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Comparison of AIPS++, GILDAS and MIRIAD audits 1. introdution

Abstrat

In this memo, we ompare the results of an audit of the AIPS++, GILDAS and MIRIAD pakages for

ompliane with the ALMA O�ine Data Proessing Requirements. These audits show that about 2/3

of the SSR Requirements are ful�lled by eah data redution pakage, and almost 90% are ful�lled if

we use existing software from all three pakages.

In a ompanion memo (465), we thus argue that ALMA will bene�t greatly by using software from

the existing pakages whih were designed for millimeter arrays. Indeed ALMA would then bene�t of

the daily use and expertize for the urrent working millimeter arrays over the next 10 years of ALMA

onstrution.

1 Introdution

This memo is a omparison of three di�erent data redution pakages (DRP) with the aim to see how

they ful�ll the ALMA needs for o�-line redution software. The three pakages, whih represents the

state-of-art of the data redution pakages for � mm radio interferometry, are:

AIPS++ was developed by a onsortium to ful�ll the need of various � m radioastronomy telesope

projets. The onsortium was reently dissolved in order that the partiipants ould fous on the

spei� needs of the individual telesope projets. The AIPS++ ode generated by the onsortium

remains available to all. AIPS++ is the urrent baseline plan for the ALMA omputing IPT for all

redution software (i.e. pipeline and o�-line).

GILDAS is a olletion of software developed at IRAM and Obs. de Grenoble. There is a general one

for data visualization (GREG), one for single-dish spetrum analysis (CLASS), one for interferometer

alibration (CLIC), one for bolometer data redution (NIC), and one for aperture synthesis and

deonvolution (MAPPING). Those programs are urrently used by the IRAM millimeter telesopes:

single-dish (30m) and interferometer (PdBI). CLASS is also used by many observatories over the world

to redue and analyse radioastronomy Single-Dish spetra.

MIRIAD was developed by a group of BIMA astronomers and programmers for use with the BIMA mil-

limeter array (for a onise retrospetive summary of MIRIAD see Sault, Teuben, & Wright, 1995).

As it's aronym implies, the fous was on Multihannel Image Reonstrution, for whih it is also

widely used outside of BIMA institutions (notably ATNF and WSRT). The Image Analysis and

Display part of MIRIAD is less well developed. Polarization proessing was developed for use with

the ATCA telesope with dual linear polarization and for the BIMA telesope with swithed (time

shared) irular, or linear polarization.

Benhmarking and other e�orts have shown that GILDAS and MIRIAD are able to handle ALMA-size

datasets. Current benhmarks show they are faster than AIPS++ for ALMA dataset on a representative

set of today's mahines (e.g. see phase III of AIPS++ Reuse Analysis Test). GILDAS and MIRIAD use older

software tehniques than AIPS++. However, what seems important to us is that these tehniques enable

us to produe robust and very fast programs without any umbersome tuning (i.e. pro�ling). These

software tehniques are also easier to understand by most astronomers than brand new ones.

Setion 2 makes a syntheti omparison of the ways GILDAS and MIRIAD handle the main di�erent

aspets of the o�-line needs. To make a quantitative omparison, we have audited GILDAS and MIRIAD

following the same template that was used for the AIPS++ audit for ompliane with the ALMA O�ine

Data Proessing Requirements (SSR). The detailed audits of the GILDAS and MIRIAD software pakages

may be found respetively in ALMA memos 462 and 463. Setion 3 analyses the results of these audits.

2 Syntheti omparison of GILDAS and MIRIAD

This is a omparison of how GILDAS and MIRIAD handle the di�erent parts of the o�-line data redution,

i.e. the user interfae, the data struture, the data alibration and editing, the imaging and data analysis.

The way AIPS++ handles those aspets is not inluded beause none of us is an AIPS++ speialist.
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Comparison of AIPS++, GILDAS and MIRIAD audits 2. syntheti omparison

2.1 User interfae

�The user must be able to hoose from a variety of interfae styles, inluding a Command Line Interfae

(CLI), with aess via both an interative input and via sript. A Graphial User Interfae (GUI) must be

provided for interative proessing.� The two pakages have had a di�erent approah to these requirements.

MIRIAD was designed as separate tasks whih an be run from the host operating system. Eah MIRIAD task

has a number of parameters whih an be spei�ed using keywords. MIRIAD an be run using any language,

shell or GUI whih is able to parse a ommand line. The MIRIAD user interfae is thus deoupled from

GUI development, and it is easy to add one. The GILDAS pakage inludes several interative programs.

