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1 General Considerations

This doument presents the results of an evaluation of the MIRIAD software Pakage for the purposes of

asertaining its ompliane with the ALMA O�ine Data Proessing Requirements given in ALMA-SW

Memo 18.

We build this MIRIAD evaluation following the AIPS++ audit. This is why we reprodue here most of the

\General Consideration" setion of the AIPS++ audit. This evaluation is based on the urrent version of

MIRIAD (as of Marh 2003) whih is available on demand. Most of the funtionnalities desribed here are

extensively tested every day at Hat Creek, BIMA, ATCA, and other institutions.

A. We use a desriptive sheme, with a set of grade odes stating how well the Pakage ful�lls a given

requirement: Adequate (A), Inadequate (I), Not Available (N), and Unable to Evaluate (U). The

latter is used for items ould not be properly evaluated at this time (e.g. items related to the tbd

ALMA data format). There is an additional quali�er for \adequate" items (A/E) that indiates

desired enhanements to the pakage.

B. For eah requirement, the tool or funtion in the Pakage ful�lling that requirement is listed, where

possible.

C. For items deemed inadequate (I) or missing (N), or whih are adequate but enhanements are desired

(A/E), the reasons for this are listed. Where possible, a severity level for the failure is noted: low,

medium, high. This is based upon the importane of the requirement and the margin of failure of the

pakage for the requirement. Note that a subjetive hoie is made between items at are adequate

but ould use further improvement (A/E), and those deemed (I) but low severity.

For (U) items that the authors felt they ould not rate, the reason was noted (e.g. unfamiliarity

with this part of the pakage, inomplete doumentation).

D. The priority odes, as given in ALMA-SW Memo 18 and repeated here, are:

1 = essential

2 = highly desirable

3 = desirable, but not ritial

It is intended that Priority 1 items must be present in the Pakage and work with high eÆieny.

Priority 2 items should be in the Pakage, though there may have to be sari�es in performane or

availability may be delayed. We expet that the Pakage will ful�ll all Priority 1 and 90% or more

of Priority 2 requirements. Priority 3 items should be onsidered for upgrades or development.

E. The onsiderations during grading inlude the funtionality (whether a feature is there and whether

it does what is required), the usability (ease-of-use, eÆieny, reliability), and the doumentation.

In this evaluation, grades are not given separately for these fators. Note that depending on the

wording of the requirement, not all of these will apply to a given requirement. For example, some

requirements only indiate the existene of a feature (funtionality), while some in addition expliitly

address the look and feel or ease of use (usability). Also, some of the performane issues will have to

be deferred until a later yle of evaluation, when detailed testing and benhmarks will be available.
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2 O�ine Data Proessing Requirements

2.1 General Requirements and Interation with Other ALMA Elements

2.1.1 Goals of the O�ine Pakage and Relation to the Pipeline

Note: An ALMA O�ine Data Proessing Pakage (or \the Pakage") is primarily intended to enable

end-users of ALMA (e.g. observers or Arhive users) to produe sienti�ally viable results that involve

ALMA data produts. The seondary use is to enable ALMA sta� to assess the state of the array and

derive alibration parameters for the system, although it is antiipated that the Pipeline will be the primary

engine for Online Data Proessing and system monitoring.

Also note that not all o�ine analysis tools will neessarily be in the Pipeline Pakage. For example, one

of the important di�erenes between Pipeline and O�ine redution path is that O�ine one should have

extensive interative apabilities to merge and ompare data with di�erent resolution, oordinate system,

data grid, and so on.

The SSR does feel that there is a great deal of synergy between the O�ine Pakage and Pipeline that should

be exploited by the designers of the respetive software.

OL{1.1{R1 There must be an O�ine Data Proessing Pakage that ful�lls the requirements laid forth

in this doument.

Priority: 1

Grade: A

Summary: That was the easy one!

OL{1.1{R2 All standard observing modes supported by ALMA must be proessable by the Pakage.

Priority: 1

Grade: U

Summary: ALMA standard modes are not �nalized at this time.

OL{1.1{R3 The Pakage shall be installable at the users home institution and available at ALMA re-

gional enters (both loally and remotely). It shall be portable to supported platforms desig-

nated by the ALMA Projet, inluding systems without network onnetions and laptops.

Priority: 1

Grade: A

Summary: The list of supported platforms is unavailable at this time. However, UNIX, Linux and

VMS are urrently supported by MIRIAD.

OL{1.1{R4 The performane of the Pakage shall be quanti�able and ommensurate with the data

proessing requirements of ALMA output and the sienti� needs of users at a given time. The

timing and reproduibility of results for a �duial set of redution tasks on spei�ed test data will be

benhmarked (e.g. \AIPSmarks") and ompared against other pakages and a list of benhmark

spei�ations provided and maintained by the Projet.

Priority: 1

Grade: A

Summary: The benhmarking proess was started, and benhmarks on "alma sized data sets" were

submitted last year.

OL{1.1{R5 All standard proessing funtionality available in the Pipeline shall be available in the Pak-

age also as an o�ine analysis option.
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Priority: 2

Grade: U

Summary: The pipeline funtionality is being de�ned!

2.1.2 Operational Issues

OL{1.2{R1 Installation of the Pakage by an end user must be straightforward, preferably without

speial (e.g. root) user permission.

Priority: 1

Grade: A

OL{1.2{R2 Error reporting and handling shall be user-understandable and non-destrutive at all levels

in the Pakage:

OL{1.2{R2.1 Error reporting messages shall be written for end users, not programmers.

Priority: 1

Grade: A

Summary: Error messages are generally understandable by the user.

OL{1.2{R2.2 There must be provision for job ontrol suh as interrupt and abort.

Priority: 1

Grade: A

Summary: CTRL-C

OL{1.2{R2.3 Error handling shall be non-destrutive (data shall not be left orrupted, and reov-

ery of reent hanges be available). Common failure modes (as enumerated: invalid appliation

parameters, exeeding of resoure limits (disk/memory), and algorithm failure modes (e.g. no

onvergene) should be handled graefully.

Priority: 2

Grade: A

Summary: Nobody is perfet. However stability of MIRIAD is generally good as estimated by

the user.

OL{1.2{R2.4 Code traebak of exeution errors shall be available. This should be geared to the

e�etive reporting of failure modes and bugs by the user.

Priority: 3

Grade: A

Summary: There is traebak on errors, some are possible for non-programmers to �gure out.

OL{1.2{R3 There shall be session logging, inluding the following features:

OL{1.2{R3.1 logging of ommands and user inputs shall be provided

Priority: 1

Grade: A

Summary: The shell logs all ommands.

OL{1.2{R3.2 logging of tool results suh as suess or error, �les written, time of ompletion shall

be provided

Priority: 1

Grade: A

Summary: Task logs go to task spei� �les.

OL{1.2{R3.3 logging of tool output suh as summaries of results shall be provided

Priority: 2

Grade: A

Summary: Task logs go to task spei� �les
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OL{1.2{R3.4 the session log shall be readable by the user (i.e. in a text �le, not in a binary format)

Priority: 2

Grade: A

OL{1.2{R3.5 session logs shall be exeutable by the pakage UI, reproduing the entire session

Priority: 3

Grade: A

Summary: Easily done using any text editor. Users do it all the while.

OL{1.2{R4 There shall be omprehensive handling of multiple users and multi-tasking with aess and

proess ontrol.

Priority: 1

Grade: A

Summary: Multiple users are left to the operating system. Multi-tasking for a single user is available

through the OS.

OL{1.2{R5 The Pakage providers shall provide support for the Pakage, with bug-�xing on timesales

appropriate to the severity level of the defet (e.g. 1 week or less for atastrophi bugs with no

work-around). These defet levels and timesales should be delineated by the ALMA

projet.

Priority: 1

Grade: U

Summary: The levels and timesales have yet to be provided by ALMA.

OL{1.2{R6 The Pakage providers shall provide timely improvements and updates based on user feed-

bak. There shall be a path for the ALMA Projet, for its own use and as a proxy for the users, to

inuene the development yle of the Pakage. It is the responsibility of the Projet to negotiate

needed improvements with the Pakage providers.

Priority: 1

Grade: A

Summary: Historially the response has been exellent.

OL{1.2{R7 Bakward ompatibility of ore pakage omponents should not be broken without om-

pelling sienti� reasons. Tools should be provided to parse user sripts and warn of pakage hanges.

Priority: 2

Grade: A

Summary: Bakward ompatibility with data is good. Miriad has used the same data format sine

1988.

OL{1.2{R8 Soure ode for the astronomial routines in the Pakage shall be available to the user.

Priority: 2

Notes: This does allow for the use of some proprietary data handling, output formatting, and speial

proessing (e.g. Pixon) routines.

Grade: A

Summary: Soure ode: FORTRAN, C, and sripts are available in the distribution under CVS.

OL{1.2{R9 User installation of the basi pakage shall not be restrited by other issues suh as expensive

or unduly restritive lienses. The Pakage liense should onvey all other neessary lienses (suh

as GNU) or they should be available to the user for only a nominal fee.

Priority: 2
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Comment: This allows for the use of ommerial omponents. However, a balane must be struk

between exessive osts to the projet and requiring some ost to be borne by the user, should this

issue arise.

Grade: A

Summary: It is free with no extra lienses neessary.

OL{1.2{R10 There shall be the provision for the development and inorporation of user-supplied ode.

Priority: 2

Grade: A

Summary: Inorporation of user sripts is straightforward. Inorporation of FORTRAN or C tasks

is easy for most users; many users have ontributed tasks to MIRIAD.

OL{1.2{R11 The appliation of suessive stages of alibration, orretion, agging and editing shall

not be destrutive to the data. The Pakage should be able to reover and revert to earlier stages

without resorting to saving of the entire dataset at intermediate states.

Priority: 2

Grade: A

Summary: Most operations add alibration tables. The original data are untouhed, and the proess

an be repeated at will to hange the alibration without needing to rereate the data. Calibrated

datasets and images an also be saved on disk after reation.
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2.2 Interfae

2.2.1 General User Interfae Requirements

Summary: Eah Miriad task has a number of parameters whih an be spei�ed using keywords. Many

of the keywords have default values if not spei�ally set by the user. Keyword parameters may be stored

in a �le, and input indiretly ( keyword=��lename ).

Miriad an be run from the ommand line, from a sript, or using a front-end program, GUI or shell. With

the ommand-line approah, you give the Miriad ommand diretly at the system prompt, in the same

way as any other operating system ommand. With the front-end approah, you interat with another

program, whih aids you in forming the ommand-line to a Miriad task.

OL{2.1{R1 User must be able to hoose from a variety of interfae styles, inluding:

OL{2.1{R1.1 A Command Line Interfae (CLI) must be provided, with aess via both an inter-

ative input and via sript.

Priority: 1

Grade: A

Summary: Miriad tasks an be run by speifying their parameters on the host ommand line.

Most people use MIRIAD in standard CLI environments, e.g. Unix CSH. Miriad an use a

language, suh as PYTHON, by passing ommand lines to the host operating system.

OL{2.1{R1.2 A Graphial User Interfae (GUI) must be provided for interative proessing. A-

tions taken under the GUI must be loggable, editable, and exeutable by the CLI.

Priority: 1

Grade: N Severity: med

Summary: Miriad an be run using any language, shell or GUI whih is able to parse a ommand

line. There has been a simple MIRIAD shell sine the begining. Several GUI's have been reated

over the 15 years Miriad has been in use. These were promoted by their reators but only used

for a few years. Fashions hange. It is easy to add a GUI. The MIRIAD shell is very easy for

beginners. Most MIRIAD users prefer sripts. In the following we desribe the properties of

the MIRIAD shell whih is popular with begining users.

OL{2.1{R2 The user shall be able to interat with the host operating system with ommand sequenes

invoked from the UI.

Priority: 1

Grade: A

Summary: Easy from within the standard shells and from within the MIRIAD shell

OL{2.1{R3 Multitasking for all interfaes shall be available where appropriate. It must be possible to

run one or more long-running alulations in the bakground. While bakground tasks are running

normal interative ativities must be possible.

Priority: 1

Grade: A

Summary: Multiple tools and windows an be run onurrently .

2.2.2 Graphial User Interfae (GUI)

Note: The GUI is intended to be the primary interative mode for users, espeially neophyte users, and

thus should be tailored for larity and ease of use. Use of the Pakage GUIs should be a pleasurable, not

a frustrating, experiene!
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OL{2.2{R1 The GUI shall provide real-time feedbak via standard ompat displays:

OL{2.2{R1.1 Window updating must be fast (less than 0:1s on same host).

Priority: 1

Grade: N Severity: high

Summary: The MIRIAD shell is not a GUI sine it does not use Graphis, but is very friendly

and fast.

OL{2.2{R1.2 Windows shall not take up exessive sreen spae, with full GUI ontrols visible on

a window one-third the size of a standard view surfae (or approximately 800� 800 pixels).

Priority: 1

Grade: N Severity: high

Summary: not appliable.

OL{2.2{R1.3 Users shall have the hoie of asading windows or re-use of a single window for

new operations.

Priority: 2

Grade: N Severity: high

Summary: not appliable.

OL{2.2{R1.4 Moving and resizing of all windows must be available, robust, and easy.

Priority: 2

Grade: N Severity: high

Summary: whatever the host windowing allows is available.

OL{2.2{R1.5 There shall be a master ontrol GUI for proess ontrol whih keeps trak of sub-

windows and tools.

Priority: 3

Grade: N Severity: high

Summary: not appliable.

OL{2.2{R2 It must be easy to run GUIs remotely from the host mahine (e.g. via X displays).

Priority: 1

Grade: N Severity: high

Summary:

OL{2.2{R3 The use of the GUI shall not entail an exessive learning urve. Average users, with expe-

riene with the urrent generation of pakages (e.g. AIPS, MIRIAD, IRAF, MIRIAD) shall be able

to beome pro�ient in GUI use in a timesale of approximately 12 hours dediated use, and truly

neophyte users (e.g. graduate students) should be reah pro�ieny with an investment not exeeding

40 hours of dediated use.

Priority: 2

Grade: N Severity: low

Summary: 1-2 hours maximum. 12 hours is not an aeptable target if ALMA wants to attrat

users.

OL{2.2{R4 GUI-based tools shall be available for redution of data taken in all standard ALMA ob-

serving modes.

