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A.  Audi ence

This course is for individuals who have conpleted "UN X for

Begi nni ng Users" (or equival ent experience) and want to wite UN X
BourneShel | script files. A script file contains a sequence of
UNI X commands whi ch can be executed by entering one command. It

is assuned that the student already has a good understandi ng of the
UNI X operating system be able to use a UNI X editor, and be
famliar with a conputer termnal or typewiter keyboard.

B. Course nhjectives



Upon successful conpletion of this course the student will be able
to:

1. Wite noderately conpl ex BourneShell scripts.

2. Make a BourneShel |l script executable.

3. Denonstrate how to use the foll ow ng BourneShel
commands: shift, exit, expr, test, if then, if then el se,
if then elif, for, while, until, and case.

4. Use the foll owi ng BourneShell constructs: tracing

mechani sns (for debuggi ng), user variables, BourneShel
vari abl es, read-only variabl es, positional paraneters,
readi ng i nput to a BourneShell script, command
substitution, coments, and exporting variables. In
addition, test on nuneric values, test on file type, and
test on character strings are covered.

6. Create a ".profile" script to custom ze the user
envi ronment .

7. Use advanced features of File Transfer Protocol (FTP)
8. Conpi |l e source code into object and execut abl e nodul es.

9. Optional : KornShell programming. This is of primary
interest to progranmers.

10. Convert VMs DCL command files to UN X Shel |
C. Course Handout Conventi ons

There are several conventions used in this handout for consistency
and easier interpretation:

1. Sanpl es of actual termninal sessions are single-Ilined
boxed.

2. User entries are shown in bold print and are underli ned.
exit

3. Al'l keyboard functions in the text will be bold.

(Ret) Backspace
Tab Crl-F6
Print (Shift-F7) Go to DOS (1)

NOTE: (Ret) indicates the Return or Enter key |ocated
above the right Shift key.



4, Exanmpl es of user entries not show ng the computer's
response are in dotted-lined boxes.

5. Command formats are doubl e-1ined boxed.

6. Three dots either in vertical or horizontal alignnent
nmean continuation or that data is mssing from di agram

Mul ti max, Nanobus, and UMAX are tradenmar ks of
Encore Comput er Corporation.

Annex is a trademark of XYLOJ CS, Inc.

AT&T Bel | Laboratories
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|
UNI X and Tel etype are regi stered trademarks of |
I
I
_ _ |
Et hernet is a trademark of Xerox Corporation |

I
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1. BOURNESHELL OVERVI EW

The BourneShell is both a command-line interpreter and a high-

| evel programm ng | anguage. Wen it is acting as a comand-|ine
interpreter, it processes commands as you enter them at the command
pronpt. \When you use it as a programm ng | anguage, it processes
conmmands that are stored in files known as BourneShell scripts.
This course will show you how to create and execute BourneShel
scripts. We will explore BourneShell progranm ng including such
features as variables, control structures, processes, and
executable files.

The BourneShell is one of three shells available on nost UN X
systens. Bourne is the accepted standard for SystemV UNI X. The
other shells are being used nore and nore. The other shells are
the CShell and the KornShell. The CShell is BSD (Berkel ey Software
Distribution) UNI X. BSD was devel oped at the University of
California at Berkeley, California. Mdst of the features found in
the BourneShell are also found in the other shells; there are

di fferences, however. The CShell and KornShell are not standard

on UNI X System V but are generally avail abl e.



Bour neShel | scripts allow you to group command |ines together and
execute themby entering a single command at the command line. This
al l ows conpl ex functions to be conpleted by any user, and
repetitive functions can be conpleted easily. Input and out put

can al so be redirected froma BourneShell script.

1.1 What is the BourneShell?

BourneShell is a high |level progranm ng | anguage and a conmand |ine
i nterpreter.

The command to i nvoke the BourneShell is:

SARRRRRRERRRR RN RN RN RN R RN RN RN R AR RRRRRREREEEEEREE
° Command Format: sh [-acefhiknrstuvx] [args] °
[o] (o]
° (See Appendix A for a conplete list of options etc) o
Bl ettt et et r et ettt et et rr et irrrrrrntva

A Shell script is an executable plain file that contains UNI X and
shel | comands. To execute the shell script type the nanme of the
script at the pronpt. A sinple shell script called shell _ex is
shown in the follow ng exanple. The output fromthe execution of
the shell is also shown.

Sanpl e Sessi on:

U ¢
| $cat shell_ex |
| echo "This is a very sinple shell procedure " |
| echo "created with the basic echo comand " |
| echo "and three other very basic conmands " |
| echo |
| ps |
| echo |
| who I
| echo |
| Is I
| $sh shell _ex |
| This is a very sinple shell procedure |
| created with the very basic echo conmrand |
| and three other very basic conmands |
I I
| PID TTY TI VE COVIVAND |
| 10443 rt02120 0:01 sh |
| 10427 rt02120 0:04 ksh |
I I
| sgavlick rt021e0 Sep 7 13: 26 |
| teacher rt 021b0 Sep 7 14: 39 |
I I
| menmo I
| class_notes |
| $ I
A U
1.2 Making a Bourne Shell Script Executable

A BourneShell script is an ordinary file that contains conmands
whi ch can be executed in sequence by entering one command at the



Bour neShel | pronpt. 1In order for a script to be executed, it nust
first be executable. This is done with the chnod command.

Sanpl e Sessi on:

u ¢
| $cat shell_ex |
| echo "This is a very sinple shell procedure " |
| echo "created with the basic echo comand " |
| echo "and three other very basic comrands " |
| echo |
| ps |
| echo |
| who |
| echo |
| Is I
| $ I
A U
If the Is -1 shell_ex comuand were entered, we woul d see the
protections assigned to this file.

Sanpl e Sessi on:

U ¢
| $I's -1 shell_ex |
| -rwr--r-- 1 teacher class 66 Sep 7 10:24 shell _ex |
| $ I
A U

The character in colum one is the type of file.

= ordinary (plain) disk file

d = directory

b = block special file

¢ = character special file

p = fifo file ("naned pipe") special file

| = synbolic link

Notice that the script file in the previous sanple session has the
following file protections:

User - Read and Wite
G oup - Read
O her - Read

No execute pernissions have been granted for user, group, or other.
If we try to execute this script by typing its name, the follow ng



woul d result.

Sanpl e Sessi on:

shel | _ex

U
| $
| shell_ex: execute permi ssion denied
| $

c———«o

A

This error nessage woul d indicate that execute perm ssion was
deni ed. The BourneShell script could not be executed. To change
the perm ssions for the BourneShell script, use the chnod conmmand.

Sanpl e Sessi on:

U ¢
| $chnmod 755 shel | _ex |
| $Is -1 shell _ex |
| -rwxr-xr-x 1 teacher class 66 Sep 7 10:26 shell _ex |
| 8 |
A U
Now t hat the perni ssions have been changed to all ow user, group,
and others to execute the file, it will execute properly.

Sanpl e Sessi on:

$shel | _ex

This is a very sinple shell procedure
created with the basic echo conmand
and three other very basic commands

Pl D TTY TI ME COMVAND
10443 rt 02120 0:01 sh
10427 rt 02120 0:04 ksh

sgavlick rt021e0 Sep 7 13: 26
t eacher rt021b0 Sep 7 14: 39

—_——————— -
———

The protections will work as you expect. Execute perm ssion for
the user will allow you (the owner) to run the BourneShell script.
Group perm ssions allow anyone in your group to execute the script,
and ot her perm ssion allows anyone on the systemto execute the
script.

1.3 Tracing Mechani sns

It is possible to have a trace made of the BourneShell script as

it executes. This is invaluable for debuggi ng purposes. Al that

is required is to give an option to the BourneShell. This is done
by including an option on the call to "sh". The conmand to do this
is:



errrrrrerrererrerrererrerrerrrrer ettt rerr et r et rrrrrrer»

° Conmand Format: sh [-acef hi knrstuvx] [args] °
(o] (o]
° See Appendix A for a conplete list of options etc °
o] o}
BT e e i e e i e i iireimiiniiniiva

The option to turn on tracing is -x. For an exanple, let's trace
the execution of the sinple script shell _ex.

Sanpl e session:

$cat shel |l _ex

echo "This is a very sinple shell procedure
echo "created with the basic echo command "
echo "and three ot her very basic conmands
echo

ps

echo

who

echo

l's

$

> ———
c—F————

Execut e the BourneShell script using the -x option on the call to
the shell. The foll ow ng sanpl e session shows how to do this and
it shows the results of the trace.

Sanpl e session:

$sh -x shell _ex

+ echo This is a very sinple shell procedure
This is a very sinple shell procedure

+ echo created with the basic echo comrand
created with the basic echo conmand

+ echo and three other very basic conmands
and three other very basic commands

+ echo

U

|

|

I

I

I

|

|

I

I

I + ps

| PI D TTY TI VE COVIVAND
| 10443 rt 01120 0:01 sh
| 10427 rt 02120 0: 04 ksh
| + echo

I

| + who

| sgavlick rt021e0 Sep 7 13:26
I

I

I

|

I

I

I

A

t eacher rt 02120 Sep 7 14:39
+ echo

+1s
nmeno
cl ass_notes

$

c—r———— - —————.




The commands as read fromthe BourneShell script are indicated by
the plus sign (+). The next line or lines are the results of the
execution of the command. Using this tracing option allows you to
se the execution of each conmand in the script and see the results
of that execution.

NOTES
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Wor kshop 1
This workshop will reinforce your understanding of the ideas
presented in Chapter 1. Each student is to conplete the entire
wor kshop.

DESK EXERCI SES

1. The BourneShell can act as a command |ine

or a high |leve

2. The BourneShell is one of three shells generally
avai |l abl e. What are the other two?

3. One advantage of using a shell script is
4. The conmmand to call the BourneShell is:
a. bour ne
b. ksh
C. b
d. sh
5. Way woul d you use traci ng?
6. What UNI X command do you enter to nake a Bour neShel

scri pt executabl e?



That's al
NOTES
OOOOOooU0OVVODoDDOUOODDoUoVOYODoUDUUUODDoDoVVYODoDDOVOODooooOOYO
2. USER, SHELL, AND READ- ONLY SHELL VARI ABLES

The BourneShell has no true nuneric variables. It uses string
variables to represent nunmbers, as well as text. String variables
are able to take on the value of a string of characters. There are
three types of variables in the BourneShell. They are user

vari abl es, BourneShell variables, and Read-only BourneShel
vari abl es.

You can declare, initialize, read, and nodify user variables from
a BourneShell script or fromthe command |ine. The BourneShel
itself declares and initializes shell variables, but you can read
and nodify them The BourneShell also initializes the read-only
shel | variables, and you can read but not nodify them

2.1 User Variables

It is legal to assign any sequence of non-blank characters as the
nane of a variable. The sanple session below creates a variable
called person and initializes it with the string R chard.

It is inmportant to note that you nust NOT precede or followthe
equal sign with a space or TAB character.

Sanpl e Sessi on:

U ¢
| $person=Richard ‘
A )

Thi s sanpl e session indicates that person does not represent the
string Richard. The string person is echoed as person. The
BourneShell will only do the substitution of the value of the
vari abl e when the nanme of the variable is preceded with a dollar
sign (9).

Sanpl e Sesssi on:

U ¢
| $echo person |
| person |
| $echo $person |
| Richard |
| $ |
A U

If you want to have inbedded spaces in a variable, it is necessary
to quote the string.



Sanpl e Sessi on:

$person=' Ri chard and Kat hl een’
$echo $person

Ri chard and Kat hl een

$

>————C
cT———«

The echo utility copies its argunents to the standard output. The
command echo $person displays the value of the variable person.

It will not display $person because the BourneShell doesn't pass
$person as an argunment. The |eading dollar sign ($) causes the
BourneShell to substitute the value of the variable and then passes
that value to the utility. The echo utility then displays the

val ue of the variable, not its nane, never know ng that you called
it with a variable. The BourneShell passed the sane conmand |ine
as if you had typed in echo Richard and Kathl een. The Bour neShel
can be prevented fromdoing this substitution by entering one of
the follow ng:

Sanpl e Sessi ons:

$echo $person
Ri chard and Kat hl een

U
I
|
|3

c———«o

A

In this session the contents of the variable person are displayed.
The Bour neShel |l made the substitution because the variable nane
person is preceded by a dollar sign (9%).

$echo \ $person
$per son

U
I
I
B

c———«o

A

In the above exanple the variable person is preceded by a dollar
sign ($) but the dollar sign has a backslash (\) ahead of it. The
backsl ash has the effect of cancelling the special neaning of the
character follow ng the backslash. In this case, the specia
nmeani ng of the dollar sign is ignored and the substitution is not
done.

echo

U

| $ $per son’
| $person
| $

A

c———o




The single quote marks (') causes the characters between the narks
to be taken as literal. The shell nakes no attenpt to interpret the
nmeani ngs of these characters. The shell passes these characters on
with no substitution.

U
| $echo "$person”

| i chard and Kat hl een
l $

A

c———«o

The doubl e quote narks do not prevent the shell from nmaking
substitution; and the value of the variable will be displayed by
the utility.

2.2 Shell Variables

The BourneShell declares and initializes variables that determ ne
such things as your hone directory, what directories the shell will
| ook in when you give conmands, how often to | ook for mail, your
pronpt, and nmany other things. W will |ook at several of these
Bour neShel | variables and their functions. You can assign new

val ues to these variables fromthe conmand Iine or fromthe
execution of the .profile file in your home directory.

2.2.1 HOVE

The first BourneShell variable that we will look at is the HOVE
variable. By default, the hone directory is the current working
directory after you login. The system administrator determ nes
your hone directory when you establish an account and pl aces that
information in the /etc/passwd file. Wen you login, the

Bour neShel | gets that pathnane and assigns it to the HOVE vari abl e.

When you enter a cd command with no argunent, the utility takes

the nane of the directory fromthe HOVE vari able and nmakes it the
current working directory. |f you change the HOVE variable to
another directory pathnanme, the utility will make the new directory
the current working directory.

Sanpl e Sessi on:

U
| $echo $HOMVE

| /userO/rharding

| $cd

| $pwd

| /userO/rharding

| $HOME=/ user O/ r har di ng/ eng
| $cd

| $pwd

| /userO/rhardi ng/ eng

| $

A

cT—————————«¢

Thi s exanpl e shows how the val ue of the HOVE variable affects the
cd utility. The cd command will use the value of the HOVE vari abl e



as the pathname for the current working directory.
2.2.2 1IFS

This is the internal-field separator BourneShell variable. You

can always use a space or tab to separate characters on the comand
line. When you assign the |IFS variable to another character, you
can al so use this character as the field separator.

Thi s exanpl e shows only one argunent, nanely a:b:c:d.
...éi#é;; ........................................................
$num args a:b:c:d

Thi s exanpl e now shows four different argunments; each being
separated by the new I FS, (:).