All interative programs uses the same built-in ommand line interfae, SIC, and the same high level

graphi library (GREG). SIC also inorporates a built-in GUI onstrutor. The GUI allows to setup any

SIC variable, and to launh any SIC ommand or proedure.

2.2 Data handling

Both MIRIAD and GILDAS were designed for e�ient handling of multihannel data. They have quite

di�erent internal data strutures but they an exhange data using FITS.

MIRIAD has two types of data strutures: uvdata and image data. Both are implemented as diretory

strutures whih have proved to be very �exible. The history of the observation and data redution, in-

luding the steps and parameters used in observing and reduing the data are stored in the data strutures,

and other data suh as WVR data, and a opy of the observing sript and parameters, an be easily added.

GILDAS has a spei� data handling sheme whih distinguishes between raw and alibrated visibilities,

and images. During alibration visibilities are stored in the alibration data format, whih is an extensible

format, with diret and indexed aess for speed. When imaging is required, a simple table of alibrated

UV data is reated in the image format.

2.3 Calibration and editing

MIRIAD and GILDAS have alibration tehniques whih take into aount low signal to noise onditions.

They also use a similar model of separation of time and frequeny dependene for gain and bandpass,

namely: the antenna gains an vary with time but not frequeny while the antenna bandpass an vary

with frequeny but not time. Gain and bandpass are omplex values. In addition, MIRIAD is able to

alibrate polarization leakage. GILDAS an perform antenna-based or baseline-based alibrations. GILDAS

alibration urves are not stored on a value per sample basis. Instead the oe�ients of the spline or

polynomial �ts are stored and the alibration omputed on the �y when needed. This saves spae.

MIRIAD alibration tables an be displayed, opied and to a limited extent edited or averaged. GILDAS

has elaborate data �agging apabilities. Flags an be antenna or baseline based, and an be masked by

the user. Separate named �ags are available for various items of the interferometer (ontinuum sub-bands,

line sub-bands) or potential problems (e.g. Timing, Pointing, LO2, shadowing, ...). GILDAS also has a

quality indiator, ranging from 0 to 7, whih an be used as a seletion riterion.

2.4 Imaging

GILDAS and MIRIAD have intrinsi apabilities for spetral line imaging from a olletion of uvdata sets.

Several weighting options are supported (natural, uniform, robust, tapering). They both have mosai-

ing modes. Several deonvolution methods are available in eah pakage. Both have several variants

of the CLEAN algorithm. Maximum entropy methods are implemented inside MIRIAD while the WIPE

deonvolution tehnique, whih enables a determination of the major modes of deonvolution errors, is

implemented inside GILDAS. MIRIAD is able to image Stokes I, Q, U, V parameters after applying polariza-

tion leakage alibration. Several deonvolution methods inside GILDAS are interative, allowing the user

to hange support and loop gain on major yles or to graefully interrupt the deonvolution based on the

�ux onvergene. GILDAS provides automati parameter estimation, so that the whole imaging proess

an be done with one ommand with no parameters (e.g. GO IMAGE for single �eld).

5



Comparison of AIPS++, GILDAS and MIRIAD audits 2. quantitative omparison

2.5 Data analysis

GILDAS and MIRIAD aim at being "full servie" data redution pakages for radio astronomy from data

taking at the telesope to image analysis and publiation quality displays.

For MIRIAD, the initial deision in 1988 was to develop a separate data analysis pakage. That de-

velopment failed, and MIRIAD was extended to over this area. Many users have ontributed analysis

tasks to MIRIAD; some of the tasks are quite old but the simple interfaes enabled these programs to be

easily inorporated as separate tasks within the MIRIAD pakage, providing a ore of well used analysis

and display tasks whih have stood the test of time (survival of the �ttest ?).

The GILDAS environment has often been the basis of development of advaned tehniques of sienti�

analysis by standard users. Those tools may be private, as radiative transfer tools adapted to the study

of YSO disks. They may also be publi, as GAUSSCLUMPS whih deomposes a 3-dimensional data ube (2

spatial oordinates, one spetral oordinate) into a series of lumps with a Gaussian shape. GAUSSCLUMPS

has been developped in Germany by a group of people led by J. Stutzki and C. Kramer (See Stutzki &

Guesten, 1990 and Kramer et al., 1998).

3 Quantitative omparison of the three audits

In this setion, we ompare the audits of AIPS++, GILDAS and MIRIADmade for the purposes of asertain-

ing their ompliane with the ALMA O�ine Data Proessing Requirements given in ALMA-SW Memo

18.

3.1 Conditions of the audits

The omparison was made using the following audits.

� The audit of the AIPS++ software Pakage was made in mid-2002 by S. Myers, F. Viallefond, K.-I.

