DRAFT

A User’s In tro duction to the IRAF Command Language

V ersion 2.3

Peter MB Shames

Space T elescop e Science Institute

Doug Tod y

National Optical Astronom y Observ atories

Revised – August 11, 1986

ABSTRA CT

This tutorial in tro duction to the IRAF Command Language presen ts an

o v erview of the use and features of the language. The discussion is aimed

to w ard the first-time user and describ es the execution of tasks from the

Command Language. The fo cus is the Command Language itself; the

man y pac k ages and tasks that comp ose the IRAF system and the SD AS

pac k ages from STScI are describ ed elsewhere. The emphasis is on using

the Command Language to run existing programs, although sections are

included that describ e the addition of new tasks of one’s o wn making. A

quic k guide to language features and facilities and to the suite of reduction

and analysis pac k ages curren tly a v ailable is pro vided in the App endices.

Ab out the Authors

P eter Shames is Chief of the Systems Branc h at STScI, and along with Jim Rose and Ethan

Sc hreier, w as one of the k ey p ersons resp onsible for the selection of IRAF as the command

language and op erating en vironmen t for the STScI Science Data Analysis System (SD AS)

in Decem b er of 1983. Since that time, P eter has sup ervised the VMS/IRAF dev elopmen t

effort at STScI, o v erseeing the implemen tation of the VMS/IRAF k ernel, the initial p ort of

IRAF to VMS, and the dev elopmen t of v ersion 2.0 of the IRAF command language. P eter

wrote the original CL User’s Guide (v ersion 2.0).

Doug T o dy is the originator and designer of the IRAF system (including the CL) and has

b een Chief Programmer of the IRAF pro ject since the inception of the pro ject at KPNO

(no w NO A O) in the fall of 1981. As Chief Programmer, Doug has written virtually all of

the IRAF system soft w are with the exception of the VMS/IRAF k ernel and the original CL

1.0 (whic h w as written b y Elw o o d Do wney). Since 1983 Doug has b een head of the IRAF

group at NO A O, o v erseeing the dev elopmen t of the NO A O science applications soft w are

while con tin uing w ork on the IRAF systems soft w are, and co ordinating the effort with

STScI.

Ac kno wledgemen ts

The authors wish to ac kno wledge the efforts of the man y p eople who ha v e con tributed so

m uc h time, energy , though t and supp ort to the dev elopmen t of the IRAF system. F oremost

among these are the mem b ers of the IRAF dev elopmen t group at NO A O (Lindsey Da vis,

Suzanne Hammond, George Jacob y , Dy er Lytle, Stev e Ro ok e, F rank V aldes, and Elw o o d

Do wney , with help from Ed Anderson, Jeannette Barnes, and Ric hard W olff ) and mem b ers

of the VMS/IRAF group at STScI (T om McGlynn, Jim Rose, F red Romelfanger, Cliff Stoll,

and Ja y T ra visano). The sharp editorial ey e and sharp er p encil of Chris Biemesderfer ha v e

made ma jor con tributions to the clarit y and st yle of this do cumen t.

The con tin uing patience and understanding of mem b ers of the scien tific staff at b oth insti-

tutions has b een essen tial to the progress that has so far b een ac hiev ed. A ma jor soft w are

pro ject suc h as IRAF cannot b e attempted without the co op eration of man y individuals,

since the resources required m ust inevitably place a drain on other activities. In particu-

lar, the supp ort and encouragemen t of Harv ey Butc her, Garth Illingw orth, Buddy P o w ell,

Stev e Ridgw a y and Ethan Sc hreier has b een in v aluable. Men tion should also b e made of

Don W ells, who started in motion in the latter part of the last decade the pro cess whic h

ev en tually led to the creation of the IRAF system.

P eter Shames

Doug T o dy

Con ten ts

1 In tro duction 2

1.1 An Ov erview of IRAF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

1.2 F unction of the Command Language . . . . . . . . . . . . . . . . . . . . . . 3

1.3 Capabilities of the CL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

2 Getting Started 5

2.1 Setting up the IRAF en vironmen t . . . . . . . . . . . . . . . . . . . . . . . . 5

2.2 Starting the CL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

2.3 Executing commands from the CL . . . . . . . . . . . . . . . . . . . . . . . 6

2.4 A Commen t on Input and Output . . . . . . . . . . . . . . . . . . . . . . . 9

2.5 The Graceful Exit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

3 Basic Usage 11

3.1 Command Syn tax . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

3.2 T ask P arameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

3.2.1 Hidden P arameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

3.2.2 Learning and Unlearning parameters . . . . . . . . . . . . . . . . . . 15

3.2.3 Sp ecifying P arameters to a T ask . . . . . . . . . . . . . . . . . . . . 16

3.3 Pip es and I/O Redirection . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

4 Op erating System In terface 20

4.1 Sending Commands to the Host Op erating System . . . . . . . . . . . . . . 20

4.2 En vironmen t V ariables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

4.3 File and Directory Names . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

4.3.1 File Name T emplates and Metac haracters . . . . . . . . . . . . . . . 23

4.3.2 Directories and P ath Names . . . . . . . . . . . . . . . . . . . . . . . 26

4.3.3 Virtual Filename Pro cessing . . . . . . . . . . . . . . . . . . . . . . . 28

4.4 Image Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

4.4.1 Image Names and Storage F ormats . . . . . . . . . . . . . . . . . . . 29

4.4.2 Image T emplates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

4.4.3 Image Sections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

4.4.4 The OIF Image F ormat . . . . . . . . . . . . . . . . . . . . . . . . . 32

4.4.5 The STF Image F ormat . . . . . . . . . . . . . . . . . . . . . . . . . 33

5 Adv anced T opics in the CL 35

5.1 CL Con trol P arameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

5.2 Setting the Editor Language and Options . . . . . . . . . . . . . . . . . . . 36

5.3 The History Mec hanism . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

5.4 F oreign T asks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

5.5 Cursor Mo de . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

5.6 Bac kground Jobs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

5.7 Ab orting T asks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

6 The CL as a Programming Language 45

6.1 Expressions in the CL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

6.2 CL Statemen ts and Simple Scripts . . . . . . . . . . . . . . . . . . . . . . . 47

6.2.1 Assigning V alues to T ask P arameters . . . . . . . . . . . . . . . . . . 47

6.2.2 Con trol Statemen ts in a Script T ask . . . . . . . . . . . . . . . . . . 48

6.3 In trinsic and Builtin F unctions . . . . . . . . . . . . . . . . . . . . . . . . . 49

6.4 Defining New V ariables and P arameters . . . . . . . . . . . . . . . . . . . . 50

6.5 Declaring Arra y and Image Data . . . . . . . . . . . . . . . . . . . . . . . . 52

6.6 Pro cessing of Image Sections . . . . . . . . . . . . . . . . . . . . . . . . . . 54

6.7 Arra y Pro cessing in the CL . . . . . . . . . . . . . . . . . . . . . . . . . . . 55

6.8 Input and Output within the CL . . . . . . . . . . . . . . . . . . . . . . . . 56

6.9 List Structured P arameters . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

7 Rolling Y our Own 60

7.1 Creating Script T asks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

7.2 P assing P arameters to Script T asks . . . . . . . . . . . . . . . . . . . . . . . 62

7.3 Using List Structured P arameters in a Script T ask . . . . . . . . . . . . . . 64

7.4 Establishing Y our Own F unction P ac k age . . . . . . . . . . . . . . . . . . . 65

7.5 Creating F ortran, SPP and other External T asks . . . . . . . . . . . . . . . 67

8 Relev an t Do cumen tation (the Y ello w P ages) 70

8.1 IRAF Command Language . . . . . . . . . . . . . . . . . . . . . . . . . . . 70

8.2 IRAF Applications P ac k ages . . . . . . . . . . . . . . . . . . . . . . . . . . . 70

8.3 Standard Program In terfaces . . . . . . . . . . . . . . . . . . . . . . . . . . 71

8.3.1 SPP In terfaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72

8.3.2 F ortran In terfaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72

9 And in to the F uture 73

9.1 Near-T erm Soft w are Pro jects . . . . . . . . . . . . . . . . . . . . . . . . . . 73

9.2 Where Is the F uture? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74

A App endices 76

A.1 CL Commands and the System P ac k age . . . . . . . . . . . . . . . . . . . . 76

A.1.1 CL In trinsic and Builtin F unctions . . . . . . . . . . . . . . . . . . . 76

A.1.2 System P ac k age F unctions . . . . . . . . . . . . . . . . . . . . . . . . 77

A.2 SD AS Analysis P ac k ages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78

A.3 IRAF Application P ac k ages . . . . . . . . . . . . . . . . . . . . . . . . . . . 80

A.4 IRAF Editor F unctions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84

B Glossary 85

A User’s In tro duction to the IRAF Command Language

V ersion 2.3

Peter MB Shames

Space T elescop e Science Institute

Douglas Tod y

National Optical Astronom y Observ atories

Ho w to use this b o ok

This do cumen t is an in tro duction to the IRAF Command Language (CL), and is de-

signed to b e a tutorial for the first-time user. The examples presen ted in the text can (and

should) b e tried at a terminal. Although this text is large enough to b e a bit daun ting at

first, it can b e tac kled in easy stages, and need not all b e read b efore trying the system. A

basic kno wledge of computer systems is assumed.

The first three c hapters form an in tro ductory section whic h co v ers the most basic ele-

men ts of IRAF. Reading through these, preferably while seated near a terminal where the

examples ma y b e tried out, is the recommended en try in to the IRAF w orld. The fourth and

fifth c hapters deal with the in terface b et w een IRAF and the host system, and with some

of the more adv anced uses of IRAF for normal data analysis activities. These c hapters

will b e of use once y ou are familiar with the basic en vironmen t and the examples here are

also designed to b e tried out on a liv e system. The rest of this do cumen t is for the more

adv en turous user, who is not happ y un til he can sa y doit and get it done to a turn. T ry

some of these last examples when y ou are ready to customize IRAF for y our o wn particular

uses.

In spite of its size, this do cumen t is not in tended to b e a complete guide to using and

programming the IRAF system, but is an in tro duction to man y of the functions of the CL

and a quic k guide to other sources of more detailed information. The CL is describ ed as

the user’s in teractiv e in terface to the system, and simple commands that use the terminal

for starting and con trolling tasks and for customizing the en vironmen t are presen ted. De-

v elopmen t of simple functions in the CL are co v ered briefly here, but co v erage of all the

details of programming in the CL or in the IRAF en vironmen t is b ey ond the scop e of this

do cumen t. A reasonable amoun t of do cumen tation is accessible at the terminal via the

online help facilities, whic h are describ ed here as w ell.

More extensiv e details of the CL ma y b e found in the man ual pages for the language

pac k age, in the CL Pr o gr ammer’s Manual and in The IRAF User’s Guide . Details of programming in the IRAF system itself are describ ed in the Pr o gr ammer’s Crib She et for

the IRAF Pr o gr am Interfac e , in the R efer enc e Manual for the IRAF Subset Pr epr o c essor

L anguage and in other do cumen ts referred to in the last section of this text, ho w ev er,

these do cumen ts are somewhat dated and most of the do cumen tation planned for the IRAF

programming en vironmen t remains to b e written. Do cumen tation in the form of man ual

pages for the suites of applications pac k ages b eing dev elop ed at b oth NO A O and STScI are

a v ailable b oth online and in prin ted form.

1 In tro duction

1.1 An Ov erview of IRAF

The Image Reduction and Analysis F acilit y (IRAF) has b een designed to pro vide a

con v enien t, efficien t and y et p ortable system for the analysis of images and other classes

of data. While the system has b een designed for image data, and for astronomical image

data in particular, it has general facilities that can b e applied to man y other classes of data.

Some of the functions that are pro vided are quite sp ecialized, dealing as they do with the

c haracteristics of sp ecific instrumen ts, but others are generalized functions for plotting data,

computing statistics, pro cessing lists, and p erforming other functions that are common to

data pro cessing tasks in man y other fields.

The run time IRAF system consists of four basic pieces:

• Command Language - whic h pro vides the user in terface to the system.

• Applications P ac k ages - that are the real data analysis algorithms.

• Virtual Op erating System (V OS) - whic h is the heart of the p ortable system and

pro vides the foundation for all the higher lev el functions.

• Host System In terface (HSI) - the in terface b et w een the p ortable IRAF system and a

particular host system. A t the heart of the HSI is the IRAF k ernel , a library of host

dep enden t primitiv e subroutines that connects the system indep enden t V OS routines

to the host op erating system. Eac h host system requires a differen t k ernel, hence w e

sp eak of the UNIX/IRAF k ernel, VMS/IRAF k ernel, and so on.

All of these in terconnected, y et separable, subsystems act together to form the IRAF data

analysis en vironmen t. In most cases the user need not b e further concerned with this

structure, except to understand that the sp ecific part of this structure that this tutorial

addresses is the Command Language or CL.

IRAF is designed as an op en system that can b e extended to add new analysis capabil-

ities, and that can supp ort user customization of the existing facilities. There are sev eral

lev els of customization a v ailable, that range from tailoring task parameters to sp ecial needs;

through ”re-pac k aging” existing functions in to application sp ecific tasks; and extending to

installation of new compiled co de tasks in the en vironmen t. There are a v ariet y of facilities

pro vided in IRAF to assist the user in the creation and installation of suc h new tasks. It is

not essen tial that all of these functions b e p erformed in the IRAF w a y , but full in tegration

of a user task within the IRAF en vironmen t can b est b e accomplished b y using the facilities

that are pro vided. Ho w ev er, ev en without the use of the IRAF in terfaces, other tasks ma y

b e incorp orated in to the user’s op erating en vironmen t and used as if they w ere part of the

distributed system.

The applications pac k ages and the V OS routines are designed to b e rather stable, and

ha v e b een co ded in the IRAF SPP language for p ortabilit y . The k ernel la y er supp orts

p ortabilit y across op erating system arc hitectures, and its in terface is stable, but the inner

details c hange as a function of the requiremen ts and capabilities of the host op erating

system. The CL is also rather stable, since it forms the user’s in terface to the system, but

it is also an area where c hange is an ticipated, as the system ev olv es to meet the needs of

the users. Because the CL is itself a program that is supp orted b y the V OS and isolated

from the rest of the system b y the V OS, it can b e ev olv ed as required without p erturbing

the other parts of the system.

1.2 F unction of the Command Language

The basic function of the Command Language is to pro vide a clean, consisten t in terface

b et w een the user and the v arious pac k ages of functions that complete the IRAF en vironmen t.

The CL pro vides an in terface b et w een the user and all applications programs, giving the

user complete con trol o v er the parameters, data, and system resources (graphics devices,

etc.) used b y IRAF programs. Man y features ha v e b een incorp orated in to the CL to pro vide

on-line supp ort for users, whether they are old hands or new to the system.

The pac k ages of programs that are pro vided offer man y of the standard functions for data

analysis, and they can b e in v ok ed in teractiv ely , one at a time, to p erform man y common

op erations. The execution of these functions is con trolled b y v arious parameters, and users

ma y define their o wn v alues for the parameters as required. IRAF preserv es the last v alue

used, and presen ts it as the default v alue up on next use. F urthermore, there are facilities at

sev eral lev els to allo w users to assem ble existing functions in to new tasks that p erform the

sp ecific op erations on their data sets. This customization can in v olv e new assem blages of

existing functions or the inclusion of new functions written in the in teractiv e CL language

or in compiled languages.

The CL will primarily b e used as a command language, but it is also an in terpreted

programming language. T o b e a go o d command language, the CL m ust mak e it as easy as

p ossible to en ter commands that p erform common functions. T o this end the CL pro vides

command men us, minim um-matc h name abbreviations, parameter prompting and parame-

ter defaults, tutoring on command parameters and options, and a concise syn tax for simple

commands. There is also a history mec hanism that supp orts recall of previous commands and easy error correction within them.

A go o d in teractiv e programming language m ust b e reasonably efficien t, b e able to ev al-

uate complicated expressions, to compile and run general pro cedures, and to offer the user

an in terpreted en vironmen t for in v estigating his data and exploring the applicable range

of analysis tec hniques. This v ersion of the CL (V ersion 2.3) includes all of the command

language features of the earlier v ersions and mak es ma jor strides in the direction of b e-

coming a p o w erful in teractiv e programming language as w ell, although m uc h remains to b e

done b efore the CL pro vides a reasonably complete and efficien t in terpreted programming

en vironmen t.

This ma y sound complicated at this p oin t, but examples presen ted throughout the b o dy

of the text will help clarify the use of the v arious features. W e suggest a first reading of

this in tro ductory section and the next c hapter, and then a session at the terminal, trying

out the examples as presen ted.

1.3 Capabilities of the CL

Besides fulfilling the basic functions of a command language, the CL is capable of p er-

forming as a programmable desk calculator, ev aluating expressions, executing CL script

tasks or external programs, and doing some rather sophisticated programming functions.

These features pro vide a means of connecting tasks to build new high lev el op erators. The

user’s in teraction with newly created tasks app ears the same as in teractions with the stan-

dard tasks and utilit y pac k ages, as will b ecome apparen t in the discussions on usage and

script tasks.

The CL has man y features familiar to UNIX users in that I/O redirection, pip es and

filters are pro vided. The output of an y task ma y b e routed to a file (redirection) or to another

task (pip es), and man y functions are pro vided to p erform standard transformations on a

v ariet y of data t yp es (filters). Be a w are, ho w ev er, that there are man y differences b et w een

the CL and the UNIX command in terpreters. The CL and the IRAF system presen t the

user with a complete data analysis en vironmen t whic h is indep enden t of the underlying

op erating system. Users running IRAF under UNIX, VMS, A OS, or some other op erating

system ha v e the same analysis en vironmen t a v ailable to them and can t yp e exactly the same

commands while in the CL.

The CL supp orts an op en en vironmen t in whic h pac k ages of application sp ecific tasks

ma y b e created and run. Some of these pac k ages ha v e b een prepared b y the dev elop ers to

pro vide a v ariet y of utilit y services, others that deal with sp ecific instrumen ts and analytic

tec hniques are b eing made a v ailable, and still others can b e created b y y ou, to supp ort y our

o wn view of the data analysis pro cess. Bey ond this, mec hanisms exist that allo w compiled

external programs to b e inserted in the system in suc h a w a y that they app ear (and act) as

an in trinsic part of IRAF. It is this op en-ended nature that mak es IRAF so p o w erful in its

supp ort of a v ariet y of analysis activities.

2 Getting Started

2.1 Setting up the IRAF en vironmen t

A visitor wishing to use IRAF do es not need to tak e an y sp ecial action to do so. Com-

puter supp ort p ersonnel will pro vide an accoun t on one of the analysis computers and

configure the en vironmen t as necessary to run IRAF. Staff mem b ers and long term visitors

will already ha v e established themselv es with an accoun t and will only need to p erform a

few simple op erations b efore the CL and IRAF can b e used.

1

After this has b een done,

all of the other commands referenced within this do cumen t will b e a v ailable.

An in teractiv e IRAF session b egins with en try of the command cl to run the CL. When

the CL starts up, it lo oks for a file called LOGIN.CL in the user’s curren t directory . If this

directory do es not con tain a LOGIN.CL file, the CL will function for simple things suc h

as the ev aluation of n umerical expressions, but will not w ork prop erly for all functions.

Therefore, y ou should alw a ys run the CL from a prop erly configured IRAF login directory .

This directory needs to b e initialized for IRAF b efore the CL is in v ok ed; y ou can use the

mkiraf command to setup the IRAF en vironmen t. The login directory , once set up, can b e

used for an y n um b er of sessions, and if y ou wish, y ou can set up sev eral indep enden t login

directories and data directories for w orking with differen t t yp es of data.

Summarizing the steps required to set up the IRAF en vironmen t:

1. Decide on a login directory .

2. Go there.

3. T yp e mkiraf .

That is all that is required. The mkiraf command p erforms sev eral actions, the most im-

p ortan t of whic h are making a LOGIN.CL file whic h y ou ma y wish to edit to c hange defaults,

and the creation of a UP ARM sub directory , whic h is used b y IRAF to store y our customized

parameter sets. The default login file consists mostly of en vironmen t declarations ( set state-

men ts) that define directories, devices, and so on. The function of the en vironmen t and the

significance of the standard en vironmen t v ariables are discussed in § 4.2.

The mkiraf command can b e en tered at an y time to reinitialize the en vironmen t, i.e.,

create a new LOGIN.CL from the system default and clear the UP ARM directory . This is

recommended p erio dically to pic k up an y recen t c hanges in the system, and ma y b e required

when a ma jor new release of the system is installed.

1

VMS : The command IRAF m ust b e en tered to define system sym b olic names. This command can b e

en tered at the terminal or stored in y our VMS LOGIN.COM file; it m ust b e presen t in the LOGIN.COM

file for queued IRAF bac kground jobs to startup correctly .

2.2 Starting the CL

After configuring y our IRAF directory , t yp e the command cl to start the command

language. After a bit the w elcome message will app ear on y our terminal, and the first or

ro ot “men u” of IRAF will b e displa y ed. This men u giv es the names of the pac k ages a v ailable

through the CL. The cl> prompt will b e issued indicating that the CL is ready to accept

commands.

Welcome to the IRAF.

dataio images lists noao sdas system

dbms language local plot softools utilities

cl>

Ev erything sho wn in the ro ot men u of IRAF is a pac k age name. A pac k age is a set of

tasks that are logically connected. F or example, the plot pac k age con tains an assortmen t

of general plotting tasks. Y ou m ust load a pac k age b efore an y of the tasks therein can b e

run; y ou can load an y pac k age b y simply t yping its name.

cl> plot

w ould load the plot pac k age and mak e the tasks in the pac k age kno wn to the CL. T o unload

the curren t pac k age t yp e b y e ; this frees an y system resources used b y the loaded pac k age

and restores the CL to state it w as in b efore the pac k age w as loaded. Note that the system

comes up with the clpac k age, system, language and the default user pac k ages already loaded

(the user pac k age allo ws the user to p ersonalize the system, and is discussed in § 5.6).

A commen t should b e made at this p oin t ab out case sensitivit y in IRAF. The CL accepts

input in b oth upp er and lo w er case, and distinguishes b et w een them, i.e. a ’Y’ is differen t

from a ’y’ . All command names are purp osely sp ecified in lo w er case, whic h is the default,

and all user resp onses are exp ected to b e in lo w er case as w ell. Upp er case or mixed case

names and commands are p ossible, but should b e used with care.

Once the cl> prompt app ears, man y tasks will b e a v ailable and ready for execution. A

list of all loaded pac k ages and the tasks in eac h pac k age ma y b e obtained b y t yping t w o

question marks ( ?? ). This will list the tasks organized b y pac k age, starting with the curren t

pac k age. The pac k ages are listed in the order in whic h they are searc hed when y ou t yp e a

command. T yp e one question mark ( ? ) to list only the task names in the curren t pac k age,

or ? p ackagename to list the tasks in pac k age “pac k agename”.

2.3 Executing commands from the CL

A t this p oin t y ou ma y w an t to try executing a few simple commands. First try the help

command. This will giv e additional information ab out the tasks in the curren t pac k age.

cl> help

F or detailed information ab out a particular pac k age or task, t yp e help follo w ed b y the

name of the pac k age or task for whic h help do cumen tation is desired. F or example,

cl> help system

will prin t detailed information ab out the system pac k age, and

cl> help page

will prin t detailed information ab out the page task whic h is in the system pac k age (after

eac h page of text, the help program will prompt with a list of k eystrok es and pause un til

y ou t yp e one of them).

No w let’s try running some tasks from the system pac k age, whic h is already loaded. T o

displa y the file LOGIN.CL on the terminal, en ter the follo wing command:

cl> page login.cl

The page routine, lik e help , will pause at the end of eac h page of text, w aiting for y ou to

t yp e a command k eystrok e, e.g., to displa y the next page of text, quit, return to the start

of the file, go on to the next file if paging a set of files, and so on (t yping

?

in resp onse to

the page prompt will cause a summary of the acceptable k eystrok es to b e prin ted). T o get

a directory listing of the files in the curren t directory , t yp e:

cl> dir

Observ e that all pac k age, task, and parameter names ma y b e abbreviated while w orking

in teractiv ely . An y abbreviation ma y b e giv en whic h con tains sufficien t c haracters to iden tify

the name unam biguously; if the abbreviation is not unique, an error message is displa y ed. In

general the first t w o or three c haracters are enough to iden tify most commands, but c hanges

to the op erating en vironmen t, i.e. loading additional pac k ages, ma y require en tering more

c haracters or sp ecifying the pac k agename as a prefix to unam biguously iden tify the required

command.