Priority: 2

Grade: N Severity: high

Summary: standard ALMA observing modes not de�ned.

OL{2.2{R5 The look and feel of the GUI will be uniform throughout the entire pakage.

Priority: 2

Grade: N Severity: low
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Summary: The look and feel of the GUI should be uniform throughout on-line and o�-line ALMA

software.

OL{2.2{R6 The look and feel of the GUI must be aeptable to both novie and more advaned users.

The GUI mode might be ustomizable (perhaps through menu seletion for \novie" or \advaned"

mode) or a di�erent simpler set of GUI tools might be available for beginners. The GUI features for

beginner mode shall inlude:

OL{2.2{R6.1 built-in help faility with aess to novie-oriented help douments (e.g. setions in

the ookbook)

Priority: 2

Grade: N Severity: low

Summary: task spei� help from the Miriad shell; ookbooks are on-line.

OL{2.2{R6.2 sensible defaulting of values for parameters, with guidane for user hoies where

needed

Priority: 2

Grade: N Severity: low

Summary: The Miriad shell is good

OL{2.2{R6.3 integrated funtionality built around ommon data analysis tasks (e.g. single-�eld

spetrosopi observations with fast swithing, OTF mosaiing in ontinuum mode, snapshot

observations of a large number of targets in single-�eld ontinuum mode)

Priority: 2

Grade: N Severity: low

Summary: There are several user-friendly sripts to do standard data redution, deonvolution,

mosaiing, simulations, et. These have been written using VMS, CSH, and PYTHON sripts.

Many have built in help and have the same look and feel as individual Miriad tasks.

OL{2.2{R7 It shall be easy for users to develop and inlude their own ustom GUIs in the Pakage.

Priority: 3

Grade: N Severity: low

Summary: This should be straightforward, beause GUI would essentially ontrol variable assign-

ments, and ativate a user-de�ned proedure.

2.2.3 Command Line Interfae (CLI)

Note: the CLI is the primary mode for automati redution for ALMA, and it is antiipated that there

will be a suite of \standard" sripts developed to help users in data redution tasks. Thus it is important

that the Pakage support all of its ritial modes in the CLI.

OL{2.3{R1 The interfae must have the faility to read in ommand �les for bath proessing of a

sequene of CLI ommands.

Priority: 1

Grade: A

Summary: sripts an be read in and exeuted easily.

OL{2.3{R2 The CLI shall have ommand-line reall and editing, with name ompletion where appro-

priate.

Priority: 1

Grade: A

Summary: Available through most standard shells.
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OL{2.3{R3 All funtionality of the GUI must also be available in CLI mode (although possibly with

loss of simpliity in instanes where the graphial seletion is important).

Priority: 1

Grade: A

Summary: The CLI is the standard use.

OL{2.3{R4 The CLI shall be usable remotely over low-speed (14400 baud) modem lines or network

onnetions, with ASCII terminal emulation.

Priority: 2

Grade: A

Summary: This works well.

OL{2.3{R5 A CLI mode menu for display and editing of input parameters and exeution of tasks is

desirable.

Priority: 3

Grade: A

Summary: This sounds like the MIRIAD shell. The shell inputs are impliitely derived from the the

task parameters, and provides the user with a list of input parameters, help for the task, help for

eah input parameter, line editing is available, the parameters used for eah task are saved inside

the MIRIAD shell.

2.2.4 Interfae Programming, Parameter Passing and Feedbak

OL{2.4{R1 The UI must have basi programming failities suh as:

OL{2.4{R1.1 variable assignment and evaluation

Priority: 1

Grade: A

OL{2.4{R1.2 array handling

Priority: 1

Grade: A

Summary: depends on the shell

OL{2.4{R1.3 onditional statements

Priority: 1

Grade: A

OL{2.4{R1.4 ontrol loops

Priority: 1

Grade: A

OL{2.4{R1.5 string manipulation

Priority: 1

Grade: A

OL{2.4{R1.6 user-de�ned funtions and proedures with argument or parameter passing

Priority: 1

Grade: A

OL{2.4{R1.7 proess ontrol, interrupts, error handling

Priority: 1

Grade: A

OL{2.4{R1.8 standard mathematial operations and funtions

Priority: 1

Grade: A
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OL{2.4{R1.9 eÆient speial vetor and matrix operations

Priority: 2

Grade: A

Summary: depends on the shell.

OL{2.4{R1.10 user-de�ned data strutures

Priority: 2

Grade: A

Summary: depends on the shell.

OL{2.4{R2 Commands exeuted will be logged, with provision to re-exeute the session.

Priority: 1

Grade: A

Summary: Standard usage for MIRIAD.

OL{2.4{R3 Input parameter and syntax heking shall be e�eted upon funtion alling or parsing with

reporting of inorret, suspiious or dangerous hoies before exeution where possible.

Priority: 1

Grade: A/E

Summary: Syntax heking is implemented. The parameter heking is inonsistent aross tools,

and seems to depend on whether the programmer bothered to implement this or not.

OL{2.4{R4 Parameters shall be passable between appliations in as transparent a manner as possible.

However, global variables should not be the default, unless designated spei�ally by the user-

programmer.

Priority: 2

Grade: A

Summary: proedures an aept input arguments; these an be global or not, as needed.

OL{2.4{R5 Appliation variables shall be named onsistently and as learly as possible indiating their

intended use using astronomial terms where appropriate.

Priority: 2

Grade: A/E

Summary: most variables have sensible names. However, there are ases where naming between

tasks is not onsistent.

OL{2.4{R6 Parameter inputs to tools shall be stored for later reall:

OL{2.4{R6.1 Tool inputs shall be saved on losure, and reinstated on the next instantiation of the

tool.

Priority: 2

Grade: A

Summary: The task parameters are remember on a working diretory basis when tasks are

ativated in their basi mode. For more integrated failities, the usual behaviour is to return

to the default values, but some tools (e.g. MIRIAD shell) have their own save/restore sripts.

OL{2.4{R6.2 It shall be possible for the user to save the state of the parameters for the entire

pakage, as well as for individual tools, as a named set (e.g. SAVE/GET in AIPS), and to reall

these when desired.

Priority: 3

Grade: A

Summary: This depends on the shell being used.
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2.2.5 Doumentation and Help Faility

OL{2.5{R1 There shall be a variety of help levels and doumentation formats aessible from the UI

and over the Internet, appliable to novies, experts, and tehnial users. These shall inlude:

OL{2.5{R1.1 user ookbooks with extensive examples

Priority: 1

Grade: A

Summary: The ATCA user manual is exellent. Several have been made for BIMA, but more

is always possible here...

OL{2.5{R1.2 appliation desriptions and referene manual (with all inputs to funtions and tools);

Priority: 1

Grade: A/E

Summary: As above...

OL{2.5{R1.3 online help, FAQ, email ontats;

Priority: 1

Grade: A

Summary: The doumentation is available internally as well as on the WEB. The WEB version

only refers the latest state of the doumentation however, with no assoiation to a spei�

release of the software.

OL{2.5{R1.4 release history, bug reports and traking, path desriptions;

Priority: 1

Grade: A/E

Summary: Available on the WEB; ould be extended

OL{2.5{R1.5 programmer referenes and guides;

Priority: 2

Grade: A/E

Summary: There is a programming guide. The referenes would need some more work.

OL{2.5{R1.6 data format desriptions

Priority: 2

Grade: A

Summary: The uvdata and image formats are well doumented. There is a referene program-

ming manual on how to read and write these formats.

OL{2.5{R1.7 algorithm desriptions

Priority: 2

Grade: A/E

Summary: Sometimes laking. Referenes are given in the ode, but often not in the doumen-

tation. This ould be improved.

OL{2.5{R1.8 newsletters, email exploders, notes series

Priority: 3

Note: these would be maintained by the Pakage providers, with help from the ALMA projet.

Grade: A/E

Summary: There are newsletters and memos.

OL{2.5{R2 The Pakage reators must ensure the doumentation is up-to-date and omplete for all

parts of the Pakage.

Priority: 1

Grade: A

Summary: The doumentation is derived from in-ode doumentation every time eah task or sub-

routine is updated. This works well.

OL{2.5{R3 Help materials shall also be available in printable formats, inluding
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OL{2.5{R3.1 standard doument formats (pdf, postsript)

Priority: 1

Grade: A

Summary: Postsript and PDF are available for doumentation.

OL{2.5{R3.2 printer-friendly versions of HTML pages

Priority: 2

Grade: A

Summary: The HTML pages have a link to the Postsript version. Also individual setions of

the HTML pages print quite well.

OL{2.5{R3.3 popular proprietary formats (MS-Word)

Priority: 3

Grade: N Severity: low

Summary: Not available. PDF should be used. I agree.

OL{2.5{R4 Help shall be ontext-sensitive where relevant. In GUI mode, y-over banners should indiate

use of buttons and �elds, and likable help buttons should be available on all pages.

Priority: 2

Grade: A

Summary: Help inside the MIRIAD shell is ontext-sensitive. Fashions hange; button and banners

are the urrent fashion ?

OL{2.5{R5 In GUI mode, help funtions may diret a browser to a Web page. In CLI mode, the Pakage

must support in-line text based help also.

Priority: 2

Grade: A/E

Summary: In CLI mode, the text based help is available, as well as a WEB browser mode.

OL{2.5{R6 Full searh apability must be built into the doumentation library.

Priority: 2

Grade: N Severity: medium
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2.3 Data Handling

2.3.1 General Data Requirements

Summary: There are two types of data struture in Miriad.

1. UVDATA

The uvdata struture is used for single soure, multiple soure or frequeny, mosaied, polarization, in-

terferometer or single dish observations. The data an be stored as real or omplex oating values, or

saled 16-bit integers. The metadata are stored as a stream of named variables and values. Soure names,

frequenies, pointing enters, are variables whih an hange throughout the uvdata. Miriad alibration

tasks produe or use alibration tables and parameters whih are stored in the uvdata struture. The

history of observation and data redution, inluding the steps and parameters used in observing and re-

duing the data are stored in the uvdata struture. Other strutures, suh as WVR data, and a opy of

the observing sript and parameters, have been easily added.

2. IMAGES

Miriad images use a FITS-like format to desribe the multidimensional image data. The image is stored

as oating point numbers. An image ontains a bit-mask for pixel blanking. The history of observation

and data redution, inluding the steps and parameters used in observing and reduing the data is stored

in the image format. The same format is used for single �eld maps, beams, multihannel, MFS, mosaied,

polarization, and model images deonvolved using lean, maxen, mflean, mosmem, mossdi et.

OL{3.1{R1 The Pakage must support data taken in any of the standard ALMA hardware modes.

Priority: 1

Grade: U

Summary: The standard ALMA hardware modes are unde�ned at this time.

OL{3.1{R2 The Pakage shall be able to handle the integrated data objets orresponding to the ob-

servational programs arried out by ALMA. These objets may be implemented in any manner

appropriate, though relations between the omponents of the objet must be maintained through

some mehanism. These inlude:

OL{3.1{R2.1 Program header information;

Priority: 1

Grade: A

Summary: MIRIAD data strutures are implemented as diretory strutures whih are modi�ed

by the data aquisition and data redution proess. The MIRIAD data strutures are quite

exible. Various data and information, suh as WVR data, opies of the observing sript, and

on-line implementation have been easily added.

OL{3.1{R2.2 Observation status information (and shedules themselves);

Priority: 1

Grade: A

Summary: Almost anything an be added to the data strutures. E.g:

- opies of the observing proposals or over sheets.

- observing requirements, sheduling onstraints.

- observational status as projet is implemented.

- orrelator setups, antenna on�gurations.

- dynami sheduling implementation.

- sripts to be used for alibration and imaging

- alibration parameters, uxes, ephemerides...

- models for siene pipeline data analysis.
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- published papers.

- arhive implementation and history of data use.

OL{3.1{R2.3 Field information;

Priority: 1

Grade: A

OL{3.1{R2.4 Data from interferometer and single-dish organized by:

OL{3.1{R2.4.1 position;

Priority: 1

Grade: A

OL{3.1{R2.4.2 subreetor state;

Priority: 1

Grade: A

OL{3.1{R2.4.3 polarization produts;

Priority: 1

Grade: A

OL{3.1{R2.4.4 spetral hannels;

Priority: 1

Grade: A

OL{3.1{R2.4.5 frequeny bands;

Priority: 1

Grade: A

OL{3.1{R2.4.6 IFs;

Priority: 1

Grade: A

OL{3.1{R2.4.7 subarray;

Priority: 1

Grade: A/E

Summary: ould be easily de�ned. seletion by antenna.

OL{3.1{R2.5 Coherene funtion (visibility) data from interferometer, inluding:

OL{3.1{R2.5.1 ross-orrelations;

Priority: 1

Grade: A

OL{3.1{R2.5.2 auto-orrelations;

Priority: 1

Grade: A

OL{3.1{R2.5.3 unorreted and/or online WVR orreted (if hosen by user);

Priority: 1

Grade: A/E

OL{3.1{R2.5.4 phased-array data (if hosen by user);

Priority: 1

Grade: A/E

Summary: Can be omputed , but is not stored.

OL{3.1{R2.6 Total power (autoorrelation) data from antennas in single-dish mode;

Priority: 1

Grade: A

OL{3.1{R2.7 Weights and/or data unertainties;

Priority: 1

Grade: A

OL{3.1{R2.8 States indiating speial modes (suh as ON/OFF positions), for:

OL{3.1{R2.8.1 OTF sanning;

Priority: 1
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Grade: A

Summary: used in holography

OL{3.1{R2.8.2 subreetor swithing;

Priority: 1

Grade: I Severity: med

Summary: not used

OL{3.1{R2.8.3 frequeny swithing;

Priority: 1

Grade: A

OL{3.1{R2.9 Flagging data or masks;

Priority: 1

Grade: A

OL{3.1{R2.10 Diagnosti data and errors;

Priority: 1

Grade: A

Summary: System temperatures are available, as well as weather information, traking errors,

pointing orretions, fous orretions, and many other spei� information. Speial Diagnosti

data have been easily added to the data struture on several oasions.

OL{3.1{R2.11 A priori alibration data, inluding:

OL{3.1{R2.11.1 bandpasses;

Priority: 1

Grade: A

Summary: Available in data.

