3, 9.1
§5.2.1

§
§5.2.1

§

§10.3

§10.8

§10.8, 10.5.1
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ANALYSIS
Type: Image processing, analysis and combination

Image processing
CNVRT T Convert between I*2 and R*4 images §9.8
CONVL T Convolve with a gaussian or another image §9.11
GEOM T Stretch, rotate and displace an image §8.4.1
HGEOM T Transform image to another image’s geometry §8.1.3, 8.4.1
LGEOM T Large image interpolation and rotation §8.4.1,8.4.4,9.11
MWFLT T Image lowpass filtering: median, mode, average §8.4.2
NINER T 3 x 3 matrix operator on images §8.4.2,8.4.4
NTERP T Interpolate an image to a new grid §
PBCOR T Correct an image for the primary beam attenuation §
PGEOM T Convert image between polar and rectangular coords §8.4.1,8.4.4
SMOTH T Smooth an image of up to 7-dimensions §
SUBIM T Create a new image from subsection of an image §4.7,9.9
TRANS T Transpose an image §9.10
XSMTH T Smooth data along z axis only §9.11
XTRAN T Optical plate solution and correction §

Image analyzis
BLSUM T Sums images over polygonal regions §8.2,9.1,9.11
GAL T Fit model rotation curve to velocity image §9.11
IMEAN T Intensity statistics, lux density and histogram §7.9, 8.2,9.1
IMFIT T Fit Gaussian components to a portion of an image §8.3.2
IMSTAT \'A Intensity statistics into adverbs §8.2, 13.8
IMVAL v Get image intensity at specified pixel §
IRING T Finds radial intensity profile of projected image §
JMFIT T Fit Gaussian components to a portion of an image §8.3.2
MAXFIT A’ Determine intensity and position of a maximum §8.3.1, 13.5
MOMFT T Fit moments to a portion of an image §
MOMNT T Finds images of moments 0 to 3 from a data cube §9.11
NNLSQ T Deconvolve spectral components §9.11
QIMVAL v Get image intensity into adverb, no messages §13.8
PATGN T Make images of test patterns §
SLFIT T Fit Gaussian components to a 1-D slice §8.3.3
TVSTAT v Determine statistics in TV-selected areas of image §6.3, 8.2
UVFIT T Fit models to small uv data sets §8.4.3
VARP T Fit model of warped galaxy §
XGAUS T Fit Gaussian components to rows of cube §8.3.4,9.11
XMOM T Find moments along z axis §9.11
XSuM T Produce n-1 dimensional image summing z axis §

Image combination
BLANK T Delete regions from images §9.11
COMB T Image combination with many algorithms §8.1,9.1,9.7, 9.11
CORNS T Image combination with error analysis §8.1.3
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POLCO T Correct polarization images for noise bias §

RM T Rotation Measure and B field from set of images §

SUMIM T Add together many images §9.7

Handling table extension files

PRTAB T Print contents of general table file §
TASRT T Sort contents of table file §
TAPU

Type: Reading from, writing on, and positioning tapes

General tape handling
MOUNT v Logically mount a tape in software §3.2,2.1.5,Z.2.5
DISMOUNT v Rewind and logically dismount a tape §3.2,2.1.5,Z2.2.5
AVFILE v Advance or backspace files on a tape §6.1
AVMAP v Advance images on a tape §6.1
REWIND \' Rewind a tape §6.1
AVEOT v Advance tape to end-of-information §
PRTTP T Print summary of a tape; any recognised format §3.1
AVTP T Reposition tape §
Reading and writing FITS-format tape of images or uv data
TPHEAD v Give info on tape data at current position §6.1
IMLOD T Copy an image to disk from FITS or IBM tape §6.1,9.1
UVLOD T Copy uv data to disk from FITS tape §3.2, 9.2, 10.1.1
FITTP T Copy images or uv data to FITS-tape from disk §11.1, 13.2
Reading and writing EXPORT-format tape of uv data
EXIND T List index from an EXPORT tape §3.1
EXPND T Copy EXPORT tape to a tape with one source per file §
UVLOD T Copy uv data to disk from an EXPORT tape §3.2,9.2,10.1.1
UVEXP T Copy uv data to an EXPORT tape from disk §11.1
Reading and writing other data formats
FILLR T Read VLA ModComp format uv data tape §
IBMTP T Copy an image to an IBM-tape from disk §
WSLOD T Read WSRT format uv data tape §
Data analysis
EXFND T List uv data directly from an EXPORT tape §

APNAP T Make image(s) directly from an EXPORT tape §
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CUBE

CUBE

Type: Data cube (spectral line) processing

Note that most other programs support data cube processing in a general way.

ALTDEF
ALTSWTCH
AXDEFINE
BLANK
BLSUM
CNVRT
COMB
DCONV
MCUBE
MOMNT
NNLSQ
PLCUB
REMOVIE
RGBMP
SMOTH
SUBIM
SUMIM
TRANS
TV3COLOR
TVCUB
TVHUEINT
TVMOVIE
TVSLD
TVSLV
XBASL
XGAUS
XMOM
XPLOT
XSMTH
XSUM

A< EHAA<HARAARAEAS<S<

DELETE

Type: Deleting files

ZAP
ALLDEST
TIMDEST

SCRDEST
EXTDEST
SAVDEST
SGDESTR
CLRMSG

<"é<<< <<<

Define velocity relation to frequency axis

Switch between velocity and frequency in header
Redefine axis values in the header

Delete regions from images

Sums images over polygonal regions

Convert between I*2 and R*#4 images

Image combination including cube with a plane
Gaussian deconvolution of an image

Build an n-dim image from set of (n-1) dim images
Calculate 4 moment images from a cube
Deconvolve spectral components

Plot rows of image on a 2-D grid

Re-run preloaded sequence of planes on TV
Create a cube with three planes for TV3COLOR use
Smooth an image, up to 7-dimensions

Create a new image from subsection of an image
Add together many images

Transpose an image

False color TV display from three image planes
Prepare cube for TVSLD 3-D “solid”
Hue-intensity TV display using two image planes
Load planes to TV, display in sequence