T o list all y our files with the .CL extension, y ou can t yp e:

cl> dir ∗ .cl

As y ou gain familiarit y with the CL y ou ma y find that y ou cannot remem b er the IRAF

command to do something, but do kno w the correct command to use in the nativ e op erating

system. There is an escap e mec hanism built in to IRAF, in that an y op erating system sp ecific command ma y b e used b y prefixing it with a ‘!’ . There are some cautions to b e observ ed

that are describ ed in detail ( § 4.1), but this kno wledge ma y remo v e one p ossible source of

frustration. Of course, the CL commands ‘?’ or ‘??’ ma y also b e used to pro duce a displa y

of the a v ailable pac k age names and functions.

P ac k ages are loaded the same w a y tasks are run, viz. merely b y t yping the name of the

pac k age as a command (a pac k age is in fact a sp ecial kind of task). If the desired pac k age

is a subpac k age of a pac k age, the main pac k age m ust b e loaded first. F or example, supp ose

w e w an t to run the precess task. T o find out what pac k age precess is in w e run help on the

task precess and observ e that the pac k age path (prin ted at the top of the help screen) is

”noao.astutil”. This means that the precess task is in the astutil pac k age whic h is in the

noao pac k age, whic h w e recognize as a ro ot lev el pac k age.

W e load first the noao pac k age and then the astutil pac k age b y t yping:

cl> noao

no> astutil

as>

The set of new tasknames no w a v ailable to y ou will b e displa y ed automatically . Note that

the prompt will c hange from cl> to no> to as> to let y ou kno w y ou ha v e en tered another

pac k age.

One of the astronomical utilit y programs a v ailable is the precess program, whic h is used

to precess lists of astronomical co ordinates. The simplest w a y to run precess is to t yp e only

its name:

as> precess

The CL will then prompt y ou for the parameters it requires to run the program; in this case,

the CL needs the name of an input file con taining a list of co ordinates to b e precessed and

the y ears o v er whic h the precession is to b e computed. If y ou do not ha v e the co ordinates

in a file, giv e the filename as STDIN (it m ust b e upp er case), and y ou can then en ter the

co ordinates in teractiv ely from the terminal. An y n um b er of co ordinates (input lines from

the sp ecial file STDIN ) ma y b e en tered; signal the “end of file” for STDIN b y t yping the

EOF k ey , e.g.,

CTRL/Z

.

2

Co ordinates are en tered in pairs (RA and DEC, delimited b y

spaces) in either decimal or sexagesimal notation (e.g., 12.5 or 12:30:04.2). If y ou ha v e an y

problems t yp e help precess for additional information, including examples.

If y ou ha v e a long list of co ordinates to precess, try en tering them in to a file. The

command:

2

CTRL/Z is the standard EOF (end of file) sequence on VMS and most UNIX systems. Similarly ,

CTRL/C

is the standard in terrupt k ey on these systems. F or simplicit y w e use the explicit con trol co des to refer to

these functions in most of the IRAF do cumen tation, but the reader should b e a w are that differen t con trol

sequences ma y b e used on the lo cal system and b e prepared to mak e the translations. F or example, the k ey

CTRL/D is often used to signal EOF instead of

CTRL/Z

.

as> edit co ord1950.txt

will call up the default editor (Vi on UNIX systems; EDT or EMA CS on VMS systems)

to edit the file COORD1950.TXT . After creating y our co ordinate file and exiting the editor

in the usual fashion, y ou will b e bac k in the CL. No w try executing the precess program,

using the file COORD1950.TXT as input:

as> precess co ord1950.txt

Of course, the output will still app ear on the terminal, and y ou ma y wish to redirect the

output in to a file as w ell:

as> precess co ord1950.txt > co ord1984.txt

If the co ordinate list is v ery long, y ou ma y wish to pro cess the list as a bac kground

job. T o a v oid in terruptions from parameter prompts b y the bac kground task (it will inquire

at the terminal), b e sure to en ter all the necessary parameters on the command line. T o

execute the task precess in the bac kground, t yp e:

as> precess co ord1950.txt 1950 1984 > co ord1984.txt &

The final ‘ & ’ tells the CL to run the task in the bac kground. The t w o parameters 1950 and

1984 will b e passed to the task; y ou will not b e prompted for them. Once the bac kground

task is started, the CL will b e a v ailable for further in teractiv e use and y ou will b e informed

when the bac kground job is complete. The use of bac kground tasks for batc h pro cessing is

treated in more detail in § 5.4.

2.4 A Commen t on Input and Output

The notion of output redirection has already b een in tro duced, and the topics of input

redirection (accepting input from a file rather than the terminal) and pip es (connecting

the output from one task to the input of the next) will b e dealt with in § 3.3. The p oin t to

b e made at this time is that all tasks can b e though t of as ha ving three main I/O paths

asso ciated with them:

STDIN the input path

STDOUT the output path

STDERR where error messages app ear

By default, all of these I/O paths are connected to y our terminal (referred to as TTY ) and

y ou ma y redirect an y one or all of them using simple command line requests. The output redirection in tro duced in the previous example of precess is an example of just suc h an

action. Other examples in § 3.3 will co v er this topic in more detail.

There are other standard output streams as w ell that dep end on the sp ecifics of the

task. Not surprisingly , graphics tasks w an t to talk to a graphics terminal or other suitable

device ( STDGRAPH ) and image tasks need access to an image displa y ( STDIMA GE ). There

is a stream for the graphics plotter device as w ell ( STDPLOT ). Eac h of these logical devices

is assigned to a ph ysical device, either b y commands in y our LOGIN.CL file or b y explicit

parameters in the function calls.

2.5 The Graceful Exit

No w that y ou are a couple of la y ers deep in to the CL, y ou ma y w onder ho w to get

bac k out again. If y ou t yp e b y e , y ou will exit the curren t pac k age and return one lev el of

loaded pac k ages. Y ou cannot, ho w ev er, t yp e b y e at the ro ot CL lev el ( cl> prompt). The

command:

cl> logout

ma y b e used to exit directly from the CL at an y lev el. The b y e command or the

CTRL/Z

sequence that signals EOF will exit from an y task except the CL itself. This is to prev en t

an unin tended logout from o ccuring if a series of EOF’s are en tered from the terminal.

F or a less gen tle departure from function execution, the in terrupt sequence

CTRL/C ma y

b e used at an y lev el. This will usually terminate an y task that app ears to b e h ung or is

op erating in error, but will normally put y ou bac k in the CL in in teractiv e mo de.

3 Basic Usage

The CL can b e used as b oth a command language and a programming language, but

most first-time users (and man y exp erienced ones) will mostly use the command features of

the language. Commands to the CL ma y b e en tered at the terminal, one at a time, or they

ma y b e read in from a script file; in either case the syn tax is the same and abbreviation

of command names and v ariable names is supp orted. When the CL is b eing used for

programming the rules are more restrictiv e, and full name sp ecification is required, as is a

more formal sp ecification of task parameters. During the early sections of this do cumen t

only the command forms will b e used for simplicit y . P arameters to a task ma y b e sp ecified

on the command line for brevit y , and prompting is automatically enabled for an y required

parameters that are not sp ecified or that are giv en v alues that are out of range.

3.1 Command Syn tax

The form of a command that calls an IRAF task is the task name , optionally follo w ed

b y an argumen t list . The argumen t list consists of a list of expressions delimited b y spaces.

Simple filenames or string argumen ts that app ear in the unparen thesized argumen t list need

not b e quoted, but an y string that con tains an em b edded blank or other sp ecial c haracters

should b e quoted. P ositional argumen ts (t ypically the first few argumen ts required for a

function m ust b e giv en first and in order. All of these ma y b e follo w ed b y param = v alue

k eyw ord assignmen ts, param ± switc hes, and file I/O redirection assignmen ts. These last

three t yp es of argumen ts ma y app ear in an y order. In general, the form is as follo ws :

cl> taskname [ expr ession . . . ] [ p ar am=value ] [ < filename ]

[ p ar am ± ] [ > filename ]

[ >> filename ]

[ > & filename ]

An y or all of these t yp es of parameters ma y b e presen t and defaults are pro vided for

most parameters. In particular, the only parameters that m ust b e set are the required

parameters and if these are not sp ecified on the command line, the CL will prompt for

them. Other parameters and switc h v alues are defaulted, but ma y b e o v erridden if desired.

The I/O streams t ypically default to the login terminal, but the redirection op erators ma y

b e used to request: input from a file ( < ); output to a file( > ); app ending to a file ( >> ); or

redirecting the standard output and the standard error stream to a file ( > & ).

The form of a command line need not b e limited to a solitary call to a task. Sev eral

tasks ma y b e called in sequence on a single command line, using the semicolon c haracter ‘;’

to delimit eac h call:

cl> clear; dir

If the command sequence is to o long to fit on a single line, it can b e enclosed in braces:

cl> {

>>> clear

>>> directory

>>> b eep

>>> }

Note that the prompt c hanges to >>> after the first line to signal that the CL requires more

input b efore it will execute the task. (In this particular example, the CL is w aiting for a

‘ } ’.)

Suc h a construct is called a comp ound statemen t and ma y b e used to aggregate

sev eral simple commands in to a single new command. Comp ound statemen ts ma y b e used

directly from the terminal (or within scripts as w e shall see later) and will b e treated as

a single en tit y b y the displa y and editing commands. An arbitrary n um b er of commands

ma y b e en tered in a comp ound statemen t and then executed as a single unit.

Commands ma y b e strung together in another w a y to o, b y use of the pip e notation,

whic h requests that the output of one command b e used as the input to the next. Creation

of the temp orary files that supp ort this, and connection of the task logical I/O paths to

these files is handled automatically b y IRAF.

cl> t yp e co ord1950.txt | precess 1950 1984

The pip e sym b ol ‘ | ’ directs the CL to feed the output of one task ( t yp e ) to the input of

the next ( precess ).

If an argumen t list is to o long to fit on one line, con tin uation is understo o d if the last item

on a line is a bac kslash ‘ \ ’, the pip e sym b ol, or an op erator (e.g., ‘+’ or ‘ // ’).

pl> graph ”pix[*,5],pix[*,10],pix[*,15]” p o + mark er=circle \

>>> xlab el=column ylab el=in tensit y \

>>> title = ”lines 5, 10, and 15”

Quotes ma y b e used around an y string of c haracters, but are generally not required on

commands en tered at the terminal. In the previous example quotes are used around the

string v alue of the title parameter b ecause the string con tains em b edded spaces.

T o mak e precise the rules for quoted strings: a string need not b e quoted pro vided [1]

it app ears as an iden tifier (a name) in an argumen t list not enclosed in paren theses, AND

[2] the string do es not con tain an y blanks or other c haracters whic h are sp ecial to the CL,

e.g., the i/o redirection sym b ols, the pip e sym b ol, semicolon, the b egin commen t c haracter

( # ) or curly braces. If the string con tains an y sp ecial c haracters it m ust b e quoted.

Commen ts ma y b e freely em b edded in a command sequence. Ev erything follo wing the

commen t c haracter on a line is ignored b y the parser, so en tire commen t lines ma y b e

en tered b y starting the line with a commen t:

cl> # This is a full line commen t

cl> t yp e login.cl # Displa y the login file

or b y app ending a commen t to the end of a line as in the last example.

3.2 T ask P arameters

Nearly all tasks ha v e a formally defined set of parameters asso ciated with them. The

parameters for a task ma y b e listed with the command lparam taskname . F or example, to

list the parameters for the task delete , t yp e:

cl> lparam delete

The lparam command pro duces a displa y of the parameters of the named task in the

order in whic h they m ust b e giv en on the command line; it sho ws the curren t v alues of the

parameters and the prompt strings as w ell.

After one t yp es lparam delete , the follo wing list will app ear, giving the parameter

name, its curren t v alue, and the prompt string asso ciated with it:

files = list of files to be deleted

go_ahead = yes delete or not ?

(verify = no) verify operation before deleting each file ?

(default_action = yes) default delete action for verify query

                                                                                                                        (allversions = yes) delete all versions of a file ?

(subfiles = yes) delete any subfiles of a file ?

(mode = ql)

Notice that there are t w o t yp es of parameters, those with paren theses around the param

= v alue fields and those without. The parameters not enclosed in paren theses are called

p ositional parameters ; they are required parameters and will b e queried for if not giv en

on the command line. P ositional argumen ts are the first argumen ts on the command line

(follo wing the command itself ), and they are asso ciated with parameters b y their p osition

on the command line. The first p ositional parameter will b e set b y the first p ositional

argumen t on the command line, the second p ositional parameter b y the second p ositional

argumen t, and so on.

The parameters enclosed in paren theses are called hidden parameters , and are the

topic of the next section. Either t yp e of parameter ma y b e referred to b y a param = v alue clause, although these parameter references m ust follo w the p ositional argumen ts. Suc h

name references m ust b e used for the hidden parameters, but ma y b e used for all.

Some of the parameter handling actions in the CL are rather elab orate and require

discussion. As w as just noted, the CL will automatically prompt for an y required parameters

that ha v e not b een pro vided in some w a y b y the user. Bey ond this, the normal action of

the CL is to remem b er the parameters that y ou last used, and when that parameter name

is next encoun tered, to offer the last v alue used as the new default v alue. This learning

of parameters is in tended to reduce user effort and is a means of customizing use of the

system. The learned parameters are sa v ed for y ou in the UP ARM sub directory , and will b e

preserv ed across uses of the system.

3.2.1 Hidden P arameters

The parameters of the delete task that app eared in paren theses are hidden parameters

for the task. The CL do es not query for hidden parameters, but automatically uses the

default v alues. Ho w ev er, a query will b e generated for ev en a hidden parameter if there is

no default v alue or if the default v alue is illegal for some reason. Hidden parameters ma y

b e set on the command line, but unlik e p ositional parameters, the v alue from the command

line will not b e learned, i.e., it will not b ecome the new default v alue. The default v alue

of a hidden parameter ma y b e c hanged only b y an explicit assignmen t, or b y use of the

eparam task ( § 3.2.3), and y ou should exercise caution in doing this, b ecause it is easy to

forget that hidden parameters ha v e b een c hanged.

Hidden parameters are often used to c hange the b eha vior of a task, ac hieving consid-

erable flexibilit y without requiring man y argumen ts on the command line, and without

anno ying queries for parameters. Hidden parameters mak e it p ossible to supp ort functions

lik e graph that supp ort differen t displa y options, since users can mo dify the default b eha v-

ior of the task to mak e it b eha v e in the manner they w an t. Hidden parameters can also

b e dangerous if they are used improp erly (e.g., for data dep enden t parameters in scien tific

programs).

The delete task is a go o d example of a task that is useful to p ersonalize. The default

b eha vior of delete is simply to delete the named file or files (pro vided they are not pro-

tected in some w a y). File deletion can b e hazardous, of course, particularly since a pattern

matc hing template ma y b e used to delete man y files. As man y of us are unhappily a w are,

inadv erten tly t yping

cl> delete ∗

will bring ab out the swift deletion of all of the (unprotected) files in the curren t default

directory . As IRAF recognizes a n um b er of sp ecial pattern matc hing metac haracters in

addition to ‘ ∗ ’, one could easily free up a lot of disk space if one w ere not familiar with the

use of pattern matc hing templates.

T o reduce the p ossibilit y of suc h dev astating side-effects, y ou migh t wish to c hange the

default b eha vior of delete to v erify eac h file deletion. This is done b y c hanging the v alue

of the hidden parameter v erify , whic h defaults to no . Hidden parameters that are b o olean

flags (y es/no) ma y b e o v erridden temp orarily on the command line as follo ws:

cl> delete ∗ .dat v erify=y es

or, equiv alen tly ,

cl> delete ∗ .dat v erify +

Either of these commands w ould cause a prompt to b e issued naming eac h file matc hing

the template and asking if y ou w an t to delete it (this w ould happ en ev en if the task w ere

running in batc h mo de).

If y ou set a hidden parameter on the command line, y ou o v erride the v alue of that

parameter only for that command; the default v alue is not c hanged. As indicated b efore,

to c hange the default v alue of a hidden parameter, an explicit assignmen t is required:

cl> delete.v erify = y es

whic h will cause all subsequen t file deletions to b e v erified, unless the delete command is

issued with the argumen t v erify=no or v erify − on the command line. The c hange ma y b e

undone b y another assignmen t, or b y unlearning the task parameters.

3.2.2 Learning and Unlearning parameters

The CL facilit y called learn mo de is designed to simplify the use of the system. By

default, the CL automatically “learns” the v alue of all task parameters that are prompted

for or explicitly set. In practice, this means that once a required parameter (suc h as the

precession ep o c h in the precess example) has b een set, it need not b e resp ecified. The CL

will still prompt for required parameters, but the default v alue displa y ed will b e the last

v alue y ou en tered. Simply hitting

RETURN will cause the CL to reuse the old v alue; but

a new v alue ma y b e en tered and it will b e preserv ed as the new default. If the required

parameters are sp ecified on the command line, y ou will not b e prompted for them, and the

v alue y ou sp ecify will still b e learned.

The parameter-learning mec hanism has other ramifications as w ell. The most recen tly

used parameter v alues are automatically preserv ed b y the CL in .P AR files stored in y our

UP ARM directory . These sa v ed parameter sets are reloaded when y ou next start the CL, th us

pro viding a memory of the options that y ou used in a previous session. An y command line

argumen ts that y ou sp ecify will o v erride these learned defaults, but they will b e a v ailable

if y ou wish to use them.

An explicit command ma y b e used to reset the v alues of parameters, i.e., to restore the

defaults. The unlearn command restores the system default v alues of all of the parameters

for a single task or for an en tire pac k age.

cl> unlearn delete

will restore the parameters of the task delete to their default v alues, and

cl> unlearn system

will restore the defaults for all of the tasks in the system pac k age. If y ou w an t to restore

the defaults for all the parameters in y our IRAF en vironmen t, delete the .P AR files from

the logical directory UP ARM :

cl> delete uparm$ ∗ .par

3.2.3 Sp ecifying P arameters to a T ask

The simplest and fastest w a y to in v ok e a task is to simply t yp e in the name of the

task follo w ed b y the necessary argumen ts on the command line, as w e ha v e b een doing in

most of the examples th us far. In man y cases, the argumen ts for a task will b e ob vious,

either from the con text and the prompts issued b y the task, or from the lparam displa y . If

y ou are unsure ab out ho w to pro ceed, y ou can simply t yp e the task name, and answ er the

questions. Eac h prompt ma y include minim um and maxim um acceptable v alues, if suc h

apply , and the curren t v alue of the parameter if suc h exists. F or parameters that ha v e only

a fixed set of allo w able v alues the list of v alid options will b e en umerated.

Alternativ ely , the eparam command ma y b e used to in v ok e the parameter editor . The

eparam task presen ts the parameters of a task in a tabular displa y on the screen and

supp orts the use of the cursor k eys to na vigate the options. It also has commands for

c hanging en tries, or for recalling previous en tries for further editing. The command:

cl> eparam precess

will displa y the parameters for precess (the noao and astutil pac k ages m ust first b e loaded).

The

RETURN k ey will mo v e y ou do wn the list or the cursor k eys ma y b e used to mo v e

among the parameters, and an y en tries that y ou t yp e will replace the displa y ed v alues. Y ou

ma y exit from eparam at an y time with a

CTRL/Z and the parameters for the task will b e

up dated with y our newly edited v alues. If y ou wish to exit the editor without up dating the

parameters, use the in terrupt request

CTRL/C instead. Sp ecifying parameters via eparam

has the same effect as do es en tering them on the command line, they will b e remem b ered

b y IRAF and not prompted for when the function is next in v ok ed.

Eparam and the history editor ehistory b oth use the same simple set of editor com-

mands, and they can mimic sev eral editors that are common on the curren tly supp orted

systems. F or an y of these editors the default st yle supp orts use of the cursor (arro w k eys)

on the terminal and the use of the

DELETE k ey . The sections on editors ( § 5.2-3) describ e

this in more detail.

If y ou find that y ou m ust in v ariably run eparam b efore running a particular task, e.g.,

b ecause the task has to o man y parameters to b e sp ecified on the command line, it is p ossible

to get the CL to run eparam for y ou automatically whenev er the task is run in teractiv ely .

This is called men u mo de . T o set men u mo de for a task w e set the string v alue of the

mo de parameter of the task; all tasks ha v e suc h a parameter. F or example,

cl> precess.mo de = “ml”

will set b oth men u and learn mo de for the task precess . The default mo de for most tasks

is ql , i.e., query (the task will query for all parameters not set on the command line) plus

learn (old parameter v alues are learned).

Once y ou are familiar with the op eration of a task, y ou can en ter the parameter v alues

on the command line in the order in whic h they app ear in the lparam listing. P arameters

ma y also b e set using the param = v alue clause on the command line, but remem b er that

an y p ositional argumen ts m ust b e giv en first. Note that a command line argumen t ma y b e

an y general expression, m uc h lik e the argumen ts to a F ortran subroutine.

cl> precess stdep o c h= (1984 + i ∗ 4)

Here an expression is used to compute the v alue of the hidden parameter stdep o c h . Note

that the expression m ust b e enclosed in paren theses in order to cause it to ev aluated, since

it will otherwise b e treated lik e a string and just passed in to the task for it to handle. The

v ariable i m ust previously ha v e b een set to some legal v alue; otherwise the CL will prompt

for it.

3.3 Pip es and I/O Redirection

W e ha v e already seen ho w tasks can tak e their input from either the terminal or from a

file, and send the output to either the terminal or a file. By default, b oth the standard input

and standard output for a task are written to the user terminal; the capabilit y to c hange

them on the command line is called I/O redirection . The App endix of IRAF commands at

the end of this do cumen t w as created with the follo wing simple command:

cl> help pkg > pkg.txt

where the name of eac h pac k age w as substituted for pkg .

The pip e syn tax is a p o w erful kind of I/O redirection. A pip e is formed b y connecting

the output of one task to the input of another task; an arbitrary n um b er of tasks ma y

b e connected together in this w a y to form a single command. UNIX users will already

b e familiar with the concept and uses of pip es, but b e a w are that CL pip es differ from

UNIX pip es in that the CL tasks execute serially rather than concurren tly (i.e., nothing

comes out of the end of the pip e un til all the input has b een pro cessed). Another difference

b et w een IRAF and the usual UNIX implemen tation is that IRAF pip es are implemen ted

with temp orary files whic h are managed b y the system. Note also that queries for parameters

are not affected b y the use of I/O redirection or pip es, i.e., required parameters will still b e

prompted for when requested b y a task.

A simple example of the use of a pip e is redirecting the output of a command to the

line prin ter. This can b e done with I/O redirection as follo ws:

cl> help plot > temp

cl> lprin t temp

cl> delete temp

The pip e notation accomplishes the same thing and is more concise:

cl> help plot | lprin t

F or a more sophisticated example of the use of pip es, load the lists pac k age and try out the

follo wing command:

cl> ?? | w ords | matc h : stop + | sort | table

This sequence of commands tak es the list of men us pro duced b y ?? , breaks it in to a list of

w ords, filters out the lines that con tain the colon c haracter (the pac k age names), sorts the

list, and prin ts a men u listing the tasks in all loaded pac k ages.

The follo wing example sho ws the use of a pip e-filter to sort the output of a long form

directory listing of the system library directory LIB , sorting the list in rev erse n umeric order

b y the size of the file, so that the largest files come out at the top of the list:

cl> dir lib l + | sort n um + rev + col = 3

W e can go a bit further and extend the pip e to prin t only the ten largest files and page the

output:

cl> dir lib l + | sort n um + rev + col = 3 | head nlines = 10 | page

An y or all of the input, output or error logical I/O streams ma y b e redirected with

simple command line requests. The next example sho ws the use of redirected input and

output streams:

cl> matc h ^ set < home$login.cl > names.en v

This command reads from y our LOGIN.CL file, created b y the initial mkiraf command,

matc hes all the lines that con tain set en vironmen t statemen ts (the metac haracter ^ (up-

arro w) causes set to b e matc hed only at the b eginning of a line), and writes these out in to

the file NAMES.ENV .