2.2.3 ML

The MAIL variable contains the nane of the file that the mail (and
mail x) utilities use to store your nmail. Usually, the absolute
pat hname of this file is /usr/mil/nanme, where nane is your login
nane.

2.2.4 NAILPATH

This variable contains a list of filenanes separated by colons. If
set, the BourneShell will informyou when any of these files are
nodified (i.e. when new mail arrives). Normally, this variable is
not set.

2.2.5 NMNAI LCHECK

This variable specifies how often, in seconds, the BourneShell will
check for newmail. The default is 600 seconds. |If set to O, it
will check for new nail each time before it gives you a pronpt.

2.2.6 PATH

Thi s BourneShell variable will describe the directories that will
be searched | ooking for the programthat you want to execute. The
BourneShel | | ooks in several directories for a file that has the
sanme nanme as the command that you entered. The PATH vari abl e
controls this search path. Normally, the first directory searched
is the current working directory. |If the programis not found,
the search continues in the /bin and then the /usr/bin directory.
CGeneral ly, these directories contain executable prograns. |If the
programis not found in one of these directories, the BourneShel



reports that the programcan't be found (or executed).

The PATH variable lists the pathnames in the order in which the
search will proceed. The pathnanes are separated by a colon (:).
If nothing (null string) precedes the colon, that indicates to
start the search at the current working directory.

This PATH variable indicates to start the search for the program
at the current working directory, then |l ook in the directory
/userO/rharding/bin, then /bin, and finally /usr/bin

I f each user has a unique path specified, each user can execute a
different program by giving the same command. The search for the
program stops when it is satisfied; thus, you can use the sanme name
for your own prograns as the standard UNI X utilities. To do this,
sinmply put your programin one of the first directories that the
Bour neShel | searches.

2.2.7 PSs1

This is the BourneShell pronpt which lets you know that the shel
is waiting for you to give it a conmand. The default BourneShel
pronpt is a dollar sign ($). The shell stores the pronpt as a
string variable in PS1. Wen you change the value of this

vari abl e, the appearance of the pronmpt will change. Wen you are
wor ki ng on several different nachines, it mght be useful to have
the pronpt be the name of the nmmchine you are working on.

Sanpl e Sessi on:

U
| $pwd

| /userO/rharding
| $PS1=' domaxO0:
| domaxO:

A

c————«o

Notice that pronpt is now donaxO:
2.2.8 PS2

This variable is called the secondary pronmpt. |If the command is
not conpleted on one line and nust be continued on the next |ine,
the pronpt for that continued line is PS2. The default is > This
pronpt indicates that the BourneShell is expecting you to finish
the previous comand |i ne.

Sanpl e Sessi on:

$echo 'denonstration of pronpt string
>2' |

U ¢
I
I



| dermonstration of pronpt string
| 2

| $PS2=' Conti nue? '
| $echo 'denonstration of
| Continue? pronpt string 2'
| dermonstration of
| prompt string 2
| $

A

c— -

Noti ce how the secondary pronpt was changed to "Continue? ".
2.3 Read-Only User Variabl es

The contents of the user variables and the shell variables can be
nodi fied by the user. It is possible to assign a new value to
them The new val ue can be assigned fromthe dollar ($) pronpt or
frominside a BourneShell script. Read-only variables are
different. The value of read-only variables can not be changed.

The variable rmust be initialized to sone value; and then, by
entering the follow ng command, it can be made read only.

errrrrrrrrrrrrrrrrr et ettt bt et et et r et e s
°  Command format: readonly vari abl e_nane o
(o] (o]
° variable name = name of the variable to be made read only  °
ELLETrrrrrrrr et ettt e ettt rrrrrnnva

Sanpl e Sessi on:

| $person=Kat hl een

| $readonly person

| $echo $person

| Kat hl een

| $person=Ri chard

| person: is read only
| $

A

c——————«¢

The readonly command given without any argunents will display a
list of all the read-only vari abl es.

Sanpl e Sessi on:

$per son=Kat hl een
$readonl y person
$exanpl e=Ri chard
$readonly exanpl e
$readonl y
readonly person
readonly exanpl e
$

c———————«

N

.4 Read-Only Shell Variables



The read-only shell variables are simlar to the read-only user
vari abl es; except the value of these variables is assigned by the
shel I, and the user CANNOT nodify them

2.4.1 Nane of the Calling Program

The shell will store the nane of the command you used to call a
programin the variable named $0.

It has the nunber zero because it appears before the first argunent
on the conmand |ine.

Sanpl e Sessi on:

U ¢
| $cat name_ex |
| echo ' The nanme of the conmand used' |
| echo 'to execute this script was' $0 |
| $nane_ex |
| The nane of the conmand used |
| to execute this script was nane_ex |
| $ I
A U

2.4.2 Argunents

The BourneShell will store the first nine command |ine argunents
in the variables named $1, $2, ..., $9. These variables appear in
this section because you cannot change them using the equal sign.
It is possible to nodify themusing the set command.

Sanpl e Sessi on:

U
| $cat arg_ex

| echo 'The first five command |ine

| echo 'argunents are' $1 $2 $3 $4 $5

| $arg_ex Richard Kathl een Dougl as

| The first five command |ine

| argunments are Richard Kathl een Dougl as
| $

A

cT——————«

The script arg_ex will display the first five conmand-I|ine
arguments. The variables representing $4 and $5 have a null val ue.

The BourneShel |l variable $* represents all of the command-Iine
arguments as shown in the follow ng exanple.

Sanpl e Sessi on:

$cat di splay_al
echo $*

U
|
| $display_all Richard Kathleen Dougl as

_



| Richard Kathl een Dougl as |
$

|
A U

The BourneShel |l variable $# contains the nunmber of arguments on
the command line. This is a string variable that represents a
deci mal nunber. You can use the expr utility to perform
calculations with that nunber and test to performlogical tests on
it.

Sanpl e Sessi on:

U ¢
| $cat num args |
| echo 'This script was called wth' |
| echo $# 'argunents' |
| $num args Richard Kathl een Dougl as |
| This script was called with |
| 3 argunents |
| $ I
A )
2.4.3 Shift

The shift command pronotes each of the command-1ine argunents.

The second argument, represented by $2, is now the first argunent,
represented by $1. The third beconmes the second and so on unti
the | ast argunent beconmes the next to last. You can access only
the first nine conmand-1line argunents (as $1 through $9). The
shift command gi ves you access to the tenth, and the first becones
unavail able. There is no "unshift" conmand that will return the
argunents that are no |onger avail able.

Sanpl e Sessi on:

U ¢
| $cat denp_shift |
| echo "argl="$1 "' arg2="$%$2" arg3="$3 |
| shift |
| echo "argl="$1 "' arg2="$2" arg3='$3 |
| shift |
| echo "argl="$1 ' arg2="$2 " arg3="$3 |
| shift |
| echo "argl="$1 "' arg2="$2" arg3='$3 |
| shift |
| $denp_shift Richard Kathl een Dougl as |
| argl=Ri chard arg2=Kathleen arg3=Dougl as |
| argl=Kat hl een arg2=Dougl as arg3= |
| argl=Dougl as arg2= arg3= |
| dermo_shift: cannot shift |
| $ I
A )

The BourneShell will display an error nmessage when the script
executes a shift command after it has run out of variables.
2.4.4 Set



The Set conmmand wil |
set when it has no argunents.

Sanpl e Sessi on:

display a list

of all the variables that are

U
|
I
I
I
I
|
I
I
I
I
|
I
I
I
A

$set
HOVE=/ user 0/ t eacher
| FS=

LOGNAME=ri chard

MAI L=/ usr/mail /richard
MAI LCHECK=600
PATH=: / bi n: /usr/ bin
PS1=%

PS2=>

SHELL=/ bi n/ sh

TERMEVt 100

TZ=NMST7NDT

- $

c—————————

When set

is called with argunents,

it sets the value of the

command-1line argunments ($1-%$n) to the argunents. The exanple sets
the first three argunents.

Sanpl e Sessi on:

U ¢
| $cat set_ex |
| set who really cares |
| echo $#: &* |
| $set_ex |
| 3: who really cares |
| $ I
A U
2.4.5 expr

The expr command will performarithnetic in the BourneShell
=R RN AR AR RN AR AR AR R AR AR RN RRARRARRARERRY
° Conmand format: expr expression °
(o] (o]
°o See Appendix C for a conpl et i st of expressions °
BT i i e i i e i e i i ririrereinimiiva

The argunments are taken as an expression. After the eval uation has
taken place, the result is witten to standard output. The terns
of the expression nust be separated by blanks. Special characters

to the shel
speci al

Sanpl e Sessi on:

nmust be escaped.
characters nust be quoted.

Strings containing blanks or other

U
I
I

$expr 7 + 8 + 10
25



| $expr 10 - 8

| 2

| $expr 10 '*' 4
| 40

| $expr 135/ 5
| 27

| $
A

c— -

expr will also work with user defined variables as in the follow ng
exanpl e:

Sanpl e Sessi on:

U

| $cat data
| 8

| 15

| 25

| $cat express
| count=0
| tot=0

| for ain “cat data

| do

| tot="expr $tot + $a

| count="expr $count + 1°

| done

| avg="expr $tot / $count’

| echo "The average is $avg"
| $

c—F——————— .

A
Let's execute the script "express" with tracing on so we can foll ow
the execution.

Sanpl e Sessi on:

U

| $sh -x express
| count=0

| tot=0

| + cat data

| + expr O + 8
| tot=8

| + expr 0 + 1
| count=1

| + expr 8 + 15
| tot=23

| + expr 1 + 1
| count=2

| + expr 23 + 25

| tot=48

| + expr 2 +1

| count =3

| + expr 48 / 3

| avg=16

| + echo The average is 16
| The average is 16



| 3 I

A U
NOTES

UOVOVOBOD0OUOUOUDUD0OUOUOUOUDO00UCUOUOUD000UNUOUOUD000U0UOUOUO0U
NOTES

UODUDUOUOODODVOUOLODODUOUOLODODVOUOVODOOUOUOLODOOVOUoDODODVOUoUU
Wor kshop 2

Thi s workshop will reinforce your understanding of the ideas
presented in Chapter 2. Login to the Miltimax using the usernane
and password given to you by the instructor. Each student is to
conpl ete the entire workshop.

DESK EXERCI SES

1. Any series of non-blank characters can be assigned to a
user vari abl e.

True/ Fal se

2. How can you insert a space into a user variabl e?

3. VWhat utility can be used to display the contents of a
user variable to standard output?

4, The backsl ash (\) character is used to renpve the specia
nmeani ng of sone characters.

True/ Fal se

5. VWhat ot her character can be used to prevent the shel
fromdoing the substitution?

6. Doubl e quote narks will prevent the shell from naking
the substitution.

True/ Fal se



Continue on the next page
VWhat do the follow ng shell variables do?

HOVE

I FS

MAI L

MAI LPATH

MAI LCHECK

PATH

PS1

PS2

Conti nue on the next page
What is the command to create a read-only user variabl e?



10.

11.

12.

13.

VWhat is the read-only shell variable that represents the
calling progran?

What do $1,%$2,...,%9 represent?

VWhat BourneShel |l variable represents all of the conmmand
i ne arguments?

What does the shift command do?

VWhat is displayed when you enter set with no argunments?

Conti nue on the next page

COVMPUTER EXERCI SES

14.

Login to the Miultinax (domaxl) using the usernane and
password given to you by the instructor.



15. Create a subdirectory called sub dir.

16. Modify your .profile to include the follow ng:

a) Change the hone directory to sub dir
b) Set the internal-field separator to a comm
c) Have mail messages saved into nmail 1.

d) Set the PATH to |l ook for prograns in the follow ng
directories:

$HOVE/ bi n
/ bin
/usr/bin

e) Change the pronpt to reflect the nane of the system

f) Change the secondary pronpt to ' More?'

17. Execute the .profile
Enter $. .profile

18. Verify that the changes are correct. If you have extra
time go to the next page.

Extra MIle on the next page
Extra Mle

Change the .profile file so the date/tinme and a list of al
users that are currently logged in will be displayed on your
noni tor screen automatically when you | ogin

NOTES
UOU0UOBDO0OUOUOUOUDODOUOUOUOUDODOUOUVOUDUDOUOUOUOUDODOU0U0UOUO0O0U
3. POSI TI ONAL PARAMETERS

A BourneShell script can also read in comuand-|ine argunents.
The first argunent is referred to as $1, the second is $2, and so
on. Command-line argunents are referred to as positiona



paraneters.

Let's | ook at an exanpl e BourneShell script to see how these are
used.

Sanpl e Sessi on:

U
| $cat neat_shel
| echo $1 $2 $3

| echo $0 is the nanme of the shell script
| echo "There were $# argunents.”

| echo $*

| $

A

c—————¢

Insure that the BourneShell script is executable by issuing this
comand:

Sanpl e Sessi on:

U

| $chnod a+x neat _shel
] $

A

c——o

Now, if we type the nane of the BourneShell script with no
argunents, we get the follow ng results.

Sanpl e Sessi on:

eat_shell is the nane of the shell script

U

| $neat _shel
I

| n

| There were 0 argunents.
I

| $

c——————«

A

In this sanple session, there were no argunents given so none were
printed. $0 is the positional paraneter that refers to the nane
of the script. Since there were no argunents given with this

i nvocati on of neat_shell, there were zero argunents |isted.

3.1 Reading Input Into a Shell Variable

The BourneShell script can read user input from standard input.

The read command will read one line fromstandard input and assign
the line to one or nore variables. The follow ng exanple shows how
thi s works.

Sanpl e Sessi on:

$cat read_scri pt
echo "Please enter a string of your choice" |

U ¢
I
I



read a

I I

| echo $a |
| $ I
A U
This sinple script will read one Iine fromstandard i nput
(keyboard) and assign it to the variable a.

Sanpl e Sessi on:

U é
| $read_script |
| Please enter a string of your choice |
| Here it is |
| Here it is |
| $ I
A U

The line read from standard i nput can al so be assigned to severa
vari abl es as shown in the followi ng exanpl e.

Sanpl e Sessi on:

U ¢
| $cat reads |
| echo "Please enter three strings" |
| read a b c |
| echo $a $b $c |
| echo $c |
| echo $b |
| echo $a |
| $ I
A U

This time, we will turn on the trace nmechani smand fol |l ow t he
execution of this BourneShell script.

Sanpl e Sessi on:

U
| $sh -x reads

| + echo Pl ease enter three strings

| Please enter three strings

| + read a b c

| this is nore than three strings

| + echo this is more than three strings
| this is nore than three strings

| + echo nore than three strings

| nmore than three strings

| + echo is

| is

| + echo this

| this

| $

A

c———————




It is interesting to note that the spaces separate the val ues for
the variables a,b, and c. For exanple, the variable a was assigned
the string this, the variable b was assigned the string is, and the
remai nder of the line was assigned to ¢ (including the spaces).