Prepare 3-D image from TVCUB “cube”

Display TVSLD output on TV

Removes ntP-order baselines from image rows
Fit Gaussian components to rows of cube

Find moments along z axis

TEK plots of image rows

Smooth data along z axis only

Produce n-1 dimensional image summing z axis

Delete an image and all extension files
Delete all images consistent with the inputs
Delete all images older than time parameters

Delete a scratch file associated with a task
Delete an extension file

Delete all SAVE / GET files

Delete specified SAVE / GET file

Clear messages from user’s message log file

§9.5

§9.5

§

§9.11

§8.2, 9.1, 9.11
§9.8
§8.1,9.1,9.7, 9.11
§

§9.4

§9.11

§9.11
§7.6,9.11, 9.12
§9.6

§9.11

§
§4.7,9.9
§9.7
§9.10
§9.1

§

§9.1
§9.6

§

§9.1
§9.7,9.11
§8.3.4,9.11
§9.11
§7.6,9.11
§9.11

§

§3.3, 11.2, 13.4
§11.2
§4.6

§4.6
§7.4,7.5
§

§
§4.1,11.2
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VLBI

Type: Software dealing specifically with VLB data

AVER

CITCC
FITTP
PRTDR
STRIP
TOVLB
UVAVG
UVEXP
UVFIT
UVLOD
VBANT
VBCAL
VBCC

VBCIT
VBCOR
VBFIT
VBLIN
VBMRG
VBPLT
VLBDR

VSCAL

I R R e e R R e R R R e R R R R R R e B

APTASKS

Time averages data

Writes CC file in CIT package format

Write uv-FITS tape from AIPS uv data files

Prints contents of fringe fitting (DR) file

Antenna scaling for VLB

Converts 4IPS uv data to CIT MERGE data set
Average or merge BT or TB sorted uv data

Write EXPORT tape from VLB and other disk data
Fits models to small v data sets

Write disk data from normal and VLB EXPORT tapes
Apply tables of antenna gains for VLBI

Multiplies amplitudes by antenna scale factors
Writes CC file in CJT package format

Convert CIT Merge data to 4IPS

Applies the result of VBFIT to other data

Global fringe fitting task

Convert NRAO-SAO Decode data to AIPS

Merges a VLBI data set including polarisation

Plot data va model 1 baseline/plot

Estimates antenna delays and rates from NRAO-FRINGE
output and writes control table for FRINGE
Self-calibrate a VLBI uv data set

Type: Tasks which use the Array Processor

APCLN
APGS
APMAP
APVC
ASCAL
CONVL
FFT
GRIDR
MX
NOBAT
NTERP
STEER
UVDIS
UVMAP
UVSUB
VBFIT
VN
VSCAL

e e e e e R R R e e R R A R R

Clean an image

Deconvolution by Gerchberg-Saxton algorithm
Make an image directly from the EXPORT tape
Image deconvolution by van Cittert iteration
Self-calibrate a uv data set using a clean image
Convolve with a Gaussian or another image
Take the Fourier transform of an image

Grid pseudo-uv, single-dish data into image
Multi-field and channel image and clean

Reserve array processor, otherwise dummy
Interpolate an image with splines

Image deconvolution by D. Steer Clean

Display FFT of image on TV

Make an image from sorted data on disk
Subtract point components from uv data
Global fringe fitting for VLBI

Make an image using a maximum entropy-related method
Self-calibrate a VLBI uy data set

11.1, 13.2
10.3

LD CON LONH LON LN

§10.3, 10.4.2
§10.2, 10.3
§11.1

§8.4.3

§3.2, 9.2, 10.1.1
§10.4

§

§

§10.1.2
§10.3

§10.3
§10.1.3

§

§10.3

§

§
§10.3, 10.5.1

§3.4.3, 5.1, 9.1
§5.1.6

§

§5.1.6

§5.2, 9.1

§9.11

§5.3

§

§3.4, 5.1, 9.3, 10.5.2
§

§

§5.1.8

§

§3.4,9.8

§5.3, 9.7, 10.4.4
§10.3

§5.1.6

§10.3, 10.5.1
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POPSYM
Type: Symbols used in the POPS interpretive language
VERB USE COMMENTS §
— Arithmetic expressions -—
+ A+B Add the expression A to B §13.3, 13.8
- A-B Subtract the expression B from A §13.1
* A*B Multiply the expression A by B §13.3, 13.8
/ A/B Divide the expression A by B §13.8
* A *x B Calculate A to the power B §
() (A+B)*C Grouping expressions as desired §13.8
- A=B Store the value of B into A §13.1,13.8
. A=3,5,4 Separator of elements in an array §13.1
: TO Equivalent to the verb TO §9.9, 134
: Separator between POPS statements §13.1, all
-— Logical expressions —
> A>B A greater than B §13.8
< A<B A less than B §
- A=B A equal B (numeric or string) §
>= A>=B A equal to or greater than B §
<= A<=B A equal to or less than B §
<> A<>B A not equal to B (numeric or string) §
! A'B AorB §
& AkB Aand B §
- A not A §
— String expressions -—
1" Al B String = string A followed by string B §
SUBSTR SUBSTR(A,s,7) String = chars ¢ through j of string A 8
LENGTH LENGTH(A) Position last non-blank in A §
CHAR CHAR(A) Convert number A to string §
VALUE VALUE(A) Convert string A to number §
— Looping constructions -—
FOR TO FOR I = A TO B BY C §6.1,9.9, 13.4, 13.8
BY any valid set of POPS syntaz §
END END §
WHILE WHILE any logical ezpression §
any valid set of POPS syntaz §
END END §
IF IF any logical ezpression §13.8
THEN THEN any valid set of POPS syntaz §
ELSE ELSE any valid set of POPS syntaz §
END END §
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— Built-in functions -—