The > redirection op erators will create a new output file. T o app end to an existing file

w e use the >> op erator instead:

cl> set | matc h tt y >> names.en v

whic h will scan for all the en vironmen t v ariables ha ving something to do with the terminal

and app end them to the file NAMES.ENV .

The op erators > and >> will redirect only the standard output stream STDOUT ; error

messages will still come out on the terminal. T o redirect b oth STDOUT and STDERR the

op erators > & and >> & should b e used instead.

The graphics output streams ma y b e redirected (but not pip ed) m uc h as is done for the

ordinary textual output streams.

3

F or example, to redirect the standard graphics output

of the surface task (in the plot pac k age) to pro duce a graphics metaco de file SURF.MC :

cl> surface dev$pix > G surf.mc

T o redirect the STDIMA GE stream, substitute the op erator > I , and to redirect the

STDPLOT stream, use the op erator > P . The c haracters GIP m ust b e upp ercase. The >

ma y b e doubled to app end to an existing file, as for the standard text streams. As a sp ecial

case, a graphics stream (or indeed an y stream) ma y b e redirected to the so-called n ull file

DEV$NULL to discard the output. F or example,

cl> pro w dev$pix 100 > G dev$n ull

will plot ro w 100 of image DEV$PIX , redirecting the graphics output in to the n ull file. The

n ull file can b e used an ywhere a normal file can b e used.

3

This holds only for standard IRAF tasks, i.e., tasks whic h use the IRAF graphics subsystem. This feature

is not curren tly a v ailable for the STScI SD AS tasks since they do not use the IRAF graphics facilities.

4 Op erating System In terface

Although IRAF pro vides a quite complete en vironmen t for data analysis activities, it

m ust b e hosted in some particular op erating system whenev er it is b eing used. The iso-

lation from the p eculiarities of an y sp ecific op erating system command syn tax is rather

complete, but there are instances where the syn tax of the underlying system m ust b e used

(host filenames) or where the user ma y desire to use familiar commands from the host

system. IRAF do es allo w commands to b e passed through to the host op erating system,

but b ecause IRAF main tains all of its o wn en vironmen t descriptors, directory structures,

and task and program information, the op erating system commands should only b e used to

bring information in to the IRAF en vironmen t, but not to mo dify it. In order to c hange an y

of the status or con trol information that affect IRAF execution, the commands pro vided b y

IRAF m ust b e used.

4.1 Sending Commands to the Host Op erating System

IRAF allo ws access to the underlying op erating system, and hence to other programs

that op erate within the nativ e op erating system en vironmen t. There are limitations on some

of the system facilities that can b e used without regard to side-effects, but, in general, almost

an y program can b e called from within IRAF. External programs can b e accessed from

within the user’s en vironmen t and will op erate with a standard in terface that is compatible

with the rest of the pro cessing functions that are a v ailable.

An y command ma y b e sen t to the host op erating system b y prefixing the command with

the escap e c haracter ‘ ! ’. The rest of the command line will b e passed on unmo dified. F or

example, to read y our mail on a UNIX or VMS system:

cl> !mail

Up on exiting the mail routine, y ou will b e bac k in the CL. Almost an y task that is executable

in the normal host en vironmen t can b e in v ok ed from within IRAF b y means of this escap e

mec hanism. The OS escap e is used to implemen t some of the standard IRAF commands

that request op erating system information, suc h as sp y . The edit command also uses the

escap e mec hanism, so that the host supp orted editors can b e used, rather than require that

a completely new editor b e learned in order to use IRAF.

Occasional conflicts will arise if these external tasks re-assign their terminal input and

output streams or p erform other unnatural acts. If strange things happ en when trying to

use suc h tasks from within the CL, consult y our IRAF Guru . The other ma jor source of

problems with host system tasks is that they ma y dep end up on system sp ecific data that

ha v e b een defined for the OS but are unkno wn to IRAF. This is a particular problem under

VMS, whic h do es not pass system en vironmen t parameters to sub-tasks, as do es UNIX.

V ariables that affect the execution of tasks within the en vironmen t are con trolled b y IRAF

and are passed b et w een the executing tasks, as in describ ed next.

4.2 En vironmen t V ariables

The CL main tains a table of en vironmen t v ariables whic h affect the op eration of all

IRAF programs. The en vironmen t v ariables are used to define logical names for directories,

to asso ciate logical device names with a sp ecific ph ysical device, and to pro vide con trol o v er

the lo w lev el functioning of the IRAF file I/O system. The default en vironmen t is created b y

IRAF at login time, i.e., when the CL is first run. P art of this initialization uses a standard

system-wide, site dep enden t file named HLIB$ZZSETENV.DEF . Additional initialization of

p ersonal en vironmen t v ariables, or redefinition of standard en vironmen t v ariables, ma y b e

done with commands in y our LOGIN.CL file.

One ma y add new en vironmen t v ariables, or redefine old ones, at an y time during a

session with the set command. Set declarations made during CL execution, ho w ev er, ma y

b e lost up on exit from a pac k age. T o secure en vironmen t declarations for a full session,

mak e them immediately after logging in. T o mak e en vironmen t declarations p ermanen t,

place the relev an t set commands in y our LOGIN.CL file.

The set command is usually used to c hange the session defaults for output devices and

suc h, but all IRAF programs whic h write to the line prin ter or to a graphics device also

p ermit the device to b e selected on the command line. F or example,

cl> set terminal = vt100

informs IRAF that the user is using a VT100-t yp e terminal for this session. When t yp ed

without an y argumen ts, e.g.:

cl> set | page

set displa ys a list of the curren t v alues of all of the en vironmen t v ariables. Note that

abbreviations are not supp orted for en vironmen t v ariable names, they m ust b e sp elled out

in full. If a shorter name is used the CL will silen tly create a new en vironmen t v ariable for

y ou, whic h ma y not b e what y ou desired at all.

Iden tifying the kind of terminal y ou are using, the size of the displa y windo w to b e used,

and setting other terminal options ma y most con v enien tly b e done with the stt y command:

cl> stt y tek4014 baud = 1200

This command should b e used early in the session (if not already presen t in the LOGIN.CL

file) to iden tify the kind of terminal that y ou are using, since the op eration of the v arious

editors and of other functions will b e affected b y these v alues. It is only necessary to set

baud rate as in the example if y ou are w orking remotely via mo dem. As w as the case with

the set command, t yping stt y with no argumen ts will displa y the curren t terminal t yp e

and settings.

The curren t v alue of individual en vironmen t v ariables ma y b e displa y ed with the sho w

command:

cl> sho w prin ter

A selection of the more imp ortan t en vironmen t v ariables is sho wn in the follo wing table.

Selected En vironmen t V ariables

variable sample value usage

terminal

“vt100” default terminal device

prin ter

“prin tronix” default line prin ter device

stdgraph

“vt640” name of graphics terminal device

stdplot

“v ersatec” batc h plotter device

stdvdm

“uparm$vdm” name of graphics metaco de file

stdimage

“iism75” image displa y device

clobb er no clobb er (o v erwrite) output files

filew ait y es w ait for busy files to b ecome a v ailable

Clearly , the p ermissible names of devices are site dep enden t; for a list of the devices a v ailable

at a particular site the user should consult their IRAF Guru (or lo ok in the TERMCAP

and GRAPHCAP files in the IRAF logical directory DEV ).

Among the set of en vironmen t v ariables that con trol the op eration of the CL is a subset

of v ariables that define the user en vironmen t. These v ariables describ e the user’s home and

scratc h directories, terminal t yp e, and editor preference. Because these v alues describ e a

user’s-ey e view of IRAF, they can b e though t of as customization v ariables and can b e set

in the LOGIN.CL file to y our preferred v alues.

User En vironmen t V ariables

variable sample value usage

editor

“vi” default editor mo de

home

“/ user /iraf/”

4

user home directory

uparm

“home$uparm/” user scratc h directory

imdir system-dep enden t directory where bulk data is stored

im t yp e

“imh” default image t yp e (header file extension)

userid user user iden tification name (for output)

The HOME directory sp ecification, and p ossibly an IMDIR declaration should b e the only

places in y our LOGIN.CL file where an y system sp ecific names app ear at all. All of the IRAF

name references (except a single ro ot reference) are pro cessed b y the virtual name mapping

algorithms. If this same mec hanism is used for all user files as w ell, then only IRAF virtual

filenames need to b e referenced once the ro ot directory has b een prop erly sp ecified.

4

VMS : an equiv alen t VMS example migh t b e “DISK \ $1:[USER.IRAF]”. Note that an y dollar sign

c haracters app earing in host filenames m ust b e escap ed in IRAF since the dollar sign is a reserv ed c haracter

in IRAF filenames.

The default uparm declaration assumes that a UP ARM sub directory has b een set up in

y our login directory; the mkiraf command describ ed earlier ( § 2.1) sets this up for y ou. If a

UP ARM sub directory do es not exist, the CL will refuse to up date user parameters and will

issue a w arning message.

4.3 File and Directory Names

The IRAF system emplo ys virtual file names so that all file references will lo ok the same

on an y computer, and IRAF primitiv es con v ert virtual filenames in to their host op erating

system equiv alen ts. In general, either the IRAF virtual filename or the op erating-system-

dep enden t filename ma y b e used in a command en tered b y the user, but users should a v oid

the use of OS-sp ecific names wherev er p ossible. In ternally IRAF itself uses only virtual

filenames for reasons of transp ortabilit y .

Note that filename mapping do es not op erate automatically for virtual file names that

are passed as parameters to foreign (host system) tasks, but a CL in trinsic function osfn

will p erform the mapping if called explicitly on the command line. The host task m ust b e

declared as an IRAF foreign task ( § 5.6) for this to w ork. There is no pro vision for filename

mapping when the regular OS escap e mec hanism ( § 4.1) is used.

The en vironmen t v ariables describ ed in the preceding section pla y a fundamen tal role in

the mapping of virtual filenames. En vironmen t v ariables define the logical directories that

are used to create host op erating system sp ecific names from logical names. An example of

a virtual filename is the default logfile, HOME$LOGFILE.CL . The HOME field, delimited b y

the ‘$’ c haracter, is the logical directory; the file name within that directory is LOGFILE.CL .

Successiv e translations of ‘$’-delimited logical names are p erformed un til the op erating

system dep enden t name has b een generated. Names suc h as HOME$UP ARM/ are directory

references; the trailing ‘/’ indicates that a filename or sub-directory name ma y b e app ended

to pro duce a legal file or directory pathname.

4.3.1 File Name T emplates and Metac haracters

Although filenames cannot b e abbreviated the w a y commands can, pattern matc hing

templates can b e constructed that refer to man y files. Y ou need only t yp e a short string

(the pattern) that serv es as a template , and all files whose names matc h the template are

selected. All of the IRAF functions that pro cess filenames (and this is most of them) use

the same function to expand filename templates in to a list of files. The pattern matc hing

metac haracters are a sup er-set of those used in the UNIX and VMS op erating systems.

T o prin t all files ha ving the extension .CL , t yp e:

cl> lprin t ∗ .cl

T o page through all files in the logical directory FIO with the .X extension, t yp e:

cl> page fio$ ∗ .x

The filenames matc hed b y the file template are passed to the page task whic h pages through

the set of files. As eac h file is accessed, the V OS filename translation facilities are used

in ternally to generate the host system filename, whic h is passed to the k ernel to ph ysically

op en the file.

P attern Matc hing Metac haracters

Meta-char

Me aning Example

∗ Matc h zero or more c haracters ∗ .cl

[ ... ]

An y c haracter in class [ a-z ]

[^ ... ]

An y c haracter not in class [^ A-Z ]

? Matc h an y single c haracter a?c

{ ... }

Ignore case for the enclosed string { Lroff }

@ file

Read filenames from a list file @listfile

T o delete a named list of files, t yp e:

cl> delete file1,file2,file3

Note that the list of filenames is separated b y commas ’,’ with no in terv ening blanks . This

causes the individual filenames to b e treated as one list-form parameter rather than to b e

pro cessed as three separate parameters. A blank is treated as a delimiter b y the parser,

and th us ma y not app ear in a list-form parameter unless the list is enclosed in quotes.

The follo wing is equiv alen t to the previous example, except that no w arning will b e

issued if an y of the three files do es not exist, since w e are asking the system to find all files

that matc h the template, rather than naming the files explicitly:

cl> delete file [ 123 ]

Consider the follo wing simple command:

cl> delete filex

The name “filex” giv en here is actually am biguous; it could b e either the name of a file (a

string constan t) or the name of a string parameter set to the name of the file to delete. In

this simple and common case, the CL will quietly assume that “filex” is the name of the

file. If the iden tifier filex is really the name of a v ariable, it will ha v e to b e paren thesized

to force it to b e ev aluated. Either of the follo wing forms are equiv alen t to this command

and b oth are unam biguous requests to delete the file named FILEX :

cl> delete ’filex’

cl> delete (’filex’)

Note that within paren theses the string ’filex’ m ust b e t yp ed as sho wn, with quotes, or the

CL will attempt to pro cess it as a v ariable name, causing a run time error if there is no suc h

v ariable curren tly defined within the scop e of the delete task.

The follo wing command is also unam biguous, and it sp ecifies that the CL is to tak e the

name of the file from the parameter “filename”:

cl> delete (filename)

Note that in man y of these examples, a single string t yp e argumen t, viz. the file matc h-

ing template with metac haracters, is used to refer to a list of files. This con v en tion is

emplo y ed b y all IRAF tasks whic h op erate on lists of files. Be careful not to confuse a file

list template with the argumen t list itself. Th us:

cl> delete file,file2,prog. ∗

is p erfectly acceptable, and do es what the next example do es:

cl> delete ’file1, file2, prog. ∗ ’

as long as there are no blanks b et w een elemen ts of the first name list. If blanks w ere inad-

v erten tly included in the unquoted template string the CL w ould in terpret the template as

sev eral string argumen ts, probably causing an error something lik e “ too many positional

arguments ”.

The list file approac h is useful when it is difficult to sp ecify a template for the desired

set of files, when the same set of files will b e op erated up on sev eral times, when a v ery large

n um b er of files are to b e op erated up on, or when a list is already a v ailable. The file list

ma y b e generated b y the editor, or b y a task suc h as files , e.g.:

cl> files *.im,run[1-4].* > listfile

The textfile LISTFILE ma y then b e referenced in a filename template as @listfile to op erate

up on the listed files. A v ariation on the listfile approac h is @STDIN (m ust b e upp er case),

whic h allo ws the filenames to b e t yp ed in when the task b egins running.

Some tasks use the filename template mec hanism to generate the names of a new set of

output files. The filename template expansion co de pro vides t w o op erators for generating

new filenames from old ones. The file template op erators , whic h are used to construct new

filenames, should not b e confused with the pattern matc hing metac haracters , whic h are

used to matc h a subset of an existing set of files.

The first and simplest op erator is the string concatenation op erator // . This ma y b e

used to concatenate a string suffix to the ro ot field of a filename, to concatenate a filename

to a string prefix, to concatenate t w o filenames, or some com bination of the ab o v e. F or

example,

cl> files lib$*.com // o

will pro duce a new list of files b y app ending the string " o" to the ro ot of eac h filename

matc hed b y the template at the left.

The second and last op erator is the string substitution op erator % . If a sequence of the

form %a%b% is inserted somewhere in a file template, the string a will participate in the

pattern matc hing op eration, but will b e replaced b y b in the generated filename. Either a

or b ma y b e omitted to insert or delete fields from a filename. F or example,

cl> files lib$*%% o%.com

is equiv alen t to the concatenation op eration illustrated in the preceding example. The

command

cl> files lib$*.%com%dat%

w ould find all the .COM files in the logical directory LIB , generating a new list of files with

the extension .D A T substituted for .COM .

All IRAF tasks that use pattern matc hing or template expansion use the same syn tax

and metac haracters as in the examples giv en here for filename templates. This includes,

for example, the use of templates in the help task to lo cate man ual pages, and the use of

pattern matc hing in the matc h task to searc h text files for lines that matc h a pattern.

4.3.2 Directories and P ath Names

It is often useful to emplo y sev eral differen t directories as an aid to organizing y our data.

F or instance, y ou ma y ha v e one directory for M87 data, and one for M8 data, or, as w as

set up for y ou b y the mkiraf command, a login directory HOME and a scratc h directory

UP ARM . New directories ma y b e created with mkdir ; use c hdir or cd to c hange the default

directory , and bac k to return to the most recen t default directory .

F or example, to displa y the path w a y through the system to y our curren t default direc-

tory , t yp e:

cl> path

T o c hange to a new default directory , t yp e:

cl> c hdir newdir

where newdir ma y b e an IRAF logical directory name defined with a set command, an

IRAF pathname to the directory , or a host system directory name (pro vided an y dollar sign

c haracters therein are escap ed).

The mkdir command can b e used to create a new sub-directory of the curren t directory:

cl> mkdir m87

T o define a logical directory name (“m87”) for this sub directory of y our home directory ,

use the follo wing set command (note the trailing ’/’):

cl> set m87 = ’home$m87/’

5

Once this logical name mapping has b een established, y ou ma y t yp e either of the follo wing

commands to c hange the default directory to the “m87” directory (note c hdir ma y b e

abbreviated cd ):

cl> c hdir m87

cl> cd home$m87

6

If y ou t yp e c hdir or cd without an y argumen ts, the default directory will b e set to y our

“home” directory .

Once a logical directory has b een defined, the IRAF pathname notation ma y b e used

to reference an y file or directory in the vicinit y of the new logical directory . F or example,

the follo wing command w ould page the file CURSOR.KEY in the sub directory SCR of the

sub directory LIB of the IRAF ro ot directory IRAF, a predefined logical directory:

cl> page iraf$lib/scr/cursor.k ey

The curren t directory and the directory one lev el up from the curren t directory ma y b e

referenced in pathnames via the synon yms “ . ” and “ .. ”. F or example, if the curren t default

directory is PK G, a sub directory of LIB lik e SCR in the preceding example, the path to

the CURSOR.KEY file could b e en tered as follo ws:

5

VMS : IRAF supp orts logical names for files and directories that ma y con tain mixed cases and sp ecial

c haracters. Ho w ev er, to a v oid unpleasan t surprises, w e recommend that for ro ot directories y ou use only

names v alid for the underlying op erating system.

6

VMS : The c haracters $ and [ , commonly used in VMS device and directory names, will cause a

conflict if VMS file or device names using them are passed to IRAF tasks since these c haracters ha v e a

sp ecial meaning in IRAF filenames and filename templates. If either of these c haracters is used in a VMS

filename passed to an IRAF program, the c haracter m ust b e escap ed to a v oid in terpretation as a V OS

metac haracter, e.g., page usr\$0:\[iraf.local]login.cl .

cl> page ../scr/cursor.k ey

It is not necessary to c hange the default directory to reference files lo cated in another

directory . Y our login directory , for example, has the logical name HOME$ assigned to it.

The follo wing command w ould page through the LOGIN.CL file in y our home directory ,

regardless of the curren t default directory:

cl> page home$login.cl

The logical directory names ( UP ARM and IMDIR are examples of directories that are nor-

mally app ended to the HOME directory , and y ou ma y set up other logical directories as

required. The names of all of the standard IRAF system directories are defined automati-

cally when the CL starts up, and ma y b e listed with the set command.

4.3.3 Virtual Filename Pro cessing

Virtual filenames are used throughout IRAF and the CL in preference to op erating

system sp ecific names. The ob vious reason for this is to isolate OS sp ecific in terfaces to

a small set of lo cations, as a w a y of ensuring commonalit y across op erating systems and

as an aid to p ortabilit y . There is an ob vious b enefit to the user as w ell, in that filename

references will lo ok the same within IRAF regardless of the host en vironmen t. Op erating

system sp ecific names m ust ev en tually b e generated, but the details of these op erations are

b est buried in dedicated in terface routines.

The only place where OS sp ecific names need app ear at the user lev el is in file system

directory names and in references to system ph ysical devices. Ev en here, the use of OS

sp ecific names should b e isolated to only one or t w o ro ot directory names. The other place

where OS names m ust app ear is calls to op erating system routines or to external programs

that are accessed from within IRAF via the OS escap e mec hanism ( § 4.1). The pathnames

task and the osfn in trinsic function are used to translate IRAF virtual filenames in to host

system filenames.

Either of the follo wing commands will prin t the fully qualified OS name for the file

HOME$LOGIN.CL .

cl> path home$login.cl

cl> = osfn (’home$login.cl’)

The pathnames task writes the translated filename on its standard output, while osfn returns

the translated filename as the function v alue. The pathnames task will also expand filename

templates, and th us can b e used to generate the OS names for a list of files:

cl> path home$ss433.* > ss433files.list

will generate a list of all of the files in directory HOME that matc h the template, and will

write the fully qualified OS names of these files in to SS433FILES.LIST . This ASCI I file can

b e edited as necessary , and used as list-structured input to other IRAF functions ( § 2.3,

§ 6.9, § 7.3).

The most common use of the pathnames task is probably to prin t the curren t default

directory , whic h is its function when called with no argumen ts on the command line.

4.4 Image Data

An IRAF image is an N-dimensional data arra y with an asso ciated image header de-

scribing the ph ysical and deriv ed attributes of the image. The con ten t of the header tends

to b e v ery data or application sp ecific. The datat yp e selected to store the pixels (data

v alues) is also application dep enden t, and a v ariet y of c hoices are pro vided. Images of up to

sev en dimensions are curren tly supp orted, although in practice most images are either one

or t w o dimensional, and most programs are written to op erate up on one or t w o dimensional

images. An y IRAF program can b e used to op erate up on a section of lesser dimension (or

exten t) than the full image, using the image section notation discussed in § 4.4.3, hence the

dimensionalit y of the algorithm implemen ted b y a program need not prev en t use of the

program on images of higher dimension.

4.4.1 Image Names and Storage F ormats

The notation used to refer to images is similar to that used to refer to files, except that

images are more complex ob jects than files and hence a somewhat more complex notation

is required. Most of the file, directory , and pathname notation discussed in § 4.3 carries

o v er to images. Sets of images are referred to b y an image template notation whic h is an

extension of the file template notation discussed in § 4.3.1.

In most, but not all, cases, an IRAF image is stored on disk in t w o separate files, one

con taining the image header and the other con taining the pixels. The basic image name is

the filename of the header file. The filename of an image header file alw a ys has an extension

sp ecifying the format in whic h the image is ph ysically stored on disk.

7

Tw o storage formats

are curren tly supp orted, the old iraf format (OIF) and the SD AS group data format (STF).

The old IRAF format images ha v e the extension IMH . The STF images ma y ha v e an y three

c haracter extension ending in H , e.g., HHH (the extension IMH is reserv ed for OIF images,

of course). Both t yp es of images ma y b e accessed at an y time, with the extension b eing

used to iden tify the ph ysical storage format to the IRAF soft w are.

7

In v ersions of IRAF prior to V2.3, only one ph ysical image storage format w as supp orted, hence image

header files did not ha v e extensions.

F or example, the IRAF system is distributed with a standard OIF format test image PIX

stored in the system directory DEV . The full filename of the header file is DEV$PIX.IMH .

T o mak e a cop y of this image in the curren t directory w e could load the images pac k age

and en ter the follo wing command:

cl> imcop y dev$pix pix

or since w e don’t w an t to c hange the image name,

cl> imcop y dev$pix .

Note that w e did not ha v e to sp ecify the image t yp e extension in the cop y op eration. The

extension is optional whenev er a single image is referenced; in image templates, the template

m ust matc h the full filename of eac h image as it app ears in a directory listing, hence the

extension is required in image templates.

Sometimes it is necessary to sp ecify the image t yp e extension to force an image of a

certain t yp e to b e created. F or example,

cl> imcop y dev$pix pix.bah

w ould create an STF format cop y of the standard test image in the curren t directory .