Sanpl e Sessi on:

U ¢
| $cat read_ex |
| echo '"Enter line: \c' |
| read line |
| echo "The line was: $line" |
| $ I

)

A

In this exanple, the \c option will suppress the carriage return
The single quote marks protect the backslash frombeing interpreted
by the shell. Also notice that the double quote marks have no
effect on the substitution of the variable |ine.

Sanpl e Sessi on:

$read_ex

Enter line: All's well that ends well
The line was: All's well that ends well
$

c————«o

U
|
I
I
|
A
3.2 Command Substitution

You can execute a comrand by enclosing it within two grave accent
marks [these are sonetines called backquotes (°)]. The BourneShel
will replace the conmand and the grave marks with the output from
t he command.

Sanpl e Sessi on:

U ¢
| $cat dir |
| dir=" pwd |
| echo 'You are using the' $dir 'directory’ |
| $ |
A U
NOTE: The grave marks lean to the left, and the apostrophes
lean to the right. The grave marks encl ose the pwd
conmand.
Sanpl e Sessi on:
u ¢
| $dir |
| You are using the /userO/rharding directory |
| $ I
A U

The inportant thing to notice here is that the pwd command was



executed; and the output, /userO/rharding, was then assigned to
the variable dir.

It is not necessary to assign the output of a command to a variable
as shown in the previous exanple. The conmand substitution can
occur directly as shown in the next exanple.

Sanpl e Sessi on:

U é
| $cat dir2 |
| echo 'You are using the' “pwd" 'directory' |
| $dir2 |
| You are using the /userO/rharding directory |
| $ I
A U

One final exanple will show a practical use of command
substitution. This BourneShell script will use the date command
to provide the date in a useful format.

The normal output fromthe date command | ooks |ike the follow ng.

Sanpl e Sessi on:

ate

U
| $d
| Wed Sep 12 18:02: 05 MDT 1990
| s

c———«o

A

Here's a BourneShell script that rearranges the output into a nore
useabl e format.

Sanpl e Sessi on:

$cat dat eset

set “date’

echo $*

echo

echo 'Argument 1:' $1
echo 'Argument 2:' $2
echo ' Argunent 3:' $3
echo 'Argunent 4:' $4

U

I

|

|

I

I

I

|

|

| echo

| echo $2 $3, $6

| $dat eset

| Wed Sep 12 18:02:05 MDT 1990
I
I
I
I
|
I
I
I
A

Argunent 1: Wed
Argunent 2: Sep
Argunent 3: 12
Argunment 4: 18:02: 05
Sep 12, 1990

- $

c——————— - ———.




The first command in the BourneShell script dateset uses the grave
accent marks to set the command-line argunent variables to the

out put of the date command. The next conmmands show the first four
of these argunent variables. The final command displays the
argunents in a different order that could be useful in a report or
aletter.

3.3 Commrents in BourneShell Scripts

Conments can be inserted into the BourneShell script by beginning
each comrent line with the pound synbol (#) or a colon (:). Al
characters after the comment character will be ignored by the
shell. The only exception to this rule is that the first character
of the first line nmust not be a pound synbol; if the first
character is a pound sign, the BourneShell tries to execute the
script as if it was witten in CShell syntax.

Sanpl e Sessi on:

$cat com sub

# The first line sets your present working directory
# to the variable "directory'
directory=" pwd’
# The second line sets the date to the variable 'when'
when="dat e’

The third line will echo on the screen
echo "You are in $directory on $when"
You coul d have said echo :
“"You are in “pwd on “date™"
to have a one |ine program

>
c—F——————

3.4 BourneShell Environnment - Exporting Variables

Wthin a process, you can declare, initialize, read, and nodify
variables. The variable is local to that process. Wen a process
forks a child process, the parent process does not autonmatically
pass the value of the variable to the child process.

Here is an exanple of the variabl es not being exported.

Sanpl e Sessi on:

U

$cat no_export
car =nrer cedes
echo $0 $car $%

# set the variable

# $0 = name of file executed
# $car =val ue of variable car
# $$ = PID nunber (process id)
#
#

execut e anot her BourneShel |l script
echo $0 $car $3$ di spl ay same as above
$cat inner
echo $0 $car $3$ # display variables for this process

I
I
I
I
I
| inner
I
I
I
I

$chrmod a+x no_export



| $chnmod a+x inner

| $no_export

| no_export mercedes 4790
| inner 4792

| no_export mercedes 4790
| $

c— -

A

When no_export was executed, it, of course, assigned a val ue of
nercedes to the variable car and printed it out. The call to inner
created a child process. |Its PIDis 4792, while the parent PIDis
4790. Notice, when inner tried to print the value of car, it
printed nothing. The reason is because the value of car was not
passed by the parent.

Can the val ue be passed fromparent to child process? Yes, by
usi ng the export command. Let's |ook at an exanple.

Sanpl e Sessi on:

U

| $cat export_it

| car=nercedes

| export car

| echo $0 $car $$

| innerl

| echo $0 $car $3%$

| $cat innerl

| echo $0 $car $$

| car=chevy

| echo $0 $car $3%

| $chnod a+x export _it

| $chnod a+x innerl

| $export_it

| export_it mercedes 4798
| innerl mercedes 4800

| innerl chevy 4800

| export_it nercedes 4798
| $

A

c————— .

In the export it BourneShell script, the variable car was
initialized to nercedes; and then it was exported. This neans that
the value of car is now available to a child process. Wen innerl
prints out the value of car it has the value of nercedes. This is
as we expect because the value of car was exported fromthe parent.
The next |ine of innerl changes the value of car to chevy. This
is shown in the next Iine of the sanple session. The last |ine of
the session shows the return to the parent process and the val ue
is still mercedes. How is this possible?

Exporting variables is only valid fromthe parent to the child
process. The child process cannot change the parent's variable.
Wor kshop 3

This workshop will reinforce your understanding of the ideas
presented in Chapter 3. Login to the Miltinmax using the usernane
and password given to you by the instructor. Each student is to



conpl ete the entire workshop.

DESK EXERCI SES

1. What is the positional parameter that represents the nane
of the command?

2. VWhat positional paraneter stands for the number of
argunents on the comand |ine?

3. VWhat command will read one line fromstandard i nput and
assign the value to a variabl e?

4. VWhat character is used to indicate command substitution?

5. What are the two characters that indicate comments in
Bour neShel | scripts?

Continue on the next page
6. Wiy is it bad practice to put a pound sign (#) in the

first character position of the first line of a
Bour neShel | script?

7. Vari abl es set by the parent process are automatically



known to the child process.

True/ Fal se

8. VWhat command will allow the value of a variable to be
passed to a child process?

9. Can a child process change the value of the parents'
vari abl e? Wy?

COVPUTER EXERCI SES

10. Wite a BourneShell script called "reverse_it" that has
three strings as paraneters and then display the strings
in opposite order. Be sure to include appropriate
coment s.

H nt: positional paraneters

11. Wite a BourneShell script called "read_it" that does
the sane as question 10 but pronpts the user to enter
each string separately. How woul d you trace the execution
of this script. Do it!

Conti nue on the next page.
12. Wite a BourneShell script that uses the output of the
"date" command and changes it

from
Wed Sep 12 18:02:05 MDT 1990
to:
Sep 12, 1990 18:02:05
NOTES
UOOOO0000OVUODoDOOUOODDoODVOUODoUDUUVODDoDoVVYODoDOoVOODooooOOYO
4, CONTROL CONSTRUCTS



The BourneShell control constructs can alter the flow of contro
within the script. The BourneShell provides sinple twd-way branch
if statements and nultipl e-branch case statenents, plus for, while
and until statenents.

In di scussing these control structures, the BourneShell keywords
will be in bold type and the normal type are the user supplied
items to cause the desired effect in conmrand format boxes.

4.1 Types of Tests Used with Control Constructs:

The test utility eval uates expressions and returns a condition

i ndi cati ng whether or not the expression is true (equal to zero)
or false (not equal to zero). There are no options with this
utility. The format for this utility is as foll ows:

ELLTTTEETTEET T r et et ettt ettt et et et et rrrrrnn»
° Command Format: test expression °
o} o}
° expression - conposed of constants, variables, and o
S operators o ’
ELLETErrrrrrr ettt et et ettt et rrrrrnnva
Expressions will be looked at in greater detail later with sone

exanples. There are a fewitens that need to be nentioned that
apply to expressions. Expressions can contain one or nore
evaluation criteria that test will evaluate. A -a that separates
two criteriais a logical AND operator. |In this case, both
criteria nust evaluate to true in order for test to return a value
of true. The -o is the logical OR operator. Wen this operator
separates two criteria, one or the other (or both) nust be true for
test to return a true condition.

You can negate any criterion by preceding it with an exclamation
mark (!). Parentheses can be used to group criteria. |If there
are no parentheses, the -a (logical AND operator) takes precedence
over the -o (logical OR operator). The test utility will evaluate
operators of equal precedence fromleft to right.

Wthin the expression itself, you nust put special characters, such
as parentheses, in quote nmarks so the BourneShell will not evaluate
thembut will pass themto test.

Si nce each el enment (evaluation criterion, string, or variable) in
an expression is a separate argument, each nust be separated by a
space.

The test utility will work fromthe conmand line but it is nore
often used in a script to test input or verify access to a file.

Anot her way to do the test evaluation is to surround the expression
with left and right brackets. A space character must appear after
the left bracket and before the right bracket.



test expression = [ expression ]

4.2 Test on Nuneric Val ues

Test expressions can be in many different forns. The expressions
can appear as a set of evaluation criteria. The general form for
testing numeric values is:

=R RN A AR RN AR AR AR RN RRARRAREARERRY
° intl opint2 °

Etrrrrrerrererrerrererrrrrrr bttt err et et er et rr ettt Ya

This criterion is true if the integer intl has the specified
al gebraic relationship to integer int2.

The valid operators (op) are:

-eq equal

-ne not equa

- gt greater than

-1t | ess than

-ge greater than or equa
-le | ess than or equa

4.3 Test on Character Strings

The evaluation criterion for character strings is simlar to
numeri c conparisons. The general formis

stringl op string2

The operators (op) are:

stringl = string2 true if stringl and string 2 are
equal

stringl !'= string2 true if stringl and string2 are not
equal

stringl true if stringl is not the nul
string

Sanpl e Sessi on:

| $ cat test_string
| numnber=1

| nurmero0=0001
| if test $number = $nunero

| then echo "String vals for $nunber and $nunero are ="
| else echo "String vals for $nunber and $nunero not ="

_



fi

if test $nunmber -eq $nunero

then echo "Nuneric vals for $nunber and $nunero are =
el se echo "Nuneric vals for $nunber and $nunero not =
fi

$chnod 755 test_string

$sh -x test_string

nunber =1

numer 0=0001

+ test 1 = 0001

+ echo String vals for 1 and 0001 not =

String vals for 1 and 0001 not =

+ test 1 -eq 0001

+ echo Nuneric vals for 1 and 0001 are =

Nurmeric vals for 1 and 0001 are =

$test_string

String vals for 1 and 0001 not =

Nuneric vals for 1 and 0001 are =

$

c""""—"F""F"—""—"—"—""—""

APp———————————————————

.4 Test on File Types

The test utility can be used to determ ne information about file
types. Al of the criterion can be found in Appendix B. A few of
themare |isted here:

-r filenane true if filename exists and i s readabl e

-w fil enane true if filenane exists and is witable

-x fil ename true if filename exists and is executabl e

-f fil enane true if filenanme exists and it is a plain
file

-d fil ename true if filename exists and it is a
directory.

-s fil ename true if filename exits and it contains
informati on (has a size greater than 0O
byt es)

Exanpl e

. $t est . -d new_d| r ...............................................

If newdir is a directory, this criterion will evaluate to true.
If it does not exist, then it will be false.
4.5 if then

The format for this construct is:

=!I I T U O O A I
° Command Format: if expression °



° t hen commands °
o f | o

Etrrrrrerrererrerrerrrrrrrrr bttt ettt et et ettt rrrrr Ya

The if statenment eval uates the expression and then returns contro
based on this status. The fi statenent marks the end of the if,
notice that fi is if spelled backward.

The if statenment executes the statenents imediately follow ng it
if the expression returns a true status. If the return status is
false, control will transfer to the statenent follow ng the fi
Sanpl e Sessi on:

U ¢
| $cat check_args |
| if (test $# = 0) |
| then echo ' Pl ease supply at least 1 argunent’ |
| exit |
| fi I
| echo 'Programis running' |
| 8 |
A U
This little script will check to insure that you are giving at

| east one argunment. |If none are given it will display the error
nessage and exit. |If one or nore argunments are given it wll
display "Programis running" and run the rest of the script, if
any.

Sanpl e Sessi on:

U é
| $check_args |
| Please supply at |east 1 argunent |
| $check_args xyz |
| Programis running |
| $ I
A U
4.6 if then else

The format for this construct is:

=R RN RN AR AR AR RN RN RN RORRARRRAAEE
° Command Format: if expression o
° t hen commands °
o el se comrands 0
o f| o
ECCTTTT T i rriiiriririieriririmiemimimininiiva

The el se part of this structure nakes the single-branch if
statenent into a two-way branch. [|f the expression returns a true
status, the conmands between the then and the el se statenent wll
be executed. After these have been executed, control will start
again at the statement after the fi.

If the expression returns false, the commands follow ng the el se



statenent will be executed.
Sanpl e Sessi on:

U ¢
| $cat test _string |
| nurber=1 |
| nunmero=0001 |
| if test $nunber = $nunero |
| then echo "String values of $nunber and $nunero are equal " |
| else echo "String values of $number and $numero not equal " |
| fi I
| if test $nunber -eq $nunero |
| then echo "Nuneric values of $nunber and $nunero are equal " |
| else echo "Nuneric values of $nunber and $nunero not equal " |
| fi I
A U
Let's follow the execution of this script with tracing.
Sanpl e Sessi on:
U ¢
| $sh -x test_string |
| nurber=1 |
| nurero0=0001 |
| + test 1 = 0001 |
| + echo String values of 1 and 0001 are not equal |
| String values of 1 and 0001 are not equal |
| + test 1 -eq 0001 |
| + echo Numeric values of 1 and 0001 are equal |
| Nuneric values of 1 and 0001 are equal |
| $chnmod a+x test_string |
| $test_string |
| String values of 1 and 0001 are not equal |
| Nureric values of 1 and 0001 are equal |
| $ I
A U
4.7 if then elif
The format for this construct is:
SRR AR AR RN R AR AR RN RN RR RN
° Command Format: if expression o
° t hen commands °
° elif expression °
° t hen commands °
° el se comrands 0
o f| [o]
BT e i e e e i i i reiriiniiniiva

The elif construct conbines the else and if statements and al |l ows
you to construct a nested set of if then else structures.
4.8 for



The format for this construct is:

Blrrrrrerrrrrrrerrrrr ettt et et rrrrrn s
° Command Format: for |oop-index in argunent-li st °
o] do o}
° commands °
0 done o
BT i i i e e i i ririrereinnminva

This structure will assign the value of the first itemin the
argunent list to the | oop index and executes the comands between
the do and done statenents. The do and done statenments indicate
the begi nning and end of the for | oop.