OL{3.1{R2.11.2 soure ux densities;

Priority: 1

Grade: A

Summary: Quasars in a �le; planets in the data struture.

OL{3.1{R2.11.3 antenna polarization leakages;

Priority: 1

Grade: A

OL{3.1{R2.12 Derived alibration data, inluding:

OL{3.1{R2.12.1 gain tables;

Priority: 1

Grade: A

Summary: In data.

OL{3.1{R2.12.2 ux bootstraps;

Priority: 1

Grade: A

Summary: These are not handled separately from the quasar uxes and planet parameters

OL{3.1{R2.13 Images and/or models produed from data;

Priority: 1

Grade: A

Summary: These are separate �les

OL{3.1{R2.14 Proessing history;

Priority: 1

Grade: A

Summary: Proessing history is kept in the data struture inluding the steps and parameters

used in observing and reduing the data.

OL{3.1{R3 There must be a seletion mehanism integrated within tools to hoose between the various

available data subsets suh as:

Summary: The selet keyword selets the subset of the visibility data to be proessed. There are a
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number of subommands, whih may be abbreviated. Eah may be pre�xed with a plus or minus

sign to indiate using or disarding the seleted data. Many subommands an be given (separate

them by ommas). User doumentation: "selet.do". Subommands inlude:

OL{3.1{R3.1 sourenames, and user spei�ed data quali�ers (with wildarding);

Priority: 1

Grade: A

Summary: selet=soure(384,1058+012,....)

OL{3.1{R3.2 mosai or sanning pointing enters;

Priority: 1

Grade: A

Summary: selet=dra(10.58,16.79,...),dde(0.3) et.

OL{3.1{R3.3 polarization produts or hannels;

Priority: 1

Grade: A

Summary: selet=pol(I,YY,LR,....)

OL{3.1{R3.4 bands (frequeny bands, IFs);

Priority: 1

Grade: A

OL{3.1{R3.5 spetral hannels;

Priority: 1

Grade: A

Summary: selet=window(w1,w2,...) Selet by spetral window (IF band in AIPS terminology).

See the help on "window" for more information.

OL{3.1{R3.6 frequeny-swithed data;

Priority: 1

Grade: A

Summary: selet=frequeny(f1,f2) Selet orrelations, where the sky frequeny of the �rst or-

relation is in the range f1 to f2 (in GHz). If only a single frequeny is given, then orrelations

are seleted if the �rst orrelation is within 1% of the given frequeny.

OL{3.1{R3.7 interferometer: subarrays;

Priority: 1

Grade: A

Summary: selet=ant(a1,a2,...)(b1,b2...) Selet all baselines pairs formed between �rst and

seond list of antennas. The seond list is optional and defaults to all antennas.

OL{3.1{R3.8 interferometer: WVR-orreted or unorreted baselines;

Priority: 1

Grade: A

Summary: Miriad task WVCAL estimates atmospheri phase orretions from the WVR mea-

surements whih are stored in the data struture. The WVR data are interpolated to the

integration times of the interferometer data and written as antenna gains. The gains are ap-

plied when displaying, averaging, opying, or imaging the uvdata. There is no need to make a

alibrated dataset, although it is sometimes onvenient to do this. The WVR alibration an be

seleted by antenna. If the uvdata are averaged, then WVR-orreted or unorreted baselines

are stored in seperate �les (ould be in the same data struture), and seleted by antennas.

OL{3.1{R4 Multiple pointing enters for mosais must be supported.

Priority: 1

Grade: A

OL{3.1{R5 For polarization produts, transformation must be provided to the desired Stokes output

parameter(s).

Priority: 1
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Grade: A

Summary: The stokes keyword spei�es the Stokes/polarisations parameters that are to be pro-

essed. Tasks whih use this keyword onvert raw polarisations to Stokes parameters stokes. User

doumentation: "stokes.do"

OL{3.1{R6 Averaging of data over time, bands and spetral hannels shall be possible.

Priority: 1

Grade: A

OL{3.1{R7 Data taken in arbitrary (but parameterized) sanning patterns must be dealt with.

Priority: 1

Grade: A

OL{3.1{R8 All standard time systems shall be supported, inluding:

OL{3.1{R8.1 Universal Time (UT), also UT1;

Priority: 1

Grade: N Severity: low

OL{3.1{R8.2 Coordinated Universal Time (UTC);

Priority: 1

Grade: A

OL{3.1{R8.3 International Atomi Time (IAT);

Priority: 1

Grade: N Severity: low

OL{3.1{R8.4 Loal Sidereal Time (LST);

Priority: 1

Grade: A

OL{3.1{R8.5 Greenwih Mean Sidereal Time (GMST);

Priority: 1

Grade: N Severity: low

Summary: Is that really useful?

OL{3.1{R8.6 Julian Date (JD), also Modi�ed Julian Date (MJD);

Priority: 1

Grade: A

OL{3.1{R8.7 Dynamial Times (TDT, TDB).

Priority: 1

Grade: U

OL{3.1{R9 All standard oordinate systems shall be supported, inluding:

OL{3.1{R9.1 equatorial (RA, DEC);

Priority: 1

Grade: A

OL{3.1{R9.2 elipti (ELON, ELAT);

Priority: 1

Grade: N Severity: low

OL{3.1{R9.3 helioelipti (HLON, HLAT);

Priority: 1

Grade: N Severity: low

OL{3.1{R9.4 galati (GLON, GLAT);

Priority: 1

Grade: I Severity: med

OL{3.1{R9.5 supergalati (SLON, SLAT);

Priority: 1

Grade: N Severity: low

Create Date: 2003-06-18 Page 21 Contat author: M. Wright



BIMA MIRIAD Evaluation

OL{3.1{R9.6 terrestrial (AZ, EL);

Priority: 1

Grade: A

OL{3.1{R10 All standard oordinate referene frames and equinoxes shall be supported, inluding:

OL{3.1{R10.1 J2000 (and other FK5 equinoxes);

Priority: 1

Grade: A

OL{3.1{R10.2 B1950 (and other FK4 equinoxes);

Priority: 1

Grade: A

OL{3.1{R10.3 geoentri apparent plae, oordinates of date;

Priority: 1

Grade: N Severity: low

OL{3.1{R10.4 topoentri oordinates;

Priority: 1

Grade: N Severity: low

OL{3.1{R10.5 International Celestial Referene System (ICRS);

Priority: 1

Grade: N Severity: low

OL{3.1{R11 All standard veloity de�nitions shall be supported, inluding:

OL{3.1{R11.1 radio;

Priority: 1

Grade: A

OL{3.1{R11.2 optial;

Priority: 1

Grade: A

OL{3.1{R11.3 redshift;

Priority: 1

Grade: N Severity: low

Summary: The default doppler frame is RADIO.

OL{3.1{R12 All standard veloity frames shall be supported, inluding:

OL{3.1{R12.1 topoentri;

Priority: 1

Grade: U

OL{3.1{R12.2 geoentri;

Priority: 1

Grade: U

OL{3.1{R12.3 baryentri;

Priority: 1

Grade: U

OL{3.1{R12.4 helioentri;

Priority: 1

Grade: U

OL{3.1{R12.5 kinemati LSR;

Priority: 1

Grade: A

OL{3.1{R12.6 dynami LSR;

Priority: 1

Grade: U
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OL{3.1{R12.7 galatoentri;

Priority: 1

Grade: U

OL{3.1{R12.8 loal group;

Priority: 1

Grade: U

Summary: MIRIAD works in the LSR frame, but tools may be available to go to other frames when

needed.

OL{3.1{R13 Coordinates and loations (e.g. of the antennas, or the array enter) de�ned with respet

to the standard frames shall be supported, inluding:

OL{3.1{R13.1 topoentri;

Priority: 1

Grade: A/E

OL{3.1{R13.2 geoentri;

Priority: 1

Grade: A/E

OL{3.1{R14 Any existing agging mask or table must be maintained and assoiated with the data it

refers to during any subsequent operations (suh as splitting of data sets).

Priority: 1

Grade: A

Summary: Flags are preserved, it is possible to save many levels of ags in the data struture, but

this is not done.

OL{3.1{R14.1 The agging mask or table shall be transferable to other equivalent data sets (e.g.

ags derived for a ontinuum dataset should be transferable to a line dataset derived from the

same observations).

Priority: 2

Grade: A

OL{3.1{R15 Calibration and anillary monitoring data (e.g. weather information, WVR data, pointing)

that are provided in standard ALMA formats must be preserved, if requested by the user.

Priority: 1

Grade: U

Summary: There are no ALMA standard formats yet, but almost anything ould be added to the

data struture.

OL{3.1{R16 Correlation produts aumulated at multiple bit depths (16-bit,32-bit) or ompressed data

must be supported transparently (see ALMA-SW Memo 11 3.2.3-R5).

Priority: 1

Grade: A

Summary: The data an be stored as real or omplex oating values, or saled 16-bit integers.

OL{3.1{R17 Comprehensive and understandable proessing history information for the data must be

maintained and be exportable (both as tables and as plain text).

Priority: 1

Grade: A

Summary: The history of observation and data redution, inluding the steps and parameters used

in observing and reduing the data is stored with the data in ACSII format.
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OL{3.1{R18 Users shall have aess to, and the ability to hange, all aspets of the data inluding the

header.

Priority: 1

Grade: A

Summary: Full aess to all variables of the data header is available, the data is unhanged.

OL{3.1{R19 The Pakage must support loking data �les so that there is no possibility of one proess

orrupting a �le that is also being written to by another proess in the Pakage. The default model

should be: \one writer, multiple readers."

Priority: 1

Grade: A

OL{3.1{R20 Merging (e.g. onatenation) and splitting of datasets shall supported:

OL{3.1{R20.1 Extration of spei�ed subsets of data (e.g. by soure, time, subarray) shall be

supported.

Priority: 1

Grade: A

Summary: This is trivial through the seletion proess.

OL{3.1{R20.2 Merging and reinsertion of data subsets (e.g. ombination of di�erent on�gura-

tions, di�erent epohs, mosai pointings) shall be supported.

Priority: 2

Grade: A

Summary: Conatenation is trivial

OL{3.1{R20.3 The merging and splitting proess, inluding seletion of data to be merged (e.g.

merging of frequeny hannels whih may be di�erently labeled) shall be straightforward and

not overly omplex.

Priority: 2

Grade: A

Summary: Most Miriad tasks support on-the-y seletion and averaging of the uvdata when

displaying, averaging, opying, or imaging the uvdata using two keywords:

- selet: uvdata an be seleted by soures, times, frequenies, polarizations, uvranges, spetral

windows, pointing enters, single dish or interferometer, et.

- linetype: uvdata an be averaged and interpolated into user seleted hannel widths or veloity

intervals.

These data seletion features are eÆient and very onvenient for the user.

OL{3.1{R20.4 The use of merged or split data in the Pakage shall be robust and transparent to

the user. Subsequent operations shall work the same, whether the data is in its original form

or built from merged data subsets, where possible.

Priority: 2

Grade: A

OL{3.1{R20.5 The appropriate alibration and anillary monitoring data for the merged or split

data (e.g. keeping only the data relevant to soures split out) shall be preserved.

Priority: 3

Grade: A

OL{3.1{R21 Distintions between single-soure, multi-soure, single-dish, and interferometer datasets

shall be avoided with ontext built into the dataset or header.

Priority: 2

Grade: A

OL{3.1{R22 Tools for aess to header information, san summaries (e.g. LISTR in AIPS), antenna

loations (e.g. PRTAN in AIPS) shall be available, with printable output.
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Priority: 2

Grade: A

OL{3.1{R23 When sorting or indexing is needed for performane enhanement, it shall be arried out

in a manner transparent to the user.

Priority: 3

Grade: A

OL{3.1{R24 Compression of the data, with a seletable level of loss, shall be possible at various stages

of the proessing path.

Priority: 3

Grade: A

2.3.2 Data Import and Export

OL{3.2{R1 A variety of data formats must be supported by the Pakage:

OL{3.2{R1.1 The ALMA standard arhival data format must be supported for both input

and output without loss of funtionality or information.

Priority: 1

Grade: U

Summary: These have not yet been designated.

OL{3.2{R1.2 Other standard formats as designated by the ALMA Projet shall also be

supported for both input and output without loss of funtionality or information.

Priority: 1

Grade: U

Summary: These have not yet been designated, though it is likely that these will onsist of

FITS. FITS is supported.

OL{3.2{R1.3 Other popular data formats may be supported as the Pakage sees �t, possibly with

some loss in information ontent. Flexibility and wider use beyond ALMA is to be enouraged.

Priority: 3

Grade: A/E

Summary: There is a well used and exible FITS task

OL{3.2{R2 Disk and o�ine data storage (e.g. DAT, DDS, DLT) must be supported. The projet will

maintain a list of media whih the Pakage must support.

Priority: 1

Grade: A

Summary: Bu�er to disk and use system. Anything else is a waste of time nowadays.

OL{3.2{R3 The Pakage must be able to handle, eÆiently and graefully, datasets larger than main

memory of the host system.

Priority: 1

Grade: A

OL{3.2{R4 The ability to drop agged data on export shall be inluded.

Priority: 2

Grade: A

OL{3.2{R5 The Pakage internal data format, whih may be independent of other supported formats,

must not be \bloated" and the required storage should not exeed by more than 1:5� the raw data

format.
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Priority: 2

Grade: A

Summary: The data an be stored as real or omplex oating values, or saled 16-bit integers. The

"header" overhead is typially less than 5%

2.3.3 Images and Other Data Produts

OL{3.3{R1 Standard multi-dimensional images and arrays must be supported, inluding:

OL{3.3{R1.1 Spetra and image slies (1D);

Priority: 1

Grade: U

OL{3.3{R1.2 Planar images (2D);

Priority: 1

Grade: A

OL{3.3{R1.3 Spetral and Time Cubes (3D);

Priority: 1

Grade: A

OL{3.3{R1.4 Higher-dimensional Arrays (4D+).

Priority: 2

Grade: A/E

Summary: Not aware of any appliation task with more than 4-D, but don't know what the

limit is.

Summary: I/O to and from FITS is also provided.