ATAN X = ATAN(A) Arctangent (result in degrees) §13.3
ATAN2 X = ATAN2(B,A) Arctangent (B/A) (result in degrees) §
cos X = C08(A) Cosine (A in degrees) §
SIN X = SIN(A) Sine (A in degrees) §
TAN X = TAN(A) Tangent (A in degrees) §
EXP X = EXP(B) Exponential §
LN X = LN(B) Log base ¢ §
LOG X = L0G(B) Log base 10 §
SQRT X = SQRT(B) Square-root §13.8
MAX X = MAX(A,B) Maximum §
NIN X = NIN(A,B) Minimum §
MODULUS X = MODU{Q,U) Root-square sum: X = 1/Q2 4 U2 §
MOD X = MOD(A,B) A - floor (A/B) * B, i.e., remainder of A/B §
CEIL(A) X = CEIL(A) Lowest integer > A §
FLOOR(A) X = FLOOR(A) Highest integer < A §
— Procedure building verbs -—
PROC PV Begin building a procedure §13.5, 13.8
PROCEDUR PV Begin building a procedure §
LIST pvV List a procedure §13.5
EDIT PV Edit a procedure §13.5
ENDEDIT PV End editing a procedure §13.5
ERASE PV Delete line(s) of a procedure §13.5
MODIFY PV Modify a line in a procedure §13.5
RETURN v Last statement in a procedure §13.5
FINISH PV End procedure building §13.5, 13.8
—~ Variable declarations -—
SCALAR pv Declare scalars §13.8
ARRAY pvY Declare arrays §13.8
STRING pv Declare strings §
— Input/Output functions -—
PRINT v Print the following keyword value(s) §6.1,9.9
TYPE v Print the following keyword value(s) §13.3, 13.8
READ v Read value(s) from terminal after # prompt §

— Other information -—

CORE pv Amount of core left in POPS 8
DEBUG pvV Turns on compiler debug information §
DUMP A\ Dump K array on terminal screen §
SCRATCH PV Remove a procedure in POPS §
$ PV Makes rest of input line a comment §



Page 98

AIPS COOKBOOK 15-Oct-1985

14. CURRENT AIPS SOFTWARE

INDEX

Type:

Use:

KEYWORD

—A—

ABORTASK
ADDBEAM
ALLDEST
ALTDEF
ALTSWICH
APCLN
APGS
APMAP
APVC
ASCAL
ASCOR
ARRAY
ATAN
ATAN2
AVER
AVEOT
AVFILE
AVMAP
AXDEFINE

BANODIFY
BATCH
BATCLEAR
BATEDIT
BATLIST
BCAL1
BCAL2
BLANK
BLOAT
BLSUM

BY

CANDY
CATALOG

Alphabetical listing of all verbs (V), tasks (T), special pseudoverbs (PV),
verb-like pseudoverbs (pV) and built-in procedures (P) currently in AIPS.

All of the following keywords initiate action in 4IPS by causing a program
or set of programs to execute. A more complete description of each keyword
can be obtained from the additional HELP files indicated in the last column
below or from the HELP file associated with the keyword.

TYPE

<<<<H<<LARNERA<<<<T

<HHARARKBA<SS<<

<4

DESCRIPTION

Abort a task

Insert clean beam parameters in header
Destroy many files

Define velocity relation to frequency axis
Switch between velocity and frequency in header
Clean an image

Deconvolution by Gerchberg-Saxton algorithm
Make image from tape

Deconvolution by van Cittert iteration
Self-cal uv data

Apply ASCAL results

Array declaration

Arctangent (half-circle, result degrees)
Arctangent (full-circle, result degrees)
Average BT sorted uv data

Advance tape to end of data

Advance Files

Advance images on IBM tape

Define axis header

Modify a line in work area

Enter batch mode

Clear batch work area

Edit batch work area

List batch work area

Find baseline-based uv calibration
Apply baseline-based uv calibration
Delete regions from images

Convert data to correct spectral-line form
Sums images over polygonal regions
POPS (FOR TO BY) loop

Template task to make model images
List specific contents

§ REF.

§7.1, 12.1
§

§11.2
§9.5
§9.5
§3.4.3, 5.1,9.1
§5.1.6

§

§5.1.8
§5.2, 9.1
§5.2.3, 9.1
§13.8
§13.3

§

§

§
§6.1

§6.1
§

§13.7
§13.7
§13.7
§13.7
§13.7
§10.4.4
§10.4.4
§9.11

§
§8.2, 9.1, 9.11
§13.4, 13.5

§3.2, 4.2
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CCNMOD T Model clean components §8.4.3

CEIL v Return lowest integer > argument §

CELGAL v Switch between Galactic and Celestial coords §9.5

CHAR A\ Convert a number to a string §

CITCC T Write CC in CIT-VLB format §

CLIP T Flag uv data above value §5.3

CLRNSG A\ Delete messages from user’s message file §4.1,11.2

CLRNAME v Set INNAME etc. to null §3.4.1,4.2

CLR2NAME \4 Set IN2NAME etc. to null §

CLR3NAME v Set IN3NAME etc. to null §

CLRSTAT v Clear catalog status §4.2.3

CNTR T Produce contour plot file §7.1,7.9

CNVRT T Convert image between I*2 and R4 §9.8

COMB T Combining two images §8.1,9.1,9.7, 9.11

COMPRESS PV Not implemented §

CONVL T Convolves two images §9.11

COPY T Copies all files of catalog entry §

CORER T uv correlator statistics §5.3

CORE pvV Available space in POPS §

CORMS T COMB with error analysis §8.1.3

cos v Cosine (arg in degrees) §

CORFQ T Correct observing freq. §

CURBLINK A4 Turn cursor blink on/off §

CURVALUE v Display value under cursor §5.3, 6.3
—Dp—

DBCON T Concatenate two uv files §10.2

DCONV T Deconvolution of Gaussian from image 8

DEBUG pPvY Turn on compiler debug 8

DESCM T Reduce size of uv file §

DISKU T List by user all disk space used in AIPS §4.6

DISMOUNT v Rewind and logically dismount a tape §3.2,2.1.5,7.2.5

DUMP v Dump POPS K array §
— R —

EDIT PV Begin editing procedure §13.5

EGETNAME v Insert image name by catalog number §13.5

END v End of POPS loop §6.1, 9.9, 13.4, 13.8

ENDEDIT PV End editing procedure §13.5

ELSE pv POPS IF THEN ELSE §

ERASE PV Delete line(s) of a procedure §13.5

EXFND T List uv data from tape §

EXIND T Index uv data from tape §3.1

EXIT v Exit from AIPS §4.6, 114

EXP v Exponentiation §

EXPLAIN rV List help information on printer §4.8, all

EXPND T Copy Export tape, 1 source/file §

EXTDEST \' Destroy extension file §74,175

EXTLIST v List extension files §74,7.5
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FFT
FILLR
FINISH
FITTP
FLOOR
FOR
FREESPAC
FUDGE