After the structure passes control to the done statenent, it
assigns the value of the second itemin the argunent list to the
| oop index and repeats the commands. The structure will repeat
the conmands between the do and done statenents once for each
argunent in the argunent list. Wen the argunment |ist has been
exhausted, control passes to the statenent follow ng the done.
Sanpl e Sessi on:

U] é
| $cat find_henryl |
| for x in projectl project2 project3 |
| do I
| grep henry $x |
| done |
A )
Sanpl e Sessi on:

$head proj ect ?

==> projectl <==

henry

j oe

m ke

sue

==> project2 <==

j oe

sue

==> project3d <==
j oe

m ke

sue

henry

==> project4 <==
j oe
m ke

$find_henry

U
|
I
I
I
|
|
I
I
I
| m ke
|
I
I
I
|
I
I
I
I
|
I
I
I
| henry



| henry |

Each file in the argunent |ist was searched for the string, henry.
When a match was found, the string was printed.
4.9 while

The format for this construct is:

Blrrrrrrrerrrererrr et ettt bttt et rrrrn s
° Command Format: while expression °
o] do [0}
° commands °
0 done 0
BT i i i e i i i i ririreinnminva

As long as the expression returns a true exit status, the structure
continues to execute the comands between the do and the done
statenent. Before each |oop through the conmands, the structure
executes the expression. Wen the exit status of the expression

is false (non-zero), control is passed to the statenment foll ow ng
the done statenent.

The commands to be executed must change the expression test or an
infinite loop can result.
4.10 wuntil

The format for this construct is:

Elrrrrrerrrrrerrrr et ettt bttt et rrrrrn s
° Command Format: until expression °
o do o}
° commands °
o done 0
BT i i e i e i i ririreinmminva

The until and while structures are very simlar. The only
difference is that the test is at the top of the | oop. The unti
structure will continue to |oop until the expression returns true
or a nonerror condition. The while loop will continue as |long as
a true or nonerror condition is returned.

The commands to be executed must change the expression test or an
infinite loop can result.
Sanpl e Sessi on:

secr et name='j enny'

name=' nonane'

echo 'Try to guess the secret nane!’
echo

until (test "$nane" = "$secretnane")

U

| $cat until _ex
I

I

I

I

I

| do

_—_—



echo ' Your guess: \c

I I
| read nane |
| done |
| echo "You did it!"' |
| $ |
A U
The until loop will continue until nanme is equal to the secret
nane.

Sanpl e Sessi on:

U ¢
| $chnod a+x until _ex |
| $until _ex |
| Try to guess the secret nane! |
I I
| Your guess: gayl an |
| Your guess: art |
| Your guess: richard |
| Your guess: jenny |
| You did it! |
| $ I
A U
4.11 case

The format for this construct is:

=R RN RN AR RN A R AR R AR RRRRRRARRRERY
° Command Format: case test-string in °
° pattern-1 ) commands-1 ;; °
° pattern-2 ) commuands-2 ;; °
o pattern-3 ) comuands-3 ;; o
o] (o]
[o] ' [o]
(o] (o]
° *) commands °
O esac °
Errrrrrrrrrrrrrerrrrrrr ettt et et ettt il va

The case structure allows a multiple-branch decisi on mechani sm
The path that is taken depends on a match between the test-string
and one of the patterns.

Sanpl e Sessi on:

$cat case_ex
echo "Enter A, B, or C \c
read letter
case $letter in
A) echo 'You entered A ;;
B) echo 'You entered B ;
C) echo 'You entered C ;;
*) echo 'You did not enter A, B, or C ;;
esac

_——
—_—_— - —



$chnod a+x case_ex

$case_ex

Enter A, B, or C B

You entered B

$case_ex

Enter A, B, or C b

You did not enter A, B, or C

I
I
I
I
I
I
I
| $

c— -

A

Thi s exanpl e uses the value of a character that the user entered
as the test string. The value is represented by the variable
letter. |If letter has the value of A the structure will execute
the command following A. If letter has a value of B or C, then
the appropriate commands will be executed. The asterisk indicates
any string of characters; and it, therefore, functions as a
catchall for a no-match condition. The lowercase b in the second
sampl e session is an exanple of a no match conditi on.

NOTES
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NOTES
UUUOUUUDDUUBNUUUNNUUBDUUBDUUUNNUUDDUUDDUUUCNULDDUUDDUUUDDULDDUUOU
Wor kshop 4
This workshop will reinforce your understanding of the ideas
presented in Chapter 4. Login to the Miltinmax using the usernane
and password given to you by the instructor. Each student is to
compl ete the entire workshop.

DESK EXERCI SES

1. VWhich utility will evaluate an expression and then return
a condition indicating whether or not the expression is
true (equal to zero) or false (not equal to zero)?

2. What are the operators for character string conparisons?

Conti nue on the next page
COWPUTER EXERCI SES

3. Use the "if then" construct to wite a BourneShell script



that will check for at |least two paraneters being present
on the conmand |ine. Qutput an appropriate error nessage.

Wite a BourneShell script using the "if then el se"
construct that will check for equality of two strings
that are supplied as paraneters to the script. Qutput a
nmessage stating if the strings are equal or not equal

Wite a BourneShell script using the "if then elif"
construct that will check two nunbers, input as
paraneters, and tell if the first paraneter is greater
than, equal to, or less than the second number. Cutput
appropriate error messages.

Wite a BourneShell script using the "for" construct that
has a | oop index called "fruit" and an argument |ist as
foll ows: apples oranges bananas pears. Echo the name of
each argunent to the nonitor screen and when the | ast
argunent is |isted output an appropriate nessage.

Conti nue on the next page

Wite a BourneShell script using the "while" construct
that will add all the nunbers between 0 and 9 and di spl ay
the result. The sumof the digits O through 9 is 45.



8. Wite a BourneShell script using the "until" construct
simlar to the exanple in the nanual except conpare
nunbers instead of strings.

9. Wite a BourneShell script using the "case" statenent
that will ask you to enter the day of the week and then
echo that day to the nonitor screen. Be sure to include
an appropriate nessage if you enter in a string other
than a valid day of the week.

EXTRA M LE

10. Wite a BourneShell script called "dir_nun that wll
test all of the files in the current directory and print
all the files that prove to be a directory.

NOTES
UUUOUUUBDULBDDVUCUUUCDUUBDUUDDDULBDOLBDDULDDVLBDUVDDDUVODDULDDLYOU
5. COWPI LI NG PROGRAMS | N UNI X

This chapter will exam ne conpiling source code prograns in three
hi gh | evel |anguages "C', FORTRAN, and COBOL. The second part of
the chapter will | ook at the archive and library maintainer. The
archive allows you to create a library of object nodul es. These
files are used by the link editor.

5.1 "C': Sanple Programw th a Main and Two Functions in One
File

Based on the command |ine options, cc conpiles, assenbles, and | oad
C | anguage source code prograns. It can al so assenble and | oad
assenbly | anguage source prograns or nerely | oad object prograns.

errrrrrrrrrrrrrrrrrrr et bttt e ettt e s
° Command Format: <cc [options] file-list o
[o] [o]
° (See Appendix E for a conplete list of options) o
ELLETTEETTE et e e e e e et e et e et et ettt rrrrrnnva

When using the cc utility, the followi ng conventions are observed:



1. A filename with the extension of .c indicates a C
| anguage source program

2. A filenane with an extension of .s indicates an assenbly
| anguage source program

3. A filenanme with an extension of .o indicates an object
program

The cc utility will take its input fromthe file or files you
specify on the conmand line. Unless you use the -o option, it wll
store the executable programin a file called a.out.

Sanpl e C Language Source Code Program

U ¢
| $cat hello.c |
| main () I
| { I
| printf ("Hello frommain!'\n\n"); |
| printf ("Calling functionl!\n\n"); |
| funct1(); |
| printf ("\t Back fromfunctionl!\n\n"); |
| printf ("Calling function2!'\n\n"); |
| funct2(); |
| printf ("\t Back fromfunct2!\n\n"); |
| printf ("That's all!\n\n"); |
|} I
| functl() |
| { I
| printf ("\t\t Hello fromfunctionl!\n\n); |
|} |
| funct?2() |
| { I
| printf ("\t\t Hello from function2!'\n\n); |
[} I
A )

5.2 "C': Conpiling a Program

To conpile the previous exanple programinto an executabl e nodul e,
enter the follow ng command at the comand |i ne.

Sanpl e Sessi on:

U

| $cc hello.c
| $

A

c——o

Wthout any options, cc accepts C source code and assenbly | anguage
prograns that follow the conventions outlined above. It wll
conpi l e, assenble, and | oad these prograns to produce an executabl e
called a.out. The cc utility puts the object code in files with
the sane base filenane (everything before the period) as the source
but with a filename extension of .o . The a.out stands for



assenbly output. This is the default.

Sanpl e Sessi on:

U

| $cc hello.c

| $a. out

| Hello from nmain!

I

| Calling functionl!

I

| Hell o from functionl
I

| Back from functionl

I

| Calling function2!

|

| Hell o from function2
I

| Back from function2!

I

| That's all!

| $

A

NOTE: The a.out file that was created by the cc utility has

the follow ng perni ssions:

user - read, wite, and execute
group - read and execute
other - read and execute

It is not necessary for you to change the perm ssions using the
chmod command because the cc utility set the execute perm ssions
for you.

5.3 "C': Renam ng the Executabl e Mdule

You can renane the executabl e nodule using the mv cormand. The
file permssions will be the sane as before the file is renaned.

Sanpl e Sessi on:

$nmv a.out hello
$hel l o
Hello from mai n!
Calling functionl!
Hello from functionl

Back from functionl!

V]
I

I

I

I

I

I

I

I

I

I

| Calling function2!
I

c—r———— .



Hell o from functi on2!

Back from function2

c— -

That's al !
- $
A
5.4 "C': Gving a Name to the Qutput File
It is possible to have the output sent to a file you specify
i nstead of a.out by using the followi ng command:
=R RN RN AR RN R AR R RN RRRRRRERARRRARAEE
° Command Format: cc -0 output source 0
(o] (o]
° output - the name of the executable file °
(o] (o]
° source - the name of the C source code file o
ELTTTTEETTEEr e e e et et e et ettt et et rrrrrnnva

The -0 option tells cc to tell the link editor to use the specified
nane for the output instead of the default a.out.

NOTE: It is not necessary for the -o option to appear after the
cc command. The filenane that appears after the -0 is
the nanme of the output file. For exanple, cc source -

0 output is the same as cc -0 output source.

Sanpl e Sessi on:

U é
| $cc -0 hello hello.c |
| $hello |
| Hello from main! |
| Calling functionl! |
I I
| Hell o from functionl! |
I I
| Back from functionl! |
I I
| Calling function2! |
I I
| Hell o from functi on2! |
I I
| Back from function2! |
I I
| That's all! |
| $ I,
A u
5

.5 "C'": Producing an Assenbly Listing

This option causes cc to conpile C progranms and | eave the
correspondi ng assenbly | anguage source prograns in a file with
filenane extensions of .s.



errrrrrerrererrerrererrerrerrrrer ettt rerr et r et rrrrrrer»

°© Command Format: cc -S hello.c °
o o
° -s=Compileonly o
Efrrrrrrrrrrerrr e et et et et et ettt ettt et rrrrrrrngva

Sanpl e Sessi on:

U ¢
| $cc -S hello.c |
| $Is -C |
| example.f hel | o hex. c octal.c |
| hello.c hell o.s multiply.c |
| $ I
A U
5.6 "C': Main and Two Functions in Three Separate Source Files

This is the sane C programthat we have seen before, except it is
nowin three files rather than one as before. The three files are
mai n.c, functl.c, and funct2.c.

$cat main.c
main ()

printf ("Hel
printf ("Ca
funct 1();
printf ("\t Back fromfunctionl!\n\n");
printf ("Calling function2!'\n\n");
funct 2();

printf ("\t Back fromfunct2!'\n\n");
printf ("That's all!\n\n");

o fromminl\n\n");

I
[ing functionl!\n\n");

}

U

I

I

I

|

|

I

I

I

|

|

I

I

| $cat functl.c

| functl()

| {

| printf ("\t\t Hello from functionl!\n\n);
|}

| $cat funct2.c

| funct2()

|
I
|
A
5.

{
printf ("\t\t Hello fromfunction2!\n\n);

c———————— - —— ——.

7 "C': Conpiling but Not Producing an Executabl e Mdul e

Using the previous program the follow ng conmmand will conpile but
not produce an executabl e nodul e.

ELrrrrrrrrrrrrrrrrrrrr et et ettt et et e ettt et rrrrrre»
° Command For mat : cc -c main.c functl.c funct2.c o
o o

° -c = Conpile, but do not |oad object files. This option °



o causes cc to conpil e and/ or assenbl e source code o

° progranms and | eave the correspondi ng obj ect prograns °
[ infiles wth filename extensions of .o. o
ELLETEErrrrrr et ettt ettt ettt rrrrrnnva

Sanpl e Sessi on:

U é
| $cc -c main.c functl.c funct2.c |
| main.c: |
| functl.c: |
| funct2.c: |
| $ls a.out |
| a.out not found |
| $Is -C*.0 |
| functl.o funct2.0 mai n. o |
| $ |
A U

The -c options causes the conpilation systemto suppress the |ink
edit phase. This produces an object file or files, in this exanple
(main.o functl.o funct2.0), that can be link edited at a later tine
with the cc conmand with no options.

5.8 FORTRAN: Sanple Program a Miin and Two Subroutines

There are several conventions for use with the FORTRAN conpil er.
They are:

1. The nane of the file containing the FORTRAN source code
must end with .f.

2. The conpiler is invoked with f77.

3. Several options are available with the conpiler.
(-c, -0, -p, -9

4. Preconnections are made for stdin (unit5) and stdout
(unite).

This is the FORTRAN source code exanple to be used in the follow ng
di scussi ons of the FORTRAN conpiler.

Sanpl e Sessi on:

U
| $cat hello.f

| program cal li ng

| wite(6,100)

| 100 format (' Hello frommain!',/)

| wite(6,110)

| 110 format (' Calling subroutinell',/)

| call subl

| wite(6,120)

| 120 format(t15 Back from subroutinell', /)
| wite(6,130)

| 130 format (' Calling subroutine2!',/)

—_——



call sub2

I I
| write(6, 140) |
| 140 format (t 15" Back from subroutine2!',/) |
| wite(6,150) |
| 150 format (' That's all, folks!") |
| end |
| subroutine subl |
| wite(6,200) |
| 200 format (t20,' Hello from subroutinel!', /) |
| end |
| subrouti ne sub2 |
| wite(6,210) |
| 210 format (t20,' Hello from subroutine2!', /) |
| end |
A U
5.9 FORTRAN: Conpiling a Program

The FORTRAN conpiler is invoked with the foll owi ng command:
=R RN R RN AR AR RN AR AR RN RRER Y
° Command Format: f77 °
BT e e i i e e i e i i reiriiniiniiva

To conpile the above programinto an executabl e program use the
foll owi ng cormmand at the command |ine.