When making a cop y of an existing image, the new image will ha v e the same format as

the old image unless an extension is sp ecified in the output image name. When creating a

new image from scratc h, e.g., when reading a data tap e to disk, the default image t yp e is

determined b y the v alue of the CL en vironmen t v ariable IMTYPE , the v alue of whic h is the

three c haracter default image t yp e extension. If IMTYPE is not defined, the default v alue

is imh , i.e., an OIF format image will b e created. T o c hange the default to b e to create an

STF format image, add a command suc h as

cl> set im t yp e = hhh

to y our LOGIN.CL file.

4.4.2 Image T emplates

Image templates are equiv alen t to filename templates except that the c haracter ‘[’ , a

pattern matc hing c haracter in filename templates, has a differen t meaning in image tem-

plates, as w e shall see in the next section.

8

F or example, giv en a directory con taining the files

8

If y ou really w an t to p erform file template st yle c haracter class expansion in an image template, use

the op erator ![ instead of [ . The con v en tional escap e mec hanism, i.e., \[ , is used to include the [ in the

filename , as in a filename template.

irs.log irs.0030.imh irs.0031.imh irs.0032.imh

the template irs. ∗ .imh w ould matc h the three image files, whereas irs. ∗ w ould matc h the

LOG file as w ell, causing imheader to complain ab out an illegal format image in its input

list.

4.4.3 Image Sections

All IRAF programs whic h op erate up on images ma y b e used to op erate on the en tire

image (the default) or an y section of the image. A sp ecial notation is used to sp ecify image

sections . The section notation is app ended to the name of the image, m uc h lik e an arra y

subscript is app ended to an arra y name in a con v en tional programming language. Note

that arra y or image section index references are in teger only in pixel co ordinates, but that

the data ma y b e of an y v alid t yp e.

se ction r efers to

pix whole image

pix[] whole image

pix[i,j] the pixel v alue (scalar) at [i,j]

pix[ ∗ , ∗ ] whole image, t w o dimensions

pix[ ∗ ,- ∗ ] flip y-axis

pix[ ∗ , ∗ ,b] band B of three dimensional image

pix[ ∗ , ∗ :s] subsample in y b y S

pix[ ∗ ,l] line L of image

pix[c, ∗ ] column C of image

pix[i1:i2,j1:j2] subraster of image

pix[i1:i2:sx,j1:j2:sy] subraster with subsampling

A limited set of co ordinate transformations ma y b e sp ecified using image sections, but please

observ e that transp ose is not one of them. The “matc h all” (asterisk), flip, subsample, index,

and range notations sho wn in the table ma y b e com bined in just ab out an y w a y that mak es

sense. As a simple example:

cl> graph pix[ ∗ ,10]

will graph line 10 of the image PIX . T o generate a con tour plot of an 800-pixel square image

subsampled b y a factor of 16 in b oth dimensions:

cl> con tour pix[ ∗ :16, ∗ :16]

T o displa y the fifth x − z plane of a three dimensional image named cub e on frame 1 of the

image displa y device:

cl> displa y cub e[ ∗ ,5, ∗ ] 1

The image section string is part of the image name and is pro cessed b y the IRAF system

soft w are (rather than b y eac h applications program), hence image sections can b e used with

all IRAF programs. A section can b e used to write in to a p ortion of an existing output

image, as w ell as to read from an input image.

4.4.4 The OIF Image F ormat

The old IRAF image format (OIF) is the original IRAF image format, unc hanged since

it w as first used in the b eginning of the pro ject. It is called the “old” format in an ticipation

of its ev en tual replacemen t b y a new format to b e la y ered up on the planned IRAF database

facilities. The OIF format is the curren t standard IRAF image format and is the format

used to test the IRAF image pro cessing soft w are at NO A O.

In the OIF format, eac h image is stored in a distinct pair of files, the header file (ex-

tension IMH ) and the pixel file (same ro ot name as the header file, extension PIX ). The

pixel file need not reside in the same directory as the header file; b y default all pixel files

are created in a user directory on a scratc h disk device to p ermit a differen t file quota, file

expiration, and bac kup p olicy to b e emplo y ed than is used for the smaller, more p ermanen t

ordinary user files.

The CL en vironmen t v ariable IMDIR determines where OIF pixel files will b e created.

IMDIR is a required parameter and is normally defined in the user’s LOGIN.CL file. The

v alue of IMDIR is only used when the pixel file is created; if the v alue of IMDIR is later

c hanged, new pixel files will b e created in a differen t directory , but the system will still b e

able to find the pixel files of the older images.

By default, the mkiraf script will create an image storage directory for the user on

a public scratc h device and place the host pathname of the new directory in the user’s

LOGIN.CL file. F or example, on a UNIX system, a t ypical set en vironmen t statemen t migh t

b e:

set imdir = / tmp2 / iraf / user /

whic h will cause the pixel files to b e created in the named host directory , regardless of the

directory in whic h the image header file resides. As an option, w e can request that the pixel

file b e placed in the same directory as the header file:

set imdir = HDR$

or in a sub directory of the header file directory , e.g., sub directory PIXELS :

set imdir = HDR$pixels /

Note that the reserv ed logical directory name HDR m ust b e upp er case, and that a trailing

slash is required if the sub directory option is used. The sub directory will b e created auto-

matically b y the system when the first pixel file is created, if the directory do es not already

exist. The HDR option should only b e used if the header file itself is created in a directory

on a scratc h device; it should alw a ys b e used if the image is created on a remote no de in

the lo cal net w ork.

4.4.5 The STF Image F ormat

The STF image format is the format used b y STScI to store Space T elescop e image

data. IRAF pro vides a dedicated image k ernel to read and write this format so that sites

reducing binary ST data do not ha v e to carry out exp ensiv e format con v ersions to b e able

to access the data from within IRAF. SD AS users should note that the SD AS soft w are can

only access STF format images, hence the STF format m ust b e used if y ou plan to mak e

extensiv e use of SD AS. Reductions in v olving only IRAF programs should not use the STF

format, since the OIF format is simpler and more efficien t, and is the format used to test

the IRAF soft w are.

In the STF format, an image or a group of similar images ma y b e stored in a pair of

files, the image header file (extension ??H ), and the asso ciated pixel storage file (extension

??D ). If m ultiple images are stored in a group format image, all mem b er images share the

same group header. The group header file is a sp ecial VMS format text file whic h can b e

examined b y page and t yp e , as w ell as with imheader . Eac h mem b er image in a group

format image also has its o wn priv ate binary format header, called the group parameter

blo c k. The STF image format supp orts only single precision real pixels, since that is what

SD AS programs require.

IRAF programs consider images to b e indep enden t en tities, with an y asso ciations b e-

t w een images b eing left up to the user. When a mem b er image of an STF group format

image is accessed from an IRAF program, IRAF constructs the image header of the mem-

b er image b y concatenating the group header to the group parameter blo c k for the mem b er

image; no distinction is made b et w een the t w o classes of header parameters once the image

has b een op ened.

T o refer to a sp ecific mem b er image of a group format image, the group subscript m ust

b e sp ecified in the image name. If there is an image section as w ell, it comes after the group

subscript. F or example, if WFPC is an STF group format image,

cl> implot wfp c[3]

w ould call up the in teractiv e image plotting task implot on group 3 of the group format

image. If no subscript is sp ecified, the default is group 1. T o plot the same image with the

lines flipp ed end for end, w e add an image section:

cl> implot wfp c[3][ −∗ , ∗ ]

T o create a new group format image, w e m ust preallo cate space for all the mem b er images,

all of whic h m ust b e the same dimensionalit y , size, and datat yp e. F or example,

cl> imcop y wfp c wfp c2[1 / 10]

w ould create a new group format image WFPC2 with the same dimensionalit y , size, and

group parameter blo c k as the existing STF image WFPC , then cop y the pixels from WFPC

to WFPC2[1] . The new image w ould inherit the header of the old image as w ell. Once a new

group format image has b een created, the remaining mem b er images ma y b e written in to

b y sp ecifying the group subscript in the output image name passed to an IRAF program.

The group coun t ( / 10 ) should b e omitted, else IRAF will try to create a new group format

image, rather than write in to one of the mem b er images of an existing group. Note that

mem b er images cannot b e added or deleted once a group format image has b een created.

5 Adv anced T opics in the CL

In addition to the basic facilities already describ ed, the CL p ermits user con trol o v er

man y asp ects of the en vironmen t. This includes direct con trol o v er the CL itself, con trol

o v er user tasks and bac kground pro cesses, the job logfile and the command history mec ha-

nism. These features and others will b e of use to the more adv anced user and enable user

customization of in teractions with the system.

5.1 CL Con trol P arameters

The CL is itself a task whic h has a set of parameters that are used to direct its execution.

F or example, if y ou wish to k eep a p ermanen t record of all the commands y ou en ter, the

CL will do this if y ou set its b o olean parameter k eeplog to y es. (Bo olean parameters can

assume only the v alues y es or no .) Simply t yp e:

cl> k eeplog = y es

and all subsequen t commands will b e written to the log file. The name of this file is defined

b y the string parameter logfile whic h defaults to the filename HOME$LOGFILE.CL . The

name of the logfile ma y b e c hanged b y assigning a new v alue to the parameter, e.g.:

cl> logfile = ”commands.log”

The imp ortan t CL parameters whic h y ou ma y wish to alter or otherwise access are

describ ed in the table b elo w.

CL P arameters

p ar ameter typic al value function

ec ho no ec ho CL command input on stderr?

ehinit

(see manpage) ehistory options string

epinit

(see manpage) eparam options string

k eeplog no record all in teractiv e commands in logfile?

logfile

“home$logfile.cl” name of the logfile

logmo de

(see manpage) logging con trol

men us y es displa y men u when c hanging pac k ages?

mo de

”ql” default mo de for servicing parameter queries

notify y es send done message when bkgrnd task finishes?

szprcac he

3 − 4 size of the pro cess cac he

A full list of CL parameters can b e obtained with the lparam command, or b y t yping the

command help language.cl . The latter pro vides a brief description of eac h CL con trol parameter including references to language pac k age man ual pages con taining more detailed

information.

Changes that y ou mak e to an y of the CL task parameters b y assignmen t during a

session will b e lost when y ou log out of the CL. This is in con trast to the parameters of a

normal task, whic h are learned b y the CL. If y ou w an t the CL to “remem b er” v alues of CL

parameters, y ou should initialize them to y our p ersonal default v alues in y our LOGIN.CL

file and they will b e reestablished for y ou eac h time y ou log in.

5.2 Setting the Editor Language and Options

The parameter editor ( eparam ) command and the history editor ( ehistory ) b oth use

the same simple set of edit commands and a c hoice of editor languages is a v ailable. The

command:

cl> set editor = emacs

will set the edit mo de for b oth editors to use the Emacs set of k eystrok es. This also c hanges

the editor that is in v ok ed when y ou issue the edit command, so that all of the editor

in terfaces that are a v ailable will app ear to op erate in the same w a y .

Editor c hoices, with their asso ciated k ey bindings, are:

• EDT (the default for VMS dev otees)

• Vi (ditto for their UNIX coun terparts)

• Emacs (whic h runs on either system)

F or con v enience, all of these editor c hoices supp ort use of the cursor k eypad k eys and the

DELETE k ey; the am bitious user ma y define his o wn p ersonal set of command k ey bindings.

The bindings that are a v ailable b y default in IRAF are sho wn in an App endix ( § A.4). The

default editor language that IRAF will start with is as sho wn ab o v e, c hosen for compatibilit y

with the host op erating system. Y ou ma y , of course, include a set command in y our

LOGIN.CL file to establish y our o wn preferred editor.

The edit facilities pro vided within IRAF are limited in scop e, since they are only in tended

to facilitate manipulation of user accessible in ternal structures, task parameter blo c ks and

history file. IRAF has not implemen ted a full scale text editor, so the edit command

in v ok es the standard system editor whic h y ou c ho ose b y setting the editor parameter. A

host system editor m ust b e used for all ma jor text manipulations, but since it is in v ok ed

from within the IRAF en vironmen t the con tin uit y of y our session is not lost.

In addition to selecting the editor language to b e used, there are a few user settable

options a v ailable to con trol the op eration of the eparam and ehistory tasks. These options are set b y setting the string v alues of the CL parameters epinit and ehinit . F or example,

setting the v erify option for ehinit will cause the history mec hanism to pause w aiting for

a command to b e edited or insp ected, b efore executing the command. Read the man ual

pages for the eparam and ehistory tasks for a full description of these con trol options.

5.3 The History Mec hanism

The CL history mec hanism k eeps a record of the commands y ou en ter and pro vides a

w a y of reusing commands to in v ok e new op erations with a minim um of t yping. The history

mec hanism should not b e confused with the logfile; the history mec hanism do es not mak e

a p ermanen t record of commands, and the logfile cannot b e used to sa v e t yping (except

b y using the editor on it after the end of the session). With the history editor, previous

commands can easily b e edited to correct errors, without the need to ret yp e the en tire

command.

The history command is used to displa y command lines. By default, the last 15 com-

mands en tered are prin ted, eac h preceded b y the command n um b er. T o sho w the last n

commands, add the argumen t n to the history command line:

cl> history 3

101 urand 200 2 | graph po+ marker=circle szmarker=.03

102 help graph | lprint

103 history

cl>

and note that this n um b er ( n ) will b ecome the new default. If y ou ask for a negativ e n um b er

of commands ( -n ), the default will not c hange.

The history command allo ws previous command sequences to b e displa y ed, but a related

mec hanism m ust b e used to re-execute, or to edit and execute, commands. Y ou can use the

history file editor b y issuing the command ehistory . Once y ou are in the history editor,

the cursor (arro w) k eys can b e used to mo v e ab out in the history file. Y ou ma y select an y

command and edit it using the simple edit commands describ ed previously ( § 3.2.3) for the

eparam task. Suc h functions as deletions and insertions of w ords or c haracters, delete to

end of line, and a simple string searc h and replace capabilities are pro vided. The App endix

lists the full range of commands that are supp orted. The edited command is executed b y

hitting

RETURN

. Note that it is a new command and, as suc h, it is app ended to the history

file. The curren t con ten ts of the history file are not c hanged.

It is p ossible to recall individual commands and edit them; the sp ecial c haracter ‘ ^ ’ or

the ehistory command ma y b e used for this. Giv en the history record sequence sho wn

ab o v e, an y of the follo wing commands could b e used to fetc h command 101:

cl> ^ 101 # fetc h command 101

cl> ehist -3 # fetc h third command previous

cl> ^ ur # fetc h command starting with “ur”

cl> ehist ?mark? # fetc h command con taining “mark”

The history command ^ ur finds the last command b eginning with the string “ur”,

while the command ehist ?mark? finds the last command con taining the string “mark”

(the trailing ‘ ? ’ is optional if it is the last c haracter on the line). A single ‘ ^ ’ fetc hes the

last command en tered. Successiv e ‘ ^ ’ commands will fetc h the next preceding command

lines from the history file.

The selected command is ec ho ed on the screen, with the cursor p oin ting at it. A t that

p oin t, the command can b e executed just b y t yping

RETURN

, or it ma y b e edited. The

standard set of editor op erations also apply when y ou edit a command in single line mo de.

Note that comp ound statemen ts (those enclosed in pairs of braces “ { . . . } ”) are treated

as a single statemen t b y the editor. Only one command line (whic h ma y b e a comp ound

statemen t) can b e edited at a time with the history editor.

Sometimes y ou will w an t to reuse the argumen ts of a previous command. The notation

‘ ^^ ’ refers to the first argumen t of the last command en tered, ‘ ^ $’ refers to the last argumen t

of the command, ‘ ^ ∗ ’ refers to the whole argumen t list, ‘ ^ 0’ refers to the taskname of the

last command, and ‘ ^ N ’ refers to argumen t N of the last command en tered. Th us,

cl> dir lib$ ∗ .h,home$login.cl

cl> lprin t ^^

displa ys a table of the files sp ecified b y the template, and then prin ts the same files on the

line prin ter.

One of the most useful features of the history mec hanism is the abilit y to rep eat a

command with additional argumen ts app ended. An y recalled command ma y b e follo w ed

b y some extra parameters, whic h are app ended to the command. F or example:

ut> urand 200 2 | graph p o +

ut> ^^ title = ’200 random n um b ers’

urand 200 2 | graph po + title = ’200 random numbers’

in this case, the notation ‘ ^^ ’ refers to the last command en tered. The notation is unam-

biguous b ecause the ‘ ^^ ’ app ears at the start of the command line. Do not confuse it with

the use of ‘ ^^ ’ to reference the first argumen t.

5.4 F oreign T asks

The foreign task mec hanism pro vides an alternativ e to the OS escap e mec hanism for

sending commands to the host op erating system. The adv an tage of the foreign task mec ha-

nism is that it allo ws foreign commands to b e made a v ailable within the IRAF en vironmen t just as if they w ere normal IRAF tasks. Suc h commands ma y b e abbreviated, their output

ma y b e redirected or pip ed, the commands ma y b e run in batc h mo de, and the argumen t

list is parsed and ev aluated b y the CL, hence ma y con tain an y v alid CL expression. Users

should b ew are, ho w ev er, that IRAF virtual filenames app earing in the argumen t list of a

foreign task are not normally translated to their host equiv alen ts, since IRAF kno ws noth-

ing ab out the argumen t list of a foreign task (the osfn in trinsic function ma y b e referenced

in the argumen t list to explicitly p erform the translation, if desired).

T o declare sev eral foreign tasks with the same names in IRAF as in the host en vironmen t,

use the follo wing form of the task statemen t:

cl> task $mail $grep = $foreign

This declares the new tasks mail and grep in the curren t pac k age, whatev er that ma y b e.

If the curren t pac k age is subsequen tly exited, the task declarations will b e discarded.

T o declare a foreign task with a more complex calling sequence, use the follo wing form

of the foreign task declaration:

cl> task $who = ”$sho w users”

This example w ould b e used on a VMS host to map the IRAF foreign task who to the VMS

command sho w users . If there are an y argumen ts on the command line when the task is

called, they will b e con v erted to strings and app ended to the command prefix giv en.

The LOGIN.CL file con tains a default USER pac k age con taining examples of sev eral

foreign task statemen ts whic h ma y pro v e useful on the lo cal host. Users should feel free to

mo dify or extend the USER pac k age, since it is pro vided with that in mind and pro vides a

con v enien t structure for p ersonalizing the CL en vironmen t.

5.5 Cursor Mo de

Whenev er an IRAF program reads the graphics or image displa y cursor, the cursor ligh ts

up or starts blinking, indicating that the user should p osition the cursor and t yp e a k ey on

the terminal to return the cursor p osition, k eystrok e t yp ed, and p ossibly a c haracter string

en tered b y the user, to the calling program. The user ma y also read the cursor directly , just

as a program w ould. F or example, the command

cl> = gcur

345.21 883.13 1 r

w ould read the graphics cursor, prin ting a cursor v alue string suc h as that sho wn noting

the w orld co ordinates of the cursor, the w orld co ordinate system (W CS) of reference, the k eystrok e t yp ed to terminate the cursor read, and the string en tered b y the user if the k ey

t yp ed w as : (colon).

The CL is said to b e in cursor mo de whenev er the CL is w aiting for the user to t yp e a

k ey to read a cursor. Cursor mo de reserv es the upp er case k eystrok es for itself, pro viding all

sorts of useful functions to the user via the reserv ed k eystrok es. F or example, the graphics

displa y can b e zo omed or panned, a hardcop y of the curren t screen can b e made on a

hardcop y device, or the screen can b e sa v ed in or restored from a graphics metafile. F or

more information on cursor mo de, t yp e help cursors while in the CL.

5.6 Bac kground Jobs

The CL pro vides facilities for manipulating and displa ying data and allo ws in teractiv e

dev elopmen t and use of data analysis functions. Ho w ev er, man y fully dev elop ed image

analysis scenarios are v ery time consuming and need not b e run in teractiv ely . IRAF allo ws

suc h functions to b e dev elop ed in teractiv ely and then pro cessed in a batc h mo de as a

bac kground task, th us freeing the terminal for other in teractions once the bac kground tasks

ha v e b een started. Sev eral bac kground tasks can b e running at once, and these ma y b e

iden tical tasks that are just op erating on differen t data sets.

An y command, including comp ound commands that ma y in v olv e calls to sev eral tasks,

ma y b e executed in the bac kground b y app ending the amp ersand c haracter ‘&’ to the end

of the command blo c k. The CL will create a new con trol pro cess for the bac kground job,

start it, displa y the job n um b er of the bac kground job, and return con trol to the terminal.

Bac kground job n um b ers are alw a ys small in tegers in the range 1 to n, where n is the

maxim um p ermissible n um b er of bac kground jobs (t ypically 3-6).

pl> con tour m92 dev=stdplot &

[1]

pl>

If a task runs to completion, and if the CL notify parameter is enabled (the default), the

message “ [n] done ” will b e prin ted on y our terminal when the task completes.

Jobs running in the bac kground ma y use all of the commands and p erform an y of

the op erations that in teractiv e tasks can, but extensiv e user in teraction with bac kground

jobs is necessarily somewhat limited (and not to o appropriate). Another difference is that

bac kground jobs do not up date parameter .P AR files. This is done to minimize the confusion

that could o ccur if a bac kground job async hronously up dated the parameter set for a task

that w as running in teractiv ely , or vice v ersa. The implication of this is that parameter

v alues that are to b e output b y a task running in the bac kground m ust b e explicitly written

in to a file if they are to b e a v ailable outside that job. P arameters passed b et w een tasks in

the same job are still pro cessed correctly .

If the bac kground job writes to the standard output, and the standard output has not

b een redirected, the output of the bac kground job will come out on y our terminal mixed in with the output from whatev er else y ou are doing. Since this is generally not desirable,

the STDOUT (and STDERR ) for the bac kground job should probably b e redirected to a file

and p erused at a later time. The follo wing example computes image statistics and directs

these, and an y error messages, to the file ST A TS.TXT :

im> imstatistics m87 > & stats.txt &

[2]

im>

If during the pro cessing of a bac kground job, the job finds it necessary to query for a

parameter, the message

[1] stopped waiting for parameter input

will app ear on y our terminal. It is not necessary to resp ond to suc h a request immediately;

when a con v enien t p oin t is reac hed, resp ond with:

cl> service 1

The prompt string from the bac kground job will b e prin ted, just as if y ou w ere running the

job in teractiv ely . Resp ond to the query and the bac kground job will con tin ue executing. If

y ou do not resp ond to the request for service from a bac kground job, it will ev en tually time

out and ab ort.

More con trol o v er the disp osition of a batc h job is p ossible b y app ending optional ar-

gumen ts to the & at the end of the command line, when the job is submitted. The default

action if no argumen ts are app ended is to run the job as a subpro cess of the CL, at a priorit y

lev el one less than the CL, with output coming to the terminal unless redirected. T o run

the job as a subpro cess at a sp ecific priorit y , a n umeric string sp ecifying the host dep enden t

priorit y lev el ma y b e added after the & . F or example,

cl> big job &4

will submit the job at host priorit y lev el 4. The priorit y lev el ma y also b e sp ecified relativ e

to the CL priorit y in a mac hine indep enden t w a y , e.g., &-1 will submit the job at a priorit y

lev el one notc h do wn from the curren t CL priorit y (this is the default).

On systems whic h supp ort batc h queues (e.g., VMS) jobs ma y also b e submitted to a

batc h queue. T o submit a job to a batc h queue, simply add the name of the queue after

the & , e.g.:

cl> big job &fast will submit the job to the ”fast” queue. IRAF supp orts three logical batc h queues, the fast

queue, for short jobs to b e run at a high priorit y , the batc h queue, for medium size jobs,

and the slo w queue, for big jobs that ma y run a long time. The host system name of the

desired queue ma y also b e giv en. If a big job is submitted to a high priorit y queue it will

b e killed b y the system when it exceeds the maxim um quota p ermitted for that queue; see

y our system manager for more information on the batc h queues supp orted b y y our system.