GAL
GAPLT
GEOM
GET
GETHEAD
GETNAME
GET2NAME
GET3NAME
GNMRG
GNPLT

GO
GRCLEAR
GRDROP
GREYS
GRIDR
GRINDEX
GRIPE
GRLIST
GROFF
GRON

HELP
HGEGM

IBNTP
IF
IMEAN
INERASE
IMFIT
INHEADER
IMLHS
INLOD
IMMOD
INPOS
IMSTAT

Hd<<rR LY

<<d<<d<dnH<<LHR<<<<IRAA

©
H<

<<HHHN<H<ALH

Fourier transform of image

Reads VLA ModComp uv data tape
Leave procedure building

Write image on tape

Return highest integer < argument
POPS FOR TO BY loop

List total available disk space in AJPS
uv data template task

Fit model rotation curve to velocity image
Plot gain files antenna by antenna
Image interpolation

Get SAVE file of AIPS environment
Fetch a header parameter value
Insert image name by cat. number
Insert image name by cat. number
Insert image name by cat. number
Merges two similar gain files
Generate Self-cal plot file

Initiate a task

Clear graphics channel(s)

Dletes a gripe entry

Construct a grey-scale plot

Grid pseudo-uv, single-dish data
List Gripe file contents

Enter a complaint/suggestion

Full list of one Gripe

Turn off graphics channel(s)

Turn on graphics channel(s)

List HELP file on terminal
Change image geometry to another

Write image on tape for IBM
POPS IF THEN ELSE

Obtain various image statistics
Selective image erase from TV
2-D Gaussian fitting of image
Display image header

I-H-S TV display of 3 images
Load image from tape to disk
Rescale image while adding model component
Obtain cursor position
Intensity statistics into adverbs

§5.3

§

§13.5, 13.8
§11.1, 13.2

§

§6.1, 9.9, 13.4, 13.8

§4.6, 12.3
§

§9.11
§5.2.1
§8.4.1
§4.4, 13.1
§13.5
§4.2.2, all
§4.2.2, all
§4.2.2, 7.2
§

§5.2.1
§4.5, all
§

§

§7.3, 7.9
§

S
§11.3

§3.4.1, 4.8, all
§8.1.3, 8.4.1

§

§13.8
§7.9, 8.2,9.1
§

§8.3.2
§4.2.4,9.2
§

§6.1, 9.1
§8.4.3
§5.3, 6.3
§8.2, 13.8
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IMVAL v Obtain intensity under cursor §
IMWEDGE \4 Put wedge on TV (image min-max) §
IMXY v Obtain cursor pixel position §8.3.1
INP pV List inputs for verb or task §4.4, all
INPUTS pvV List inputs for verb or task §4.8
IRING T Find radial intensity projected disk §
—J—
JMFIT T 2-D Gaussian fitting of image §8.3.2
JOBLIST v List batch jobs in queue §
—L —
LENGTH v Return number characters in string §
LGEON T Large image interpolation and rotation §8.4.1,8.4.4,9.11
LIST pV List a procedure §13.5
LN \"/ Natural log §
LOG v Base 10 log §
— M —
MAX v Maximum function §
MAXFIT v Parabolic fit of image peak §8.3.1, 13.5
MCAT v Index of images in catalog §3.4.1,4.2
MCUBE T Build a data cube §9.4
MIN v Minimum function §
MOD A Mod function (s.e., remainder) §
MODIFY PV Modify a line in a procedure §13.5
MODULUS v Modulus ( /A% + B?) §
MOMFT T Find moments of a component §
MOMNT T Finds moments O to 3 of cube §9.11
MOUNT v Logically mount a tape in software §2.5,Z.1.5,Z2.2.5
MSGKIL pvV Stop messages from file §
MWFLT T Image lowpass filtering: median, mode, average §8.4.2
MX T Multi-field and channel image and clean §3.4, 5.1, 9.3, 10.5.2
—N—
NINER T 8 x 3 matrix operator on images §8.4.2,8.4.4
NNLSQ T Deconvolve spectral components §9.11
NOBAT T Reserve array processor, else dummy §
NTERP T Image interpolation §
—0—
OFFHUINT P Turn off hue-intensity display §
OFFPSEUD \4 Turn off TV pseudo color §
OFFROAN P Turn off TV roam mode §
OFFSCROL v Turn off TV scrolling §
OFFTRANS v Turn off TV transfer function §
OFFZ00NM \'A Turn off TV sooming §9.1,9.6
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— P —

PASSWORD
PATGN
PBCOR
PCAT
PCNTR
PFPL1
PFPL2
PFPL3
PGEOM
PLCUB
PLROW
POLCO
PRINT
PROC
PROCEDUR
PROFL
PRTAB
PRTAN
PRTCC
PRTDR
PRTGA
PRTHI
PRTIM
PRTMSG
PRTPL
PRTSD
PRTTP
PRTUV
PUTHEAD