Sanpl e Sessi on:

U
| $f77 hello.f
| $

c——o

A

Wthout any options, f77 accepts FORTRAN source code and assenbly
| anguage progranms that follow the conventions outlined above. It
will conpile, assenble, and | oad these prograns to produce an
executable called a.out. The f77 utility outputs the object code
into files with the sanme base fil enane (everything before the
period) as the source but with a fil ename extension of .o.

The a.out stands for assenbly output. This is the default.

Sanpl e Sessi on:

$f77 hello.f
$a. out
Hell o from main

Hello from functionl
Back from functionl!

U

I

I

I

I

| Calling functionl!
I

I

I

I

I

| Calling function2!
I

I

Hell o from functi on2!



Back from function2!

hat's all!

-
- $

>
c—————

NOTE: The a.out file that was created by the f77 utility has
the follow ng perm ssions:

user - read, wite, and execute
group - read and execute
other - read and execute

It is not necessary for you to change the perm ssions using the
chmod command because the f77 utility set the execute perm ssions
for you.

5.10 FORTRAN: Renami ng the Executabl e Mdul e

You can renane the executabl e nodule using the mv command. The
file permssions will be the sane as before the file is renaned.

Sanpl e Sessi on:

u ¢
| $mv a.out hello |
| $hello I
| Hello from nmain! |
I I
| Calling functionl! |
| I
| Hel l o from functionl! |
I I
| Back from functionl! |
| |
| Calling function2! |
I I
| Hell o from functi on2! |
I I
| Back from function2! |
| |
| That's all! |
| $ I
A U
5.11 FORTRAN: Gving a Name to the Qutput File
It is possible to have the output sent to a file you specify
i nstead of the default, a.out, by using the followi ng comand:
SRR AR RN AR AR R R AR AR RN RN AR RN
Conmand Format: f77 -0 output source 0

o o o

o}
output - the name of the executable file °
o]

o



The -0 option tells the f77 utility to tell the link editor to use
the specified nane for the output instead of the default a.out.

NOTE: It is not necessary for the -o option to appear after
the f77 command. The filenane that appears after the -
o is the nane of the output file. For exanple, f77
source -0 output is the same as f77 -0 output source.

Sanpl e Sessi on:

U ¢
| $f77 -0 hello hello.f |
| $hello |
| Hello from main! |
| Calling functionl! |
| I
| Hell o from functionl! |
I I
| Back from functionl! |
| I
| Calling function2! |
I I
| Hell o from function2! |
| |
| Back from function2! |
| I
| That's all! |
| $ I
A U
5.12 FORTRAN: Produci ng an Assenbly Listing

This option causes f77 to conpile Fortran prograns and | eave the
correspondi ng assenbly | anguage source prograns in a file with
fil ename extensions of .s.

=R RN R AR AR R RN RN RN RN ROERRRRRARAEE
° Command Format: f77 -S hello.f 0
o (o]
° =S =Compile only o
ELLETTEEr et et ettt et ettt rrrrrnnva
Sanpl e Sessi on:

U ¢
| $f77 -S hello.f |
| $ls -C |
| exanple.f hel | o hex. c octal.c |
| hello.c hell o.s multiply.c |
| $ I
A U

The file hello.s contains the assenbly listing.
5.13 FORTRAN: Main and Two Subroutines in Three Separate Source
Files



Sanpl e Sessi on:

U ¢
| $cat mmin.f |
| program cal | i ng |
| write(6,100) |
| 100 format (' Hello frommain!', /) |
| wite(6,110) |
| 110 format(' Calling subroutinel!', /) |
| call subl |
| wite(6,120) |
| 120 format(t1l5 Back from subroutinell!', /) |
| wite(6,130) |
| 130 format(' Calling subroutine2!',/) |
| call sub2 |
| write(6, 140) |
| 140 format(t1l5 Back from subroutine2!',/) |
| wite(6,150) |
| 150 format(' That's all, folks!") |
| end |
| $cat subl.f |
| subroutine subl |
| wite(6,200) |
| 200 format(t20,' Hello from subroutinel!', /) |
| end |
| $cat sub2.f |
| subrouti ne sub2 |
| wite(6,210) |
| 210 format(t20,' Hello from subroutine2!', /) |
| end |
A U
5.14 FORTRAN: Conpiling But Not Produci ng an Executabl e Mdul e
Usi ng the above program the following cormand will conpile but
not produce an executabl e nodul e.

SRR AR R RN AR AR RN RN RN RRRARARRR
° Conmand Format: f77 -c main.f subl.f sub2.f °
o (o]
© -c = Conpile, but do not |oad object files. This option °
° causes f77 to conpile and/or assemnbl e source code °
° progranms and | eave the correspondi ng obj ect prograns °
o infiles with fil ename extensions of .o. 0
BT e e i e e e i i rireiriiniiniiva
Sanpl e Sessi on:

U ¢
| $f77 -c main.f subl.f sub2.f |
| main.f: |
| MAI N: cal ling: |
| subl.f: |
| subl: |
| sub2.f: |
I I

sub2:



| $Is a.out *.0 |
| a.out not found |
| functl.o |
| funct2.0 |
| hello.o I
| main.o |
| subl.o |
| sub2.0 |
| $ I
A U

The -c options causes the conpilation systemto suppress the |ink

edit phase. This produces an object file or files, in this exanple

(main.o subl.o sub2.0), that can be link edited at a later tine

with the f77 comand with no options.

5.15 FORTRAN: Conpiling Object Files to Produce an Executabl e
Modul e

The command to produce an executabl e nodul e from several object
files is done in the foll ow ng manner:

ELLETEEETEErr ettt ettt et ettt et ettt rrrrrrn»
° Command Format: f77 obj_1 obj 2 obj_3 °

(o] (o]

° obj 1 through obj n - the object files . °

Brrrrrrrrrrrrrrerrrrrrr ettt ettt ettt el va
Sanpl e Sessi on:

U &
| $f77 nmain.o subl.o sub2.0 |

| $ls -C |

| functl.o funct2.0 hello.o main.o subl.o sub2.0 a.out |

| $ |,
A U
5.16 COBOL: Sanple Programwith a Main and Two Subrouti nes

Sanpl e Sessi on:

U

| $cat teacher.cob

| identification division.
| programid. teacher.

| environnment division.

| configuration section.

| data division.

| worki ng-storage section.
| procedure division.

| begin section.
I

I

I

I

I

I

I

begin-it.
display " Hello frommin!".
display " Calling subroutinell".

perform subroutinel.
di splay " Back from subroutinel!".
di spl ay Cal l'ing subroutine2!".

perform subroutine2.

-_—



| di splay " Back from subroutine2!". |

| display " That's all, folks!". |

| stop run. |

| subroutinel section. |

| subl. |

| di splay " Hel | o from subroutinel!". |

| subroutine2 section. |

| sub2. |

[ di splay " Hel | o from subroutine2!". |
A U
5.17 COBOL: Conpiling a Program

=R RN RN AR RN R AR R RN RRRRRRERARRRARAEE
° Command Format: cobol source fil enane o

BT e e e e e i i iireiriiniiniiva

Three files are created by the conmpiler. They are identified by
the sane fil ename as the source code but with a different

extension. They have the extensions .I1DY, .INT, and .LST.
NOTE: The extensions are uppercase characters. UN X is case
sensitive.

Sanpl e Sessi on:

U

| $cobol teacher.cob
| $Is teacher*
| teacher.|DY
| teacher.|NT
| teacher.LST
| teacher.cob
| $

A

5.

cT——————«

18 COBOL: Running a Program

$cbrun teacher. | NT
Hell o from Main
Cal l'i ng subroutinell
Hell o from subroutinel
Back from subroutinel!
Cal l'i ng subroutine2!
Hel l o from subroutine2!
Back from subrouti ne2
That's all, folks!
$

> ——————C
cTT T«

NOTES
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Wor kshop 5



This workshop will reinforce your understanding of the ideas
presented in Chapter 5. Login to the Miltinmax using the usernane
and password given to you by the instructor. Each student is to
compl ete the entire workshop.

DESK EXERCI SES

1. "C': What is the command to conpile, assenble, and | oad
source code prograns?

2. "C': What is the filenane extension that indicates a
source code progran? An assenbly | anguage progran? An
obj ect code file?

3. "C': What is the default filename assigned to the
executable file?

4. "C': What conmand can be used to renane the executable
file produced by the cc conpiler? Wat are the file
protections associated with the executabl e?

5. "C': What option will produce an assenbly listing? Wat
is the filenane extension of this file?

Continue on the next page
6. "C': What conmmand will conpile the source code program
but will not | oad object files but will keep the object
files in files with extensions of .o0?



10.

11.

12.

13.

FORTRAN. What is the

FORTRAN: What is the
prograns?

FORTRAN: What is the
executable file?

FORTRAN. How can you
execut abl e npdul e so

FORTRAN:. What option
al l ow you to specify

command to invoke the conpiler?

filenane extension for source code

nane of the default

change the permissions on the
anyone can execute it?

on the call to the conpiler wll
the nane of the executable file?

Conti nue on the next page

FORTRAN: What option

on the call to the conpiler wll

produce an assenbly listing? Wat is the filenane
extension of this file?

FORTRAN. What option

wi || produce object nodul es but not

produce an execut abl e nodul e?



14. FORTRAN: What command will produce an execut abl e nodul e
from several object nodul es?

15. COBOL: What is the conmand to call the conpiler?

16. COBOL: What are the three files created by the conpiler?
What are the fil ename extensions?

17. COBOL: Which of the three files that have been created
are used to run the progran?

Conti nue on the next page
COVPUTER EXERCI SES
18. Copy the following files from/user0/teacher:
mai n. c functl.c funct2.c
Are these prograns "C', FORTRAN, or COBOL? Conpile these three

files creating an executable file called mainl.exe and then
execute it. What are the file protections? Wy?

19. Now append the three files into one file. Use
out put redirection.

Conpile the file creating the executable file called main2. exe
Execut e nmai n2. exe.



20. Copy the following files from/userO/teacher:

mai n. f subl. f sub?2. f

Conpil e these three files creating an executable file
call ed mai nl. exe . Execute nainl. exe

21. Now append the three files into one file.

Conpile the file creating the executable file called
mai n2. exe . Execute nmai n2. exe.

22. COBOL: Copy teacher.cob from/user0/teacher.

Conpile and run it.
uuuuUuUUuUUUUUUUUUUUUUUUUUULUUUUUUULUUUUUUULUUUUUUUUUUUUUUUUUUUUU
NOTES
UO0UOVOLOLODUOVOUOUODUNUOUOUODUOUOLOUODUOUOUOUODUOVOVOUODUOVOUOUY
6. UNI X TOOLS

6.1 Processes

A process is the execution of a command by UNI X. Processes can al so
be executed by the operating systemitself. Like the file
structure, the process structure is hierarchical. It contains
parents, children, and even a root. A parent can fork (or spawn)

a child process. That child can, in turn, fork other processes.
The first thing the operating system does to begin execution is to
create a single process, PID nunber 1. PID stands for Process

I Dentification. This process will hold the sane position as the
root directory in the file structure. This process is the ancestor
to all processes that each user works with. It forks a process for
each termnal. Each one of these processes becomes a Shell process
when the user |ogs on.

6.2 Executing a Comand

When you give a command to the Shell, it will fork a process to
execute the command. Wiile the child process is executing the
command, the parent will go to sleep. Sleeping neans that the
process will not use any CPU tinme. It remains inactive until it is
awakened. When the child process has finished executing the
conmand, it dies. The parent process, which is running the Shell
wakes up and pronpts you for another comrand.

When you request a process to run in the background (by ending the
command line with an &, the Shell forks a child process that is



allowed to run to conpletion. The parent process will report the
PID of the child process and them pronpts you for another conmand.
The child and parent are now i ndependent processes.

6.3 Process ldentification

The Uni x operating system assigns a unique process identification

nunber (PID) to each process. It will keep the sane PID as |ong as
the process is in existence. During one session, the sane process
is al ways executing the login Shell. Wen you execute another

command a new process is forked and a new PID is assigned to that
process. Wien that child process is finished you are returned to
the |l ogin process, which is running the Shell, and that parent
process has the same PID as when you | ogged on.

The Shell stores the PIDin Shell variable called $$. The PID can
al so be shown with the process status (ps) command. The format for
ps is as foll ows:

errrrrrrrrrrrrrrrrr et ettt b rrr et bttt et e s
° Conmand Format: ps [options] o
o o
° . .seeon-line manual for options o
ELLETrrrrrrrr et ettt ettt et et rrrrrnnva

Wth no options given the ps command will give you certain

i nformati on about processes associated with the controlling

term nal. The output consists of a short listing containing the
process id, termnal id, cumulative execution tinme, and the conmmand
name. O herwi se, options will control the display.

Sanpl e session:

$echo $$
$ps
PID TTY TI ME COMVAND

8347 rt021a0 0:03 ksh

U

I

| 8347
I

|

| 8376 rt021a0 0:06 ps
I

$

cT——————«

A

The PI D nunmbers of the Shell are the sanme in the sanple session
because the shell will substitute its own PID nunber for $$.

The Shell nmakes the substitution before it forks a new process to
execute the echo conmand. Therefore, echo will display the PID
nunber of the process that called it, not the PID of the process
that is executing it.

The -1 option will display nore information about the processes.

Sanpl e Sessi on:




F S ub PID PPID CPR N ADDR Sz WCHAN TTY TI VE
COVD |
| fO000 S 115 8347 309 2 30 20 1009000 140 94014 rt021a0 0:03 ksh
I
| fO000 O 115 8386 8347 16 68 20 1308000 72 rt021a0 0:01 ps
I
| $ps -
I
| F S ub PID PPID CPR N ADDR SZ WCHAN TTY TI MVE
COVD |
| f0000 S 115 8347 309 1 30 20 1009000 140 94014 rt021a0 0: 03 ksh
I
| fO000 O 115 8387 8347 26 73 20 1146000 72 rt021a0 0:01 ps
I
| $
|
A ~

U

6.4 grep: A Pattern Matching Filter

The grep utility can search through a file to see if it contains

a specified string of characters. The utility will not change the
file it searches but displays each line that contains the string.
The format for the string is:

Bl rr ettt et e et ettt e e e et e e et et rrrrrT »
° Command Format: grep [options] limted regul ar-expression [file] o
[o] [o]
° Use the man command for a conplete list of options 0
(o] [0}
BT e i e i e e T i e e i rireiimimniiva

The grep utility searches files for a pattern and displays al
lines that contain the pattern. It uses |linited-regular-
expressi ons (these are expressions that have string val ues that
use a subset of all the possible al phanuneric and speci al
characters) like those used with ed to match the patterns.