OL{3.3{R2 Other standard derived data produts must be supported, inluding:

OL{3.3{R2.1 Point (CLEAN) models;

Priority: 1

Grade: A

OL{3.3{R2.2 Pixel (gridded image) models;

Priority: 1

Grade: A

OL{3.3{R2.3 Elliptial Gaussian models;

Priority: 1

Grade: A

OL{3.3{R2.4 Uniform (optially thik) disk models;

Priority: 2

Grade: A

OL{3.3{R2.5 Optially thin disk models;

Priority: 2

Grade: N Severity: low

OL{3.3{R2.6 wavelets;

Priority: 3

Grade: N Severity: low

OL{3.3{R2.7 Pixons;

Priority: 3

Grade: N Severity: low

OL{3.3{R3 Blanking of pixels shall be maintained through the proessing of images.

Priority: 1

Grade: A
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OL{3.3{R4 The pakage shall support all standard projetions, inluding:

OL{3.3{R4.1 sine or slant orthographi (SIN);

Priority: 2

Grade: A

OL{3.3{R4.2 tangent or gnomoni (TAN);

Priority: 2

Grade: U

OL{3.3{R4.3 ylindrial plate arr�ee (CAR);

Priority: 2

Grade: U

OL{3.3{R4.4 Merator (MER);

Priority: 2

Grade: U

OL{3.3{R4.5 stereographi (STG);

Priority: 2

Grade: U

OL{3.3{R4.6 Hammer-Aito� (AIT).

Priority: 2

Grade: U

2.3.4 Foreign Data

OL{3.4{R1 Data produed by other interferometers and single dishes in similar observing modes shall be

importable and proessable if provided in ALMA standard arhival data format or an ALMA

supported data format

Priority: 2

Grade: U

Summary: ALMA format urrently unde�ned.

OL{3.4{R2 Imaging data in standard formats (e.g. FITS) from astronomial instruments at di�erent

wavelengths shall be importable, with the ability to ombine (oadd) these with ALMA data where

appropriate. This should be through a set of widely used formats, with aminimal list of supported

standards established by the projet.

Priority: 2

Grade: U

Summary: List of standards not available. FITS is urrently supported.

2.3.5 Interation with the Arhive

OL{3.5{R1 Aess from the arhive (when suh aess is granted, e.g. when Pakage is run by ALMA

sta�) must be supported.

Priority: 1

Grade: U

Summary: Arhive not available

OL{3.5{R2 The interfae between the Pakage and arhive must be able to provide data aess (when

suh aess is granted) without interfering with other aess to the arhive.

Priority: 1
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Grade: U

Summary: Arhive not available

OL{3.5{R3 Seurity and integrity of the arhive must be ensured during these operations.

Priority: 1

Grade: U

Summary: Arhive not available

Create Date: 2003-06-18 Page 28 Contat author: M. Wright



BIMA MIRIAD Evaluation

2.4 Calibration and Editing

Summary: Miriad Calibration Model:

Calibration tables are produed from alibration observations. The tables an be displayed, opied, and

to a limited extent edited or averaged.

- antenna gains: omplex values. vary with time, but not frequeny.

- antenna bandpass: omplex values. vary with frequeny but not time.

- antenna leakages: omplex-valued terms whih model the leakage between the polarizations. These do

not vary with time or frequeny.

2.4.1 General Calibration and Editing Requirements

OL{4.1{R1 The Pakage must be able to handle reliably all designated ALMA standard alibra-

tion modes , possibly inluding but not exlusive to: temperature ontrolled loads, semi-transparent

vanes, apex alibration systems, WVR data, noise injetion, fast-swithing alibration transfer, plan-

etary observations.

Priority: 1

Grade: U

Summary: These have not been de�ned yet. This item will require input from the ALMA Siene

IPT and the SSR.

OL{4.1{R2 Calibration, editing, agging, and orretion of data shall be easily reversible within the

Pakage (i.e. not requiring re-reading of the data from the arhive).

Priority: 1

Grade: A

Summary: The alibration tables are applied on-the-y when displaying, averaging, opying, or

imaging the uvdata. There is no need to make a alibrated dataset, although it is sometimes

onvenient to do this. The alibrations are applied by default, but an be swithed o� using any of

the options=noal,nopass,nopol.

OL{4.1{R2.1 Logging of editing steps will be learly marked in a history table or data objet

(possibly distint from a more readable history).

Priority: 2

Grade: A

Summary: history of observation and data redution, inluding the steps and parameters used

in observing and reduing the data is stored with the data.

OL{4.1{R2.2 Individual edit undo is desirable.

Priority: 3

Grade: A

OL{4.1{R3 Data alibration operations shall take into aount the san struture and swithing sheme

of the data. The user shall be able to request alibration solution intervals that orrespond to and

referene from san boundaries, for example.

Priority: 1

Grade: A

OL{4.1{R4 Data editing and agging shall be possible based upon array, environmental, astronomial,

and alibration monitoring data, inluding:
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OL{4.1{R4.1 pointing data;

Priority: 1

Grade: A

OL{4.1{R4.2 array traking information (enoders);

Priority: 1

Grade: A

OL{4.1{R4.3 weather data (wind speed, temperature, relative humidity, pressure);

Priority: 1

Grade: A

OL{4.1{R4.4 T

sys

data;

Priority: 1

Grade: A

OL{4.1{R4.5 WVR data;

Priority: 1

Grade: A

OL{4.1{R4.6 RFI monitoring;

Priority: 2

Grade: N Severity: low

Summary: The user may set the DATA ag based on his own identi�ation of RFI, but none

is automatially deteted on site.

OL{4.1{R4.7 site-test interferometer (STI) and/or tipping radiometer;

Priority: 2

Grade: N Severity: low

Summary: No suh equipment on site.

OL{4.1{R4.8 array monitoring points (e.g. dewar temperatures) if data provided in standard for-

mat;

Priority: 3

Grade: A

Summary: The user may ag the data using any monitored variable in the metadata

OL{4.1{R4.9 other site instrument (e.g. FTS) providing data in standard format.

Priority: 3

Grade: N Severity: low

Summary: No suh equipment on site.

Summary: These are well handled, provided that the metadata is available in the data struture.

OL{4.1{R5 Calibration shall involve exible averaging of data and alibration quantities with user-

ontrollable interpolation, �ltering, weighting, and appliation sope.

Priority: 1

Grade: A

Summary: Data an be averaged in time inside a san if needed, and in frequeny bins or time bins

to evaluate frequeny based or time-based solutions.

OL{4.1{R6 Interative data editing, alibration, and display of alibration quantities shall be largely

graphial and intuitive. Speialized editing display tools should inlude:

OL{4.1{R6.1 spei�ation of data by seletion on observational parameters, and/or plotting versus

these parameters, inluding:

OL{4.1{R6.1.1 antenna;

Priority: 1

Grade: A

OL{4.1{R6.1.2 baseline;

Priority: 1

Grade: A
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OL{4.1{R6.1.3 time range;

Priority: 1

Grade: A

OL{4.1{R6.1.4 uv range;

Priority: 1

Grade: A

OL{4.1{R6.1.5 pointing enter;

Priority: 1

Grade: A

OL{4.1{R6.1.6 azimuth, elevation;

Priority: 1

Grade: A

OL{4.1{R6.1.7 hour angle range;

Priority: 1

Grade: A

OL{4.1{R6.1.8 parallati angle;

Priority: 1

Grade: A

OL{4.1{R6.1.9 slie through data ube;

Priority: 1

Grade: I Severity: low

Summary: Plotting is possible but it does not allow editing.

OL{4.1{R6.2 displays of spetra and spetral ubes;

Priority: 1

Grade: A

OL{4.1{R6.3 display of losure quantities;

Priority: 1

Grade: A

OL{4.1{R6.4 display of and seletion on monitor data quantities (e.g. Tatm, Tamb);

Priority: 1

Grade: I Severity: med

Summary: display an be easily done; seletion is possible through agging based on monitor

data.

OL{4.1{R6.5 the above with baseline, time, band and/or hannel averaging

Priority: 1

Grade: A

OL{4.1{R6.6 for interferometer data, amplitude (phase) vs. time on eah baseline (Difmap vplot),

vs. time-baseline (AIPS TVFLG) with interative zoom, seletion, and lipping;

Priority: 1

Grade: A/E

Summary: Amplitude and/or phase vs time is available, and amplitude and/or phase vs base-

line.

OL{4.1{R6.7 editing of data points based on statistial quantities, inluding:

OL{4.1{R6.7.1 a data point versus a running mean over a timesale;

Priority: 1

Grade: N Severity: med

OL{4.1{R6.7.2 a data point versus a median over a timesale;

Priority: 1

Grade: N Severity: med

OL{4.1{R6.7.3 an rms satter in a time range;

Priority: 1

Grade: N Severity: med
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OL{4.1{R6.7.4 di�erene versus a model;

Priority: 1

Grade: A

Summary: Control of interative editing and plotting versus statistial quantities is laking;

suh plotting and thus editing would normally be done by ustom sripts.

OL{4.1{R6.8 auto-saling and user-spei�ed saling of axes;

Priority: 1

Grade: A

OL{4.1{R6.9 auto-saled and user-spei�ed olormap or greysale;

Priority: 1

Grade: A

OL{4.1{R6.10 inlusion and marking of agged data in plots and in auto-saling;

Priority: 1

Grade: A/E

Summary: Yes for agged; no for auto-saled .

OL{4.1{R7 Non-interative and automated editing tools shall be available in the Pakage, inluding:

OL{4.1{R7.1 diret editing of data based user-spei�ed ranges for quantities available for plotting

or editing in interative mode

Priority: 1

Grade: A/E

OL{4.1{R7.2 automated editing with tunable riteria for automated seletion of parameter ranges

Priority: 2

Grade: N Severity: med

OL{4.1{R8 Data alibration, orretion and agging shall be possible based upon standard or user-

de�ned models in either funtional or tabular form. Arbitrary user-spei�ed saling of data shall be

simple.

Priority: 2

Grade: N Severity: high

Summary: Not available.

OL{4.1{R9 Aess to time history of alibration information (e.g. soure atalogs ontaining ux density

histories) shall be built into alibration engines. Output of alibration proedures shall be exportable

into similar strutures.

Priority: 2

Grade: A

Summary: Quasar uxes are in a �le; time history an be plotted. models for planets are in the data

struture.

OL{4.1{R10 The Pakage shall support the establishment and veri�ation of the relative alibration of

the various omponent epohs, on�gurations or other subsets for merged datasets.

Priority: 2

Grade: A

OL{4.1{R11 Data display and editing shall be e�eted through generi tools appliable to both single-

dish and interferometer modes. These shall, as far as possible, present similar interfaes to the user

and have the same look-and-feel.

Priority: 2

Grade: A/E
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OL{4.1{R12 Editing shall be inorporated into most visualization tools where data or data-derived

quantities are plotted, suh as from alibration solutions, amplitude vs. uv-distane plots, or any

number of other plots. A \see-it, ag-it" apability shall be the standard within the tools.

Priority: 2

Grade: U

2.4.2 Atmospheri Calibration

OL{4.2{R1 Atmospheri modeling shall be available in the Pakage. The ALMA Projet shall

provide a standard model as used in the Pipeline proessing of data whih the pakage

must support. There shall be provision for the use of user-supplied models, or the pakage may

have its own built-in models as an option.

Priority: 1

Grade: A

Summary: Atmospheri modeling is available online, (though not with the latest ATM model; the

urrent model in use is limited in auray above 300 GHz).

OL{4.2{R2 The Pakage shall be able to predit the absorption, emission and path length on the line

of sight through the atmosphere at all ALMA bands using the model. The predition will be based

on the following data:

OL{4.2{R2.1 measured atmospheri parameters at the site: temperature, pressure, humidity

Priority: 1

Grade: A

OL{4.2{R2.2 measured atmospheri emission in the observed ALMA bands

Priority: 1

Grade: A

Summary: But restrited in auray above 300 GHz.

OL{4.2{R2.3 data from site test interferometer or tipping radiometer

Priority: 2

Grade: N Severity: low

Summary: Not available at Hatreek site so not developed.

OL{4.2{R2.4 measured FTS data (if FTS available for ALMA)

Priority: 3

Grade: U

Summary: Not available at Hatreek site so not developed; pending ALMA FTS and format.

OL{4.2{R2.5 measured atmospheri pro�les of temperature and water ontent if available from

atmospheri sounders or other devies

Priority: 3

Grade: U

Summary: Pending ALMA soping of this.

OL{4.2{R3 Atmospheri modeling shall be usable to derive the system temperatures orreted for at-

mospheri absorption in all astronomial bands in use, in order to orret the observed amplitudes

at various elevations.

Priority: 1

Grade: A

Summary: This is available in the on-line system and in the Miriad task OBSTAU task.

OBSTAU omputes tau, sky temperature and single sideband systemp from an atmospheri model.

The program assumes sale height for water is 1.6 km. You must speify the water ontent of the
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atmosphere. This an be input as preipitable water (mm), or relative humidity (Output: zenith

opaity, estimated skytemp at urrent airmass, and single sideband system temperature, Tsys.

OL{4.2{R4 Atmospheri modeling shall be also usable to provide the onversion fators between WVR

data and the water ontribution to the astronomial phase in the astronomial bands.

Priority: 1

Grade: A

Summary: The WVR data also has the onversion to mmh2o.

2.4.3 Interferometer Data

Note: Antenna-based determination of alibration quantities suh as gains, polarization leakages, band-

passes, will be the primary form of alibration where appropriate. However, in addition to antenna-based

alibration, baseline dependent orretions will be important in some ases. For example, oherene loss

due to atmospheri phase utuation depends on baseline length (this aspet will be more important at

higher frequenies) and orientation, and must be taken into aount if some of the WVR orretions are

disarded while others are applied. Also, in general, the bandpasses are baseline dependent and ontain

non-losing terms.

OL{4.3{R1 Antenna-based determination of alibration quantities shall be available, and are the default

hoie for alibration in tools where appropriate, for quantities inluding:

OL{4.3{R1.1 antenna gains;

Priority: 1

Grade: A

OL{4.3{R1.2 polarization leakages;

Priority: 1

Grade: A

OL{4.3{R1.3 antenna-dependent bandpasses;

Priority: 1

Grade: A

OL{4.3{R2 Baseline dependent orretions shall be supported for quantities inluding:

OL{4.3{R2.1 WVR orretions to subsets of baselines;

Priority: 1

Grade: A

OL{4.3{R2.2 losure errors;

Priority: 1

Grade: A

Summary: This is handled as `baseline-based alibration'.