Morita. The auditing proedure was designed for this partiular audit.

� The GILDAS audit was made by Pety, Gueth, Guilloteau and Luas in January 2003. This audit may

be found as ALMA memo 462.

� The MIRIAD audit was made by Wright and Teuben in Marh 2003. This audit may be found as

ALMA memo 463.

The GILDAS and MIRIAD audits have been done using the same protool, i.e. we have kept exatly the same

priorities, the same grading system, the same way of giving omments when something must be improved

or added. More preisely, ALMA O�ine Data Proessing Requirements given in ALMA-SW Memo 18

were graded using the following sheme (diretly quoted from the AIPS++ audit):

� �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.�

� �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.�

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

1 = ritial
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Comparison of AIPS++, GILDAS and MIRIAD audits 3. quantitative omparison

2 = important

3 = desirable

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

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.�

3.2 Possible biases

Here is a olletion of points that the reader must have in mind when analyzing the audit results:

� The AIPS++ audit is mainly based on doumentation. In ontrast, most of the features desribed

in the GILDAS and MIRIAD audit are tested with daily usage.

� This kind of auditing is not a ompletely objetive proess. The grades and severities may depend

a bit on the auditor. In partiular, the boundaries between A and A/E and between A/E and I is

sometimes thin. This probably leads to a 5% unertainty level in the tables and the �gures shown

as pie-harts.

� Weighting the results by priorities is insu�ient. Inside those grades, all the requirements have the

same weights. For instane, the speed performanes is one requirement (OL-1.1-R4) and thus has

the same weight as one of the seven standard time systems (setion OL-3.1-R8) or the 6 standard

oordinate systems (setion OL-3.1-R9) that should be supported. This is not quite right as it is

larger problem to inrease the speed of a pakage than to add a new time or oordinate system.

� The audit priorities are sometimes arguable. We must ensure that the DRP will allow ALMA to

work in 2007. However are all the time traking quantities and oordinate systems marked as priority

1 (setion OL-3.1-R8 and OL-3.1-R9) are really needed early on? Wouldn't it be better to spend

more times on a good interation with astronomers that will be essential in the early siene period?

3.3 Results

The grading system being quite detailed, we summarize the audits results in two tables showing the

perentage of o�-line requirements whih were graded Available (A) or Available but needing Enhanement

(A/E) for eah DRP. These numbers represent the perentage of requirements whih are ful�lled by the

DRP. The omplementary perentage represent the perentage of requirements whih are not ful�lled by

the DRP. To quantify the omplementarity of the three DRP, those tables also show the perentage of

requirements ful�lled by GILDAS and/or MIRIAD (GM symbol in the table) and ful�lled by AIPS++, GILDAS

and/or MIRIAD (AGM symbol). Table 1 sorts the requirements by priorities (All meaning all priorities

taken together) and Table 2 sorts the requirements by funtionalities (GR: General Requirements, DH:

Data Handling, UI: User Interfae, Vi: Visualization, CE: Calibration and Editing, Im: Imaging, DA:

Data Analysis, SF: Speial Features, i.e. mostly VLBI, pulsars). No priority weighting has been applied

in Table 2, i.e. ritial, important and desirable requirements have the same weight here.

Table 1 shows that all pakages ful�ll almost 2/3 of the requirements. The ore of the requirements

seems ful�lled by all the pakages. In the remaining parts, the pakages are omplementary; this is why

adding the best grade in eah pakage inreases signi�antly the perentage of requirements ful�lled. The

auditing method does not ensure that a partiular DRP is adapted to ALMA needs. However it gives an

idea of the strengths and weeknesses of eah DRP as an be seen in Table 2. However, auditing is not the

whole story as disussed in setion 3.2. From the summaries of the audits (setion 2) and other douments

(e.g. phase II of the AIPS++ reuse test), the following desription of strengths and weaknesses is probably

loser to reality:

� Strengths:
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Comparison of AIPS++, GILDAS and MIRIAD audits 4. onlusion

AIPS++ Good deonvolution algorithms;

GILDAS Good visualization, good alibration algorithms for low SNR mm interferometry.

MIRIAD Completeness, simpliity of the arhiteture.

� Weaknesses:

AIPS++ Bad user interfae linked to glish infrastruture.

GILDAS No polarization, experimental self-alibration.

MIRIAD User interfae too simple by today's standards.