Be careful using the characters $, *, [, », |, (, ), and \ in the
regul ar expressi on because they will be evaluated by the shell

It is good practice to enclose the regular expression in single
quotes. This will prevent the shell from eval uating these specia
characters.

The grep utility will assume standard input if no files are given.
Normal Iy, each line found in the file will be displayed to
st andard out put.

Sanpl e session:

..... éé}éb.:aiéé:.ﬁéﬁﬁ...........................................



This command will search the file "nemp"” for the string "disc". It
will include words |ike di scover and indiscreet because they
contain the characters "disc". The single quote narks are not
necessary and for this exanple they wouldn't have made any
difference. They do allow you to include spaces in the search
pattern.

6.4.1 Mre on Regul ar Expressions

The grep command can be best understood by a di scussion of regul ar
expressions. Let's create a database of phone nunbers call ed
phone.lis and then use regul ar expressions to search through the
dat abase. Here is as listing of the contents of phone.lis

Sanpl e session:

U

é
| $cat phone.lis |
| Smith, Joan 7-7989 |
| Adans, Fran 2- 3876 |
| StCair, Fred 4-6122 |
| Jones, Ted 1-3745 |
| Stair, Rich 5-5972 |
| Benson, Sam 4- 5587 |
| s |
A U

The format for the records in this database is:

Last name, First name <tab>  #- ####
Usi ng the database (phone.lis) above. What grep command woul d we
use to search through the database and get all the records that
had a person whose nane contains an "S"

An al phabetic character represents itself.

Sanpl e session:

U ¢
| $grep S phone.lis |
| Smith, Joan 7-7989 |
| StCair, Fred 4-6122 |
| Stair, Rich 5-5972 |
| Benson, Sam 4- 5587 |
| s |
A U
This grep command searched for the string "S" and then listed al
the lines in phone.lis that matched.

A single . (dot) is used to represent any single character.
Sanpl e session:

$grep .S phone.lis
Benson, Sam 4- 5587 |

U ¢
I
I



| $ I
A U

A $ represents the end of the line.

Sanpl e session:

U ¢
| $grep 5% phone.lis |
| Jones, Ted 1- 3745 |
| $ I
A U
A ™ represents the beginning of the line

Sanpl e session:

U ¢
| $grep "S phone.lis |
| Smith, Joan 7-7989 |
| StCair, Fred 4-6122 |
| Stair, Rich 5-5972 |
| $ I
A U
Regul ar expressions nust get to grep in order for themto be

eval uated properly. Let's say we want to get the records of

enpl oyees that have a phone nunber that begins with a "4".

What does the foll owi ng expression do?

Sanpl e session:

U ¢
| $grep <tab>4 phone.lis |
| Stdair, Fred 4-6122 |
| Jones, Ted 1-3745 |
| Benson, Sam 4- 5587 |
| $ I
A U

Wiy did we get the record of Ted Jones? The tab character was

eval uated by the shell and so the search was actually made | ooking
for a "4". This is the sane as if we had entered $grep 4 phone.lis.
We nust prevent the shell from evaluating these characters, this
is done with the \ (backslash) character as shown in the next
exanpl e.

Sanpl e session:

u ¢
| $grep \<tab>4 phone.lis |
| StCair, Fred 4-6122 |
| Benson, Sam 4- 5587 |
| s |
A U




Now it worked properly. It searched for a <tab> character
followed by the nunmber 4. The [] (left and right brackets) are used
to identify a range of characters.

Sanpl e session:

U ¢
| $grep \[ AF] phone.lis |
| Adans, Fran 2- 3876 |
| StClair, Fred 4-6122 |
| s |
A U

Wy do [] need to be quoted? In the previous exanple the search
rTBkeS a rTHtCh on "A" or n Fn

A - (dash) can indicate inclusion. For exanple, we want to nake a
mat ch on a phone number that has a 1, 2, 3, or 4. How can this be
done? Here's an exanpl e:

Sanpl e Sessi on:

U ¢
| $grep \[1-4] phone.lis |
| Adans, Fran 2- 3876 |
| StCair, Fred 4-6122 |
| Jones, Ted 1-3745 |
| Stair, Rich 5-5972 |
| Benson, Sam 4- 5587 |
T |
A U

A ~ character | ooks for all characters NOT inside the [] brackets.
For exanpl e,

[~0-9] mat ches all non-digits

[*a-zA-Z] matches all non-al phabetic characters

Note: \, *, and $ lose their neta-character neani ngs inside
the []. Also the ™~ character is special only if it appears first.

VWhat is the follow ng conmand searching for?

Sanpl e Sessi on:

U ¢
| $grep '[~789]$' phone.lis |
| Adans, Fran 2- 3876 |
| StCair, Fred 4-6122 |
| Jones, Ted 1-3745 |
| Stair, Rich 5-5972 |
| $ I
A U

6.4.2 dosure



The * (asterisk) represents zero or nore of the characters
precedi ng the asterisk.

A* represents 0 or nore As.
AA* represents 1 or nore As.

[0-9]*$ O or nore digits at the end of a line
(last four digits in a phone nunber)

L x represents 0 or nore of any character.
How woul d you wite a grep conmand using regul ar expressions to
find the | ast nane starting with an "S" and the first name with an
"F'?

NS Begins with an "S"

.*, F Any nunber of characters before ,F

Sanpl e session:

u ¢
| $grep ~S.\*, F phone.lis |
| StCair, Fred 4-6122 |
| $ I
A U

Note: The * (asterisk) was quoted so the shell didn't try to
eval uate it.

It is very desireable to quote the entire string to keep the shel
from doi ng an expansi on or substitution. It also increases
readability of the regular expression as in the follow ng exanpl e:

Sanpl e session:

u ¢
| $grep '~S.*, F' phone.lis |
| StCair, Fred 4-6122 |
| $ I
A U

6.4.3 Sone Nice grep Options

The grep provides several options that nmodify how the search is
per f or med.

-C Report count of matching lines only
-V Print those lines that don't match the pattern

What will these lines print?



Sanpl e session:

U]
| $grep -c '[J-Z]' phone.lis
| 5

|

$

c———«o

A

Wy did we get this result? Let's analyze the command. In

English, this conmand could be interpreted to mean "Tell me how
many records in the file "phone.lis" contain a letter fromthe set
J through and including Z." Look at the phone.lis file and see
that five records fit this restriction.

So the answer is 5.

Now | ook at anot her exanple and see what this one does.

Sanpl e session:

U ¢
| $grep -v '[J-Z]' phone.lis |
| Adans, Fran 2- 3876 |
| $ I
A )

Wy is this the only record that was found? The -v option says to
sel ect records that don't match the pattern. This is the sane
pattern as the previous exanple and therefore it selects records
that don't match the pattern. The "Adans" record is the only one
that doesn't nmke a match. It doesn't have a character fromthe set
J through and Z.

6.4.4 Summary of Regul ar Expression Characters

n Begi nning of the line
$ End of the line
* 0 or nore preceding characters

Any single character
[...] A range of characters

[~.0] Excl usi on range of characters

6.5 sed: Edit a File to Standard Qut put

UNI X provides a nmethod of editing streans of data. It is the sed
utility. The nane of this utility is derived from Stream EDitor.
This is not the same as the vi editor. The vi editor edits text in
a file. The sed utility edits text in a stream In order to edit

a character streamtwo things are required. First, the line to
edit nmust be identified (regular expressions) and second, how to
edit the line.



The formal formfor the sed utility is as foll ows:

EIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII:
Z Conmand Format: sed [-n] [-e script] [-f sfile] [files] Z
z Details in on-1ine man pages z
BT T i i i i i i i miemirimininiiva

The sed utility copies the nanmed files (standard i nput default) to
the standard output, edited according to a set (script) of
commands. The -f options cause the script to be taken fromfile
"sfile".
The general formis

$sed /address/instruction

Not e: If no address is specified, all lines are chosen to edit.

'sed' addresses can be |ine nunbers or regul ar expressions.

Exanpl e:
i ne nunbers 2,4
2,$ ($ represents the last line)
textual address / regul ar - expr essi on/
Not e: Forward sl ashes encl ose textual addresses

The sed instructions indicate what editing function to perform
Here sone useful sed instructions:

S substitute

d del ete
Not e: Most sed command |ines contain spaces or netacharacters and
they shoul d be quoted to protect themfromthe shell. There are
many nore editing commands provided by sed. Here is a sanple sed
command to edit the records in the database file that we are
already famliar with, nanely, phone.lis:
Sanpl e session:

U

é
| $sed /s/ Smith/ Syt he/ phone.lis |
| Snyt he, Joan 7-7989 |
| Adans, Fran 2- 3876 |
| Stdair, Fred 4-6122 |
I I

Jones, Ted 1-3745



Stair, Rich 5-5972

I I

| Benson, Sam 4- 5587 |
| $ I
A U
sed is an editor . It sinply copies the standard i nput to the
standard output, editing the lines that match the indicated
address. The original file is not changed.

Here's anot her exanple of a sed conmmand.

Sanpl e session:

U ¢
| $sed '2,4 s/2%$/3/' phone.lis |
| Smith, Joan 7-7989 |
| Adans, Fran 2- 3876 |
| StCair, Fred 4-6123 |
| Jones, Ted 1- 3745 |
| Stair, Rich 5-5972 |
| Benson, Sam 4- 5587 |
| $ I
A U

What does this sed conmand do? |f you read command in English it
reads like this: On lines 2 through 4 substitute the 2 at the end
of the line with a 3. Notice that the phone nunber for

StC air, Fred changed from 4-6122 to 4-6123. The nunber for
Stair,Rich didn't change because it was outside the range.

The sed utility can also be use to delete parts of a |line of data.
This is done by substituting nothing for the parts you want to
delete. It looks like this:

Sanpl e session:

U

é
| $sed 's/”.*, []' phone.lis |
| Joan 7-7989 |
| Fran 2- 3876 |
| Fred 4-6122 |
| Ted 1- 3745 |
| Ri ch 5-5972 |
| Sam 4- 5587 |
T |
A U

Readi ng this command it neans:

Substitute fromthe beginning of the line followed by any numnber
of characters followed by a conma with the null string (nothing).
This has the effect of renoving the text.

Here's a del ete conmand and how it's used.

Sanpl e session:



u ¢

| $sed d phone.lis |
|3 |
A U
Wiy is there no output? Well, it read standard input and did the
editing function on all the selected lines. Since no |ines were
specified all lines were selected to be edited. The editing was to

del ete the line.
Question: Has the original file been destroyed?

Mul tiple commands are allowed in sed. Each instruction is applied
to each input Iine.

Sanpl e session:

U ¢
| $sed '/ Stair/d |
| >/ Adans/ d' phone.lis |
| Smith, Joan 7-7989 |
| Stdair, Fred 4-6122 |
| Jones, Ted 2-1136 |
| Benson, Sam 4- 5587 |
I $ I

U

A

The records for Adans and Stair have both been renpved fromthe
dat abase.

Not e: The > character is the BourneShell secondary pronpt.
6.6 awk: A Pattern Matching Programr ng Language

Suppose you wanted to change the format of the database phone.lis
to be the first nane followed by the | ast nane. There is no easy
way to do this with sed. Fortunately, UNI X not only provides a
streameditor (sed) but it also has a formatting tool. The
formatting tool in UNNX is called awk. This tool is named after
authors who wote it Alfred V. Aho, Peter J. \Winberger, and Brian
W Kerninghan so it really doesn't have any neani ng.

The awk utility is a pattern scanning and processing | anguage. It
will search one or nore files for a specified pattern and then
performs an action, such as witing to standard output or
increnenting a counter when it finds a nmatch. You can use awk to
generate reports or filter text. It works equally well with nunbers
or text. The authors designed it to be easy to use and sacrificed
execution speed toward this end.

While the sed utility allows us to change the text in a stream
awk allows us to rearrange, add, or delete text in a stream
easily.

The awk takes advantage of many constructs fromthe C programr ng
| anguage. It has the foll owi ng features:



fl exible format
condi ti onal execution
| oopi ng statenents
nuneric vari abl es
string variabl es
regul ar expressions
Cs printf

The awk will take it's input fromthe files you specify on the
command line or fromstandard input. The following is the format
for awk:

errrrrrrrrrrrrrrrrrer et b et e et e rrr e s
(o] [0}
° Conmmand format: awk [-Fc] [prog] [fil es] °
(o] (o]
BT i i i i i i i i nminiminmiiiiva

The awk will scan each line of file for lines that match a set of
patterns specified by prog. Wth each pattern in prog there can be
an associ ated action to be perforned when the line is found. The
set of patterns may appear literally as prog, or in a file
specified as -f file. The prog string should be enclosed in single
quotes to protect it fromthe Shell

Files are read in order and if there are none specified the
standard input is read. Each line is matched against the pattern
portion of every pattern-action statement. The associated action
is performed for each nmatched pattern. An input line is nade up
fields separated by white space. $1, $2.. define the fields. $0
refers to the whole |line.

A pattern-action statement has the form

pattern {action}

A missing action neans print the line; a mssing pattern al ways
nakes a match. a statenent can be one of the follow ng:

if (conditional) statenment [el se statenent]
whil e (conditional) statenent

for (expression;conditional;expression) statenent
br eak

conti nue

{[statenent]...}

vari abl e=expr essi on

print [expression-list] [>expression]

printf format [, expression-list][>expression]
next # skip remaining pattern on this input |ine
exit # skip the rest of the input



Statenments are term nated by sem -colons, newlines (CR), or right
braces.

Let's ook at the syntax for awk in a little sinpler manner.

awk 'commands' [fil enane]

An awk program (comrands) consists of a optional pattern to match
and an action to performif a match is found on the current |ine.
This syntax | ooks like this:

awk '/pattern/{action}' [fil enane]
The pattern used is a regular expression enclosed in forward
sl ashes. If no pattern is listed, the action will be performed for
every line. An action can contain several commands. There can be
multiple patterns and actions.

awk '/patternl/{actionl}
[ pattern2/{action2}' [filenane}
One of awks commands is print. It puts the current |ine on standard

out put .

Sanpl e session:

U ¢
I I
| $awk '{print}' phone.lis |
| Smith, Joan 7-7989 |
| Adans, Fran 2-3876 |
| Stdair, Fred 4-6122 |
| Jones, Ted 1- 3745 |
| Stair, Rich 5-5972 |
| Benson, Sam 4- 5587 |
| 3 |
A U

The awk splits every input |ine at whitespace and keeps track of
the nunber of fields on each |ine and counts the nunmber of |ines
read. Each field is identified by its field nunber and a $.

$1 Identifies the first field

$2 I dentifies the second field

$0 Identifies the entire |line
NF Identifies the nunber of fields on the |ine
NR Identifies the nunber of |ines that have been read

Sanpl e session:



$awk '{print NR $1}' phone.lis
1 Smth,

2 Adans,

3 Stdair,

4 Jones,

5 Stair,

6 Benson,

$

——
c————————=¢

To change the order of the names in phone.lis use awk. The comma
inthe print command tells awk to separate each field with a space.
Wthout the comma, the output would have no spaci ng.