Sometimes it is desirable to w ait for a bac kground job to complete b efore resuming

in teractiv e w ork. F or example, y ou migh t reac h a p oin t where y ou cannot pro ceed un til the

bac kground job has finished writing a file. The w ait command is used to w ait for curren tly

running bac kground tasks to complete.

cl> w ait 1; b eep

will halt the in teractiv e session un til bac kground job 1 completes. Issuing a w ait command

without a job n um b er will cause the in teractiv e session to w ait for all bac kground jobs to

complete.

In order to disco v er the status of all bac kground jobs that y ou ha v e running, the com-

mand:

cl> jobs

ma y b e used. The job n um b er will b e displa y ed along with information ab out the command

that w as used to start the job. The command sp y v ma y also b e used. It will request the

host op erating system to displa y the pro cessor status (in an OS-dep enden t form), including

information on the status of all pro cesses running on the system.

There are imp ortan t differences in the b eha vior of bac kground jobs on differen t IRAF

host systems. Under UNIX, the bac kground tasks are indep enden t of activities that ma y (or

ma y not ) b e going on in teractiv ely . UNIX users ma y terminate their IRAF session and ev en

logoff the UNIX system altogether, and the bac kground jobs will con tin ue merrily along.

In the VMS implemen tation of IRAF, bac kground jobs ma y run either as sub-pro cesses or

as regular VMS batc h jobs in one of the system wide batc h queues. The default is to run

bac kground jobs as sub-pro cesses, in whic h case the jobs will b e killed if y ou log out of VMS

(ev en if y ou ha v e DET A CH priviledge). Under b oth systems, once the in teractiv e CL session

is terminated, comm unication with still-running bac kground jobs cannot b e re-established,

ev en b y re-en tering the CL.

5.7 Ab orting T asks

An y in teractiv e task ma y b e ab orted b y t yping the in terrupt sequence

CTRL/C

. Con trol

will return to the p oin t at whic h the last in teractiv e command w as en tered. When an IRAF

program run from the CL is in terrupted, it will usually p erform some clean up functions, deleting partially written files and so on. If an error (or another in terrupt) should o ccur

during error reco v ery , IRAF will issue the follo wing message:

PANIC: Error recursion during error recovery

A panic ab ort is usually harmless, but ma y result in some half-written dregs of files b eing left

b ehind. A more serious problem o ccurs when a subpro cess b ecomes h ung (unin terruptable).

Rep eatedly in terrupting the CL when this o ccurs will ev en tually cause the CL to giv e up

and sh ut do wn, necessitating a restart. A quic k er solution migh t b e to use the host system

facilities to forcibly kill the subpro cess.

The kill command ma y b e used to ab ort a bac kground job. The argumen t is the logical

job n um b er prin ted b y the CL when the bac kground job w as spa wned. (It ma y also b e a

list of jobs to b e killed.)

cl> kill 1

cl> kill 1 3

In systems that supp ort batc h queues as w ell as sub-pro cesses, the kill command ma y

b e used to con trol these as w ell.

NOTE

The remainder of this do cumen t is from the original draft and has not y et b een brough t

up to date and ma y con tain minor inaccuracies or omissions.

6 The CL as a Programming Language

All of the examples that ha v e b een presen ted th us far treat the use of the CL as a command

language for running existing tasks. The CL can also b e used as a high-p o w ered desk

calculator, one that can op erate on and displa y arra ys of data as w ell as scalars; and

that can b e fully programmed. The follo wing sections in tro duce the programming orien ted

functions that are pro vided in the CL as bac kground for understanding the creation of new

user tasks.

Extensiv e use of the CL as a programming language has not b een hea vily emphasized,

b ecause there are substan tial p erformance p enalties asso ciated with the use of in terpreted

languages, esp ecially when dealing with large amoun ts of data. A t the same time, the

a v ailabilit y of an in teractiv e en vironmen t that allo ws easy exploration of alternativ e analysis

scenarios is v ery attractiv e, since it largely do es a w a y with the t ypical dev elopmen t cycles

of edit; compile; link; test; edit; compile; . . . . In teractiv e dev elopmen t pro vides immediate,

p ossibly visual, feedbac k ab out the effect of the v arious analytical to ols up on y our data.

Before delving in to the details of the language ho w ev er, a commen t is in order regarding

the distinction made in the CL b et w een command mo de and program mo de . Mo des in

user in terfaces are not in v ogue b ecause of the p oten tial source of confusion, the ”Ho w do es

that command w ork no w?” problem. IRAF is a little sc hizoid in this regard b ecause of the

desire for con v enien t user commands on the one hand: (to minimize the need for sp ecific

command parameter delimiters, quotes around c haracter strings and sp ecial handling of file

names and meta-c haracters); and the desire for a familiar language syn tax for programming

t yp e activities on the other.

T o resolv e this dilemma, the CL has t w o mo des: command mo de - whic h is the default

and is used for most terminal in teractions; and program mo de - whic h is:

• En tered within the b o dy of a pro cedure.

• En tered within paren thesized expressions.

• En tered on the righ t-hand side of an equal sign (’=’).

The syn tax of the CL2 programming language w as c hosen to b e as compatible as p ossible

with SPP , the p ortable language in whic h most of IRAF is written.

Asp ects of the command/program dic hotom y ha v e already crept in to the discussions of

iden tifiers, whic h are treated as c haracter strings in command mo de ( § 4.3.1), but whic h will

b e ev aluated as a parameter name if tha y are enclosed in paren theses. In the same v ein,

when inserted in a paren thesized expression, an iden tifier that is handled as a c haracter

string in command mo de will b e treated as a v ariable name unless it is quoted.

In program mo de there is a simple disam biguating rule that can b e safely used: al-

w a ys quote c haracter strings and alw a ys paren thesize expressions. While this resolv es the am biguit y it is not lik ely to b e to o p opular with most users, who t ypically c ho ose a mini-

m um en trop y approac h. In the follo wing sections, where programming issues come under

discussion, programming mo de will b e assumed as the default.

6.1 Expressions in the CL

The CL has a con v en tional mo dern expression syn tax (b orro w ed hea vily from C and Ratfor)

whic h should feel familiar to most users. The follo wing op erators are pro vided, presen ted

in order of precedence:

Op er ator A ction

∗∗ exp onen tiation

∗ , / the usual arithmetic op erators

+ , − and the rest of them in precedence order

// string concatenation

&, || and, or

! not

< , < = less than, less than or equals

> , > = greater than, greater than or equals

! =, == not equal, equal (2 equal signs)

P aren theses ma y b e used to alter the default order of ev aluation of an expression. Quotes

are not optional in expressions or an ywhere inside paren theses; iden tifiers are assumed to b e

the names of parameters and strings m ust expressly b e quoted using either single or double

quotes.

The data t yp es supp orted b y the CL are b o olean, in teger, real, c har , and sev eral exotic

t yp es ( imcur, gcur, and file ) that are touc hed up on later in this section. Observ e that

although the CL has no complex datat yp e, op erations on complex data is supp orted in the

rest of the IRAF system, including the SPP language and in terface libraries. Arra ys of

the regular data t yp es of up to sev en dimensions are supp orted. Explicit t yp e con v ersion is

implemen ted with the in trinsic functions in t, real , and str , the last con v erting an argumen t

of an y data t yp e in to a string. Mixed-mo de expressions in v olving in tegers and reals are

p ermitted, the data t yp e of the result is promoted to the t yp e of the target of the assignmen t

op erator.

The CL pro vides a sp ecial statemen t, called the immediate statemen t, for ev aluating ex-

pressions and prin ting the v alue at the terminal. The form of the statemen t is an expression

preceded b y an equals sign:

= expr ession

or, if y ou prefer, the more con v en tional and more general prin t command can b e used with

the same results:

cl> prin t ( expr ession [, expr ession , . . . ] )

6.2 CL Statemen ts and Simple Scripts

This is not a language reference man ual; nonetheless, y ou will find it helpful to understand

a few of the more useful t yp es of statemen ts pro vided in the CL. W e will not attempt

to presen t a complete definition of the syn tax of the command language, a comp endium

of basic statemen t t yp es is listed in the App endix. The preceding section in tro duced t w o

statemen ts, the immediate statemen t and the prin t statemen t. The assignmen t statemen t

should also b e familiar from previous examples.

Often w e do not w an t simply to assign a v alue to a parameter, but rather w e w an t to

incremen t, decremen t, or scale one. These op erations can all b e p erformed with assignmen t

statemen ts in the CL, using the assignmen t op erators + =, − =, ∗ =, / =, and // =.

F or example, to incremen t the v alue of a parameter, w e could use the + = assignmen t

statemen t:

cl> y + = (x ∗∗ 2)

This statemen t incremen ts the CL parameter y b y the v alue of the expression (x ∗∗ 2) .

The same op eration could also b e done with the next statemen t, but with some small

increase in t yping effort.

cl> y = y + (x ∗∗ 2)

The adv an tage of ha ving a shorthand notation b ecomes ob vious when y ou con template

doing arithmetic on a fully sp ecified parameter name as in the next examples.

6.2.1 Assigning V alues to T ask P arameters

The assignmen t statemen t ma y b e used to set the v alue of a parameter or a v ariable. Most

parameters are lo cal to some task, and a “dot” notation ma y b e used to unam biguously

name b oth the task and the parameter. Th us, the statemen t:

cl> delete.v erify = y es

ma y b e used to set the v alue of the v erify parameter b elonging to the task delete . Since

v erify is a hidden parameter, direct assignmen t is the only w a y to p ermanen tly c hange this

option setting.

The task delete b elongs to the system pac k age. Since IRAF p ermits sev eral pac k ages

to b e loaded at the same time, if there happ ened to b e another task named delete in the

searc h-path, w e w ould ha v e to sp ecify the pac k age name as w ell to mak e the assignmen t

unam biguous:

cl> system.delete.v erify = y es

In the unfortunate situation of t w o tasks with the same name in differen t pac k ages, w e

w ould also ha v e to sp ecify the pac k age name explicitly just to b e able to run the task:

cl> system.delete files

In most cases suc h name collisions will not o ccur.

The abilit y to ha v e the same task names in more than one pac k age has some v ery p ositiv e

b enefits ho w ev er, in that a new pac k age of tasks that has the same calling con v en tions as

a standard one ma y b e readily inserted in the searc h path. This allo ws new algorithms

to b e tested without impacting the standard system, and also pro vides the ho oks whereb y

alternate implemen tations of existing functions (using an arra y pro cessor for instance) can

b e dynamically link ed in to the system.

6.2.2 Con trol Statemen ts in a Script T ask

The CL pro vides if, if else, while, for, next , and break statemen ts for con trolling the flo w

of execution in a command sequence. These statemen ts are quite useful for writing con trol

lo ops at the command lev el. Other con trol statemen ts ( case, switc h, and default ), whic h

ma y b e familiar from C or RA TF OR, are also pro vided to ease the programming effort. By

w a y of example, to prin t the v alues of the first ten p o w ers of t w o the follo wing statemen ts

can b e used:

                                      cl> i=1; j=2

cl> while (i < = 10) {

>>> print (j)

>>> j ∗ = 2

>>> i + = 1

>>> }

The second of these t w o statemen ts is a comp ound statemen t; note that the prompt has

c hanged to >>> to indicate this.

Consider the paren thesized argumen t list in the prin t command in the ab o v e lo op. If

the parameter ( j in this example) w ere not enclosed in paren theses, the CL w ould in terpret

it as a string rather than a parameter, and w ould erroneously prin t “ j ” eac h time through

the lo op. Remem b er that the CL will in terpret iden tifiers as a string if found outside

paren theses, but as the name of a v alid parameter or v ariable inside paren theses. If the CL

cannot find the iden tifier in its dictionary an error message will b e issued. T o a v oid nast y

surprises lik e this, one should alw a ys paren thesize argumen t lists in lo ops and within script

tasks, and mak e a habit of explicitly quoting items that are to b e treated as strings.

The example uses the built-in CL v ariables i and j . A n um b er of v ariables are pro vided

in the CL for in teractiv e use; the in teger v ariables pro vided with the CL are i,j,k ; the real v ariables are x,y ,z ; the string v ariables are s1,s2,s3 ; the b o oleans are b1,b2,b3 ; and a

list-structure p oin ter called list is also pro vided. The CL also has the abilit y to define new

v ariables in teractiv ely; whic h is discussed in section § 6.4.

6.3 In trinsic and Builtin F unctions

The usual F ortran in trinsic functions (with the exception of the h yp erb olic and complex

functions) are pro vided in the CL, along with some others sp ecific to IRAF. The other

in trinsic and builtin functions are those lik e set , if , while , case ; the data declaration

and initialization statemen ts; and the task and I/O con trol statemen ts that are describ ed

throughout the b o dy of this do cumen t, and are listed in App endix A. The in trinsic functions

m ust b e used in a statemen t where the returned v alue is explicitly assigned or output in

some w a y . T o compute (and displa y) the v alue of sin(x) :

cl> = sin(x)

m ust b e en tered, just t yping sin(x) b y itself is an error. The names of in trinsic functions

ma y b e used in other con texts, e.g. as parameter names, but care is needed to a v oid

confusion.

F unction A ction Example

abs absolute v alue z = abs(x)

atan2 arctangen t r = atan2(y , x)

cos cosine x = cos(r**2)

exp exp onen tiation z = exp(3)

frac fractional part of a n um b er i = frac(y)

in t con v ert input to in teger j = in t(z*3)

log natural logarithm of a n um b er x = log(z)

log10 base 10 logarithm of a n um b er y = log10(x)

max maxim um v alue from input x = min(1,17.4,43)

min minim um v alue from input y = max(47,11,92.3)

mo d mo dulus z = mo d(x, b ase )

radix radix to an y base y = radix(x, b ase )

real con v ert input to real x = real(i)

sin sine y = sin(3*r)

sqrt square ro ot z = sqrt(x**2 + y**2)

str con v ert input to a string s1 = str(n um)

stridx index of c haracter in string i = stridx(s1, ’ab c’)

substr select substring from string s1 = substr(s2, 3, 7)

tan tangen t x = tan(2*theta)

As examples of the use of these functions, try en tering the follo wing expressions and see

if y ou can predict the results (the next sections ha v e the clues):

cl> = (sin(.5) ∗∗ 2 + cos(.5) ∗∗ 2)

cl> = 2 / 3.

cl> = (mo d (in t(4.9), 2) == 0)

cl> = ’map’ // radix (512, 8)

cl> = delete.v erify

Y ou ma y ha v e b een surprised that the result of the last example w as no . This is b ecause

v erify is a b o olean parameter whic h can only tak e on the v alues y es and no .

CL++

All of the in trinsic functions in IRAF return a v alue, the builtin tasks curren tly do not.

With the completion of c hanges to the CL that are no w in progress, in trinsics and builtin

tasks, and an y user defined functions or tasks ma y return an optional v alue. T asks can th us

b e called either in the F OR TRAN ’subroutine’ st yle or in the ’function’ st yle, where a v alue

is exp ected. If a task returns a v alue that is not assigned to a v ariable it will b e silen tly

ignored.

6.4 Defining New V ariables and P arameters

The CL pro vides a default set of v ariables that can b e used for scratc h computations, and

y ou ma y declare other v ariables as needed. Eac h task that is in v ok ed, whether it is a CL

script task or an external executable task, ma y ha v e input or output parameters asso ciated

with it, and these ma y b e defined within the pac k age for the task or as part of the task itself.

Data declarations for v ariables con tain the item name and t yp e information, and ma y also

con tain an optional initialization clause. Declarations for function parameters are iden tical

to those for v ariables, but they ma y con tain optional fields to sp ecify prompt strings, to

define a v alid data range, or to en umerate a list of v alid v alues.

The simplest data declarations define lo cal or global v ariables. The statemen t:

cl> in t in t v ar

defines a simple in teger v ariable. If this command is en tered at the ro ot ( cl> prompt)

lev el, it will define a v ariable that is globally accessible to an y other task that is executed.

When the same statemen t is incorp orated in to the b o dy of a script task (after the b egin

statemen t), it will define a lo cal v ariable visible only to that script task or to an y other task

that is called b y that script task. V ariables declared within the b o dy of a pac k age definition

are globally a v ailable to all tasks within that pac k age, but will b e remo v ed from the set of

addressable v ariables when that pac k age is unloaded.

User-defined v ariables ma y b e used just lik e an y standard IRAF v ariables: in expressions,

passed as parameters to other tasks, or displa y ed in a v ariet y of w a ys. In addition, these

v ariables ma y b e initialized when they are declared:

cl> real e = 2.71828183

establishes a real v ariable and assigns it an initial v alue. This v ariable ma y b e treated

lik e a constan t (as in this case) or ma y b e re-assigned another v alue during the course of

computations.

The formal parameters for a task m ust b e defined if the CL is to pro vide an y of the

range c hec king or input prompting activities. In the absence of a declaration, or if one is

pro vided that do es not define these optional fields, only the name of the parameter will

b e used for prompting and no range c hec king can b e p erformed. The simplest case of a

parameter declaration lo oks just lik e the simple v ariable declaration sho wn ab o v e; but it

m ust o ccur within a task b o dy b efore the b egin statemen t, or define a parameter that is

named in the calling list for a task.

The syn tax of a data declaration statemen t is:

cl> typ e [ = initializer [, initializer ] . . . ]

{

[ initializer [, initializer ] . . . ]

[ opt field=value [, opt field=value ] . . . ]

}

where the v alid data t yp es for these declaration statemen ts are sho wn in the follo wing table:

Data T yp e Explanation

in t in teger (scalar and arra y)

real double precision floating p oin t (scalar and arra y)

c har c haracter strings (scalar and arra y)

b o ol b o olean, y es/no (scalar and arra y)

file file name

struct sp ecial form of m utli-tok en string

gcur graphics cursor struct

imcur image cursor struct

Most of these data t yp es should b e familiar to y ou, but the IRAF struct is a sp ecial

class of data elemen t that is used to hold m ulti-tok en strings, mostly for input. It will b e

referred to again in the section on I/O facilities in the CL ( § 6.8). Gcur and imcur are

b oth structs that return a m ulti-tok en result, namely a string with RA, DEC and a data

v alue. List structured parameters, whic h are describ ed in section § 6.9 are t ypically declared

as structs.

The optional fields in a data declaration are used to define the data ranges for c hec king,

prompt strings, sp ecial file t yp e information, or a list of en umerated items. Syn tactically ,

the sp ecification of these optional fields is treated lik e a sp ecial form of initialization; the

v alid field names are describ ed in the follo wing table.

Field Name Explanation

mo de auto, query , hidden pro cessing mo des

min minim um v alue for range c hec king

max maxim um v alue for range c hec king

en um en umerated list of v alid resp onses (m utex with min/max)

prompt prompt string for undefined v alues

filet yp e r, rw, w, x file t yp e sp ecification

All of these fields are optional, the mo de defaults to auto ; min/max range c hec king

defaults to NULL; and filet yp e , whic h is v alid only for files, defaults to read only ( ’r’ ).

The en umerated t yp e ( en um ), whic h names the sp ecific resp onses that are acceptable, is

m utually exclusiv e with range c hec king, whic h defines a con tin uum of v alues that will b e

accepted.

T o declare an in teger parameter, enable range c hec king for p ositiv e v alues and pro vide

a prompt string, use:

cl> in t new parm { min=0, prompt=’P ositiv e in teger’ }

and as an example of an en umerated list of v alid input v alues, consider:

cl> c har color { en um = ’red | green | blue’ }

whic h defines a default length c haracter string that is initially undefined and that has an

en umerated list of three v alid input v alues. If y ou attempt to use the v ariable color b efore

a v alue has b een assigned to it, y ou will b e prompted for a v alue. If y ou try to assign it a

v alue other than one of those that are en umerated, an error is rep orted.

6.5 Declaring Arra y and Image Data

V ariables and task parameters ma y b e defined as arra ys of an y of the data t yp es: in t, real,

c har or b o ol. Arra ys ma y ha v e up to sev en dimensions. Arra y and image data will b e

referenced iden tically in the future, but for no w there are some differences that are w orth

noting. Images are treated as large arra ys of data that are stored on disk, and it is the

amoun t of data to b e pro cessed that determines the c hoice of storage mec hanism. Images

will t ypically b e quite bulky; it is not un usual for a single image scene to in v olv e fiv e to ten

megab ytes of data. F or this reason, image data are most efficien tly stored in disk files, and

op erations up on the data are p erformed b y buffering it in to memory as needed. The main

difference b et w een an arra y of data and an image is that the image will b e buffered on disk.

IRAF pro vides a default IMDIR directory that ma y b e used for bulk image file storage

b y all users, but it also has facilities that manage the storing, cop ying, and accessing of

suc h data sets for users who wish to store this sort of data in their o wn directories. The

logical directory IMDIR is where the IRAF system will store y our image data b y default .

IRAF images will app ear to b e created in y our lo cal user directory , but in fact it is only

the image header file whic h go es there. The bulk pixel data are put in a second file that

is part of a temp orary files system, configured and managed with large datasets in mind.

Suc h pixel storage files are transparen t to the user, but if y ou ha v e a great deal of data,

y ou ma y find it more efficien t to set up y our o wn directory on a temp orary files system,

and to redefine IMDIR accordingly . If one has a p ersonal IMDIR , it is also con v enien t to

sa v e data on tap e and later restore it to disk; the header files are usually small enough so

that they need not b e arc hiv ed if the data is going to b e restored within a w eek or t w o.

T o declare an in teger arra y of length 100, t yp e:

cl> in t iarra y[100] = 100(0)

whic h also initializes the arra y iarra y to zero. A t w o dimensional arra y with data range

c hec king can b e sp ecified b y:

cl> real rarra y[50, 50] { min=0, max=100 }

This arra y could b e defined as an image b y using the follo wing declaration to indicate the

differen t storage class of the data:

cl> real image rarra y[50, 50] { min=0, max=100 }

where the data in this example w ould b e stored on disk.

The c hoice of whether data is to b e stored in an arra y whic h is stored en tirely in memory ,

or as an image on disk is up to the user. The c hoice should b e predicated up on the amoun t

of data that is to b e manipulated, since sp eed and efficiency of op eration will b e b etter using

the image mo de for data arra ys m uc h larger than a few h undred items. A t presen t, the

statemen ts that manipulate these t w o data forms are somewhat differen t, as is explained in

the follo wing section.

During the dev elopmen t of IRAF, the handling of images has b een a prime concern,

represen ting as it do es the ma jor computational and I/O load that m ust b e accomo dated.

Image files curren tly ma y b e created on disk, and there are image pro cessing functions

that kno w ho w to pro cess this class of data. The IRAF pac k ages images, imred , and plot

curren tly handle image data. The sp ecification of this pro cessing is similar, but not iden tical

to, the op erations p erformed on arra y data. The next section discusses use of image data

and arra ys within the CL.

CL++

A t the presen t time the IMIO and DBIO subroutine libraries are still undergoing design

and enhancemen t. As a result of this effort, the pro cessing of image t yp e data is not y et in

final form. Existing IRAF pac k ages do supp ort image pro cessing and displa y functions and

these will app ear to b e functionally the same after the dev elopmen t has b een completed.

The SD AS pac k ages also supp ort image pro cessing and displa y functions, but at this p oin t

in time the disk format of these t w o t yp es of data is v astly differen t, and on this in terim

system, data from these t w o pac k ages cannot easily b e mixed. This incompatibilit y is to b e

rectified when the completed IMIO and DBIO libraries are a v ailable.

6.6 Pro cessing of Image Sections

All IRAF programs whic h op erate up on images ma y b e used to op erate on the en tire image

(the default) or an y section of the image. A sp ecial notation is used to sp ecify image

sections . The section notation is app ended to the name of the image, m uc h lik e an arra y

subscript is app ended to an arra y name in a con v en tional programming language. Note

that arra y or image section index references are in teger only , but that the data ma y b e of

an y v alid t yp e.

se ction r efers to

pix whole image

pix[] whole image

pix[i,j] the pixel v alue (scalar) at [i,j]

pix[ ∗ , ∗ ] whole image, t w o dimensions

pix[ ∗ ,- ∗ ] flip y-axis

pix[ ∗ , ∗ ,b] band B of three dimensional image

pix[ ∗ , ∗ :s] subsample in y b y S

pix[ ∗ ,l] line L of image

pix[c, ∗ ] column C of image

pix[i1:i2,j1:j2] subraster of image

pix[i1:i2:sx,j1:j2:sy] subraster with subsampling

In the follo wing examples, please note that the references to image sections are all enclosed

in quotes. These are required b y the presen t language syn tax. As the note at the end of

this section indicates, this rule is to b e relaxed in future.