—Q—

QHEADER
QIMVAL
QMSPL
QUEUES
QWKPL

READ
REBOX
RECAT
REMOVIE
RENAME
RENUMBER
RERCANM
RESCALE
RESTART
RESTORE

<HHAE<E<EEARAEEZE<aEEEEERR<AR<

HAH<<

J<<<<<ecee<

Set user’s AJPS password

Make images of test patterns

Correct for primary beam attenuation
List all files in “half” of catalog
Contour and pol line vector

Plot paraform: x/y same as image
Plot paraform: x is slice of image
Plot paraform: x/y no relation to image
Convert image rectangular/polar coords
Plot rows of image on a 2-D grid

Plot rows of image w user spacing
Correct pol. image for noise bias
Print the following value

Define procedure

Define procedure

Produce profile plot file

Print table file contents

Print antenna file

Print clean components file

Print VLB fringe fit file

Print gain ext. file

Print history file

Print digital display of image

Print message file

Print plot file on printer

Print single-dish “uv” data file

Print summary of a tape

Print selected uv data

Put adverb value into header

List summary of image header

Get image intensity with no messages
Display plot file on QMS laser printer
List batch job queue

VAX: plot file to printer

Read terminal inputs

Reset cleaning boxes with graphics display

Compress catalog file

Rerun previously loaded TV movie
Rename a file

Renumber a catalog entry

Reenter roam mode on TV

Rescale image values

Restart AIPS from scratch

Get STORE file of AIPS environment

7.2, 7.9

§8.4.1, 8.4.4
§7.6, 9.11, 9.12
§7.6, 7.9, 9.11
§

§6.1,9.9
§13.5, 13.8
§

§7.6, 7.9

§

§

§5.1.5, 5.2.1
§10.3

§

§3.4.1, 3.4.2, 4.3, 5.1.1

§5.1.3

§3.2, 4.1, 1.7
§5.2.1, 7.1
§

§3.1

§10.3

§

§4.2.4
§13.8
§5.2.1, 7.1, 7.6
§13.7

§

8
§6.3

§4.3
§9.6
§4.3, 13.8
§4.3

§
§

§
§4.4, 13.1



AIPS COOKBOOK 15-Oct-1985 Page 108

INDEX 14. CURRENT AIPS SOFTWARE

RETURN v Last statement in procedure §13.5

REVIND A\ Rewind a tape §6.1

RGBMP T Create RED, GREEN, BLUE cube from cube §9.11

RN T Determine rotation measure §

RUN PV Execute text in RUN file §13.1, 13.6
—_ —

SAVDEST v Destroy a save file §

SAVE pV Permanent storage of AIPS §4.4

SCALAR pv Scalar declaration in POPS §13.8

SCRATCH PV Remove procedures in POPS §

SCRDEST v Scratch temporary AIPS files §4.6

SELSD T Prepare single-dish “uv” data for GRIDR §

SETROAN \4 Fill in ROAM parameters §

SETXWIN )4 Fill BLC, TRC using cursor and width §6.3

SGDESTR pVv Destroy SAVE / GET files §

8GINDEX v List SAVE / GET files §

SIN A Sine (in degrees) §

SL2PL T Convert slice file to plot file §7.5,7.9, 8.3.3

SLFIT T 1-D Gaussian fit to slice file §8.3.3

SLICE T Make a slice of an image §7.5,9.11

SMOTH T Smooth an image, up to 7 dimensions §

SPY A\ Interrogation of system §4.6, 12.1

8SQRT v Square-root §13.8

STEER T Image deconvolution by D. Steer Clean §5.1.6

STRING pv Declare string in POPS §

STRIP T Antenna scaling for VLB §

STORE PV Temporary storage of AIPS §4.4

SUBIM T Create a subimage §4.7,9.9

SUBNIT v Submit batch file to queue §13.7

SUBSTR v Reference portion of character string §

SUMIN T Sum or average many images §9.7
—_T—

T1VERB v Spare verb for development §

T2VERB v Spare verb for development §

T3VERB v Spare verb for development §2.1.9

T4VERB \' Spare verb for development §

TAFFY T Template task to work on image data §

TAN A Tangent (in degrees) §

TASRT T Sort table file §

THEN pv POPS IF THEN ELSE §13.8

TGET PV Get most recent task set-up §4.4,4.5

TGINDEX v List all TGET files

TIMDEST Vv Destroy all files older than ... §4.6

T0 Vv POPS FOR TO BY loop §6.1, 13.4, 13.8

TOVLB T Convert AIPS data to VLBI §10.3, 10.4.2

TPHEAD \' List image header from tape §6.1

TPUT rV Save a task or verb set-up §4.4,4.5

TRANS T Transpose a data cube §9.10

TYPE Vv Print the following value §13.3, 13.8



Page 104

14. CURRENT AIPS SOFTWARE

AIPS COOKBOOK 15-Oct-1985

INDEX

—TK —

TKBOX
TKGUESS
TKAGUESS
TKMODEL
TKAMODEL
TKNBOX
TKPL
TKPOS
TKRESID
TKARESID
TKSET
TK1SET
TKSLICE
TKASLICE
TKVAL
TKWIN
TKXY

— TV —

TV3COLOR
TVALL
TVBLINK
TVBOX
TVCLEAR
TVCUB
TVFIDDLE
TVHLD
TVHUEINT
TVHXF
TVINIT
TVLABEL
TVLOD
TVLUT
TVMBLINK
TVMLUT
TVMOVIE
TVNAME
TVOFF
TVON
TVPL
TVPOS
TVPSEUDO
TVRESET
TVROAM
TVSCROLL
TVSLD
TVSLICE
TVSLV
TVSTAT

<A< <CCCECHIC<CS<SYT

<H<AHLCULLHALLACLCLCSCEC<CHSCH<CH AT

Fill any BOX using TEK cursor
Initialize and display guess
Add guess to display

Initialize and display model
Add model fit to display

Fill BOXes using TEK cursor
Display plot file on TEK
Obtain position under cursor
Initialize and display residual
Add fit residual to display

Use cursor to fill initial guess
Modify model guess

Initialize and display Slice

Add Slice to plot

Obtain image value under cursor
Fill BLC, TRC with TEK cursor
Get pixel position under cursor