All Critial Important Desirable

AIPS++ 59 66 57 31

GILDAS 67 74 55 54

MIRIAD 68 78 53 57

GM 76 83 64 68

AGM 85 89 80 72

Table 1: Perentage of o�-line requirements whih were graded Available (A) or Available but needing

Enhanement (A/E) for eah DRP. These numbers represent the perentage of requirements whih are

ful�lled by the DRP. To quantify the omplementarity of the three DRP, this table also shows the per-

entage of requirements ful�lled by GILDAS and/or MIRIAD (GM symbol) and ful�lled by AIPS++, GILDAS

and/or MIRIAD (AGM symbol). Requirements are here sorted by priorities (All meaning all priorities taken

together).

GR DH UI Vi CE Im DA SF

AIPS++ 55 68 76 40 26 65 57 32

GILDAS 87 66 88 80 63 63 54 24

MIRIAD 87 68 76 78 73 65 57 52

GM 87 74 94 87 74 74 68 56

AGM 87 89 96 92 75 84 84 64

Table 2: Same as Table 1, exept that requirements are here sorted by funtionalities (GR: General

Requirements, DH: Data Handling, UI: User Interfae, Vi: Visualization, CE: Calibration and Editing,

Im: Imaging, DA: Data Analysis, SF: Speial Features, i.e. mostly VLBI, pulsars). No priority weighting

has been applied, i.e. ritial, important and desirable requirements have the same weight here.

4 Conlusion

The audits show that about 2/3 of the ALMA o�-line requirements as de�ned by the SSR group are

ful�lled by eah DRP (AIPS++, GILDAS and MIRIAD). Although the design and usage of the three pak-

ages is di�erent, they have omplementary strengths, and between them satisfy almost 90% of the SSR

requirements.

MIRIAD and GILDAS ould serve as the o�-line software for ALMA as they have experiene in � mm

interferometry and they are able to handle ALMA-size data sets. They use old omputer tehnology but

end-users do not are as long as the software is fast, robust and enables them to easily redue their data.

From those two main onlusions, we argue in a ompanion memo that ALMA will bene�t greatly

by using, in addition to AIPS++, software from the existing pakages whih were designed for millimeter
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arrays. Indeed those pakages summarize almost 15 years of experiene in � mm radio interferometry and

will ontinue to bene�t from daily onfrontation with real � mm data over the next 10 years of ALMA

onstrution.
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Comparison of AIPS++, GILDAS and MIRIAD audits A. minor omments about audit proess

A Minor omments about audit proess

When auditing GILDAS and MIRIAD, we also enountered other minor problems that we list here with the

hope that this will help future auditing proesses. Some ALMA o�-line requirements are:

� onfusing: e.g. OL-6.3-R9.7 �Salar arithmeti between di�erent regions (inluding treatment of

masked resions and di�erently shaped regions)�.

Comment: This may lead to di�erent interpretation and thus to di�erent gradings.

� not very good: e.g. OL-7.3-R3 �It shall be possible to interpolate or extrapolate any tabulated

quantity onto a visibility or alibration solution point, and then manipulated these like extra visibility

information.�

Comment: Is extrapolation a good pratie?

� too shallow: e.g. OL-2.2-R3 �The use of the GUI shall not entail an exessive learning urve. Average

users, with experiene with the urrent generation of pakages (e.g. AIPS, GILDAS, 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.�

Comment: 1-2 hours maximum should be enough for average users. 12 hours is not an aeptable

target if ALMA wants to attrat users.

� luxurious:

� OL-2.5-R3.3 �Help materials shall also be available in printable formats, inluding standard

doument formats (pdf, postsript) and popular proprietary formats (MS-Word)�

Comment: only PDF should be used (not MS-Word).

� 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.�

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

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

Comment: Why is arbitrary orientation needed?
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Comparison of AIPS++, GILDAS and MIRIAD audits A. visual omparison

B Visual omparison of the AIPS++, GILDAS and MIRIAD audits
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Figure 1: Pie-harts of o�-line requirements whih were graded Available (A), Available but needing

Enhanement (A/E), Inadequate or Not available (I/N) and Unable to evaluate (U). For this last grade, a

severity (low, medium, high) were added. All requirements are onsidered whatever their funtionalities.

They are sorted by priorities (i.e. ritial, important and desirable). This has been done for eah DRP

and for ombinaison of DRP. In this latter ase, the best grade has been used.
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Figure 2: Same as Fig. 1 exept that requirements are sorted by funtionalities related to user interfae:

general requirements, data handling, user interfae and visualization. Critial, important and desirable

features have the same weight.
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Comparison of AIPS++, GILDAS and MIRIAD audits B. visual omparison
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Figure 3: Same as Fig. 1 exept that requirements are sorted by funtionalities related to redution steps:

alibration and editing, imaging, data analysis and speial features (Solar system, VLBI, pulsar). Critial,

important and desirable features have the same weight.
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