OL{4.3{R2.3 baseline-dependent bandpasses;

Priority: 1

Grade: A

Summary: This is handled as `baseline-based alibration', both for amplitude and phases.

OL{4.3{R3 Gain orretions will be made based on di�erenes between observed and modeled data

quantities, possibly with iteration (e.g. self-alibration and determination of gains using alibration

soures). Where solutions are disrepant or poor, automati editing shall be possible.

Priority: 1

Grade: A
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OL{4.3{R4 Calibration quantities (possibly stored in tables or data strutures) shall be transferable be-

tween soures and/or frequeny bands, after any neessary interpolation, extrapolation or smoothing.

This will be the primary method of phase alibration transfer using fast-swithing between soure

and alibrator.

Priority: 1

Grade: A

Summary: This is the standard way of alibrating

OL{4.3{R5 Determination of the time-variable, omplex bandpass using alibration soure observations,

and transfer to target soures, shall be simple and robust.

Priority: 1

Grade: A

Summary: supported in uvgains task, not muh used

OL{4.3{R6 Determination of polarization alibration quantities suh as leakage (D-term or Jones matrix)

and omplex gain di�erene shall be an integral part of the Pakage, with the apability of performing

full matrix alulations.

Priority: 1

Grade: A

OL{4.3{R7 Determination of, orretion for, examination of, and agging based on losure errors shall

be straightforward to arry out.

Priority: 2

Grade: A

Summary: Closure errors are heked for when solving for antenna based alibrations. Corretion

for the errors have to be done by using baseline-based alibrations.

OL{4.3{R8 Inorporation of standard models (e.g. planetary disks, models for HII region struture,

known soure spetra) shall be easy for alibration operations. User-supplied models in a standard

format (e.g. ASCII table) for these quantities shall be supported.

Priority: 2

Grade: A/E

Summary: This is done through tasks uvmodel and selfal .

OL{4.3{R9 Redundany (e.g. same, similar, or rossing baselines) shall be used wherever possible to

inrease auray of or to hek alibration solutions. Editing based on this omparison shall be

possible.

Priority: 2

Grade: N Severity: low

Summary: There is no dediated tool for this, though it is feasible using uv plots

OL{4.3{R10 Interferometri pointing, fous, baseline, and beam response �tting shall be available in

the Pakage as a supplement to the on-line alibration.

Priority: 3

Grade: A
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2.4.4 Single Dish Data

OL{4.4{R1 Straightforward and exible �tting of spetral bandpass from alibration soure observations

is required.

Priority: 1

Grade: A/E

Summary: We an �t a baseline and transport it. A passband an be �tted too. transporting it is

not implemented.

OL{4.4{R2 De-striping and adjustment of san normalization fators must be available for single-dish

OTF observations with overlapping and rossing sans.

Priority: 1

Grade: I Severity: med

Summary: Not available as a spei� funtion or tool, but an be done by FFT-ing the data, �ltering,

and transforming bak.

OL{4.4{R3 Calibration of system parameters suh as temperature ontrolled loads and noise soures

from observations of elestial soures shall be supported.

Priority: 3

Grade: A

OL{4.4{R4 Proessing for pointing, fous, tipping, or beam-�tting data must be available for both

single-san alibration observations and for multiple datasets.

Priority: 3

Grade: A

Summary: Mostly for sta� use, and an be done using ustom sripts running low-level funtions.

2.4.5 Mosaiing Considerations

OL{4.5{R1 Determination of and orretion for pointing o�sets and the polarized primary beam is

ritial to the ability to reliably mosai using ALMA, and thus must be available in the Pakage,

preferably in several algorithmi forms.

Priority: 1

Grade: A/E

Summary: There is a pointing �tting task PNT. The nominal pointing enters an be hanged by

known pointing orretions. This is a 1st order orretion. It does not hange amplitude and phase

aross the PB. Correting the atual antenna pointing on-line is best. The polarized primary beam

has been determined, but never used to orret data as far as I know.

OL{4.5{R2 Careful ross alibration of the ux sales between ALMA interferometri data and single

dish data is required for high �delity imaging. There must be tools to ross-hek and orret the

relative alibration between mosais and di�erent omponent observations. Note: this is partiularly

important and more diÆult for ACA data.

Priority: 2

Grade: A

Summary: A lot of work has been done. See ALMA memo 450 for ACA.
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OL{4.5{R3 The Pakage shall allow user-input of san information given a parameterized pattern or

interpolated from a provided list of pointing enters versus time

Priority: 3

Grade: A

Summary: The pointing information is available in the headers, and you're free to hange them

by any data or formula if you believe they are wrong by any amount (as anything in the headers

inidently).

2.4.6 Anillary and Diagnosti Data

OL{4.6{R1 Output from the atmospheri monitoring (e.g. WVR, FTS) instrumentation provided in

ALMA format shall be importable to the alibration software, for example to be used in agging.

Priority: 1

Grade: U

Summary: An ALMA format needs to be detailed.

OL{4.6{R2 Derivation of alibration and orretion of data based on pointing, fous and subreetor

status information shall be available in the Pakage.

Priority: 1

Grade: I Severity: med

Summary: One an orret the visibilities for the phase e�et of a mispositioned subreetor.

OL{4.6{R3 Environmental data suh as weather (e.g. wind speed, temperature, dew point) supplied

in ALMA format, as FITS extension tables, or as ASCII tables shall be importable for editing or

alibration proedures, and easily inorporated into user-spei�ed alibration models.

Priority: 2

Grade: U

Summary: The ALMA formats needs to be detailed. These parameters should be in the standard

metadata (e.g. they are in MIRIAD format) and thus should not need be imported.

OL{4.6{R4 Engineering monitoring information suh as temperature sensor readings and tilt-meter out-

puts, inluded in ALMA format, as FITS extension tables, or as ASCII tables, shall be readable and

inorporated into the alibration and editing proess.

Priority: 3

Grade: U

Summary: The ALMA formats needs to be detailed. We will want to inlude in the DRP native

format all data that needed for alibration and editing. This is the strategy we used for MIRIAD.
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2.5 Imaging

2.5.1 General Imaging Requirements

Beause ALMA is inherently a multi-hannel instrument, spetral ube mapping shall be built in as the

primary mode from the beginning. Also, due to the high volume of data that an be produed by ALMA,

it is imperative that the imaging and deonvolution tools in the Pakage be user-friendly, eÆient, and

exible. This is the workhorse of the Pakage as far as most users will be onerned, and suitability and

suess of the Pakage will be judged with this in mind.

OL{5.1{R1 Imaging of data taken from any ombination of ALMA exported data, the ALMA arhive,

or other instruments supporting ommon export formats must be provided. A list of supported

data and formats will be maintained by the projet.

Priority: 1

Grade: U

Summary: ALMA must supply a list.

OL{5.1{R2 EÆient seletion of subsets of the imaging data must be provided.

Priority: 1

Grade: A

Summary: The "region" keyword selets a subregion of an image. Multiple subregions an be

seleted, whih are "ored" together. The following subommands are reognized (eah of whih an

be abbreviated to uniqueness).

images(z1,z2) Selet image planes z1 to z2 inlusive. z2 defaults to z1.

quarter(z1,z2) Selet the inner quarter of the image planes z1 to z2 inlusive. If both z1 and z2 are

missing, then all planes are seleted. If only z2 is omitted, z2 defaults to z1.

boxes(xmin,ymin,xmax,ymax)(z1,z2) Selet the pixels within a box with orners

xmin,ymin,xmax,ymax. z1 and z2 are the same as in the "image" subommand. If z1 and

z2 are omitted, all planes are seleted.

polygon(x0,y0,x1,y1,x2,y2,...)(z1,z2) Selet the pixels within the polygon de�ned by the list of ver-

ties. z1 and z2 are the same as in the "image" subommand. If z1 and z2 are missing, all planes

are seleted. If only z2 is omitted, it defaults to z1.

mask(�le) Selet pixels aording to the mask given in the �le.

The units of the numbers given in the above ommands are, in general, absolute pixels. But this an

be hanged (and rehanged) by using one of the following subommands.

abspixel Coordinates are interpreted as absolute pixel values, the default. relpixel Coordinates are

relative to the referene pixel of the map. relenter Coordinates are relative to the entral pixel of

the map, (de�ned as (naxis1/2+1,naxis2/2+1)). arse Coordinates are in arseonds, relative to

the referene pixel. kms Coordinates in the third dimension are in km/s. .

OL{5.1{R3 Provision must be made for the utilization and development of a variety of imaging, deon-

volution, and analysis algorithms, inluding:

Summary: Miriad's imaging task, INVERT, makes images from a olletion of uvdata sets. The

images may be spetral line, polarization, MFS, or mosaied. Multiple frequenies, pointings, po-

larizations may be present in the same, or in multiple uvdata sets. Several weighting options are

supported (natural, uniform, robust, tapering, systemp). Invert an make Stokes I,Q,U,V images af-

ter applying leak alibration. The default mode for invert is a onventional grid and FFT algorithm.

The user an speify the image, and pixel size; by default invert images the FWHM of the telesope

with 1.5 x Nyquist sampling.
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OL{5.1{R3.1 raw (\dirty") images with seletable weighting (natural, uniform, Briggs robust);

Priority: 1

Grade: A

Summary: These are in Miriad's imaging task.

OL{5.1{R3.2 residual images after model subtration;

Priority: 1

Grade: A

Summary: UVMODEL modi�es a visibility dataset by a model. Allowed operations are adding,

subtrating, multiplying, dividing, replaing, and polarization alibration or simulation. The

model is spei�ed in the image domain, so that its Fourier transform is �rst omputed before

appliation to the visibilities. The model may be either a deonvolved image or a point soure.

The output is a visibility dataset. .

OL{5.1{R3.3 single-sale CLEAN (Hogbom, Clark, Cotton-Shwab);

Priority: 1

Grade: A

Summary: CLEAN uses the Hogbom, Clark, or SDI algorithm, whih take a dirty map and

beam, and produe an output map whih onsists of the Clean omponents. By default CLEAN

determines whih is the best algorithm to use. The output an be input to SELFCAL to self-

alibrate visibilities, or input to RESTOR to produe a "lean" image. An initial estimate, or

model of the deonvolved image an be used. e.g. a planet model or output from a previous

deonvolution task.

OL{5.1{R3.4 maximum entropy method (MEM);

Priority: 1

Grade: A

Summary: MAXEN uses a Maximum Entropy deonvolution algorithm. An initial estimate, or

model of the deonvolved image an be used. A default image an be given, e.g. a single dish

image. The �nal result will be inuened by this default if the onstrains that the data put on

the solution are weak. The entropy measure an be either "gull" (-p*log(p/e)) or "ornwell"

(-log(osh(p)).

OL{5.1{R3.5 linear mosais;

Priority: 1

Grade: A

Summary: Miriad's imaging task, "invert options=mosai" , makes images from a olletion of

uvdata sets. LINMOS is a MIRIAD task whih performs a simple linear mosaiing of input

ubes, to produe a single output ube. If only a single input ube is given, LINMOS essentially

does primary beam orretion on this input. When several, overlapping, inputs are given, then

LINMOS ombines the overlapping regions in suh a way as to minimize the rms error in the

output.

OL{5.1{R3.6 non-linear mosais;

Priority: 1

Grade: A

Summary: MOSSDI performs an SDI CLEAN on a mosaied image.

MOSMEM performs a Maximum Entropy deonvolution of a mosaied image. Optionally it

an also perform a joint deonvolution of a mosai and single dish image. An initial estimate,

or model of the deonvolved image an be used. A default image or a total ux estimate an

be given.

PMOSMEM performs a joint maximum entropy deonvolution of polarized mosaied images.

Optionally it an perform a joint deonvolution with a single dish image as well.

OL{5.1{R3.7 non-negative least-squares (NNLS);

Priority: 2

Grade: N Severity: med

OL{5.1{R3.8 multi-sale CLEAN;
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Priority: 2

Grade: A/E

Summary: done using a sript with Miriad tasks lean and restor

OL{5.1{R3.9 model�tting (point, Gaussian, disk);

Priority: 2

Grade: A

Summary: Available through the Miriad uv�t task.

OL{5.1{R3.10 multi-frequeny synthesis with di�erent spetral models;

Priority: 2

Grade: A

Summary: Miriad task invert options=mfs Perform multi-frequeny synthesis. The auses all

the hannel data to be used in forming a single map. The frequeny dependene of the uv o-

ordinate is thus used to give better uv overage and/or avoid frequeny smearing. options=sdb

Generate the spetral dirty beam as well as the normal beam, when MFS proessing. MF-

CLEAN is a task to deonvolve a multi-frequeny synthesis image. It an perform either Clark

or Hogbom iterations. Invert options=mfs,sdb makes an MFS image and beam with two planes:

the normal dirty beam, and the spetral dirty beam. The result of MFCLEAN is an image on-

sisting of two planes. The �rst plane is the normal ux model. The seond plane is an image

of ux*alpha.

OL{5.1{R3.11 speial funtion deonvolution (Pixon, wavelet);

Priority: 3

Grade: U

Summary:

OL{5.1{R4 Image pixel and spetral hannel blanking must be supported.

Priority: 1

Grade: A

Summary: IMMASK is a MIRIAD task whih allows you to mask an image dataset, or �nd out the

number of masked pixels in an image.

OL{5.1{R5 Interative graphial seletion of deonvolution region masks shall be available.

Priority: 1

Grade: A

Summary: CGCURS displays an image via a ontour plots or a pixel map representation (formerly

alled a "grey sale") on a PGPLOT devie. The ursor is then used to read image values, or to

evaluate image statistis in a polygonal region, or to write a polygonal region de�nition to a text

�le.

OL{5.1{R6 Multiple input datasets shall be supported diretly in the tools, rather than requiring pre-

vious onatenation of the data.

Priority: 2

Grade: A/E

Summary: Most Miriad tasks use the following keywords whih allow multiple input datasets.

Keyword vis: Input visibility data �les. Several �les an be given. Calibration tables are applied

on-the-y as the datasets are read.

Keyword in: The input images. Several �le names an be entered, separated by ommas.

OL{5.1{R7 An integrated deonvolution, self-alibration, and editing/�ltering tool shall be available,

espeially for novie users with data taken in ommonly used modes.