Sanpl e session:

U é
| $awk '{print $2, $1 "<tab>"$3}' phone.lis |
| Joan Smith, 7-7989 |
| Fran Adans, 2-3876 |
| Fred Std air, 4-6122 |
| Ted Jones, 1-3745 |
| Rich Stair, 5-5972 |
| Sam Benson, 4- 5587 |
| $ I
A U

6.7 sort: Sort a File

The sort utility sorts line of all the named files together and
wites the result to standard output. The standard input is used
if - is used as a file name or no input files are specified.

Conpari sons are based one or nore sort keys extracted from each
line of input. There is only one key by default, that's the entire
line, and ordering is |exicographic by bytes in machine collating
sequence.

EIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII»
° Conmand format: sort [-crmu][-ooutput][-yknmeni[-zrecsz]

z [-dfiMhr][-btx][+pos][-pos2][fil es] z
z See on-line manual for options etc. z
ECCTTTT T i rriiiriririieriririmiemimimininiiva

The easiest way to use sort is to add it at the end af a pipeline.
What does the foll owing command |ine acconplish:

Sanpl e session:

U ¢
I




$grep '<tab>[45]' phone.lis | sed 's/<tab>/<tab>73/' | sort

I I
| Benson, Sam 734- 5587 |
| Stdair, Fred 734-6122 |
| Stair, Rich 735-5972 |
| 3 I
A u

The grep command will select only those records that have a 4 of

a 5 in the phone nunber, those records are then sent to sed which
will add "73" just after the tab character, then the records are
sent to sort and put in al phabetical order. Notice that there is

a problemhere, should StClair cone before Stair in an al phabetica
listing? The answer is NO Wy did this happen? It occurred because
of the collating sequence for the default sort.

This can be fixed by specifying some options on the call to the
sort utility. Here are sone options for sort. Let's see if we can
determ ne how to renedy the problemdi scovered in the default sort.

Sort options:

-f Fol d | ower case into upper case

-r Reverse the sort from highest to | owest

-b I gnore | eading bl ank spaces

-d Dictionary sort - ignore non al phanuneric characters
-m Merge two sorted files together

-n Sort the list as nunbers not digit characters

Notice the -f options folds | ower case into upper case. This option
will make the sort for our problemwork correctly. Here's the
sanpl e.

Sanpl e session:

U é
| $grep ' <tab>[45]' phone.lis|sed 's/<tab>/<tab>73/'|sort -f |
| Benson, Sam 734- 5587 |
| Stair, Rich 735-5972 |
| StCair, Fred 734-6122 |
% I
A U

The sort can also be directed to use only a portion of the line as
a sorting key versus the entire line. The utility wll
automatically break each line into fields at whitespace delimters.
You can use a character other than whitespace by using the -t
option. The fields are set up like this:

0 1 2
R PR P R |
Adams, Fran 2- 3876

In order to sort by the second field here is the sort comrand
to enter.



Sanpl e session:

U ¢
| $sort +1 phone.lis |
| Adans, Fran 2- 3876 |
| Stdair, Fred 4-6122 |
| Smith, Joan 7-7989 |
| Stair, Rich 5-5972 |
| Benson, Sam 4-5587 |
| Jones, Ted 1- 3745 |
| $ I
A U
Here's a sanple of a sort on the 3rd field.
Sanpl e session:
U ¢
| $sort +2 phone.lis |
| Jones, Ted 1- 3745 |
| Adans, Fran 2- 3876 |
| Benson, Sam 4- 5587 |
| StCair, Fred 4-6122 |
| Stair, Rich 5-5972 |
| Smith, Joan 7-7989 |
| s |
A U
A sort can also be performed by a character position within a
field. Here's the sanple.
Sanpl e session:
U ¢
| $sort +2.4 phone.lis |
| Stdair, Fred 4-6122 |
| Benson, Sam 4- 5587 |
| Jones, Ted 1- 3745 |
| Adans, Fran 2- 3876 |
| Stair, Rich 5-5972 |
| Smith, Joan 7-7989 |
| $ I
A U
Not e: The first character of a field is the delimter for that
field
6.8 What O her Useful UNI X Tools are Avail able
As stated fromthe begi nning, one of the maxins used to devel op
UNI X was that tools would continue to be devel oped. Here is a
list of tools that might be of interest to you.

U
| UNI X Tool Descri ption
I
I

_

comm Conpares two sorted file and reports



di fferences

cut Sel ect colums or fields fromlines in a
field (SystemV only)

diff Report the differences between two files

join Join lines in tw files that contain a
conmon field

pg Show files (or standard input) on a ternina
a screen at a time

cont ent
tail List end of files (or standard input) on

st andard out put
tee Sends standard input to two different places
tr Transforns all occurrences of one character

i nt o anot her

e Count the characters, words, and lines in a

I
I
I
I
I
I
I
I
I
I
I
I
I
| od Print the numeric equivalent of a file's
I
I
I
I
I
I
I
I
I
I
I
I
| file

I
|
|
|
I
I
|
|
|
I
I
|
|
|
I
I
|
|
|
I
I
|
|
|
I
I
l
U

A

6.9 Archiver and Library Mintainer

This command will maintain groups of files conbined into a single
archive file. The main use of ar is to create and update library
files as used by the link editor. It can also be used for any
other simlar purpose. The file header consists of printable ASC
characters. |f the archive consists of printable characters, then
the entire archive is also printable.

The format for the ar command is as foll ows:

Blrrrrrrrrrrrrrerrrer ettt ettt et et et et »
° Command Format: ar key [posnane] afile [nane]... °
(o] (o]
° Unlike conmand options, the conmand key is required. The key,?®°
° usually a - sign, is formed with one of the following letters ©
° drgtpnmx. Argunents to the key are nade from one or nore of o
° the follow ng set, vuaibcis. See Appendix | for a conplete °
° list of command keys. °
o} o}
° posnane is an archive nenber nanme used as a reference for o
° positioning other files in the archive. o
[o] [o]
° afile is the name of the archive. °
(o] o}
° name[s] are the constituent files in the archive. o



To illustrate how to create and use an archive file, we will use
the "C' programcalled main.c and the two functions, functl.c and
funct2.c. First, create the object files that we intend to put
into the archive file.

Sanpl e Sessi on:

U

| $cc -c main.c functl.c funct2.c
| main.c:

| functl.c:
| funct2.c:
| $Is -C*.0

| functl.o funct2.0 main.o
| $

cT——————«

A

Renenmber the -c option will not produce an executabl e nodul e, but
it does create the object nodules. These object nodules are file
files that we will place into an archive.

6.9.1 ar: Creating an Archive File with Object Mdul es

In this call to ar, we will use the r conmand key which wll

repl ace the naned files in the archive. The v option will give a
verbose file-by-file description of the maki ng of the new archive
file.

Sanpl e Sessi on:

U é
| $ar rv functs.a functl.o funct2.0 |
| a - functl.o |
| a - funct2.o0 |
| ar: creating functs.a |
| $ I
A V]

The nanme of the new archive file is functs.a. The files that have
been added to that archive are functl.o and funct2.0. The file
protections for the new archive file are rwr--r--.

6.9.2 ar: Verifying the Contents of the Archive File

The key command to list the table of contents is t. The t command
will print a table of contents of the archive file. Wen the v
option is used with the t command it will give a long listing of
all information about the files.

Sanpl e Sessi on:

FWr--r-- 115/ 200 448 Sep 27 09:56 1990 functl.o

U
|
| rwr--r-- 115/ 200 448 Sep 27 09:56 1990 funct2.0

<
$ar tv functs.a |
I
I



| % I
A U

Thi s out put shows that there are two nmenbers in this archive file,
nanely, functl.o and funct?2. o.

The protections of these files is:

owner - read and wite

group - read

other - read
The fields are, left to right, the file protections, owner, group,
size (in bytes), creation date and tinme, and finally the nane of
the constituent.
6.9.3 ar: Renpbving Duplicate Object Files
Once the archive has been created and verified, the object files
in your directory can be deleted. This can be acconplished with

t he rm conmand.

Sanpl e Sessi on:

rmfunct?.0

—c

$
- $

>
c——o

The question mark (?) is a wildcard that stands for any single
character. The files functl.o and funct2.0 no |onger exist in your
subdi rectory.

6.9.4 ar: Conpiling Main and Archive Files
Now that the object files, functl.o and funct2.0, are in the
archive file functs.a you, can link themw th main.o in the

foll owi ng manner.

Sanpl e Sessi on:

U ¢
| $cc -0 new hello main.o functs.a |
| $I's -la new hello |
| -rwxr-xr-x 1 teacher class 17570 Sep 27 12:58 new_hello |
| $ I
A U
Wor kshop 6

This workshop will reinforce your understanding of the ideas

presented in Chapter 6. Login to the Miltinmax using the usernane
and password given to you by the instructor. Each student is to



conpl ete the entire workshop.

DESK EXERCI SES

1. What is a UNI X process?

2. When a command is given to the Shell it will fork a
child process to execute the comand.

True/ Fal se

3. VWhat is a process identification nunber (PID)?

4. VWhat is the name of the Shell variable that contains
the current PID?

5. What is the UNI X conmand to find the Pl Ds associated
with the controlling term nal? What option is needed to
get detailed information?

6. What does the UNI X command grep do?

Continue on the next page
7. VWhat do the follow ng regul ar expressions represent?

Ba



BB*

J*

[0-9]*$

8. VWhat does the UNI X command sed do?

9. What does the UNI X conmand awk do?

10. What does the UNI X command sort do?

11. What is the main use for the UNI X conmand ar?

Continue on the next page
COVPUTER EXERCI SES

Use the phone.lis database file to answer the follow ng
questions.

12. "1 want to find all the phone nunbers that begin with a
4 and end with a 2"

13. "1 can't renenber the name but | believe the |ast nane
starts with an S and the first nane with an F"



14.

15.

16.

17.

18.

19.

20.

Find all the people with 3 character first names.

Wite a grep command that finds all the phone nunbers
that don't begin with a 4, 5, or 6.

Wite a grep command that finds all entries beginning
with J-Z and ending with a 2 or 5.

Put a 23 in front of every phone nunber. (H nt:sed)

Repl ace the first nane with the person's first initia
and a period.

Continue on the next page
Task: A new phone system has been installed and people
wi t h phone extensions beginning with 4 or 5 now have a
new prefix: 73. Create a file of only the people with
t he new phone nunbers.

Print out the phone list showi ng | ast name and first
name in the following format and sorted by |ast nane.

Fi rst name <tab> Last nane



That's enough, don't you think?

7. VAX DCL TO UNI X SHELL SCRI PT CONVERSI ON

This chapter will describe the steps necessary to convert DCL
command files into Shell scripts. It is not a one to one conversion
and many features found in one operating systemare not found in
the other. This requires you to wite shell scripts that enmul ate
features of the other. This is especially true of VAX and UNI X. The
best way to acconplish this is to know exactly what it is that the
command file does in VM5 and then wite the equivalent function in
a shell script. There are few features that are the simlar and
those will be exani ned.

There is really no "best" way to approach this subject. VM5 and
UNI X are both uni que operating systens. Miuch of the nmateri al
covered in this course up to this point will be used in the
conversion process. W will start with a list of standard UN X
tools and their VMS equivalents. This will give a you a flavor of
the kinds of tools each operating systemhas to offer.

U ¢
| Maj or Tool VNS UNI X |
A ’
I I
| Edi tors EDT ed |
| TECO ex |
| TPU Vi |
I I
| Communi cati ons MAI L mai | |
| REPLY wite |
| PHONE tal k |
| DECnet ftp |
| t el net |
I I
| Conpi l ers FORTRAN f77 |
I cc I
I I
| Text Processing RUNOFF troff |
| nr of f |
I awk I
| | ex |
I I
| sed |
I I
| SORT sort |
| MERGE ner ge |
I I
| Program Devel opnent LI NK i nk |
| Tool s DEBUG adb/ dbx |
| LI BRARI AN ar/ranlib |
| DEC M\VB make |
| yacc |
| DEC CVvs SCS |
I I
I I

M scel | aneous DECal c bc/ dc



DECspel | spel | |

I
| .
A U

As you can see fromthe above lists, both systens offer editors
capabl e of screen or line editing capabilities. Both have
interactive communications, electronic nail, networking, file
transfer, renote conmand execution, and renote |ogins. These
utilities and tools are standard to UNI X but require a license to
run under VMS. The Digital Command Language (DCL) and the UN X
Shell (Bourne,C, or Korn) are command interpreters. That is, they
are both prograns that parse the comand |ine and then pass contro
to other prograns that are the kernel of the operating system

7.1 Processes

When you login to either systemthe operating systemw ||l create
a uni que process. This process is given access to nmenory and CPU
resources. The differences between the two operating systems with
respect to multi-tasking needs explanation. Milti-tasking is
concurrent processes initiated by a single user. Wen the user
starts a termnal session the systeminitiates a single process
call ed the PARENT process. It is possible to start nultiple
processes fromthe parent process. This is called spawning in VM
and forking in UNIX. The new process is called a sub-process in
VM5 and a child process in UNIX. This idea of "forking" a child
process occurs frequently in UN X

When UNI X creates a child process or VMS creates a subprocess
different things occur. First, let's |look at VM5. Wen the
subprocess is spawned the parent goes to "sleep" until the user

| ogs off fromthe subprocess. Wen the | ogoff occurs contro
returns to the parent. The VM5 ATTACH command gi ves control back
to the parent process and the subprocess goes to sleep. The point
is that only one process is active at a time. The exception is the
VM5 RUN PROCESS=nane which will run a user-defined process at the
sanme time comrands can be issued at the parent process.

In UNI X, you can run parent and children processes at the sane
time. A child process can fork another process and thus a process
can be both a parent and child. Child processes are not restricted
to user-defined i mages but can be any valid UNI X operation. UN X
processes that are running or stopped but not getting input from
a termnal are said to be in background. Wen you begin a UN X
session the kernel gives you a copy of the shell. Wen you enter

a command the Shell forks a child. That child then processes the
command you entered.

Not e: sonme conmands are executed by the Shell itself and no child
is forked.

This is a different concept fromVMS, in which all conmands are
executed by the parent process. Once a subprocess is created the
parent remains dormant until the subprocess conpl etes.

Al'l the above parent and child processes use the standard default
for input and output devices, the term nal. |nput and out put
streans in UNIX are called standard i nput (stdin) and standard



output (stdout). Standard error (stderr) also uses the term nal as
it's default output. |In order to redirect these streans froma
terminal in VM5 it is requires the assignment of the |ogical nanes
SYS$QUTPUT, SYS$I NPUT, and SYSSERROR to a file or device. UN X has
a much nicer nmeans of redirecting the input or output.