A limited set of co ordinate transformations ma y b e sp ecified using image sections, but

please observ e that transp ose is not one of them. The “matc h all” (asterisk), flip, subsample,

index, and range notations sho wn in the table ma y b e com bined in just ab out an y w a y that

mak es sense. As a simple example:

pl> graph ’pix[ ∗ ,10]’

will graph line 10 of the image pix . T o generate a con tour plot of an 800-pixel square image

subsampled b y a factor of 16 in b oth dimensions:

pl> con tour ’pix[ ∗ :16, ∗ :16]’

T o displa y the fifth x − z plane of a three dimensional image named cub e :

im> displa y ’cub e[ ∗ ,5, ∗ ]’, 1

on frame 1 of the image displa y device.

CL++

The image pro cessing sections of IRAF are undergoing further dev elopmen t, as w as noted in

the previous section. Curren tly only image data can b e pro cessed as sho wn in the previous

examples. F uture dev elopmen ts will remo v e the need for quoting the section sp ecifications

that iden tify the image p ortion to b e op erated up on. The functional sp ecifications will

not c hange substan tially , nor will the syn tax itself b e c hanged in an y imp ortan t w a y , but

the need to remem b er to quote image section references will b e remo v ed. Image data will

con tin ue to b e stored on disk and passed among tasks b y passing the name of the file rather

than passing the data itself, as a matter of efficiency .

6.7 Arra y Pro cessing in the CL

The pro cessing of arra y data is handled directly in the CL, and data arra ys ma y also b e

passed to script tasks and external tasks. The en tire arra y will b e passed, since the CL

cannot y et handle passing of sub-arra ys to other tasks. The op erations on arra ys are handled

via implicit lo oping o v er the arra y expressions, and only some of the op erations describ ed

in the previous section on image data are v alid for arra y data. References to arra y data

sections need not b e quoted ho w ev er, and the syn tax is otherwise iden tical to that supp orted

for images.

Giv en the declaration:

cl> real a[10], b[20], c[10,20], d[10,20,30], e[10,10]

the follo wing expressions are legal:

cl> c = 10 # sets all elemen ts of c to 10

cl> a = c[*,1] # copies ro w 1 of c in to a

cl> = b # prin ts all v alues of b

cl> a = b[1:10] # copies subrange of b in to a

cl> c = d[*,*,1]

and the follo wing expressions are illegal:

cl> a = c # differen t dimensionalities

cl> a = c[1,*] # differen t limits on assign

cl> a = b[11:20] # differen t limits

In general, for an expression to b e a legal arra y expression in the CL, all arra y references

m ust either b e completely sp ecified (i.e. d[1,2,3] ), or they m ust lo op o v er the same set

of indices (i.e. a = b[1:10] ). Indices ma y b e sp ecified as just the iden tifier ( a or with an

asterisk as the index ( b[*] ), indicating the en tire arra y; or as a subrange sp ecified b y in teger

constan ts separated b y a colon ( c[3:5] ).

CL++

F uture dev elopmen ts in the CL will eliminate most of the restrictions on arra y op eration

in the CL and will bring the syn tax for op erations on images and arra ys in to complete

alignmen t.

6.8 Input and Output within the CL

The CL pro vides I/O pro cessing for parameters, cursor input and graphics output, and

con trols comm unications to external tasks. The comm unications that app ear at the terminal

in the form of prompts for parameters, error messages, data range c hec king queries, and

m uc h of the other I/O is p erformed in ASCI I for p ortabilit y considerations. The data

items that a user can input in resp onse to a prompt ma y b e: in teger v alues; floating p oin t

n um b ers, with or without exp onen t; y es/no resp onses for b o olean data; or c haracter strings

as appropriate.

Image data and other bulk data forms that are pro cessed b y the v arious functions

are t ypically not passed through the CL itself, instead the names of the files are passed

ab out, and temp orary files are dynamically created as needed to hold in termediate results

of computations. Cursor input from graphics and image devices are passed directly through

the CL ho w ev er, in order that they ma y b e re-directed to a file lik e an y other I/O stream.

The imcur and gcur structs are used to handle this t yp e of data.

As w as men tioned in § 2.4 and in the section on I/O and pip es ( § 3.3) the CL comm uni-

cates via its standard input and output, whic h are ASCI I streams normally connected to

the terminal. The CL functions that manipulate these streams can also b e used on data in

a file, just as the CL itself can b e driv en with commands from a file. The con trol files are

all ASCI I data streams, with no implied structure, and th us are easy to construct and to

edit, should that b e necessary .

The scan and fscan functions are pro vided in the CL to pro cess ASCI I input streams;

the only distinction b et w een them is that scan op erates on the terminal input stream (or its

re-directed source) and fscan sp ecifically op erates on an file. Scan reads from the terminal

(there is no prompt) and returns the first tok en it finds in its input stream; where a tok en

is understo o d to b e an y string of alphan umeric c haracters delimited b y a blank. Quotes are

ignored and no other punctuation has an y sp ecial meaning. If a

CTRL/Z is en tered EOF is

signalled and the follo wing prin t statemen t will not b e executed.

cl> if (scan (s1) != EOF)

>>> print (s1)

>>> else

>>> return

The prin t command tak es whatev er is passed it as a parameter and displa ys it on the

terminal, so the previous example do es a simple one-line ec ho function of input to output.

The argumen t to scan in this example is the c haracter v ariable s1 , but it could as easily b e

an in teger:

cl> while (scan (i) != EOF)

>>> print ("Input was a ", i)

This in-line script will con tin ue lo oping, reading from the input and ec hoing to the output,

un til EOF is signalled. All v alid n umeric inputs will b e accepted; real input v alues will b e

truncated to in tegers; c haracter constan ts (single c haracters) will b e pro cessed as though in t

had b een called; and an y in v alid input v alues will b e silen tly ignored. Prin t sho ws another

of its features, that string constan ts ma y b e directly inserted in to the output stream and

that no format sp ecifications need b e made.

The I/O functions can b e used to pro cess more than one data elemen t at a time, with

no need for explicit formatting. If more data is presen ted than there are iden tifiers in the

list, the extra data is silen tly ignored; and if there are more data elemen ts in the parameter

list than there is data, the remaining data elemen ts retain their old v alues.

The output or input for these functions can b e explicitly redirected, via the usual mec h-

anisms, or the fscan and fprin t functions can b e used instead. The commands:

cl> list = ’infile’

cl> while (fscan (list, s1) != EOF)

>>> fprint (’junque’, ’The next input line = ’, s1)

p erform exactly the same function as:

cl> list = ’infile’

cl> while (scan (s1, $<$list) != EOF)

>>> print (’The next input line = ’, s1, $>>$ ’junque’)

where the list structured v ariable list has b een set to the name of the file to b e used for

input ( INFILE ) and the output is b eing directed to file JUNQUE . These examples are hardly

exhaustiv e, but will serv e as bac kground information for the discussion of list structured

parameters that follo ws.

6.9 List Structured P arameters

F or certain data analysis tasks, the abilit y to define a list of data files for batc h pro cessing

can b e esp ecially useful. IRAF supp orts list structured parameters for sp ecifying a list

of items to b e input to a function. Man y , but not all, functions will accept this form of

input. List structured parameters are asso ciated with a file and ha v e their o wn p eculiar,

but useful, seman tics.

Supp ose w e w an t to mak e a series of con tour plots on the standard plotter device of a set

of data files. This can b e done in teractiv ely b y en tering a command to pro duce eac h plot,

but this is tedious. A b etter approac h w ould b e to prepare a list of image sections (see § 6.6)

to b e plotted, naming one section p er line in a text file (whic h w e c ho ose to call SECTIONS ).

The follo wing command could then b e used to generate the plots in the bac kground:

pl> list = ’sections’

pl> while (fscan (list, s1) != EOF)

>>> contour (s1, device = ’stdplot’) \&

In this example, the assignmen t of ’sections’ to the parameter list has t w o actions, it

asso ciates the name of the file SECTIONS with the list structured parameter, and it causes

a logical op en of the file. The actual file op en tak es place the first time that fscan is called.

Successiv e calls to fscan return successiv e lines from the file in to the string s1 . When the

end of file (EOF) is encoun tered the while lo op terminates. If additional calls are made

to fscan EOF will con tin ue to b e returned. A logical reset to the top of the file can b e

p erformed b y reassignmen t of the same file name to the parameter list , or another file name

can b e asso ciated with this parameter.

A user can declare other list structured data elemen ts b esides the ones that are pro vided.

The statemen t:

cl> struct *input = uparm\$inlist

declares a list structured v ariable named input that is b ound to the list named UP ARM$INLIST .

This file ma y con tain sev eral records that define image section sp ecifications or the names

of other files to b e pro cessed. Once the declaration is made, lines ma y b e scanned from the

file, as in previous examples, or the records ma y b e fetc hed b y use of a simple assignmen t

op erator:

cl> = input # displa ys the next record from file

cl> s1 = input # sets s1 to the next record

Successiv e references to the iden tifier input will result in successiv e records b eing read from

the file it is b ound to. If an EOF is detected it is silen tly ignored, and the last v alue read will con tin ue to b e returned. List-structured iden tifiers ma y b e in teger, real, or c haracter

as w ell as struct t yp e data. The binding to a filename is the same regardless of t yp e, and

the only difference is that data con v ersion is p erformed on the input record to matc h the

t yp e of the iden tifier.

If y ou exp ect to write commands m uc h more complicated than these examples, it is

time to learn ab out script tasks . This topic is co v ered in § 7 of this do cumen t and more

detailed information is giv en in the CL Pr o gr ammer’s Guide .

7 Rolling Y our Own

The true p o w er of the CL and the whole IRAF analysis en vironmen t lies in its abilit y to

tailor analysis functions to the users’ data. This p o w er comes from the abilit y to define

new functions in the CL, and from the capabilit y to extend the basic IRAF system b y the

addition of new analysis pac k ages. These new routines can b e dev elop ed incremen tally , a

line at a time, and then defined as a new task once the function op erates as desired. User

defined functions and analysis pac k ages lo ok just lik e an y of the standard functions that

are pro vided with the system, and are called in the same w a y . All of the same parameter

passing, range c hec king, and prompting op erations of IRAF are a v ailable for user defined

functions.

Bey ond the abilit y of the CL to learn the v alue of parameters that y ou ha v e en tered, or

the creation of ”one-liners”, little user customization has b een presen ted so far. Ho w ev er, all

of the programming and extensibilit y features of the CL that ha v e b een used in the creation

of the standard pac k ages are also a v ailable to the in trepid user, enabling the creation of

a p ersonalized data analysis en vironmen t, one’s o wn set of doit functions. This section

in tro duces the creation of new user script tasks, user executable tasks, and pac k ages of suc h

tasks.

Examination of one of the .CL script tasks that defines a standard pac k age will rev eal

that it con tains sev eral set commands to establish logical directory names; and then defines

the set of tasks that comp ose the pac k age. Examine the script task for the system pac k age

of functions:

cl> page system$system.cl

to rev eal the m ysteries of these basic functions. The task names that app ear in this pac k age

description con tain a logical directory p ortion (as in system$ ) and a filename p ortion

( system.cl ). The logical directory name is separated from the rest of the file name b y a

dollar sign ’$’ , as w as discussed in the section on virtual file names ( § 4.3). Use of a logical

directory sp ecification in public pac k ages, and ev en in those for y our o wn priv ate use, is

highly recommended, since it pro vides an unam biguous sp ecification of where to find the

pac k age and tasks.

Note that tasks need not b e defined as part of a pac k age; individual tasks can b e created

and defined at an y time, but a pac k age is a con v enien t w a y of grouping related tasks together.

Man y pac k age ha v e already b een pro vided in IRAF, and should b e bro wsed b y an y one who

is searc hing for clues ab out ho w the CL language can b e used for programming.

7.1 Creating Script T asks

All of the IRAF commands can b e used within a script task and will op erate the same w a y

in that en vironmen t as they do when en tered in teractiv ely . A script task need b e nothing more than a text file that con tains normal CL statemen ts or commands. Commands ma y

b e en tered in a script just as they w ould from a terminal in command mo de , or program

mo de ma y b e used, in whic h case sligh tly differen t rules apply (c.f. § 6.0). F or simple

pro cess con trol scripts command mo de is lik ely to b e satisfactory , but program mo de is the

ob vious c hoice if more complicated tasks are undertak en. The main distinction is that task

names m ust b e en tered in full and the standard rules should b e follo w ed for v ariable names

and c haracter string references. Program mo de will b e used in the follo wing examples, since

it is most lik ely to b e used in an y complicated script tasks that y ou migh t wish to dev elop.

In order to create a script task one has merely to in v ok e the editor

cl> edit taskname .cl

and en ter the CL statemen ts that describ e the actions y ou wish to ha v e p erformed. When

y ou ha v e created the new script task (or mo dified an existing one), exit the editor in the

normal w a y , so that the file is written in y our curren t directory .

A script task for demo purp oses migh t lo ok lik e:

{

prin t(’ Hello, w orld !! ’)

}

In order to mak e this new task a v ailable to the CL, y ou will ha v e to iden tify it and indicate

where the script task is to b e found:

cl> task $m y new task = taskname .cl

Note that the name b y whic h y ou refer to the new task need not b e the same as the name of

the file, although the use of the same name is con v en tional. The ‘ $ ’ in the task statemen t

is optional and tells IRAF not to searc h for a parameter ( .P AR ) file for the task.

Once the task has b een created and declared it ma y b e directly in v ok ed:

cl> m y new task

will cause the script task file to b e parsed and executed b y the CL. Y ou ma y c hange the

b o dy of a script task without redefining it with another task statemen t.

While tesing new script tasks, suc h as this one, y ou ma y find it useful to turn on ec hoing:

cl> ec ho = y es whic h will cause the CL to ec ho the commands on the terminal as they are read from the

script.

Since all of the commands that y ou ha v e en tered at the terminal are logged a the history

file, it is p ossible to edit all or part of this command log to create a new script task. Y ou

will first ha v e to output part of the history log to a file and then edit it:

cl> history 30, > temp

cl> edit temp

whic h lets y ou c hange history (not a bad tric k). Once y ou ha v e edited the file, the commands

needed to turn it in to a CL script task are the same as those describ ed ab o v e.

7.2 P assing P arameters to Script T asks

P arameters are used to con trol the op eration of tasks b y defining input and output files,

indicating execution options, etc. Script tasks that a user defines ma y ha v e parameters

that op erate in exactly the same fashion as standard tasks. In fact, the same prompting,

learning, and limit c hec king mec hanisms that op erate for standard tasks are a v ailable b y

default for user script tasks, as w ell as for external user tasks (ab out whic h more in § 7.5).

CL parameters and other v ariables that are defined external to a new script task ma y

b e referenced from within the task with no sp ecial action b eing tak en on y our part. Global

v ariables and v ariables passed from higher lev el tasks are also accessible to a task. Ho w ev er,

named parameters for the task, or v ariables that are lo cal to the task (and th us protected

from external actions), m ust b e declared within the script task itself. P arameters are

iden tified b y b eing defined in the formal parameter list of the pro cedure or b efore the

b egin statemen t, while lo cal v ariables are declared only after the b egin statemen t. N.B.

the b egin and end statemen ts m ust app ear all b y themselv es on the line, and an ything

that app ears after the end will b e ignored.

The follo wing simple script task description will serv e to illustrate man y of the salien t

p oin ts:

procedure doit (inparm, groups, region, outparm)

file inparm {prompt = ’Input file name:’}

int groups {prompt = ’Groups to process (0 for all):’}

int region[] {0, mode=hidden}

file outparm {prompt = ’Output file name:’}

begin

file cal_file = ’calib$wfpc’ # Wide Field Camera
int n_group, ngp

n_group = groups # get the users group request

if (n_group == 0)

n_group = 9999

for (ngp=1; ngp <= n_groups; ngp=ngp+1) {

calib (inparm, ngp, cal_file) | # note use of pipe

clean() |

clip (region= region, >> outparm)

}

end

The iden tifiers inparm, group, region, and outparm are parameters of the function and

are used to pass data in to and out of the pro cedure prop er. There is one required parameter,

inparm , whic h is the input file name that con tains the name of the file to b e op erated up on.

The other parameters are groups the n um b er of data groups to b e pro cessed; a hidden

parameter, region , whic h will not b e prompted for; and the parameter, outparm , whic h is

the name of the file that is to b e written b y the function. The v ariable cal file is lo cal

to the pro cedure and is only a v ailable within the pro cedure b o dy (or to an y lo w er lev el

routines to whic h v ariables ma y b e passed as parameters).

There are some subtleties here that b ear men tioning. Hidden parameters, suc h as

region , ma y b e defined for script tasks and m ust app ear b efore the b egin statemen t,

but need not app ear in the formal parameter list. The groups parameter will b e prompted

for if not sp ecified on the command line, but is then assigned to a lo cal v ariable n group .

This is not required, but is desirable b ecause of a side-effect of the automatic prompting

built in to IRAF. An y query mo de parameter will b e prompted for automatically , eac h time

it is referenced . This can b e v ery useful in a script where a new v alue is to b e input on eac h

execution of a lo op, but can b e surprising if one only in tends to en ter the v alue once. The

ob vious fix is to assign the v alue to a lo cal v ariable (at whic h time the prompt will o ccur)

and then op erate only on the lo cal v ariable.

As with the simple task describ ed b efore, this pro cedure m ust b e declared with a task

statemen t in order that the CL b e able to lo cate it.

cl> task doit = home$doit.cl

Remem b er to sp ecify the logical directory in the declaration so that the task can unam bigu-

ously b e lo cated no matter whic h directory y ou use it from. When y ou run this new task,

y ou will b e exp ected to en ter a v alue for the input parameters (and y ou will b e prompted

if y ou don’t).

Remem b er that once y ou ha v e used the task statemen t to inform the CL ho w to find y our

new function, y ou need not do so again during that session, since the original declaration of the task will allo w it to b e lo cated ev en if y ou edit the b o dy of the task to c hange its in ternal

op eration. If y ou need to c hange the n um b er or t yp e of parameters to a task, or to c hange

the name of a task, mo v e it to another directory , or if y ou wish to redefine the meaning of

one of the standard tasks in the system, y ou will ha v e to use the redefine command.

The follo wing commands:

cl> rename home$doit.cl funcs$doit.cl

cl> redef doit=funcs$doit.cl

rename the file HOME$DOIT.CL to FUNCS$DOIT.CL and then redefines the doit task to

p oin t to the script. This redefinition causes the CL to repro cess the script task in order to

re-establish p oin ters to the file and to redefine the data declarations.

Once y ou ha v e tested y our new task and ha v e it debugged, y ou ma y wish to en ter a

task definition for it in to y our LOGIN.CL file, or to install it in y our o wn pac k age of priv ate

functions.

7.3 Using List Structured P arameters in a Script T ask

It is p ossible to define a CL script task suc h that a sequence of files whose names are defined

in an input list ma y b e pro cessed in one call to the task. This is con v enien t when a n um b er

of files need to b e pro cessed in an iden tical w a y . The follo wing example sho ws ho w the

task doit toit has b een setup to accept a list structured input parameter, and then to call

another task, passing the files from the list one at a time to the other task. The ob vious

adv an tage is that the dev elopmen t of the task that really do es the w ork, viz. doit , can b e

done in isolation from the mec hanics of batc h pro cessing the list of data files.

The doit toit function is set up for pro duction use and, as suc h, it logs all activit y in

the standard logfile. It ma y b e run as a bac kground task, lik e an y other IRAF function.

# DOIT_TOIT -- A driver task for batch operation of DOIT.

procedure doit_toit (images, section)

file *images { prompt = ’List of images to be changed’ }

char section { prompt = ’Section of input images to be output’ }

begin

struct imgs # working storage for image file name

bool klog # default size is 32 chars

file logf

klog = keeplog # get global keeplog flag
logf = logfile # ditto the log file name

while (fscan (images, imgs) != EOF) {

if (klog) {

# Output a startup message if keeplog is true.

print (’ DOIT_TOIT: Process images ’, >>logf)

time (>> logfile)

print (’ Images : ’, imgs, >>logf)

print (’ Section : ’, section, >>logf)

}

# Do the actual task by calling the DOIT function, passing

# in the file name with the section concatenated.

doit (imgs // section, imgs)

if (klog) { # output the trailing message

time (>>logf)

print (’ DOIT_TOIT: Completed. ’, >>logf)

}

}

end

The declaration for the v ariable images needs some explanation. The asterisk ’*’ indicates

that images is a list structured parameter , i.e. that it is to b e pro cessed as a p oin ter

to a parameter list, rather than as the parameter itself. In this instance it will con tain the

name of a file that itself con tains a list of the names of files to b e pro cessed.

As with the other script tasks that ha v e b een describ ed, this one m ust b e declared to

the CL via a task statemen t b efore it can b e executed. Once this has b een done the task

can b e called as follo ws:

cl> task doit toit = home$doit toit.cl

cl> doit toit ( ’images.txt’, ’[]’ ) # no sub-sections

cl> tail logfile # c hec k the logfile messages

The name of the file con taining the list of images “IMA GES.TXT” is passed directly in to the

task as a quoted string.

7.4 Establishing Y our Own F unction P ac k age

Once y ou ha v e defined sev eral functions that do a useful set of op erations, y ou ma y wish

to set them up so that they are alw a ys a v ailable to y ou. This can b e done b y defining them as a pac k age, whic h is the mec hanism that IRAF uses to organize the other groups of tasks

that are made a v ailable as part of the system prop er. (Or, more easily , b y putting the task

declarations in to y our LOGIN.CL file.)

package my_package

set funcs = "home$func/" # define the logical directory

task fib = funcs$fibonacci.cl

glib = funcs$wordy.cl

doit = funcs$doit.cl

clbye() # invoke the cl again for interactive use

If y ou no w place the declaration for this pac k age task in y our LOGIN.CL file, these tasks will

b e a v ailable to y ou whenev er y ou login to IRAF. It is a go o d practice to alw a ys use logical

directory names in task declarations and in other file names, since c hanging the searc h path

with a c hdir ma y otherwise render tasks not lo catable.

P ac k ages ma y , of course, b e more complex than the ab o v e, since they can refer to

sev eral logical tasks that ma y b e CL script tasks or executable tasks. User pac k ages ma y

also reference logical tasks that are in other pac k ages directly , if only one or t w o suc h tasks

from another pac k age are needed. Additionally , a pac k age task ma y declare v ariables that

are to b e treated as global to all of the tasks within the pac k age, but are to remain lo cal to

the pac k age itself. Other IRAF commands can b e included in a pac k age task as w ell, suc h

as a load request for a pac k age of utilit y routines. As y ou will recall, the load op eration

for a pac k age is implicitly executed whenev er a pac k age is named; th us, a utilit y pac k age

suc h as plot or imred can b e loaded and made a v ailable just b y naming it in the pac k age

description.

7.5 Creating F ortran, SPP and other External T asks

While the IRAF and SD AS applications pac k ages, along with the CL language, offer sub-

stan tial facilities for in teraction with and analysis of data, it w ould not b e un usual for users

to wish to mak e their existing algorithms a v ailable for use in IRAF. Neither the IRAF pac k-

ages nor the SD AS pac k ages can pro vide all of the functions that ev ery one migh t desire.

IRAF has b een dev elop ed as an op en system , and is therefore extendible b y the user so that

externally compiled programs are accessible with the CL. These programs ma y b e co ded in

an y language that conforms to the standard calling con v en tions, but F ortran, C, and the

Subset PrePro cessor (SPP , the IRAF p ortable language) ha v e predefined sets of in terface

routines that establish access to the IRAF k ernel functions.