Make a false color display

General purpose TV display

Blink TV between two images

Set BOX with cursor, graphics

Clear TV channels(s)

Prepare cube for TVSLD 3-D “solid”

Same as TVALL with no load

Load high precision image, do equalization
Hue-intensity display 2 images

Interactive histogram equalization of image

Initialize TV

Label image with coordinates

Load image on TV channel(s)

N-point transfer function

Blink TV between two images
Many-point transfer function

Load planes of cube, run movie

Print image name under cursor

Turn off image channel(s)

Turn on image channel(s)

Display plot file on the TV

Obtain position under cursor

Initiate pseudo coloring

Reset TV functions leaving image on
Load image channels and roam

Scroll an image if necessary

Prepare 3-D image from TVCUB “cube”
Set slice end points with graphics display
Display TVSLD output on TV
Determine stats in TV-selected areas

[
'Qﬁ
w

5.2.1, 7.1

€O O LON LU LD D O O OO
et
[
«w

§8.3.3
§8.3.3

§
§7.5, 8.3.3,9.11
§7.5

§
§
§

§9.1

§6.2, 9.6

§

§5.1.1, 6.3
§

§

§6.2

§

§9.1

§

§

§

§9.11, 13.5
§

§

§

§9.6

§13.5
§9.1, 9.6
§6.2, 9.1,9.6
§7.1

§
§6.2.1

O oM Lo S

§6.3, 7.5
§9.1
§6.3, 8.2
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TVTRANS v Change transfer function §6.2.2

TVWEDGE \4 Put wedge on TV (as loaded) 8

TVWINDOW v Set BLC / TRC with graphics §6.3

TVWLABEL v Label step wedge with intensities §

TVZ0OM v Turn on TV soom capability §
N |

UNQUE v Unque waiting batch files §13.7

UCAT v Index of uv files in catalog §3.2,4.2

UVAVG T Average or merge BT or TB sorted uv data §10.2, 10.3

uveop T Copy selected uv data §4.7,9.1

UVDIS T Display FFT of image on TV §

UVERR T Load incorrect uyv FITS from < 15May83 §

UVEXP T Write uv data on tape §11.1

UVFIL T Template task to create a uv data set §

UVFIX T Recompute u, v, and w from antenna data §

UVFLG T Flag selected uv data §5.3

UVFND T Print selected uv data §5.3

UVFIT T Fit models to small uv data set §8.4.3

UVLOD T Read uv data from tape §3.2,9.2, 10.1.1

UVMAP T Make image from sorted uv data §3.4,9.3

UVMOD T Rescale uv data while adding model component §8.4.3

UVPLT T Generate uy plots §3.44,5.2.1,5.3

UVSEN T Find sensitivity, sidelobes of data set §

UVSRT T Sort uv data §3.3,9.1, 10.2

UVSUB T Subtract model from uv data §5.3,9.7, 10.4.4
—_V —

VALUE v Return numeric value of string §

VBANT T Apply tables of antenna gains for VLBI §10.4

VBCAL T Apply VLB antenna factors §

VBCC T Write CC files in CIT format §

VBCIT T Convert CIT Merge data to AIPS §10.1.2

VBCOR T Apply fringe fit result §10.3

VBFIT T Global fringe fitting for VLB §10.3

VBLIN T Convert NRAO-SAOQ Decode data to 4IPS §10.1.3

VBMRG T Merge VLB data §

VBPLT T Plot data vs model 1 baseline/plot §10.3

VLBDR T Fringe, delay and antenna fit §

W T Make image with maximum entropy method §5.1.6

VSCAL T Self-calibrate a VLBI uv data set §10.3, 10.5.1
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—W—

WAITTASK

WARP

WEDERASE

WHILE
WSLOD

XBASL
XGAUS
XMOM

XPLOT
XSNTH
XSUM

XTRAN

ZAP

IVA:\Q '+

pvY

T
v
pV
T

U AaH

\'

Permits task sequencing

Fit model of warped galaxy
Erase wedge image in TV channel
POPS conditional expression

Load WSRT uv-data tape to disk

Removes n'tt-order baselines from rows

Fit Gaussian components to rows of cube

Find moments along z axis

TEK plots of image rows

Smooth data along z axis only

Produce n-1 dimensional image summing z axis
Optical plate solution and correction

Destroy an image

— NON-ALPHA —

I<<<de<d<decd<<<d<dC<C<

Addition or Positive
Subtraction or Negative
Multiplication

Division

Exponentiation

Begin grouping

End grouping

Store or logical equals
Separator of array elements
Same as TO in loop
Separator of POPS statements
Greater than

Less than

Greater or equal to

Less than or equal to

Not equal to

Logical or

Logical and

Logical not

Concatenate strings

Makes rest of input line a comment

4.5,6.1,9.9

§
$
§
§
§

§9.7, 9.11
§8.3.4, 9.11
§9.11
§7.6, 9.11
§9.11

§

§

§3.3, 11.2, 13.4

§13.3, 13.8
§13.1
§13.3, 13.8
§13.8

§

§13.8
§13.8
§13.1, 13.8
§13.1
§9.9, 13.4
§13.1, all
§13.8

SO LOY LON CLON CAND CLON LD o) O
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adverb — See POPS symbols.

AIPS monitor — a computer terminal {perhaps lacking
a keyboard) whose CRT screen is used in AIPS solely for the
display of information related to the progress of the execution
of the AIPS tasks. (Except, at those AIPS sites without a
terminal dedicated to this use, the AIPS user's interactive
terminal is used for dual purposes—i.e., to serve as the AIPS
monitor as well.) Many of the messages which the AIPS tasks
write to the monitor also are recorded in the message file (¢.9.).

allased response — in a radio interferometer map, a
spurious feature due to a source—or to a sidelobe—that
lies outside of the field of view. Consider the sampling of
a visibility function V' at the lattice points of a rectangu-
lar grid as multiplication of V by the comb-like distribution
R(u,v) = Z:k ﬁ' 6(u — kAu,v ~ lAv). The Fourier trans-

form RV of RV is given by the convolution R s V. Since
R is again a comb-like distribution, with peaks, or teeth,
separated by L in one direction and by 2 in the perpen-

dicular direction, RV is periodic, and, about the position of
each tooth in the comb, it looks like an infinite summation of
rectangular pieces of ¥, each of size ZL X z‘—,, taken from all
over the plane. Aliased responses can be suppressed very ef-
fectively, by judicious choice of the gridding convolution function
(g.v.).