Priority: 2
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Grade: A/E

Summary: Standard sripts are in ommon use as an integrated deonvolution, self-alibration, and

editing/�ltering tool, by novie users.

OL{5.1{R8 Images made on di�erent oordinate systems (e.g. OL{3.1{R9), equinoxes (e.g. OL{3.1{

R10), or projetions (e.g. OL{3.3{R4) shall be transformed, merged and ompared appropriately.

Priority: 2

Grade: A

Summary: REGRID regrids an image by interpolating. The output oordinate system an be

spei�ed by a template image or by axis desriptors. Blanked input pixels are exluded from the

interpolation. Regridding of any ombination of the �rst three axes of an image is supported.

REGRID orretly handles onversion * Between di�erent projetion geometries (e.g. SIN,NCP,TAN

et). * Between equatorial and galati oordinates. * From a B1950 input to J2000 output and visa

versa, as well as B1950 to B1950, and J2000 to J2000. * Between radio/optial veloity de�nitions

and LSR/baryentri veloity rest frames.

OL{5.1{R9 Image ubes using di�erent veloity de�nitions (e.g. OL{3.1{R11) and veloity frames (e.g.

OL{3.1{R12) shall be transformed and merged orretly.

Priority: 2

Grade: N Severity: low

2.5.2 Interferometer Imaging

OL{5.2{R1 High-�delity imaging of the entire primary beam in all Stokes parameters is the primary

goal | therefore, inorporation of the polarized primary beam response of the array is required.

Priority: 1

Grade: N Severity: high

Summary: Primary beams are modelized and used in imaging. However, no primary beam polariza-

tion orretion has been needed so far, to my knowledge.

OL{5.2{R2 Imaging of diret polarization produts (e.g. RR, LL, RL, LR) or Stokes polarization states

(e.g. I, Q, U, V) must be seletable and interhangeable where possible given the data.

Priority: 1

gradeA

Summary: Miriad's imaging task, INVERT, makes images from a olletion of uvdata sets. The

data an be RR, LL, RL, LR, or XX XY YX YY, I, Q, U, V. The images may be spetral line,

polarization, MFS, or mosaied. Multiple frequenies, pointings, polarizations may be present in

the same, or in multiple uvdata sets. Invert an make Stokes I,Q,U,V images after applying leak

alibration.

OL{5.2{R3 There must be straightforward and seamless integration of data from multiple epohs and

on�gurations.

Priority: 1

Grade: A

Summary: Multiple �les may be input. alibration is applied on-the-y. Coordinate onversions are

handled by Miriad tasks uval, and regrid: Rotate uv-oordinates from urrent to standard epoh.

The standard epoh, ra, de an be hanged using PUTHD. Miriad task REGRID orretly handles

onversion * From a B1950 input to J2000 output and visa versa, as well as B1950 to B1950, and

J2000 to J2000. .
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OL{5.2{R4 Simultaneous multiple-�eld imaging and deonvolution must be supported.

Priority: 1

Grade: A

Summary: Invert options=mosai; deonvolution using mossdi, mosmem are the standard deonvo-

lution tasks.

OL{5.2{R5 Subtration of ontinuum level from spetral data is required, in both the Fourier and image

domain. In the ase of uv-plane subtration, exible setting of the frequeny hannel ranges for the

alulation of the ontinuum level and seletion of the type of �tting (polynomial, spline) should be

available in both GUI and CLI.

Priority: 1

Grade: A

Summary: Available in several Miriad tasks in both the Fourier and image domain.

OL{5.2{R6 There must be the ability to inlude \zero-spaing" values and short-spaing data taken in

single-dish mode (both ALMA and non-ALMA data), with seletable weighting.

Priority: 1

Grade: A

Summary: MOSMEM performs a Maximum Entropy deonvolution of a mosaied image. Optionally

it an also perform a joint deonvolution of a mosai and single dish image. An initial estimate, or

model of the deonvolved image an be used. A default image or a total ux estimate an be given.

One or two input dirty images (or ubes). These should have units of Jy/beam. The �rst should be

produed by INVERTs mosai mode. The optional seond dirty map an be a single-dish image. It

must be on exatly the same pixel grid as the �rst image. If neessary, use REGRID to make this

so. If two inputs are given, then a joint deonvolution of the two is performed.

IMMERGE is a Miriad task to linearly merge together two images with di�erent resolutions. The

two images must be of the same �eld and use the same oordinate system.

OL{5.2{R7 There shall be the hoie of FFT and DFT imaging (espeially for small datasets).

Priority: 2

Grade: A

Summary: Miriad task INVERT Keyword: mode determines the algorithm to be used in imaging.

Possible values are: �t The onventional grid-and-FFT approah. This is the default and by far

the fastest. dft Use a disrete Fourier transform. This avoids aliasing but at a hugh time penalty.

median This uses a median approah. This is generally robust to bad data and sidelobes, has a

even larger time penalty and produes images that annot be deonvolved. NOTE: Dft and median

modes are not supported with options=mosai.

OL{5.2{R8 There shall be the provision for the near-�eld imaging of solar-system objets. This an be

done through the introdution of phase orretions based upon the spheriity of the inoming wave

front.

Priority: 2

Grade: I Severity: low

Summary:

2.5.3 Mosaiing and Single Dish Imaging Considerations

OL{5.3{R1 Combination of interferometer and single-dish data into mosai imaging is essential.

Priority: 1
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Grade: A

Summary: Done routinely

OL{5.3{R1.1 The ACA (if and when it is soped as part of ALMA) must be integrally supported

by the Pakage.

Priority: 1

Grade: A

Summary: Implemented Miriad CSH and PYTHON simulations. See ALMA memo 450.

OL{5.3{R2 Careful (polarized) primary beam orretion and pointing orretion is ritial for high

�delity mosai imaging and must be inorporated into the mosaiing algorithms.

Priority: 1

Grade: I Severity: high

Summary: This overlaps with OL{5.2{R1, OL{4.5{R1, and OL{4.6{R2.

OL{5.3{R2.1 The primary beam alulation and orretion must take into aount the e�et of

on-the-y sanning.

Priority: 1

Grade: N Severity: low

OL{5.3{R2.2 A set of ALMA standard beam images will be made available by the projet

and distributed with the Pakage, with updates available for download when appropriate.

Priority: 1

Grade: U

Summary: Must be provided by ALMA.

OL{5.3{R2.3 The user shall be able to speify the primary beam in a number of forms, both

analyti and tabular, in addition to the ALMA provided primary beam.

Priority: 2

Grade: A/E

Summary: Available exept for polarization.

OL{5.3{R3 Image plane and uv-plane gridding parameters and interpolation shall be seletable based

on desired image riteria (e.g. �eld-of-view, auray)

Priority: 1

Grade: A/E

Summary: Default guess are good.

OL{5.3{R4 Saling and de-striping of sans on image-plane ombination shall be available.

Priority: 2

Grade: I Severity: med

Summary:

OL{5.3{R5 The Pakage must be able to produe an image by ombining data observed on di�erent

rasters, possibly taken with di�erent (regular or irregular) spaings and image enters.

Priority: 2

Grade: I Severity: high

Summary:

OL{5.3{R6 Pointing orretions (e.g. as determined by optial ameras or through monitoring data)

shall be appliable to the data during imaging

Priority: 2

Grade: N Severity: med
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Summary: This overlaps with OL{5.2{R1, OL{4.5{R1, and OL{4.6{R2, and further development is

needed on algorithms.

OL{5.3{R7 The imaging tools shall allow the option for the mitigation of the e�ets of non-oplanar

baselines and sky urvature.

Priority: 2

Grade: I Severity: med

Summary:
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2.6 Data Analysis

2.6.1 General Analysis Requirements

OL{6.1{R1 Seamless transformation between image-plane and uv-plane analysis is neessary:

OL{6.1{R1.1 Analysis based on goodness-of-�t to models, in both uv-plane (for interferometry)

and image plane, shall be available.

Priority: 1

Grade: A

Summary: Fits in the UV plane use task UVFIT. Fits in the Image plane use task IMFIT.

OL{6.1{R1.2 Fourier transform of images between angular and uv domains shall be available.

Priority: 2

Grade: A

Summary: The Fourier Transform between UV and Image planes is widely used in MIRIAD.

It is available to the user in various implementations.

OL{6.1{R2 Spetral and sanning baseline removal faility is required:

OL{6.1{R2.1 Polynomial baseline �tting shall be supported

Priority: 1

Grade: A

Summary: SINPOLY - Fit polynomial baselines to autoorrelation data. RF bandpass alibra-

tion of interferometri data is done in MFCAL.

OL{6.1{R2.2 Baseline �tting based on image statistis (e.g. median �ltering) shall be supported

Priority: 1

Grade: U

Summary: Don't know.

OL{6.1{R2.3 Fourier analysis of standing waves and their removal from spetra shall be available.

Priority: 2

Grade: I Severity: low

Summary: Don't think we have one - but it sounds easy enough

OL{6.1{R3 Translation between various astronomial quantities and units shall be available, inluding:

OL{6.1{R3.1 ux density | Jy, mJy, �Jy, mag

Grade: A/E

Summary: Several tasks support onversion, but not mag.

OL{6.1{R3.2 temperature | K, mK (Rayleigh-Jeans, Plank)

Grade: A/E

Summary: Several tasks support onversion, but not mag.

OL{6.1{R3.3 surfae brightness | Jy/beam, Jy/sr, MJy/sr, mag/arse

2

Grade: A/E

Summary: Several tasks support onversion, but not mag.

OL{6.1{R3.4 frequeny | Hz, MHz, GHz, m

�1

(wave number)

Grade: N Severity: low

OL{6.1{R3.5 veloity | km/s, m/s, z (redshift)

Grade: N Severity: low

OL{6.1{R3.6 wavelength | m, m, mm

Grade: N Severity: low

Priority: 2

OL{6.1{R4 The astronomer must have the apability to develop their own tools or tasks, with easy

aess to data and images, and straightforward interfae with the Pakage.

Priority: 2
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Grade: A

Summary: Developing new tasks and GUIs in MIRIAD is easy. Several users have developed tasks

for data analysis. e.g. planetary models, radiative transfer... Developing sripts is trivial.

2.6.2 Spetral Line Analysis

ALMA will be a spetrosopi mahine, and thus the ease and exibility of spetral line analysis is likely

to be a driver for the Pakage. Automati and user-ontrolled �tting routines will need to be inluded.

Note that there is neessarily some overlap with the image ube analysis, but here we onentrate on issues

relevant to traditional 1-D spetra.

OL{6.2{R1 Automati and user-ontrolled measurement of line parameters shall be available.

Priority: 1

Grade: A

Summary: There are several exellent pakages in use, whih ould be inluded in the Miriad dis-

tribution. It is an option to write ASCII spetra from the relevant MIRIAD tasks, to use a variety

of �tting programs. In addition some Miriad tasks support interative �tting proedures, e.g. in

VELPLOT

OL{6.2{R2 It shall be possible for the user to speify a veloity or frequeny windowing region for line

�tting.

Priority: 1

Grade: A

Summary: of ourse

OL{6.2{R3 Available line �tting parameters and pro�les shall inlude:

OL{6.2{R3.1 Gaussian line parameters (entral and integrated intensity, line width, line enter)

for single or multiple lines

Priority: 1

Grade: A

Summary:

OL{6.2{R3.2 Damping pro�les (Lorentzian)

Priority: 2

Grade: N Severity: low

Summary: This does not appear to be supported.

OL{6.2{R4 A set of ALMA standard line atalogs shall be made available by the projet and

distributed with the Pakage, with updates available for download when appropriate.

Priority: 1

Grade: U

Summary: The ALMA standard line atalog has yet to be de�ned. LOVAS and JPL atalogs are

used. LOVAS is disributed and used within Miriad

OL{6.2{R5 User importable line atalogs shall be supported by the Pakage as an ASCII table and in

the ALMA standard format.

Priority: 2

Grade: U

Summary: The ALMA standard line atalog format has yet to be de�ned.
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OL{6.2{R6 Setting of �t onstraints (e.g. spaing for multiple lines) shall be available and exible (i.e.

by GUI or by parameter list).

Priority: 2

Grade: A

Summary: Available. No need to dupliate.

OL{6.2{R7 Export of �t results in ASCII-format is desirable.

Priority: 3

Grade: A

Summary: This is available in VELPLOT

2.6.3 Image Cube Analysis and Manipulation

Beause ALMA is inherently a multi-hannel instrument, and due to the design of the ALMA orrelator,

spetral image ubes an be onsidered to be the fundamental image struture. Single-hannel or ontinuum

images an be onsidered as subsets or instanes of ubes. Note that the ability to pull lower-dimensional

strutures from larger-dimensional ubes is espeially important.

OL{6.3{R1 The Pakage shall support the onstrution and analysis of image ubes with a variety of

axis hoies, inluding:

OL{6.3{R1.1 time (e.g. OL{3.1{R8);

Priority: 1

Grade: A

OL{6.3{R1.2 position (e.g. OL{3.1{R9 or general X,Y);

Priority: 1

Grade: A

OL{6.3{R1.3 Fourier (u,v);

Priority: 1

Grade: A

OL{6.3{R1.4 hannel (frequeny, veloity, hannel number, band, IF);

Priority: 1

Grade: A

OL{6.3{R1.5 polarization;

Priority: 1

Grade: A

OL{6.3{R2 Basi ube rotation and transposition operations shall be available, inluding rotation not

orthogonal to ube faes.

Priority: 1

Grade: A/E

Summary: REORDER is a MIRIAD task to reorder and reverse axes within an image. Rotation not

orthogonal to ube fae is not supported.

OL{6.3{R3 It shall be possible to de�ne multi-dimensional regions of the ube for further proessing,

both interatively and by speifying oordinates manually.

Priority: 1

Grade: A

Summary: Keyword "region" selets a subregion of an image. Multiple subregions an be seleted,

whih are "ored" together. The following subommands are reognized: images(), quarter(), boxes(),

polygon(), abspixel, relpixel, relenter, arse, kms . Image bit masks are supported.
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OL{6.3{R4 Identi�ation and reporting of image features (e.g. as determined in proessing operations)

shall be available, and interative (where appropriate). Features shall inlude:

OL{6.3{R4.1 output in pixel oordinates (e.g. row, olumn);

Priority: 1

Grade: A

OL{6.3{R4.2 output in world oordinates (e.g. RA, De, Vel);

Priority: 1

Grade: A

OL{6.3{R4.3 onvertible to other supported oordinate systems (e.g. preessed to B1950);

Priority: 2

Grade: I Severity: med

OL{6.3{R4.4 exportable (e.g. as an ASCII �le);

Priority: 3

Grade: A

OL{6.3{R5 The ability to extrat same or lower-dimensional strutures from higher-dimensional data

ubes eÆiently is required:

OL{6.3{R5.1 Extration of \ubial" sub-strutures aligned with the original ube axes must be

straightforward.