It is suggested that the F ortran programmer use the SD AS/ST in terface routines to

access the IRAF en vironmen t. These routines pro vide access to parameters, p erform I/O on

image files as w ell as other data file formats, pro vide facilities for header data manipulation,

etc. The routines are describ ed in the SD AS Applic ations Pr o gr ammer’s Guide (the Gr e en

Bo ok ) and in the Softwar e Interfac e Definition, ST-ECF O-11 , whic h describ es the set of

in terfaces that ha v e b een agreed up on b et w een the STScI and the Europ ean Co ordinating

F acilit y (ECF).

The SD AS in terface routines (and the ST-ECF in terfaces) are all built up on the existing

IRAF k ernel in terfaces as describ ed in the IRAF Pr o gr ammer’s Crib She et . These in terfaces

are rather more complete than the SD AS/ST ones, pro viding full access to the facilities of

the IRAF virtual op erating system. These routines can b e called directly from SPP , but

t ypically cannot b e called directly from F ortran programs.

A selection of soft w are dev elopmen t to ols are a v ailable to the user who wishes to in tegrate

p ersonal programs in to the IRAF en vironmen t. These utilities are pro vided as parts of the

softo ols pac k age, and include suc h functions as IRAF-sp ecialized compilation and link age,

help file creation, etc.

A simple SPP language routine is included here as an example that can b e tried from

the terminal. It is not a particularly useful function (it just feeps the terminal b ell), but

do es sho w the ease with whic h an external task can b e link ed in to the en vironmen t.

#-------------------------------------------------------- ----

# Simple task to show use of SPP external procs

# Compile and link using SPP command in Softools

task feep = t_feep

include <chars.h> # include the standard char defs

# FEEP -- Feep the terminal.

procedure t_feep()

begin

call putc (STDOUT, BEL)

end

After y ou ha v e used the editor to create the program source file, y ou should load the

softo ols pac k age that con tains the xc compile/link to ol. This will compile the program,

link it, and create an executable named FEEP .E .

cl> softo ol

so> xc feep.x

Once the feep task has b een compiled and link ed it ma y b e made a v ailable from within

the IRAF en vironmen t in a fashion analogous to that used for CL script tasks. A task

statemen t that names the executable file and binds it to a task name m ust b e used to

declare the task to the CL. Once this has b een done, the executable task can b e in v ok ed

just lik e an y other task.

cl> task feep = feep.e

cl> feep # is used to call it

N.B. IRAF tasks written in SPP (and other languages) ma y con tain more than one logical

task, and the CL task statemen t m ust b e used to declare eac h of them. The logical task

names used on the CL task statemen t m ust corresp ond with the task names from the task

statemen t used in the b o dy of the SPP file.

The parameter handling facilities at the user lev el b eha v e iden tically for executable

external tasks and for CL script tasks. If the complete facilities of parameter range c hec king,

prompt messages, and default v alues are desired, a data declaration statemen t that defines

these v alues will ha v e to b e sp ecified. If a declaration statemen t is not pro vided, the

standard prompt pro cessing (naming the parameter and soliciting input) will b e used when

parameters are referenced.

The details of parameter and file I/O in SPP , and in the F ortran and C in terfaces,

are sufficien tly differen t from those presen ted for the CL that the en tire sub ject is b est

deferred to a separate do cumen t. It is imp ortan t to note ho w ev er, that the facilities that

are a v ailable in the CL and in the IRAF k ernel routines that supp ort it are equally a v ailable

to all executable mo dules. The implication of this is that an y program that has b een link ed

in to IRAF will ha v e the same apparen t in terface as all of the existing programs, and th us

can easily b e made to app ear as a unified part of the larger system. This can, of course,

b e sub v erted, and programs ma y main tain their o wn iden tities in so far as that is desirable.

Ho w ev er, the adv an tages of a unified user in terface and of a w ell defined and completely

implemen ted set of flexible in terface routines cannot b e stressed enough.

8 Relev an t Do cumen tation (the Y ello w P ages)

This do cumen t should serv e to get the first-time user started (and if it do esn’t, w e w ould

lik e to kno w ab out it), but there are man y topics that ha v e b een co v ered quic kly or not at

all. Other do cumen ts and sources of information ab out IRAF, SD AS, standard pac k ages,

use of SPP , IRAF in ternals, etc. exist and this section will pro vide p oin ters in to that realm

for those who w ould lik e more information on these topics.

8.1 IRAF Command Language

Some of the do cumen ts describing the CL are no w somewhat out of date since there ha v e

b een at least t w o revisions to IRAF since they w ere written. Ho w ev er, these do cumen ts

are readable and are still useful, since, b y design, most of the c hanges made to the CL are

compatible with what had gone b efore.

CL Pr o gr ammer’s Guide, in pr ep ar ation

This is to b e the most complete in tro duction to programming in the CL and to the

facilities of the CL. As suc h, it pro vides details of language use (esp ecially helpful when

dev eloping external and/or script tasks in F ortran, SPP , and C). Also included are descrip-

tions of the w orkings of the CL, the IRAF k ernel and in ter-pro cess comm unications as they

affect the use of IRAF for program dev elopmen t.

Detaile d Sp e cific ations of the IRAF Command L anguage, r ev Jun82

This pap er discusses in tec hnical detail the ma jor functions of the CL and some details

ab out ho w it w orks. Since this is a sp ecifications do cumen t, it is not as readable as a user

do cumen t, but it do es co v er man y of the same areas as the CL Pr o gr ammer’s Guide in

somewhat more detail.

8.2 IRAF Applications P ac k ages

Muc h of the ric hness of the IRAF en vironmen t comes from the pac k ages of applications

programs that are b eing made a v ailable within the en vironmen t. The IRAF group at NO A O

and the SD AS group at STScI ha v e b een dev eloping analysis programs that are a v ailable as

pac k ages within the IRAF en vironmen t, and the end-user-orien ted do cumen tation of these

systems is describ ed b elo w.

IRAF Applic ations Packages, Structur e and R e quir ements, A ug83

This do cumen t is an attempt to define fully the decomp osition of the IRAF system

and applications soft w are in to pac k ages. The functions p erformed b y eac h pac k age are

summarized in the form of requiremen ts.

Descriptions of sp ecific IRAF applications pac k ages dev elop ed at Kitt P eak are a v ailable

in a set of user-handb o oks :

• APPHOT - Digital Ap ertur e Photometry, A ug83

• GRAPH - Simple Gr aphics R outine, Mar84

• SURF A CE - 3-D Surfac e Display, Mar84

• CONTOUR - Contour Map Display, Mar84

• HELP - On-Line HELP for IRAF, Mar84

• D A T AIO - Data R e aders and Writers, Mar84

• LISTS - Basic List Pr o c essing F unctions (ASCII files), Mar84

• UTILITIES - Misc el lane ous Utility F unctions, Mar84

• SOFTOOLS - Softwar e Utilities, make, yac c, xc, mklib, Mar84

Scienc e Data A nalysis Softwar e R e quir ements, Final, A ug82

These are the con tract requiremen ts of the SD AS system.

SD AS User’s Manual, in pr ep ar ation

A descriptiv e guide to the use of SD AS.

8.3 Standard Program In terfaces

There are three sets of in terface routines a v ailable to the programmer: those for SPP , those

for C, and those for F ortran. The language that y ou use dep ends on the nature of the

pro ject b eing undertak en, y our o wn lev el of exp ertise, and on the need for creating p ortable

co de. SPP is the language of c hoice for pac k ages that are to b ecome part of IRAF or for

tasks that require access to the en tire virtual system in terface. F ortran and the SD AS/ST

in terfaces will remain the c hoice for existing F ortran co des and for man y small scien tific

applications programs. Users are encouraged to c ho ose the SD AS/ST in terface for their

F ortran programs. C has b een used for the innards of the CL itself, and a set of in terfaces

(the LIBC library) is pro vided that em ulates the UNIX standard I/O facilities and giv es

access to the IRAF k ernel facilities.

A R efer enc e Manual for the IRAF System Interfac e, r ev May84

This do cumen t is the most complete (and recen t) treatmen t of the link ages b et w een the

p ortable IRAF k ernel, the CL, the external pro cedures and the system dep enden t Z-routine

la y er. It describ es these in terfaces in detail and has the complete sp ecifications of the Z-

routine in terfaces. It is of particular use to b oth the individual who is trying to p ort IRAF

to another system (it is a m ust read for suc h p ersons) and to the system or applications

programmer who w an ts a more detailed understanding of IRAF.

8.3.1 SPP In terfaces

Pr o gr ammer’s Crib She et for the IRAF Pr o gr am Interfac e, r ev Sep83

This do cumen t describ es the complete set of in terface functions for the IRAF virtual

op erating system as it is a v ailable to the SPP programmer. Sev eral sets of library functions

are describ ed for accessing images and v arious kinds of data files, terminal capabilities,

graphics and image I/O, etc. Programs written using only these in terfaces will b e fully

p ortable, along with the main b o dy of IRAF co de.

R efer enc e Manual for the IRAF SPP, r ev Sep83

This is the definitiv e do cumen t ab out the IRAF Subset Prepro cessor language. The

language is somewhat lik e Ratfor (from whic h it deriv es), but it has extensions for dealing

with the memory managemen t and referencing issues that arise when op erating on large

scale image data.

The R ole of the Pr epr o c essor, r ev De c81

This do cumen t is an early discussion of the philosoph y b ehind use of the SPP language.

As suc h, it is v aluable bac kground reading for an y one who wishes to understand fully the

b enefits of using a prepro cessed language for implemen ting a large b o dy of p ortable co de

lik e IRAF.

8.3.2 F ortran In terfaces

SD AS Applic ations Pr o gr ammer’s Guide

This is the complete description of the in terface set that is no w b eing used to dev elop

the SD AS program suite at STScI. These in terfaces are exp ected to b e replaced ev en tually

b y the set of SD AS/ST in terfaces men tioned in the follo wing do cumen t.

Softwar e Interfac e Definition, ST-ECF O-11, r ev A ug84

This describ es the set of standard in terfaces agreed up on b et w een the STScI and the

ST-ECF. It incorp orates most of the features of the SD AS standard in terfaces and is to

b e used for program dev elopmen t at STScI and for future MID AS programs dev elop ed at

ESO. It is a rather complete in terface for image data, pro cess parameters, and table data

structures, but do es lea v e out man y of the other facilities pro vided in the complete IRAF

SPP in terface.

9 And in to the F uture

This v ersion of IRAF and its CL represen ts the first external release of a system that has

b een under dev elopmen t for more than three y ears, and whic h will con tin ue to ev olv e for

sev eral more. IRAF w as b orn out of the need for a system that could surviv e c hanges in

op erating systems and hardw are, since suc h c hanges are a normal part of computer system

ev olution. T o accomo date suc h c hanges, and to pro vide a lev el of stabilit y and p ortabilit y

across op erating systems, IRAF is a la y ered system: the CL is the user la y er; the k ernel is

the op erating system indep enden t la y er; and the z-routines are the system dep enden t la y er.

Most of the discussion in this do cumen t describ es the app earance and function of the

curren t command language (CL2), the user la y er of IRAF. As has b een noted at v arious

p oin ts in the text, the CL is still undergoing dev elopmen t and is exp ected to c hange o v er

time. (The paragraphs mark ed CL++ in the text hold the clues.) The in ten t in these

c hanges is t w o-fold:

• Pro vide ev olutionary enhancemen ts to the user in terface to impro v e utilit y , function-

alit y , usabilit y and coherence.

• Bring the programming elemen ts of the CL language in to line with the SPP language

whic h is used for the bulk of the IRAF p ortable co de.

These requiremen ts are somewhat at o dds, as w as noted in § 6, but further atten tion is

b eing giv en these issues to try and resolv e the dilemma. Although not all elemen ts of

the CL language can b e mapp ed easily in to the SPP programming language (consider

the I/O con trol commands), the notion that one can do dev elopmen t in an in teractiv e

en vironmen t and then realize compiled co de sp eeds for execution is an attractiv e one. The

CL2 implemen tation has tak en steps in this direction and w e exp ect to see ho w far this idea

can b e tak en o v er the next few y ears.

9.1 Near-T erm Soft w are Pro jects

While the ev olution of the CL is an imp ortan t part of IRAF, there are other elemen ts of the

system that are ev en more imp ortan t whic h are still under dev elopmen t at this time. The

most imp ortan t single area for dev elopmen t is the database and data catalogue. Design and

protot yping of these imp ortan t functions, and the necessary query language, is in progress

righ t no w. These functions are doubly imp ortan t, since they b oth represen t a user facilit y

for creating and op erating on priv ate catalogues of data; and also are at the heart of the

effort to merge the SD AS functions cleanly in to the IRAF con trol structure. Only after the

DBIO and IMIO pac k ages ha v e b een fully implemen ted and in tegrated in to the rest of the

system will functions from these t w o large applications groups b e able to share data and

file structures. A tables system is also en visioned that will offer similar capabilities to the

MID AS tables, but will b e built up on the DBIO routines.

The areas of graphics and image displa y will also receiv e atten tion during the next y ear.

The curren t GIO pac k age supp orts a fast k ernel and b oth a GKS and an NCAR em ulation.

Ho w ev er, image data are not merged in to this structure and no common meta-file formats

exist that allo w image, annotation, and o v erla y graphics to b e represen ted in one consisten t

form. Some efforts ha v e already b een made to w ard understanding what needs to b e done

and ho w (or if ) the requiremen ts can b e satisfied within existing standards. F urther efforts

will b e made, b oth at NO A O and STScI, and at other facilities lik e RAL who ha v e exp ertise

in this area, to dev elop an approac h that satisfies the requiremen ts.

Dev elopmen ts in the area of net w orks, b oth LAN and wide-area; w orkstations; and the

related topics of access to distributed data bases and arc hiv es are also receiving atten tion.

W e b eliev e that IRAF has a sufficien tly robust and flexible structure that it can op erate suc-

cessfully within a distributed op erating en vironmen t. Small scale efforts are no w underw a y

to explore some of the issues related to net w ork file systems.

A t the same time, a protot yp e pro ject is underw a y with a single platter laser disk, to

ev aluate the suitabilit y of this media for large scale, long term arc hiv al storage of images

and other related data. As a part of this activit y , IRAF is curren tly b eing p orted to a

SUN w orkstation and high resolution image displa y at the STScI. IRAF and its database

pac k age will b e imp ortan t to this effort, since they will pro vide some of the basic facilities

for pro cessing the data and managing the catalogues for this arc hiv e.

These are all comp onen ts of a distributed data system, a long range goal for the Space

T elescop e comm unit y , and probably of in terest to the en tire astronom y and astroph ysics

comm unit y . T o the exten t that IRAF pro v es useful to astronomers, it will pla y a k ey role

in suc h a data system.

9.2 Where Is the F uture?

The usual rapid pace of dev elopmen ts in hardw are and soft w are systems will also prompt

consideration of c hanges to the external app earance and some of the in ternal implemen tation

details of IRAF. Dev elopmen ts in graphics and image displa ys, and in v arious data input

and storage devices promise to mak e rev olutionary c hanges in the w a y that p eople and

computers in teract. High resolution graphics, touc h screens, mice, WYSIWYG (What Y ou

See Is What Y ou Get), D WIM (Do What I Mean), and the ’cluttered desk’ paradigm

pioneered b y Xero x P AR C and em ulated b y ev ery one else, will all app ear in one form or

another in a v ariet y of differen t systems in the next few y ears. These presen tation tec hniques

and differing in teractiv e views of data, when w ell though t out and in tegrated in to a system,

can serv e to mak e computers more accessible to p eople. These ideas, ho w ev er, ha v e b een

m uc h slo w er to arriv e in the large-scale systems that ha v e b een used for data analysis than

in the sup er-micro and PC class mac hines.

IRAF, in its curren t v ersion, incorp orates only some of these elemen ts, but man y others

will b e exp erimen ted with as it is p orted to differen t hardw are en vironmen ts. Because the

CL is a separable piece of the system, it can b e c hanged or replaced, without necessarily making ma jor c hanges to the underlying system structure. Efforts no w underw a y to mo v e

IRAF out of the sup er-mini systems where it has b een dev elop ed, and in to sup er-micro

w orkstations will afford the opp ortunit y to explore some of these user in terface issues in a

protot yping mo de. Dep ending on the results of suc h exp erimen ts, other CL in terfaces that

tak e adv an tage of those elemen ts that pro v e successful are lik ely to ev olv e.

These statemen ts should not b e construed to mean that constan t c hange will b e the

norm. IRAF w as designed to protect the substan tial soft w are in v estmen t that an y large

data analysis system represen ts, and this it will do, b oth for the dev elop ers and for the users.

The IRAF k ernel and the la y ered in terfaces for applications programs are quite stable, and

are not exp ected to c hange, except to incorp orate additional functionalit y . F urthermore,

an y c hanges prop osed for the user in terface will b e carefully ev aluated in terms of their

impact on the existing user comm unit y . But, just as w e exp ect that faster, more efficien t

FFT or filtering algorithms w ould receiv e a w elcome reception w e exp ect that a stable,

but slo wly ev olving system that con tin ues to serv e users needs will meet with appro v al.

F eedbac k and commen tary from the users of the system will b e vitally imp ortan t in this

dev elopmen t pro cess, and w e encourage that dialogue.

A App endices

A.1 CL Commands and the System P ac k age

A.1.1 CL In trinsic and Builtin F unctions

access - T est to see if a file exists

b y e - Exit a task or pac k age

cac he - Cac he parameter files, OR

Prin t the curren t cac he list (no argumen ts)

cd - Change directory

c hdir - Change directory

cl - Execute commands from the standard input

clb y e - Exit a task or pac k age to sa v e file descriptors

defpac - T est to see if a pac k age is defined

defpar - T est to see if a parameter is defined

deftask - T est to see if a task is defined

ehistory - Edit commands from the history log file

en vget - Get the string v alue of an en vironmen t v ariable

eparam - Edit the parameters for a function

error - Prin t error co de and message and ab ort

flprcac he - Flush the pro cess cac he

fprin t - F ormat and prin t a line in to a parameter

fscan - Scan and format an input list

hidetask - Define a new hidden task

history - Prin t the last few commands en tered

jobs - Sho w status of bac kground jobs

k eep - Mak e recen t set, task, etc. declarations p ermanen t

kill - Kill a bac kground job or detac hed task

logout - Log out of the CL

lparam - List the parameters of a task

mktemp - Mak e a temp orary (unique) file name

mkdir - Mak e a new file sub-directory

pac k age - Define a new pac k age, OR

Prin t the curren t pac k age names (no argumen ts)

prin t - F ormat and prin t a line on the standard output

radix - Prin t a n um b er in the giv en radix

redefine - Redefine a task

scan - Scan and format the standard input

service - Service a query from a bac kground job

set - Set an en vironmen t v ariable, OR

Prin t en vironmen t (no argumen ts)

sho w - Sho w the v alues of one or more en vironmen t v ariables

sleep - P ause execution for sp ecified p erio d

substr - Extract a substring from a string

task - Define a new task

unlearn - Restore the default parameters for a task or pac k age

up date - Up date a task’s parameters (flush to disk)

v ersion - Prin t the revision date of the CL

w ait - W ait for all bac kground jobs to complete

A.1.2 System P ac k age F unctions

allo cate - Allo cate a device

b eep - Beep the terminal

clear - Clear the terminal screen

concatenate - Concatenate a list of files to the standard output

cop y - Cop y a file, or cop y a list of files to a directory

coun t - Coun t the n um b er of lines, w ords, and c haracters in a file

deallo cate - Deallo cate a previously allo cated device

delete - Delete a file

devstatus - Prin t the status of a device

directory - List files in a directory

diskspace - Sho w ho w m uc h diskspace is a v ailable

edit - Edit a file

files - Expand a file template in to a list of files

grip es - P ost bug rep orts, complain ts, suggestions

head - Prin t the first few lines of a file

help - Prin t online do cumen tation

lprin t - Prin t a file on the line prin ter device

matc h - Prin t all lines in a file that matc h a pattern

news - P age through the system news file

page - P age through a file

pathnames - Expand a file template in to a list of OS pathnames

protect - Protect a file from deletion

rename - Rename a file

revisions - Prin t/p ost a revision notice for a pac k age

rewind - Rewind a device

sort - Sort a text file

sp y - Sho w pro cessor status

stt y - Sho w/set terminal c haracteristics

tail - Prin t the last few lines of a file

tee - T ee the standard output in to a file

time - Prin t the curren t time and date

t yp e - T yp e a file on the standard output

unprotect - Remo v e delete protection from a file

A.2 SD AS Analysis P ac k ages

• General Data Analysis

area v olum - In tegrate to find the area/v olume under a curv e/surface

arra y ops - P erform arithmetic, logical, and matrix op erations on

SD AS data arra ys

con v ert - Con v ert data from one t yp e to another (real, in teger,

logical, b yte)

curfit - Fit curv e to one-dimensional data

dimage - General image displa y pac k age

extract - Extract a subset of a data arra y

fitsrd - Read a standard FITS tap e and create an SD AS disk data file

fitswr - W rite a standard FITS tap e from an SD AS disk data file

four1d - P erform one-dimensional F ourier analysis

four2d - P erform t w o-dimensional F ourier analysis

hstats - Compute standard statistics, including histograms

lo cate - Lo cate features in a sp ectrum, time series, or image

mak emask - Mak e a data mask

plot1d - Plot one-dimensional (equally-spaced) data

plot2d - Plot t w o-dimensional (equally-spaced) data as con tour

map or ruled-surface map

prob dist - Compute standard probabilit y distributions

register - Compute registration parameters for t w o displaced data

arra ys (use in conjunction with resample)

repmo d - Replace/mo dify/input data in an existing data arra y

resample - Resample data from one grid to another (shift, rescale, rotate)

smo oth - Smo oth data b y con v olution filtering, median windo w

• Sp ectral Analysis

cn tana - Con tin uum analysis (determine reddening, correct for

reddening, fit con tin uum mo dels)

ewlnst - Measure equiv alen t width/line strength

gsp ect - Generate a sp ectrum for testing

rvdet - Measure radial v elo cities

sp ecph - Sp ectrophotometry

• Image Analysis

gimage - Generate an image for testing

• Time Series Analysis

glcurv - Generate a ligh t curv e for testing

hldelc

∗

- Correct HSP times for ligh t dela y time

hsp cir

∗

- Correct HSP data for instrumen tal resp onse

hsp olar

∗

- P olarimetry pac k age for HSP data

hspphot

∗

- Photometry pac k age for HSP data

hsubbkg

∗

- Subtract bac kground from HSP data

• Astrometric Analysis

b dresid

∗

- Mak e histogram of F GS b eam deflector residuals

cen troid

∗

- Cen troid ra w F GS enco der data

errsig

∗

- Mak e histogram of F GS error signals

∗ — these programs ma y not b e a v ailable

A.3 IRAF Application P ac k ages

• CR YOMAP P ac k age

extract - Extract Cry omap sp ectra

findsp ectra - Find Cry omap sp ectra

iids - Con v ert in tegrated sp ectra extractions to I IDS format

maplist - List information ab out the m ulti-ap erture plate

sp ecplot - Plot extracted in tegrated sp ectra

• D A T AIO P ac k age

bin txt - Con v ert a binary file to an IRAF text file

ldumpf - List the p ermanen t files on a Cyb er DUMPF tap e

m texamine - Examine the structure of a magnetic tap e

rcamera - Con v ert a F orth/Camera image in to an IRAF image

rcardimage - Con v ert a cardimage file in to a text file

rdumpf - Con v ert IPPS rasters from a DUMPF tap e to IRAF images

reblo c k - Cop y a binary file, optionally reblo c king

rfits - Con v ert a FITS image in to an IRAF image

ridsfile - Con v ert IDSFILES from a DUMPF tap e to IRAF images

ridsm tn - Con v ert moun tain format IDS/IRS data to IRAF images

ridsout - Con v ert a text file in IDSOUT format to IRAF images

rp ds - Con v ert a PDS image in to an IRAF image

rrcop y - Con v ert IPPS rasters from an R COPY tap e to IRAF images

txtbin - Con v ert an IRAF text file to a binary file

w cardimage - Con v ert text files to cardimage files

wfits - Con v ert an IRAF image in to a FITS image

widsout - Con v ert an IRAF image to IDSOUT text format

• ECHELLE P ac k age

bac kground - Subtract a scattered ligh t bac kground

extract - Extract Ec helle orders

findorders - Find Ec helle orders

iids - Con v ert in tegrated sp ectra extractions to I IDS format

orderplot - Plot extracted in tegrated sp ectra

• GENERIC P ac k age

biassub - Subtract a bias image

c himages - Change images: trim, flip, transp ose, rotate

colb c kgrnd - Fit and subtract a column b y column bac kground

colflat - Create a flat field b y fitting a function

to the image columns

darksub - Scale and subtract a dark coun t image

dcbias - Subtract a constan t bias and trim images

flatten - Flatten images using a flat field

lineb c kgrnd - Fit and subtract a line b y line bac kground

lineflat - Create a flat field b y fitting a function

to the image lines

normalize - Normalize images

normflat - Create a flat field b y normalizing and

replacing lo w v alues

• IMA GES P ac k age

imarith - Simple image arithmetic

ima v erage - Av erage images together

imcop y - Cop y an image

imdelete - Delete an image

imlinefit - Fit a function to eac h image line

imheader - Prin t an image header

imhistogram - Compute image histogram

imstatistics - Compute and prin t image statistics

im transp ose - T ransp ose a t w o dimensional image

listpixels - Con v ert an image section in to a list of pixels

sections - Expand an image template on the standard output

shiftlines - Shift image lines

tv - Image displa y (see TV-IMA GE P ac k age)