For a more complete discussion, see Dick Sramek’s Lecture
No. 6 in the 1985 Summer School Proceedings. Also see VLA
Scientific Memoranda Nos. 129 and 131.

allasing — in spectral analysis, error which is due to un-
dersampling: one may wish to sample a signal that is known
to be bandlimited, but whose bandwidth may not be known
a priori. The Fourier transform of Shannon’s series is periodic;
aliasing error is of the form of an overlapping, or superposi-
tion, of these “replicated” spectra. See Nyguist sampling rate
and dliased response.

ALU — (Arithmetic Logic Unit) an (optional) micro-
computer CPU unit within the IS TV display device which
allows simple arithmetic operations, such as sums, products,
and convolutions, to be performed on the data recorded in
the IS image planes. At present, AIPS makes little use of
the ALU, since many of its features are unique to the IS
display unit. See I5.

antenna file — in AIPS, an eztension file, associated with
a u-v data file, in which a list of the interferometer antenna
positions is stored.

antenna/Lf. gain — Many of the systematic errors af-
fecting radio interferometer measurements are multiplicative
in the visibility amplitude and additive in the visibility phase,
and are ascribable to individual antenna elements and their
associated i.f./1.0. chains. For each antenna/if. these sources
of error may be lumped together into a complex-valued fune-
tion of time, g(t), called the antenna/if. gain. Then, the vis-
ibility measurement obtained on the -5 baseline at time ¢
is given by V(u;;(t),v;;(t)) = 0i(6)7;(t)V (uij(t),vi;(t)) +
€ij(t), where V is the true source visibility and where the
spatial frequency coordinates (u, v) have been parametrized
by time. 9i7; is the systematic “calibration error”, and ¢;;,
an additive error component, is assumed to be random and
well-behaved. (Another type of systematic error, the snstru-
mental polarization (¢.v.), is not included in the g;, and always
must be corrected, by proper calibration, in order to interpret
polarization data.)

Some of the most serious sources of error—including at-
mospheric attenuation, error arising from variations in the
atmospheric path length, clock error, and error in the base-
line determination—conform fairly well to this multiplicative
model. This model relation is exploited heavily by the self-
calibration algorithm (¢.v.). Compare antenna/if phase, and see
isoplanaticity assumption and correlator offset.

antenna/L{. phase — The antenna/i.f. phase for antenna
k of an interferometer array is given by the argument (or
phase) of the antenna/if. gain gi: $i(t) = arggi(t). Often
in self-calibration one assumes that no amplitude errors are
present and solves only for the y;.

antenna residual delay — See residual delay and global
Jringe fitting algorithm.

antenna residual fringe rate — See residual fringe rate
and global fringe fitting algorithm.

AP — See array processor.

AP-120B array processor — an array processor manu-
factured by Floating Point Systems, Inc., and used at a num-
ber of AIPS sites. Its floating-point word length is 38-bits.
Typically it is equipped with a main data memory of 32-
64 kilowords and a program source memory of 2048 words.
With both a pipeline multiplier and a pipeline adder, and
a memory cycle time of 167ns., when programmed at top
efficiency it can perform at an arithmetic rate of 12 million
floating-point operations per second.

The AP-120B is no longer in production; this product has
been superseded by the 5000 series product line. Though
the AP-5000’s are used at some AIPS sites, their advanced
features are not used by AIPS—only those features which are
shared by the older model are fully exploited by AIPS tasks.

array processor — a computer peripheral attachment
which is capable of performing certain floating-point com-
putations, especially vector and matrix operations, at high
speed, and independently of the host computer central pro-
cessing unit. Usually the high-speed performance is achieved
by a technique known as pipelining. The basic arithmetic
operations of addition and multiplication are performed in
stages, by a so-called pipeline adder and a pipeline multi-
plier. These units operate just like an assembly line in a
manufacturing plant. Some array processors (AP's) are con-
structed with multiple pipelines. Address computations are
performed concurrently with the arithmetic operations, by a
unit which is separate from the pipelines. The algorithms
best-suited to an array processor implementation are those
which can be structured so as to keep the pipelines filled a
fair fraction of the time. Most AP's have their own high-
speed data memory, but some are parasitic on the memory
of the host computer. Portions of many AIPS tasks have
been programmed for the Floating Systems, Inc. model AP-
120B array processor, (q.v.). Also see array processor microcode,
Q-routine, and pseudo-array pr ,

array processor microcode — program source code
written in the assembly language of an array processor, (g.v.).
Array processor (AP) manufacturers usually provide an ex-
tensive library of utility subroutines that may be called from
a high-level programming language, such as Fortran; how-
ever, some computationally-intensive algorithms cannot be
easily or efficiently implemented using only these libraries.
Portions of these algorithms must be written in microcode—
a painstaking process. The assembly languages of different
models of AP’s differ considerably (as do the subroutine li-
braries, too, in fact) because of differences in the hardware
architectures. Thus the AIPS programming group tries to
avoid writing microcode. But portions of the AIPS tasks for
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associated file—beam

mapmaking, deconvolution, and self-calibration are written
in AP microcode. Also see Q-routine.

associated file — In AIPS, any two or more files among a
collection consisting of a primary data file and all of its extension
flles are termed associated.

auto re-boot — a boot initiated by the computer itself,
of its own volition. See boot.

back-up — The act of copying the contents of a com-
puter flle to some permanent storage medium such as mag-
netic tape or punched cards, for the purpose of protecting
against accidental loss or in order to liberate storage space
(e.g., disk space), is termed backing-up. The new copy of the
file is termed a back-up copy, or simply a back-up. See scratch.