Priority: 1

Grade: A

Summary: tasks in uv and image domain: UVCAT, IMSUB tasks.

OL{6.3{R5.2 User seletion of extration riteria must be possible through the GUI as well as

sriptable.

Priority: 1

Grade: A

Summary:

OL{6.3{R5.3 User-seletable sub-strutures with arbitrary orientation within the parent ube,

with appropriate transformation or interpolation, shall be possible.

Priority: 2

Grade: N Severity: med

Summary: Arbitrary orientation not supported.

OL{6.3{R5.4 Extration of data strutures based on standard database (e.g. SQL) queries shall

be available.

Priority: 3

Grade: N Severity: low

Summary: Not available.

OL{6.3{R6 The ability to ollapse or integrate over sub-dimensions of data ubes in order to form

\moments" is required. This shall be possible along any diretion(s) in the ube aligned with the

axes.

Priority: 1

Grade: A

Summary: Available in MOMENT task.

OL{6.3{R6.1 Moments along arbitrary user-spei�ed diretions in the ube shall be possible.

Priority: 3

Grade: N Severity: low

Summary: Arbitrary orientation not supported. But I don't see what would be the interest!

neither do I.

OL{6.3{R7 The Pakage must have the apability of assembling lower-dimensional data strutures into

higher-dimension ubes.
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Priority: 1

Grade: A

Summary: IMCAT is a MIRIAD task to onatenate several images together, along an axis (generally

the frequeny or veloity dimension).

OL{6.3{R8 Blanking of pixels must be maintained through the analysis proess.

Priority: 1

Grade: A/E

Summary:

OL{6.3{R8.1 It must be possible to turn on and o� di�erent blanking (mask) levels, when blanking

is set within the Pakage.

Priority: 1

Grade: A

Summary: The mask is a bit mask. The levels an be set using the maths task. Several masks

ould be saved, but it is easy enough to reate a mask as needed.

OL{6.3{R8.2 Blanking shall not be destrutive, and the original pixel value is retained (if de�ned).

Priority: 2

Grade: A

Summary: Yes, exept the maths task whih modi�es the data to enable the alulation.

OL{6.3{R8.3 Interative and automati failities for setting of any blanking parameters shall be

provided.

Priority: 2

Grade: A/E

Summary: UVCHECK is a Miriad program to hek uv-variable values and ag uv-data if

variables or data are out of range. uv-data an be agged if the uv-variable, the amplitude of

a referene hannel, the geometri delay, or the fringe frequeny is outside a spei�ed range.

OL{6.3{R9 A variety of image proessing and �ltering operations on the ube shall be available, inlud-

ing:

OL{6.3{R9.1 Smoothing and onvolution, with kernels inluding:

OL{6.3{R9.1.1 Uniform (box-ar or top-hat) kernel;

Priority: 1

Grade: A

Summary: CONVOL task.

OL{6.3{R9.1.2 Elliptial Gaussian kernel;

Priority: 1

Grade: A

Summary: CONVOL task.

OL{6.3{R9.1.3 Symmetri polynomial;

Priority: 2

Grade: A

Summary: CONVOL task an use any 2D funtion. Keyword: beam The input beam.

This annot be 3-dimensional. The beam is generally assumed to be symmetrial about its

referene pixel, but see the "asymmetri" option if this is not so. If this is not given, then a

gaussian beam must be spei�ed by the fwhm and pa parameters. options="asymmetri"

Normally the beam is assumed to be symmetri (as it normally is in radio astronomy). This

options auses CONVOL to go through the extra steps to handle a possibly asymmetri

beam. If the beam is asymmetri, and you go not give this option, CONVOL symmetrises

the beam (i.e. disards the anti-symmetri omponent).

OL{6.3{R9.1.4 User-supplied;
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Priority: 3

Grade: A

Summary: see above.

OL{6.3{R9.2 Clipping

Priority: 1

Grade: A

Summary: MATHS task

OL{6.3{R9.3 Windowing and boxing, with de�nitions of regions of interest reordable and passable

for subsequent use

Priority: 1

Grade: A

Summary: The Keyword "region" selets a subregion of an image. Multiple subregions an be

seleted, whih are "ored" together."

OL{6.3{R9.4 Arithmetial operations, inluding:

OL{6.3{R9.4.1 addition of uniform level;

Priority: 1

Grade: A

OL{6.3{R9.4.2 multipliative saling;

Priority: 1

Grade: A

OL{6.3{R9.4.3 logarithm;

Priority: 2

Grade: A

OL{6.3{R9.4.4 exponential;

Priority: 2

Grade: A

OL{6.3{R9.5 Statistial operations over a de�ned region, inluding:

OL{6.3{R9.5.1 mean

Priority: 1

Grade: A

OL{6.3{R9.5.2 rms

Priority: 1

Grade: A

OL{6.3{R9.5.3 standard deviation from mean

Priority: 1

Grade: A

OL{6.3{R9.5.4 median

Priority: 1

Grade: N Severity: low

Summary: Could easily been added.

OL{6.3{R9.5.5 mode

Priority: 2

Grade: U

Summary: What is it?

OL{6.3{R9.6 Fourier and orrelation operations on ube or ubial sub-regions, inluding:

OL{6.3{R9.6.1 Fourier transform

Priority: 1

Grade: A

Summary: FFT task.

OL{6.3{R9.6.2 power spetrum

Priority: 1
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Grade: A

Summary: FFT task.

OL{6.3{R9.6.3 autoorrelation

Priority: 1

Grade: A

Summary: FFT task.

OL{6.3{R9.6.4 struture funtion

Priority: 2

Grade: N Severity: med

Summary: Not available.

OL{6.3{R9.7 Salar arithmeti between di�erent regions (inluding treatment of masked regions

and di�erently shaped regions), inluding:

OL{6.3{R9.7.1 sum (di�erene);

Priority: 1

Grade: U

OL{6.3{R9.7.2 produt (division);

Priority: 1

Grade: U

OL{6.3{R9.7.3 spetral index;

Priority: 1

Grade: U

OL{6.3{R9.7.4 median;

Priority: 2

Grade: U

OL{6.3{R9.7.5 maximum (minimum);

Priority: 2

Grade: U

Summary: Unlear what these requirements means. But image manipulation is trivial in

MIRIAD

OL{6.3{R9.8 Constrution and omparison of vetor quantities in the ube, inluding:

OL{6.3{R9.8.1 polarization (E) vetor at eah ube pixel;

Priority: 1

Grade: A

Summary: IMPOL task.

OL{6.3{R9.8.2 rotation measure between di�erent frequenies;

Priority: 1

Grade: A

Summary: IMRM task.

OL{6.3{R9.9 Vetor arithmeti between di�erent regions (inluding treatment of masked regions

and di�erently shaped regions), inluding:

OL{6.3{R9.9.1 sum (di�erene);

Priority: 1

Grade: U

OL{6.3{R9.9.2 dot produt;

Priority: 2

Grade: U

OL{6.3{R9.9.3 ross produt;

Priority: 2

Grade: U

OL{6.3{R9.10 Interpolation aross blanked or masked regions

Priority: 1
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Grade: U

OL{6.3{R9.11 Fitting of models, shapes, pro�les and funtions over regions inluding:

OL{6.3{R9.11.1 polynomials

Priority: 1

Grade: I Severity: low

Summary:

OL{6.3{R9.11.2 exponentials

Priority: 1

Grade: U

Summary:

OL{6.3{R9.11.3 Fourier modes

Priority: 1

Grade: A

Summary: FFT task.

OL{6.3{R9.11.4 elliptial Gaussian omponents

Priority: 1

Grade: A

Summary: Can be done in image plane using task IMFIT task.

OL{6.3{R9.11.5 uniform (multi-dimensional) spheres

Priority: 2

Grade: N Severity: med

Summary: What are these?

OL{6.3{R9.11.6 trigonometri funtions

Priority: 2

Grade: I Severity: low

Summary:

OL{6.3{R9.11.7 Lorentzian pro�les

Priority: 2

Grade: I Severity: low

Summary:

OL{6.3{R9.11.8 user-supplied funtions

Priority: 3

Grade: I Severity: low

Summary:

OL{6.3{R9.12 Filtering, inluding:

OL{6.3{R9.12.1 Fourier (Wiener) �ltering

Priority: 2

Grade: N Severity: low

Summary: Not available.

OL{6.3{R9.12.2 Sobel �ltering

Priority: 3

Grade: N Severity: low

Summary: Not available.

OL{6.3{R9.12.3 unsharp mask

Priority: 3

Grade: U

Summary:

OL{6.3{R9.12.4 user-supplied �ltering funtions

Priority: 3

Grade: A

Summary: CONVOL task
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OL{6.3{R9.13 Deonvolution

Priority: 2

Grade: A

Summary: Several Miriad tasks make deonvolved images. Miriad supports CLEAN, Maximum

Entropy, and diret deonvolution. Separate Miriad tasks are used for single �eld, MFS, and

mosaied images.

OL{6.3{R9.14 Resampling (e.g. at lower temporal or spetral resolution) after proessing

Priority: 2

Grade: A

Summary: This an be done by various tasks.

OL{6.3{R9.15 Calulus on salar and vetor �elds in ube, inluding:

OL{6.3{R9.15.1 di�erentiation along paths;

Priority: 3

Grade: N Severity: low

OL{6.3{R9.15.2 integration over regions;

Priority: 3

Grade: N Severity: low

OL{6.3{R9.15.3 gradient of salar �elds;

Priority: 3

Grade: N Severity: low

OL{6.3{R9.15.4 divergene of vetor �elds;

Priority: 3

Grade: N Severity: low

OL{6.3{R9.15.5 url of vetor �elds;

Priority: 3

Grade: N Severity: low

OL{6.3{R9.15.6 Laplaian of vetor �elds;

Priority: 3

Grade: N Severity: low

OL{6.3{R10 There shall be the apability to manipulate data ubes as general data strutures, so that

arithmetial and logial operations an be applied as objet methods.

Priority: 3

Grade: I Severity: low
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2.7 Visualization

This is intended as the purely graphial part of data analysis. There is by neessity some overlap with the

funtionality disussed under Data Analysis, partiularly that for image ube manipulation, and it would in

fat be ideal if visualization and analysis were so losely integrated that there were no e�etive di�erene.

The intention here is that the user is not only able to display pre-alulated images (proessed using tools

from the Data Analysis suite), but also has the apability of doing some proessing and display on-the-y

as an integral part of the visualization.

2.7.1 General Visualization and Plotting Requirements

OL{7.1{R1 Plotting and display apabilities shall be integrated into the GUI tools throughout the

Pakage.

Priority: 1

Grade: A

Summary: Equally available through the miriad shell or CLI. It may be easier to all a plotting

ommand inside the CLI than having to searh it deeply hidden in the GUI. That's why in the

following only CLI ommands are ited (not their GUI ounterpart).

OL{7.1{R2 Standard type of plots must be supported, suh as:

OL{7.1{R2.1 X-Y plots;

Priority: 1

Grade: A

Summary: WIP.

OL{7.1{R2.2 histograms;

Priority: 1

Grade: A

Summary: WIP

OL{7.1{R2.3 ontour plots;

Priority: 1

Grade: A

Summary: WIP, implot, gdisp.

OL{7.1{R2.4 vetor plots;

Priority: 1

Grade: A

Summary: gdisp.

OL{7.1{R2.5 2D images;

Priority: 1

Grade: U

Summary: ??

OL{7.1{R2.6 wireframe 3D surfaes;

Priority: 1

Grade: U

Summary: ??

OL{7.1{R3 \Blinking" between two di�erent images, or stepping through a set of ordered images, at a

user-seleted rate and with adjustable transfer funtions must be possible.

Priority: 1

Grade: A/E

Summary: Run tasks implot or gdisp and hit return at a user-seleted rate. adjustable transfer

funtions are available in gdisp.
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OL{7.1{R4 Standard plotting formats shall be supported, both displayed (e.g. X window) and hardopy:

OL{7.1{R4.1 There must be at least one designated standard output format (e.g. postsript) that

an be onverted by the user to a variety of formats using easily obtainable tools.

Priority: 1

Grade: A

Summary: PostSript is MIRIAD standard.

OL{7.1{R4.2 The Pakage shall also support the output of a variety of ommonly used formats

suh as FITS, postsript, pdf, gif and/or jpeg.

Priority: 3

Grade: A/E

Summary: FITS, PS, GIF) are urrently available. Adding others should not be a big deal.

OL{7.1{R5 Identi�ation of ursor position shall be available for interative plots. Where appropriate,

this information shall be reordable and exportable. If you \see-it" you should be able to �gure out

where it ame from.

Priority: 1

Grade: A/E

Summary: Available in velplot, implot, uvspet.

OL{7.1{R6 An extra \axis" of information shall be enodable on the standard plot types using olor

and/or intensity.

Priority: 2

Grade: A/E

Summary: Can be done using sripts.

OL{7.1{R7 The displays shall have similar look and feel to redue the plotting learning urve.

Priority: 2

Grade: A

Summary: All MIRIAD programs use the same graphial library.

2.7.2 Display Appearane and Interativity

OL{7.2{R1 Plot seletion parameters (axes, limits, olormap) shall be onveniently ontrollable.

Priority: 1

Grade: A

Summary: Available through straightforward keywords .

OL{7.2{R2 There shall be interative display zooming and unzooming apability within plot windows.

Priority: 1

Grade: I Severity: high

Summary:

OL{7.2{R3 The plot update speed shall not be a bottlenek. Speed shall be benhmarked, and should

be ommensurate with omparable plotting pakages.

Priority: 1

Grade: A

Summary:
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OL{7.2{R4 Di�erent line styles, sizes, thiknesses and olors must be available. User shall be able to

manipulate intensity and olor sales, interatively for graphial displays. The setup shall be saveable

and reloadable.