• LISTS P ac k age

a v erage - Compute the mean and standard deviation of a list

gcursor - Read the graphics cursor

imcursor - Read the image displa y cursor

table - F ormat a list of w ords in to a table

tok ens - Break a file up in to a stream of tok ens

unique - Delete redundan t elemen ts from a list

w ords - Break a file up in to a stream of w ords

• LOCAL P ac k age

binpairs - Bin pairs of (x,y) p oin ts in log separation

epix - Edit pixels in an image

fields - Extract sp ecified fields from a list

imreplace - Replace pixels in a range b y a constan t

imscale - Scale an image to a sp ecified (windo w ed) mean

imstac k - Stac k images in to an image of higher dimension

imsurfit - Fit a surface to an image

im title - Change the title of an image

notes - Record notes

p olyfit - Fit p olynomial to lists of X,Y pairs

• MUL TISPEC P ac k age

findp eaks - Find the p eaks

fitfunction - Fit a function to the sp ectra parameter v alues

fitgauss5 - Fit sp ectra profiles with fiv e parameter

Gaussian mo del

mo dellist - List data and mo del pixel v alues

msextract - Extract sp ectra

mslist - List en tries in a MUL TISPEC database

msplot - Plot a line of image and mo del data

msset - Set en tries in a MUL TISPEC database

new extraction - Create a new MUL TISPEC extraction database

newimage - Create a new m ulti-sp ectra image

• PLOT P ac k age

con tour - Mak e a con tour plot of an image

graph - Graph one or more image sections or lists

p col - Plot a column of an image

p cols - Plot the a v erage of a range of image columns

pro w - Plot a line (ro w) of an image

pro ws - Plot the a v erage of a range of image lines

surface - Mak e a surface plot of an image

• SOFTOOLS P ac k age

hdb examine - Examine a help database

lroff - Lroff (line-roff ) text formatter

mak e - T able driv en utilit y for main taining programs

mkhelp db - Mak e (compile) a help database

mklib - Mak e or up date an ob ject library

mkmanpage - Mak e a man ual page

xcompile - Compile and/or link an SPP , C or F ortran program

y acc - Build an SPP language parser

• TV-IMA GE P ac k age

blink - Blink the TV displa y

displa y - Manipulate the TV displa y

erase - Erase the TV displa y

frame - Define the frames to b e manipulated

lumatc h - Matc h color lo ok up tables

mono c hrome - Set displa y in to mono c hrome mo de

pseudo color - Set pseudo color mo de on displa y

rgb - Set true R GB mo de on displa y

windo w - Define a displa y windo w area

zo om - Zo om the displa y

• UTILITIES P ac k age

airmass - Compute the airmass at a giv en elev ation

ab o v e the horizon

ccdtime - Compute time required to a observ e star

of giv en magnitude

detab - Replace tabs with tabs and blanks

en tab - Replace blanks with tabs and blanks

lcase - Con v ert a file to lo w er case

precess - Precess a list of astronomical co ordinates

translit - Replace or delete sp ecified c haracters in a file

ucase - Con v ert a file to upp er case

urand - Uniform random n um b er generator

A.4 IRAF Editor F unctions

Command Emacs EDT

†

Vi

‡

mo v e-up ↑ or

CTRL/P ↑
j or

CTRL/P

mo v e-do wn ↓ or

CTRL/N ↓ k or

CTRL/N

mo v e-righ t → or

CTRL/F → l or →

mo v e-left ← or

CTRL/B ← h or ←

ins-c hr/w ord text text i/a- text

ESC

del-left

CTRL/H or

DEL DEL DEL

del-c har

CTRL/D , x

del-w ord

ESC d - d w

del-line

CTRL/K PF4 d d

undel-c har

ESC CTRL/D GOLD , u

undel-w ord

ESC

CTRL/W
GOLD - u

undel-line

ESC CTRL/K GOLD PF4 u

set-fwd

4

set-rev

5

next-w ord

ESC f 1 w

prev-w ord

ESC b 5 1 b

mo v e-eol

CTRL/E 2 $

mo v e-b ol

CTRL/A BS or

CTRL/H .

next-page

CTRL/V
7

CTRL/D or

CTRL/F

prev-page

ESC V 5 7 CTRL/U or

CTRL/B

mo v e-start

ESC

<

GOLD 5 1 G

mo v e-end

ESC > GOLD 4 G

get-help

ESC ? PF2 PF2 or

ESC ?

repain t

CTRL/L CTRL/R CTRL/L

exit-up date

CTRL/Z CTRL/Z : w
q

exit-no up date

CTRL/C CTRL/C :

q
!

† — EDT emplo ys the notion of “direction” (forw ard and bac kw ard cursor motion). Sev eral

command sequences are preceded b y

5 to indicate explicitly that they only function after

setting “bac kw ard” mo de. All EDT k eystrok es, with the exception of

CTRL k eys, use the

k eypad.

‡ — Vi has insert/replace/c hange mo des , whic h are en tered b y command and terminated

b y the

ESC k ey . Vi-t yp e k eystrok es for eparam and ehist are not y et implemen ted.

B Glossary

AAS — American Astronomical So ciet y .

band — A t w o dimensional arra y . The Nth

band of a three dimensional arra y or image

is denoted b y the subscript [ ∗ , ∗ ,N], where ∗

refers to all the pixels in that dimension.

binary file — An arra y or sequence of data

w ords. Data is transferred b et w een a binary

file and a buffer in the calling program b y a

simple cop y op eration, without an y form of

con v ersion.

binary op erator — An op erator whic h com-

bines t w o op erands to pro duce a single result

(e.g., the addition op erator in x + y ).

brace — The left and righ t braces are the

c haracters ‘ { ’ and ‘ } ’. Braces are used in

the CL and in the SPP language to group

statemen ts to form a comp ound statemen t.

brac k et — The left and righ t brac k ets are

the c haracters ‘[’ and ‘]’. Brac k ets are used

in the CL and in the SPP language to delimit

arra y subscripts.

b yte — The smallest unit of storage on the

host mac hine. The IRAF system assumes

that there are an in tegral n um b er of b ytes

in a c har and in an address incremen t (and

therefore that the b yte is not larger than ei-

ther). On most mo dern computers, a b yte

is 8 bits, and a c har is 16 bits (I ∗ 2). If the

address incremen t is one b yte, the mac hine

is said to b e b yte addressable . Other ma-

c hines are w ord addressable , where one w ord

of memory con tains t w o or more b ytes. In

the SPP language, SZB

C H AR giv es the n um-

b er of b ytes p er c har, and SZB

AD D R giv es

the n um b er of b ytes p er address incremen t.

C — A p o w erful mo dern language for b oth

systems and general programming. C pro-

vides data structuring, recursion, automatic

storage, a fairly standard set of con trol con-

structs, a ric h set of op erators, and consider-

able conciseness of expression.

c har — The smallest signed in teger that can

b e directly addressed b y programs written in

the SPP language. The c har is also the unit

of storage in IRAF programs; the sizes of ob-

jects are giv en in units of c hars, and binary

files and memory are addressed in units of

c hars. Since the SPP language in terfaces to

the mac hine via the lo cal F ortran compiler,

the F ortran compiler determines the size of

a c har. On most systems, the IRAF data

t yp e c har is equiv alen t to the (nonstandard)

F ortran datat yp e I ∗ 2.

CL — The IRAF Command Language. The

CL is an in terpreted language designed to ex-

ecute external tasks , and to manage their

parameters . The CL organizes tasks in to a

hierarc hical structure of indep enden t pac k-

ages . T asks ma y b e either script tasks ,

written in the CL, or compiled programs ,

written in the SPP language, and link ed to-

gether to form pro cesses . A single pro cess

ma y con tain an arbitrary n um b er of tasks.

The CL pro vides redirection of all I/O

streams, including graphics output, and cur-

sor readbac k. Other facilities include com-

mand logging, an on-line help facilit y , a “pro-

grammable desk calculator” capabilit y , and

a learn mo de . New pac k ages and tasks are

easily added b y the user, and the CL en vi-

ronmen t is main tained in the user’s o wn di-

rectories, pro viding con tin uit y from session

to session.

column — a one-dimensional arra y . The

Nth column v ector of a t w o dimensional arra y or image is denoted b y the subscript [N, ∗ ],

where ∗ refers to all the pixels in that dimen-

sion. The Nth column of the Mth band of a

three dimensional arra y or image is denoted

b y [N, ∗ ,M].

coupling — A measure of the strength of

in terdep endence among mo dules. The inde-

p endence of mo dules is maximized when cou-

pling is minimized.

CTIO — Cerro T ollolo Image Observ atory ,

one of the NO A O facilities lo cated in Chile.

data structure — An aggregate of t w o or

more data elemen ts, where the elemen ts are

not necessarily of the same t yp e. Examples

include arra ys, files, records, link ed lists, trees,

graphs, and so on.

data file — a data storage file. Data files are

used to store program generated records or

descriptors, that con tain the results of the

analysis p erformed b y a program. Datafile

records ma y b e the final output of a program,

or ma y b e used as input to a program. Data

file ma y con tain ASCI I or binary data, and

ma y ha v e implicit or explicit data structures.

en vironmen t v ariables — P arameters that

affect the op eration of all IRAF programs.

En vironmen t v ariables define logical names

for directories, asso ciate ph ysical devices with

logical device names, and pro vide con trol o v er

the lo w lev el functioning of the IRAF file I/O

system.

ECF — Europ ean Co ordination F acilit y . The

cen ter that is to co ordinate use of Space T ele-

scop e data and programs for the Europ ean

scien tific comm unit y .

ESO — Europ ean Southern Observ atory , head-

quartered at Garc hing, FDR.

field — An elemen t of a data structure or

record . Eac h field has a name, a datat yp e,

and a v alue.

FITS — Flexible Image T ransp ort System.

FITS is a standard tap e format used to trans-

p ort images (pictures) b et w een computers and

institutions. Dev elop ed in the late 1970s b y

Donald W ells (KPNO), Eric Greisen (NRA O),

and Ron Harten (W esterb ork), the FITS stan-

dard is no w widely used for the in terc hange

of image data b et w een astronomical cen ters,

and is officially sanctioned b y b oth the AAS

and the IA U.

F ortran — As the most widely used lan-

guage for scien tific computing for the past

t w en t y y ears, F ortran needs little in tro duc-

tion. F ortran is used in the IRAF system as

a sort of “sup er assem bler” language. Pro-

grams and pro cedures written in the IRAF

SPP language are mec hanically translated

in to a highly p ortable subset of F ortran, and

the F ortran mo dules are in turn translated

in to ob ject mo dules b y the host F ortran com-

piler. Existing n umerical and other mo d-

ules, already co ded in the F ortran language,

are easily link ed with mo dules written in the

SPP language to pro duce executable programs.

The IRAF system and applications soft w are

do es not use an y F ortran I/O; all I/O fa-

cilities are pro vided b y the IRAF program

in terface and virtual op erating system .

function — A pro cedure whic h returns a

v alue. F unctions m ust b e declared b efore

they can b e used, and functions m ust only

b e used in expressions. It is illegal to call a

function.

HSI — The IRAF Host System In terface,

i.e., the in terface b et w een the p ortable IRAF

soft w are and the host system. The HSI in-

clude the k ernel , the b o otstrap utilities , and an y host dep enden t graphics device in-

terfaces.

hidden parameters — P arameters that are

not displa y ed b y the CL. The CL do es not

query for hidden parameters, but automati-

cally uses the default v alues. Hidden param-

eters ma y b e set on the command line, but

the v alue from the command line will not b e

learned .

IA U — The In ternational Astronomical Union.

IKI — The Image Kernel In terface. The

IKI giv es IRAF the capabilit y of dealing with

m ultiple ph ysical image storage formats. The

high lev el image i/o soft w are calls the IKI,

whic h in turn calls one of the format sp e-

cific image k ernels, e.g., the OIF k ernel or

the STF k ernel.

iden tifier — A sequence of c haracters used

to name a pro cedure, v ariable, etc. in a com-

piled language. In the CL and SPP lan-

guages, an iden tifier is an upp er or lo w er case

letter, follo w ed b y an y n um b er of upp er or

lo w er case letters, digits, or underscore c har-

acters.

image — An arra y of arbitrary dimension

and datat yp e, used for bulk data storage. An

image is an arra y of pixels .

imagefile — The form in whic h images are

stored in the IRAF system. IRAF curren tly

supp orts images of up to sev en dimensions,

in an y of eigh t differen t data t yp es. Only

line storage mo de is curren tly a v ailable, but

supp ort for VMS mapp ed image sections is

planned. The imagefile structure is actually

implemented as t w o separate files, an image

header file and a pixel storage file .

image header file — a file describing the

con ten ts of an image. It is a small file that is normally placed in the user’s o wn directory

system.

in terface — The visible p ortion of a system,

program or collection of programs. The only

p ortion of suc h a en tit y that other en tities

need to ha v e kno wledge of or access to. The

connection b et w een hardw are or soft w are en-

tities.

IRAF — The Image Reduction and Analy-

sis F acilit y . IRAF comprises a virtual op er-

ating system , a command language (CL), a

general purp ose programming language (SPP ,

whic h w as dev elop ed along with IRAF), a

large I/O library , and n umerous supp ort util-

ities and scien tific applications programs. The

system is designed to b e transp ortable to an y

mo dern sup erminicomputer. The system pro-

vides extensiv e facilities for general image

pro cessing, astronomical data reduction and

analysis, scien tific programming, and general

soft w are dev elopmen t.

IRAF Guru — An y individual whose kno wl-

edge of IRAF is greater than y ours. Gurus’

wisdom em braces all of the essen tial m yster-

ies of IRAF, and usually includes the lo ca-

tions of go o d Chinese restauran ts.

k ernel — A host dep enden t library of SPP

(or F ortran) callable subroutines implemen t-

ing the primitiv e system services required b y

the p ortable IRAF virtual op erating system

(V OS). Most of the mac hine dep endence of

IRAF is concen trated in to the k ernel.

learn mo de — A facilit y designed to sim-

plify the use of the CL. By default, the CL

“learns” the v alue of all function parame-

ters that are prompted for or explicitly set.

line — A one-dimensional arra y . The Nth

line of a t w o dimensional arra y or image is denoted b y the subscript [ ∗ ,N], where ∗ refers

to all the pixels in that dimension. The Nth

line of the Mth band of a three dimensional

arra y or image is denoted b y [ ∗ ,N,M].

list structured parameter — A text file,

eac h line of whic h is a record that con tains

one or more fields, separated b y blanks or

commas, that can b e in terpreted b y the CL.

Not all fields need b e presen t, omitted fields

are indicated b y insertion of an extra comma

(fields can only b e omitted from righ t to left).

Lroff — The text formatter that is part of

the p ortable IRAF system and used to pro-

cess help file text. Lroff is patterned after

the UNIX T roff text formatter.

macro — (1) A script task . (2) An inline

function with zero or more argumen ts that

is expanded b y text substitution during the

prepro cessing phase of compilation.

metac haracter — Characters that ha v e sp e-

cial meaning to the CL. F or example, the

asterisk ‘ ∗ ’ is used as a “wild card” place-

holder; an y alphan umeric c haracter is con-

sidered a matc h.

MID AS — Munic h Image Data Analysis

System. An analysis pac k age under dev el-

opmen t b y the ESO.

NO A O — National Optical Astronom y Ob-

serv atories.

NRA O — National Radio Astronom y Ob-

serv atory .

op erand — A data ob ject that is op erated

up on b y an op erator, pro cedure , or task .

Op erands ma y b e used for either input or

output, or b oth.

OIF — The old IRAF image format. Refers

to the ph ysical format in whic h images are stored on disk, as w ell as to the IKI k ernel

used to access images stored externally in the

OIF format.

OS — Op erating System.

pac k age — (1) A collection of mo dules that

are logically related (e.g., the set of system

utilities). (2) A set of mo dules that op erates

on a sp ecific abstract datat yp e . The mo d-

ules in a pac k age ma y b e either pro cedures

or tasks . Examples of abstract datat yp es in-

clude the CL, the file, the imagefile , and so

on.

parameter — An externally supplied argu-

men t to a mo dule whic h directly con trols the

functioning of the mo dule.

pathname — An absolute OS-dep enden t file-

name sp ecification.

pip e — An abstraction that connects the

output of one task to the input of another.

The implemen tation of pip es is OS-dep enden t.

pixel — Picture elemen t. The fundamen tal

unit of storage in an image .

pixel storage file — a file that con tains

image pixel data. T ypically , it is a bulky file

and for this reason it is usually placed in a

file system designated for suc h files.

p ortable — A program is said to b e p ortable

from computer A to computer B if it can b e

mo v ed from A to B without c hange to the

source co de. A program is said to b e trans-

p ortable from computer A to computer B if

the effort required to mo v e the program from

A to B is m uc h less than the effort required

to write an equiv alen t program on mac hine

B from scratc h.

p ositional parameters — P arameters that

are required for the execution of a giv en function , and will b e queried for b y the CL if not

giv en on the command line. P ositional ar-

gumen ts are the first argumen ts on the com-

mand line (follo wing the command), and they

are asso ciated with parameters b y their p o-

sition on the command line. The first p osi-

tional parameter will b e set b y the first p o-

sitional argumen t on the command line, the

second p ositional parameter b y the second

p ositional argumen t, and so on.

prepro cessor — A program whic h trans-

forms the text of a source file prior to com-

pilation. A prepro cessor, unlik e a compiler,

do es not fully define a language. A prepro-

cessor transforms only those constructs whic h

it understands; all other text is passed on to

the compiler without c hange. The SPP lan-

guage is implemen ted as a pre-pro cessor.

pro cedure — A separately compiled pro-

gram unit. The pro cedure is the primary

construct pro vided b y programming languages

for the abstraction of function . The external

c haracteristics of a pro cedure are its name,

argumen t list, and optional return v alue.

pro cess — An executable partition of mem-

ory in the host computer. The host OS ini-

tiates a pro cess b y cop ying or mapping an

executable file in to main memory . In a m ul-

titasking and m ultiuser system, a n um b er of

pro cesses will generally b e residen t sim ulta-

neously in main memory , and the pro cessor

will execute eac h in turn.

program — A compiled pro cedure called b y

the CL. The pro cedure m ust b e referenced in

a task statemen t b efore it can b e accessed

b y the CL. An arbitrary n um b er of programs

ma y b e link ed to form a single pro cess .

program in terface — The in terface b et w een

an applications program and ev erything else.

In IRAF, the program in terface defines ac-

cess to all I/O devices, system services, files,

and sev eral other non-computational facili-

ties that programs require.

record — A data structure consisting of

an arbitrary set of fields, used to pass in-

formation b et w een program mo dules or to

p ermanen tly record the results of an analysis

program in a data file .

redirection — The allo cation of an input

or output stream to something other than

the standard device. F or example, tasks can

b e made to write output to files instead of

terminals and the output of one task ma y b e

redirected to the input of another.

script task — An in terpreted program writ-

ten in the CL. A script task, lik e a compiled

program, ma y ha v e formal parameters and

lo cal v ariables. A script task ma y call an-

other task, including another script task, but

ma y not call itself. T o the caller, script tasks

and compiled programs are equiv alen t.

SD AS — Science Data Analysis System. A

set of applications routines that are under

dev elopmen t at STScI.

SPP — The IRAF Subset Prepro cessor Lan-

guage. A general purp ose language patterned

after Ratfor and C, the SPP pro vides ad-

v anced capabilities, mo dern con trol constructs,

enhanced p ortabilit y , and supp ort for the IRAF

run time library (CL in terface, etc.).

STF — The STScI SD AS group data im-

age format. Refers to the ph ysical format in

whic h images are stored on disk, as w ell as to

the IKI k ernel used to access images stored

externally in the STF format.

STScI — Space T elescop e Science Institute.

system in terface — The in terface b et w een

the p ortable IRAF soft w are and the host op-

erating system. The system in terface is a

virtual op erating system . The system

in terface routines, describ ed in A R efer enc e

Manual for the IRAF System Interfac e are

in principle the only parts of a system that

need to b e c hanged when p orting the system

to a new computer.

task — A CL callable program unit. CL

tasks ma y b e script tasks, external programs,

or compiled pro cedures whic h are built in to

the CL.

task statemen t — (1) The CL statemen t

that en ters the name of a task in the IRAF

task dictionary , defines the t yp e of task, and

in the case of a compiled task, the name of

the pro cess in whic h it resides. (2) The state-

men t in the SPP language that defines a list

of programs to b e link ed together to form a

single pro cess.

template — A string consisting of one or

more names, whic h ma y or ma y not con tain

patterns (with metac haracters ).

text file — A file whic h con tains only text

(ASCI I c haracter data), and whic h is main-

tained in the form exp ected b y the text pro-

cessing to ols of the host OS.

T roff — The UNIX text formatter.

unary op erator — An op erator whic h op-

erates on a single op erand, e.g., the min us

sign in the expression “ − x ”.

UNIX — An op erating system dev elop ed at

Bell Labs in the early 1970s b y Ken Thomp-

son and Dennis Ritc hie. Originally dev el-

op ed for the PDP11, UNIX is no w a v ailable

on a wide range of mac hines, ranging from micros to sup erminis, mainframes, and su-

p ercomputers.

UNIX is the soft w are dev elopmen t system for

the IRAF pro ject at NO A O.

virtual file — A file that uses a mac hine

indep enden t filename within IRAF. The vir-

tual filename is mapp ed to its host OS coun-

terpart b y the CL.

virtual memory — A form of addressing

that enables a pro cess to address lo cations

that are not in ph ysical memory . The amoun t

of ph ysical memory a v ailable to a pro cess is

kno wn as the w orking set of a pro cess; the

virtual address space is organized in to a se-

ries of fixed size pages . P ages whic h are not

memory residen t , i.e., not in the w orking set,

reside on some form of bac king store, usually

a disk file. When a page is referenced whic h

is not in the w orking set, a page fault o ccurs,

causing the page to b e read in to the w orking

set.

virtual op erating system — A set of sys-

tem calls that define primitiv e functions com-

parable to those pro vided b y an actual op-

erating system. IRAF pro vides routines (the

so-called program in terface ) for file access,

pro cess initiation and con trol, exception han-

dling, logical names, etc.

VMS — The nativ e op erating system for the

Digital V AX series of sup ermini computers.

V OS — The IRAF Virtual Op erating Sys-

tem. The V OS implemen ts all of the basic

functionalit y pro vided b y IRAF, and defines

the en vironmen t in whic h applications pro-

grams are written. F or example, the V OS

pro vides facilities for file access, image ac-

cess, access to graphics and image displa y

devices, access to the command language to

fetc h parameters etc., pro cess con trol and exception handling facilities, and so on. The

V OS is written in p ortable SPP using the

facilities pro vided b y the IRAF k ernel .

Z-routines — Mac hine dep enden t routines

used to in terface to the host op erating sys-

tem. The IRAF Z-routines are main tained

in the pac k age OS .