bandwidth smearing — in a radio interferometer map,
space-variance of the point spread function which is attributable
to non-monochromaticity, or finite bandwidth. The point
spread function—at a particular point in a map—taking into
account bandwidth smearing, but ignoring other instrumen-
tal effects, is termed a delay beam. Bandwidth smearing is
a radial effect: the delay beams become more elongated,
in the radial direction from the interferometer phase track-
ing center, as their distance from the phase tracking center
increases. The delay beams are easily calculable when all
of the receivers in an array have identical, and known, i.f.
passbands. E.g., with rectangular passbands of width Ay,
and observations centered at a frequency vg, the measured

visibility amplitude of a point source is proportional to %"-
—where ¥ = 7(uz + vy + w2) ﬁ—:, (4, v, w) denotes the spa-
tial frequency coordinates, measured in wavelengths at v,
and (z,y, z) denotes the direction cosines of the location of
the point source, with respect to the phase tracking center.
For more details, see A. R. Thompson's Lecture No. 2 and
W. D. Cotton’s Lecture No. 8 in the 1985 Summer School Pro-
ceedings and see VLA Scientific Memo. No. 137.

Bandwidth smearing can, in principle, be eliminated (as-
suming that the bandpasses are known) by applying an im-
age reconstruction algorithm which has a knowledge of the
smearing mechanism; that is, by an algorithm which is more
general than the usual deconvolution algorithms—see image
reconstruction. The most common method for reducing band-
width smearing is the technique of banduidth synthesis, (g.v.).

bandwidth synthesis — a technique of radio interfer-
ometry which is intended to diminish the effect of bandwidth
smearing. Bandwidth synthesis observing is very similar to
spectral-line mode observing: the i.f. bandpasses are split
up into a number of pieces, or channels, and the data in
each channel are treated separately up until the mapping/
deconvolution stage of processing. At that stage, the prob-
lem can be formulated as a system of simultaneous convolu-
tion equations: one has the system g; = b1 % f +¢€1,...,gn =
bn * f + €n, where n is the number of frequency channels,
gk is the dirly map for channel k, by the dirty beam for that
channel, f the unknown radio source brightness distribution
(here assuming that f is not a function of frequency), and ¢;
is noise (were it not for the noise, and for the fact that each
deconvolution problem is ill-posed—in its own right—, there
would be no reason to treat the equations simultaneously, or
even to consider more than a single one of them). (For a
description of a refinement to the bandwidth synthesis tech-
nique, for sources with spatially-varying spectral indices, see
broadband mapping technique.) Note that all the by are identical,
apart from a dilation factor; i.e., as the u-v coverage “shrinks”,
toward the low end of the observing band, the b, dilate by
the reciprocal of the u-v shrinkage factor.

The present state of software development does not allow
solving the problem in quite the way it is formulated above.
Rather, some mapping/deconvolution algorithm is applied
separately to each of the channels, and the resulting maps
are averaged.

baseline-time order — An ordered set of visibility mea-
surements {V.-,-(t.,) | 1<i<ji<n, k=1,...,1 } recorded
with an n element interferometer at times {3 is said to be
in baseline-time order if the ordering is such that all of the
data for the 1-2 baseline, sorted by time, occur first, fol-
lowed by the data for the 1-3 baseline, again sorted by time,
etc., etc. (This canonical ordering by baseline is the or-
der V13,V13,...,V1n,Vas,...,...,Vn—1,n.) Compare time-
baseline order.

Baseline-time ordering of a u-v data file is convenient for
purposes of data display.

batch editor — a text editor within the AIPS program
which allows the user to prepare datch jobs (¢.v.), to be run
non-interactively.

batch job — AIPS may be run either interactively—
allowing the user to make ‘split-second’ decisions—or in
batch mode. In batch mode, the user first decides on a
set strategy for reducing the data, and then, using the spe-
cial AIPS batch editor, the user prepares a tezt file, containing
those AIPS commands which are appropriate to the antici-
pated data reduction needs. The batch job is placed in a batch
gueue, and the job steps are executed by the batch processor, in
a non-interactive mode.

batch processor — the server, or scheduler, for batch
jobs (¢.v.). The AIPS batch processor follows certain rules in
scheduling: batch jobs requiring the use of an array processor
(AP) often are scheduled to run only during nighttime hours;
the processor serving one of the batch queues might refuse ser-
vice, altogether, to a job requiring an AP; and batch jobs
may be given lower priority than those AIPS tasks which are
run interactively.

batch queue — a waiting line for bateh jobs. The AIPS
batch queue is a single-server queue—i.e., the server (the
batch processor) initiates the execution of the jobs one after
the other, rather than in parallel. However, AIPS can be
conflgured with more than one batch queue, each with its
own batch processor; this number varies according to site.

“battery-powered® CLEAN algorithm — a modi-
fied version of the Clark CLEAN algorithm, devised by Fred
Schwab and Bill Cotton. At each major cycle of the algo-
rithm, or perhaps less frequently, the residual map is com-
puted not by convolving the current iterate with the dirty
beam map, but rather by computing the visibility residuals,
and then re-gridding and re-mapping. By this means, the
edge effects are compensated, and hence one can search the
full dirty map field of view for clean components. Simul-
taneously, instrumental effects (finite bandwidth and finite
integration time) and sky curvature (the wez term) can be
compensated for (i.e., the algorithm solves a more general
equation than a convolution equation). See Clark CLEAN ai-
gorithm.

A “mosaicing” version of this algorithm is implemented in
the AIPS task MX. The deconvolved imege is defined over
some number 1 < n < 16 of rectangular patches. Within each
patch, the data are corrected for sky curvature, by the cor-
rection appropriate to the center of the patch. Instrumental
corrections are not included, at present.

beam — 1. in radio interferometry, the inverse Fourier
transform {(FT™!) of the u-v sampling distribution, or FT~1
of a weighted u-v sampling distribution, possibly convolved





















































































