Priority: 1

Grade: A/E

Summary: Di�erent line styles, sizes, thiknesses and olors are available for graphis in WIP .

OL{7.2{R5 Basi axis transformations shall be built in to plotting, suh as:

OL{7.2{R5.1 Logarithmi amplitude and intensity sale

Priority: 1

Grade: A/E

Summary: Available in gdisp, implot, WIP.

OL{7.2{R5.2 Di�erent time and oordinate units and formats (e.g. hours, hhmmss, radians,

ddmmss.s)

Priority: 1

Grade: A/E

Summary: Available in most plotting tasks.

OL{7.2{R6 User shall be able to augment plots and produe overlays of di�erent data sets of standard

formats:

OL{7.2{R6.1 Images with same axes, size and orientation shall be superposable diretly, with basi

ontrol of olors and symbols.

Priority: 1

Grade: A

Summary: Available in WIP, gdisp.

OL{7.2{R6.2 Overlay layer style shall be seletable, e.g. ontours, greysale, olormapped (RGB

or HSV), or single olor (i.e. one layer gets assigned intensity sales of red, another one of green,

and one of blue).

Priority: 1

Grade: A/E

Summary: Contour and olor are seletable.

OL{7.2{R6.3 Overlay of seletable oordinate grids (e.g. J2000, B1950, galati, elipti, pixel

number) shall be available. It must also be possible to overlay multiple grids.

Priority: 1

Grade: A/E

Summary: Available in WIP

OL{7.2{R6.4 The user must be able to overlay funtional �ts (e.g. polynomials) or points read in

from standard tabular �les

Priority: 2

Grade: I Severity: med

Summary:

OL{7.2{R6.5 It shall be possible to plae data sets in \layers" be whih an be interatively

olormapped, and swithed on and o�.

Priority: 2

Grade: I Severity: med

OL{7.2{R6.6 It shall be possible to display and overlay data with di�erent oordinate systems,

i.e. the oordinate system of the display an be hosen independent of the system the data were

observed in and the data transformed appropriately with pre-omputation.

Priority: 3

Grade: N Severity: low

Summary:
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OL{7.2{R6.7 It shall be possible to shift, rotate and sale the images interatively.

Priority: 3

Grade: A/E

Summary:

OL{7.2{R7 Users shall be able to synhronize multiple display windows, for example suh that zooming

to a given pixel in one image window will selet the equivalent pixel in the slaved windows.

Priority: 2

Grade: I Severity: low

Summary: Not urrently available.

OL{7.2{R8 Users shall be able to add annotation, both interatively and through sripts, inluding text

with various fonts (inluding Greek letters), symbols (e.g. all the symbols provided by the LaTeX

pakage with AMSTeX extension), arrows, geometrial �gures like boxes and irles, et.

Priority: 2

Grade: A

Summary: available in WIP

2.7.3 Visibility Data

OL{7.3{R1 Plotting of ommonly used basi data and alibration quantities must be straightforward

and easily aessible from all relevant tools. Any quantity should be displayable versus any other

(or any two plus another enoded as a z-axis or intensity) as long as these quantities are de�ned for

the same visibility or alibration solution interval.

These displayable quantities inlude:

OL{7.3{R1.1 real and/or imaginary;

Priority: 1

Grade: A

OL{7.3{R1.2 amplitude and/or phase;

Priority: 1

Grade: A

OL{7.3{R1.3 delay and/or rate;

Priority: 1

Grade: N Severity: low

OL{7.3{R1.4 time;

Priority: 1

Grade: A

OL{7.3{R1.5 hour angle;

Priority: 1

Grade: A

OL{7.3{R1.6 parallati angle;

Priority: 1

Grade: A

OL{7.3{R1.7 uv distane;

Priority: 1

Grade: A

OL{7.3{R1.8 u and/or v;

Priority: 1

Grade: A
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OL{7.3{R1.9 baseline;

Priority: 1

Grade: N Severity: med

OL{7.3{R1.10 hannel or frequeny or veloity;

Priority: 1

Grade: A

Summary:

OL{7.3{R1.11 azimuth and/or elevation;

Priority: 1

Grade: A

Summary:

OL{7.3{R2 Data seletion parameters shall be understandable (e.g. by antenna name or number instead

of antenna table entry number, polarization name RR or I) and straightforward, using graphial

browsers (in GUI mode) and/or standard seletion language (e.g. SQL queries) in sript mode.

Priority: 1

Grade: A

Summary: Available through the powerful "selet" keyword but there is no graphial browser.

OL{7.3{R3 It shall be possible to interpolate or extrapolate any tabulated quantity onto a visibility or

alibration solution point, and then manipulate these like extra visibility information.

Priority: 3

Grade: N Severity: low

Summary: Is this a good requirement???

2.7.4 Other ALMA Data

Although the Pakage will not likely be the primary vehile for the ALMA sta� to assess the state of the

array, it is intended that users (as well as sta�) have the full apability of using anillary data provided

by ALMA to aid in the proessing and understanding of their data. Therefore, the Pakage should be able

to deal with this data in as user-friendly a manner as possible.

OL{7.4{R1 The Pakage shall be able to plot standard ALMA-format anillary data, inluding:

OL{7.4{R1.1 amplitude or single-dish power versus AZ and EL;

Priority: 1

Grade: A

Summary: part of quality ontrol sript at hat reek

OL{7.4{R1.2 fous data and urves;

Priority: 2

Grade: A

Summary:

OL{7.4{R1.3 pointing data and o�set vetors;

Priority: 2

Grade: A

Summary:

OL{7.4{R1.4 WVR output data;

Priority: 3

Grade: A/E

Summary:
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OL{7.4{R1.5 holography and beam map data;

Priority: 3

Grade: A

Summary:

OL{7.4{R1.6 monitor point values (e.g. temperatures);

Priority: 3

Grade: A

Summary:

2.7.5 Image-ube Manipulation

OL{7.5{R1 Histograms of pixel values must be easily produed for seleted regions of the ube.

Priority: 1

Grade: A

Summary: Works well

OL{7.5{R2 It shall be possible to view subsets or slies of data ubes:

OL{7.5{R2.1 for axes aligned with ube faes;

Priority: 1

Grade: A

OL{7.5{R2.2 for arbitrarily aligned axes.

Priority: 3

Grade: A/E

Summary: available in VELPLOT task

These shall be interatively seleted in GUI mode.

OL{7.5{R3 It must be possible to plot values of the same pixel in di�erent ube layers, or in di�erent

images, against eah other.

Priority: 1

Grade: I Severity: low

Summary: Trivial but need a sript to do so.

OL{7.5{R4 Data ubes must be viewable as movies with seletable frame rates and layer step diretions.

Priority: 1

Grade: A/E

Summary: Available through IMPLOT and CGDISP ;the speed is not ontroled.

OL{7.5{R5 Interative display of spetra orresponding to a pixel or region in a displayed image shall

be supported.

Priority: 2

Grade: A

Summary: Available in VELPLOT

OL{7.5{R6 Interative display of a 1D slie taken from a 2D image, suh as dragging the line on the

map to bring up a position-veloity diagram, shall be available.

Priority: 2

Grade: A

Summary: Available in VELPLOT
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OL{7.5{R7 Plotting of spetra on a pseudo-grid orresponding to position on a raster (e.g. a \stamp

map" or \pro�le map", basially thumbnail spetra in panels orresponding to position) shall be

possible.

Priority: 2

Grade: I Severity: med

Summary:
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2.8 Speial Features

2.8.1 Simulation

Note: Inlusion of at least moderate simulation apability in the Pakage will bene�t the user who may not

have aess to the more omprehensive simulator built into the Pipeline and Online systems. In the spirit

of providing the user with o�ine options equivalent to those available in the projet, it is desirable that

some simulation apability also makes it into the Pakage albeit at low priority. The main goals would be

to allow the user to simulate basi ALMA modes based on input models or images and to replae existing

data in ALMA format with simulated data.

OL{8.1{R1 The Pakage shall inherit the basi simulation apability of the ALMA Online Data Pro-

essing Pipeline (Levels 1 and 2) as outlined in ALMA-SW Memo 11, as per (OL{1.1{R5).

Priority: 2

Grade: A

Summary: Basi simulation apabilities have already been implemented. see ALMA memos 428,

430, 450

2.8.2 VLBI

Note: It is assumed that VLBI data will be redued in whatever pakage supports general VLBI obser-

vations, as ALMA will not be a stand-alone VLBI instrument. There are no VLBI requirements on the

ALMA O�ine Data Proessing Pakage, though it may end up being the ase that the Pakage also sup-

ports VLBI proessing. This would have some advantage to users of the ALMA Pakage, and thus it is

worth inluding a low-priority requirement to this e�et.

OL{8.2{R1 It is desirable that the Pakage also support general VLBI proessing suitable for dealing

with ALMA data, in order to allow general ALMA users aess to VLBI siene without having to

learn a ompletely new software pakage.

Priority: 3

Grade: N Severity: High

Summary: VLBI proessing is not available in MIRIAD

2.8.3 Solar System Objet Observing

The Sun and planets are likely to be important and interesting targets for ALMA observing. The re-

quirements are likely to be strongest on the atual hardware (e.g. high frequeny and time resolution) but

software ompatibility must also be onsidered. In partiular, solar and planetary observations require a

speial e�ort in traking and handling of ephemerides.

OL{8.3{R1 The Pakage must be able to alulate and ompensate for the position of moving objets

in the solar system:

OL{8.3{R1.1 Ephemerides must be provided for major solar system objets, inluding:

OL{8.3{R1.1.1 Sun;

Priority: 1

Grade: A

Summary: Ephemerides are available at the observatory
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OL{8.3{R1.1.2 Moon;

Priority: 1

Grade: A

Summary: Ephemerides are available at the observatory

OL{8.3{R1.1.3 planets;

Priority: 1

Grade: A

Summary: Ephemerides are available at the observatory

OL{8.3{R1.1.4 major asteroids (all known with 50km dia. greater);

Grade: U

Summary:

OL{8.3{R1.1.5 known short period omets;

Priority: 1

Grade: A

Summary: Ephemerides are available at the observatory

OL{8.3{R1.2 Ephemerides must be alulated in all available referene frames (e.g. OL{3.1{R10)

Priority: 1

Grade: U

Summary:

OL{8.3{R1.3 The Pakage shall be able to import a user-supplied ephemeris in tabular form.

Priority: 2

Grade: U

Summary:

OL{8.3{R1.4 The Pakage shall alulate positions from user-provided orbital elements.

Priority: 2

Grade: U

Summary:

OL{8.3{R2 The Pakage must arry out astrometry for moving soures.

Priority: 1

Grade: A/E

Summary: MIRIAD has made omet images. Task EPHMEDIT an orret from one omet

ephemeris to another. Is this what is implied ?

OL{8.3{R3 The distane visibility amplitude orretion for distane (from ephemeris for major objets,

or user-supplied) shall be omputed.

Priority: 1

Grade: N Severity: low

Summary:

OL{8.3{R4 The Pakage must alulate quantities for the \physial ephemeris" for the enumerated

major solar system objets, inluding:

OL{8.3{R4.1 subearth latitude and longitude;

Priority: 2

Grade: N Severity: med

OL{8.3{R4.2 subsolar latitude and longitude;

Priority: 2

Grade: N Severity: med

OL{8.3{R4.3 position angle of North Pole;

Priority: 2

Grade: A
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OL{8.3{R4.4 season;

Priority: 2

Grade: N Severity: med

OL{8.3{R4.5 phase angle;

Priority: 2

Grade: N Severity: med

OL{8.3{R5 The Pakage shall do oordinate transformations from plane-of-sky to planetoentri for a

seletion of projetions, inluding those of OL{3.3{R4, and in addition:

OL{8.3{R5.1 3-D bakprojetion (onto the planetary sphere).

Priority: 2

Grade: N Severity: med

OL{8.3{R6 The imaging orretions for the near-�eld shall be inluded.

Priority: 2

Grade: N Severity: med

OL{8.3{R7 In addition to the standard models available in the data analysis tools, there shall be pro-

vision for:

OL{8.3{R7.1 prolate and oblate ellipsoids;

Priority: 2

Grade: A/E

Summary: Spei� appliation tasks have been used for Saturn, Jupiter and Merury

OL{8.3{R7.2 limb-darkened disks (polynomial, os

n

, Legendre polynomial).

Priority: 2

Grade: A/E

Summary: Spei� appliation tasks have been used for Saturn, Jupiter and Merury

OL{8.3{R8 The Pakage shall support the 3-D reonstrution of the emission using observations of the

target objet at di�erent aspet angles and/or rotational phases.

Priority: 3

Grade: A/E

Summary: Spei� appliation tasks have been used for Saturn, Jupiter and Merury

2.8.4 Pulsar Observing

ALMA's pulsar needs will be muh easier to satisfy than those of entimeter-wave arrays sine dispersion

smearing is a non-issue at these frequenies. We expet the main out-of-the-ordinary requirement will

be integration into multiple phase bins. A minimum of 16 phase bins would be sienti�ally interesting.

Pulsars have periods as short as 1.6 ms, so a minimum bin size of 0.1 ms would probably suÆe. The

main use of this binning apability will likely be measuring the on-pulse and o�-pulse brightness whih an

be used to estimate or plae bounds on the temperature of the neutron star. Pulsar timing is unlikely to be

done with ALMA, barring the installation of speialized hardware. It is oneivable that ALMA would be

a great instrument for pulsar parallaxes, espeially if pulsars are detetable at 900GHz, and will likely be

the best instrument in the southern hemisphere for years to ome. The minimal spe of 16 pulsar phase

bins would be suÆient for this work.

OL{8.4{R1 The Pakage shall support the proessing of time-series data by folding into multiple phase

bins whih are synhronous with a user-spei�ed pulsar period.

Priority: 3
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Grade: A

Summary: PSRFIX performs de-dispersion, bin averaging/di�erening and ephemeris orretion on

an ATCA dataset observed in pulsar bin mode.

OL{8.4{R2 The Pakage shall support at least 16 phase-bins.

Priority: 3

Grade: A

Summary: PSRPLT plots pulsar visibility data as a funtion of bin number.

OL{8.4{R3 Interpolation onto the phase bins from the orrelator output (integration times) shall be

available.

Priority: 3

Grade: A

Summary:
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