7.2 Pipes

A vertical bar (|) is used to redirect the output of a command to
the input of another command. This is the power of UN X For
exanple, we want to get a list of all currently active users,
sorted in al phabetical order, and sent to the printer, how could
that be done in VMS? Here's one sol ution:

VM5 Sanpl e Sessi on:

U

| $SHOW USERS/ QUTPUT=A. TEMP

| $SORT/ KEY=PCSI Tl ON: 40, S| ZE: 6) -
| A TEMP SYS$PRI NT

A

c———«o

Notice the need for an internediate file called A TEW

Now how woul d this sane requirenent be net using UNIX. There is a
command that will list the users that are currently |ogged on to
the system The command is who. Pipes allow the output of one
command to be the input into another command. The out put of who
can be put into another UNI X command sort by a pipe. In a simlar
manner, the output of sort can be redirected to another conmmand
called I p. Thus the sane problem can be solved using UNI X Shell in
this way:

UNI X Bourne Shell Sanple Session:

U ¢
| $who | sort | Ip -dntlzr |
A )

Notice that there is not a one-to-one command conversion that is
taking place here. The idea is to convert the process nore than
i ndi vi dual conmands from VMS DCL to UNI X Shel |

7.3 Input, Qutput, and Error Redirection

Just as the VMS | ogical s SYS$I NPUT, SYS$SOUTPUT, SYS$SCOWVMAND, and
SYS$ERROR point at the terminal by default, so do the UN X
equi val ents stdin, stdout, and stderr. The equival ent of the
SYS$SCOWWAND in UNIX is the "Here is" docunent. UN X uses a nuch
nore sinplified method of redirecting input and output to or from
a file. UNIX does not require the effect of an ASSI GN st at enent
ahead of the redirection. UNI X uses a metacharacter that is

i ncluded as part of the conmand line. Here is an exanple of both
VM5 and UNI X.

VMS Sanpl e Sessi on:

U é




| $ASSI GV USER A. LI S SYS$QUTPUT
| $ASSI GV USER | NPUT. DAT FOR005

c———

| $RUN MYPROG

A

The equi val ent function can be witten in UNI X Shell |ike this:
UNI X Bour ne Shell Sanpl e:

U ¢
| $nyprog < input.dat > a.lis I
A U

The point here is to see that the metacharacters < and > act as

the i nput and output redirection synbols. Please don't get the idea
that UNIX is nuch sinpler than VMS DCL. That is not the case. They
each have strong points and weak points, they are not the sane.
This is conparing appl es and oranges.

Here is a partial list of the nmetacharacters used by the UN X
Shell s and their neani ngs. These can be useful when you try to
redirect input and output.

U ¢
| Char act er Meani ng |
i ;
| > Redi rect standard output (stdout) |
I I
| >> Redi rect and append standard out put (stdout) |
I I
| >& Redi rect standard output (stdout) and standard error

| (stderr) |
I I
| >>& Redi rect and append standard output (stdout) and |
| standard error (stderr) |
I I
| < Redi rect standard input (stdin) |
I I
| ] Redi rect standard output (stdout) to another |
| comand |
| I
A U

These are the nost comonly used redirection netacharacters.
Not es:

UNI X redirection only affects the command |ine on which the
redirection character occurs.

Error messages are not redirected and will appear on the
term nal

If afile already exists, VM5 will create a new version of
the file with a higher version nunber. By default, UN X will
overwite the existing file.

7.4 Command Structure and Fil e Nam ng Conventions



VMS is not case-sensitive inits interpretation of commands. It
doesn't distinguish between upper and | ower case characters. This
is not true in UNI X, however. Commands nust be entered in | ower
case characters only. The Shell will not understand characters that
are in uppercase.

Fil enames are al so case sensitive in UNNX The file naned
MYFI LE. DAT and the file nmyfile.dat refer to different files. One
advantage of this is that you can have a nuch | arger variety of
filenanes with fewer characters. Especially good if you don't like
to type.

Thi s al so has advantage over the fil ename conventi ons used by VM5
Directories and subdirectories are pointer files in both operating
systens. When a subdirectory is created in VM5 it is given the
extension nanme .DIR automatically. UNIX files on the other hand do
not distinguish between ordinary files and directories. Many VM5
users have adopted a practice of nam ng new subdirectories in UN X
with all capital letters or the first letter being capitalized.
This is not, however, standard UNI X practi ce.

VM5 Sanpl e Sessi on:

$CREATE/ DI RECTORY [ . TEST]
$DI RECTORY

UNI X Shell Sanmpl e Session:

$nkdir Test
$l s Test

It is possible in UNLX to maintain the sane fil enane conventi ons
that you used in VM5. The period (.) is a |legal character in a UN X
filenanme. Some VMS users like to continue the practice of nam ng
files using the same . extensions from VM. Probl ens occur when
default extensions are different between the two systens. For
exanple, object files use the extension .0BJ in VMS but .o in UN X
Anot her exanple is FORTRAN source code in UNI X the extension is .f
and VM5 uses .FOR. Note that .o and .f are UNI X conventions to
facilitate file recognition and that UNI X commands do not assume
file extensions as VMS does.

Here is a list of comobnly used extensions for both operating

syst ens.

U é
| VB UNI X Definition |
| I
i :
| . OLB .a Li brary |
I I
| . BAS . bas BASI C Source Code |
I I



C . C C Source Code

:- :
| . FOR N FORTRAN Sour ce Code |
| .h C header files |
| N | ex program |
I I
| . OBJ .0 Obj ect Code |
| |
| . PAS .p PASCAL Sour ce Code |
| .S Synbol i ¢ Assenbly Code |
| Ly yacc program |
| |
| . EXE a.out Executable Inmage |
| |
| . ADA ADA Sour ce Code |
| . B32 BLI SS-32 Source Code |
| . CLD Command description file |
| . COB Cobol Source Code |
| . Com Conmands for the | anguage interpreter |
| . DAT Data file |
|.D'S Distribution list file for MAIL |
| .DIR Directory file |
| . EDT Startup command file for EDT editor |
| . DOC Docurent at i on |
| . HLP I nput source files for HELP Library |
| . Jou Journal file created by EDT |
|.LIS Li sting of text |
| . LOG Batch job output file |
| . MAI MAI L nessage file |
| . MAR VAX Macro source code |
| . SYS System | mage |
| . TMP Tenporary file |
A U
7.5 File Management Conmands

This is a table of the nore conmonly used fil e managenent commands.
Sonme of these commands have been covered el sewhere in this nmanual.
The on-1ine manual comand (man) can be used to get detail ed

i nformati on about any UNI X conmmand.

UNI X VNS Pur pose

Conmand equi val ent

ar LI BRARY Archive files

awk TPU Pattern matching utility

cat TYPE/ APPEND Catenates and prints to
termi nal

cd SET DEFAULT Change working directory

chgrp SET FILE Change group ownership

chmod SET PROTECTI ON Changes protection

cnp DI FFERENCE Conpares two files and reports



mer ge

mkdi r

od

pr
pwd
rm
rdi r
sort
tail
tar

t ouch

tr

7.6 Metacharacters

Characters that have specia

net achar act er s.

sever al
greater than (>) or

CcorPY

DI RECTORY

CoPY
SEARCH
ASSI GN

DI RECTORY
VERCE
CREATE/ DI R
RENAME

DUMVP

PRI NT/ HEAD
SHOW DEFAULT
DELETE
DELETE

SORT
EDI T/ READ
BACKUP

CREATE

EDIT

nmeani ngs to the Shel
Users shoul d avoi d using these characters in
filenanmes as results m ght be unpredictable.
nmet acharacters, for exanple,
l ess than (<).
can be different dependi ng on whether the Shell or

interprets the character.

first difference found
Create a new copy

Locates within a directory
structure

Transfer to/fromrenote node
Finds a string

Create a synbolic link

Li st contents of a directory
Merge files

Make a directory

Moves or renanes files
Cctal, decimal, hex, ASC
dump

Prints files

Wor ki ng directory nane
Renoves or deletes files
Renoves a directory file
Sorts by a key

Qut puts last part of file
Tape archive

Updates file characteristics
or creates null file

Transl ates characters

are known as

We have al ready seen

vertical bar (]), or the
The function of metacharacters
a UNl X too

The following is a list of UNI X specia

characters and their VM5 equival ent.

UNI X
Char

Functi on

VM5 equi val ent



& Perform command i n Background

=  Assignnment operator =
; Conmand separ at or

\ Conti nuati on of command |ine -
\'m Literal translation of netacharacter m
Turn of f special neaning

Process i medi ately @& run
Group characters into a single argunent "

# Conment fol | ows !

* Wl dcard fil ename substitution *

? Wl dcard fil ename substitution single character %

$  Argunent substitution follows
$# Argunment count

$$ Process id F$CGETJIPI ("PI D")

$? Exit status $STATUS

$< Read one line fromstandard i nput | NQUI RE, READ
Current directory []

[T Selective filename substitution

Not e: Metacharacters unique to the C Shell have not been included
inthis list to reduce confusion. Check C Shell docunentation for
a conplete list.
7.7 Wldcards: Are They Really WId?

UNI X wi | dcards extend the features found with wildcards in VM.
The foll owi ng table shows how UNI X expands wi | dcard definitions:

()
(o]

| UNI X exanpl e Meani ng |
* # Al files in the current directory and one
| evel bel ow
# Files in the current directory
** # Al files that contain a period in the
fil ename
.com # Al files in the current directory that

end in .com

?.com # Al files in the current directory that
end in .comand have one character
precedi ng the period

nane[ xyz] # Al files in the current directory, namex,
nanmey, or namez

nane[ a- z] # Al files in the current directory nanea
t hr ough nanez

H*

name[ a- z4] Al files in the current directory, nanea

t hrough namez and nane4

e >3
* .



A U

There are no absolute rules concerning the use of wldcards. The
out put produced by the w |l dcard expansion process is comuand

dependent. For instance, the Is * command will list files in the
current directory and the files in the directory in the next |ower
| evel as well. The wc * (word count) conmand wi || produce out put

for the files in the current directory only. Thus as you can see
conmands vary in how w | dcards are expanded.

Users and programrers can use wildcards in a sinilar way to the
nmet hod of using wildcards on the VAX. UNIX will interpret *.comto
mean any file in the current directory that ends in .com even

t hough the extension has no meaning in UN X

7.8 Sunmmary

The VM5 and UNI X operating systens are simlar in some respects.
The VMS user nust recogni ze that there are sonme fundanenta
di fferences.

UNI X al lows multiple processes and the user nust |earn to nmanage
these processes. VM5 usually nmanages a single process which
processes conmmands in sequence.

UNI X has a different comrand syntax. UN X comrands are already
short and cannot be abbreviated |ike VM5 comrands. UNI X conmands
do not |l end thenselves easily to describe their function. For
exanpl e, TYPE seens to describe the function better than cat in
UNI X. Single letter options nodify UNI X comrands in a nanner
simlar to VM5 conmand qualifiers.

UNI X has a different file and directory structure. You can address
any file irrespective of the physical device using the absolute or
rel ati ve pat hnane.

UNI X has netacharacters which have special functions when
interpreted by the Shell
NOTES
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Wor kshop 7
This workshop will reinforce your understanding of the ideas
presented in all the previous chapters. Login to the Miltimax using
the username and password given to you by the instructor. Each
student is to conplete the entire workshop.
DESK EXERCI SES
1. Convert the DCL command file found on the next page
to BourneShell and run it.

Hel pful ?? Hints:

What does the VMS DCL conmand file do?



Does UNI X Shell have a simlar function?
VWhat does the UNI X command cut do?
What does the UNI X conmand date do?

Can this script be converted one line at a tinme?

Conti nue on the next page

$ Today = F$cvtinme("today",, "weekday")

$ if today .egs. "Mnday" then goto nonday

$ if today .eqgs. "Tuesday" then goto tuesday

$ if today .egs. "Wdnesday" then goto wednesday

$ if today .eqgs. "Thursday" then goto thursday

$ if today .egs. "Friday" then goto friday

$ go to weekend

$ Monday:

$ Wite sys$out put

$ Wite sys$output "Today is ''today' and there are 5 days

until this weekend"

$ Wite sys$out put

$ exit

$ Tuesday:

$ Wite sys$output " "

$ Wite sys$output "Today is ''today’ and there are 4 days

until this weekend"

$ Wite sys$out put

$ exit

$ Wednesday:

$ Wite sys$out put

$ Wite sys$output "Today is ''today' and there are 3 days
until this weekend"

$ Wite sys$out put

$ exit

$ Thur sday:

$ Wite sys$out put

$ Wite sys$output "Today is ''today' and there are 2 days
until this weekend"

$ Wite sys$out put

$ exit

$ Friday:

$ Wite sys$out put



$
$
$
$
$
$
$
$

Wite sys$output "Today is ''today' and there is 1 day
until this weekend"

Wite sys$out put

exit

Weekend:

Wite sys$out put
Wite sys$output "Today is

"'today' and why are you working

on a weekend"

Wite sys$out put

exit

Conti nue on the next page
Not all functions, especially calls to library
functions, that exist in VM5 have an equivalent call in
UNI X Shell. An exanple of this is FSELEMENT in VMBS
Wite a BourneShell script that will do the sanme job as
F$ELEMENT and test it.

If time remains and you want a further chall enge:

Wite a user interface to add and delete records to the
phone.lis database. Query the user in a user friendly
manner and check to see if the nane is already in the
dat abase prior to adding it.

That's all for this workshop. If you didn't finish
because of tinme, that's OK, as |ong as you understand
the process needed to do conversi ons.

NOTES
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8.

ADVANCED FEATURES OF FTP



This chapter will discuss sonme advanced features of the FTP server
as inplemented on the Multimax. The introduction of FTP in UN X
for Beginning Users gave an el enentary introduction to some of the
features. |If you are not familiar with the basics, please refer
to that manual. It is not the purpose to review those basics here.

The FTP (Internet file transfer progran) is the user interface to
the DARPA File Transfer Protocol. This utility programwl|
transfer files to and froma renote conputer. In order for files
to be transferred fromthe | ocal conputer to a renote conputer, a
connection must be established. This can be done fromthe FTP
command line. The connection to the renote conputer will remain
active until it is termnated by the user.

The renote conmputer with whomthe connection is to be nmade can be
specified on the FTP command. |In this case, FTP will imediately
try to establish a connection. |If the renote conputer is not
specified, FTP will enter its command interpreter node and wait
for instructions; a pronpt will be displayed.

FTP does have a help feature, and all 58 commands can be |i sted.
It will also give a terse description of each command. In
addition, there are on-line nmanual pages which can be accessed by
usi ng the man command i n UMAX

8.1 Initializing FTP on UMAX

The term "local conputer,” will refer to the Miultimax. The
"renote conputer” will refer to the other conputer with which you
are trying to send/receive files. For purposes of this course, we
will be referring to the VAX m niconputer as the renpte conputer.
Pl ease be aware that these procedures will work for any computer
connected to Ethernet and having an FTP server.

FTP can be invoked on the | ocal conputer using the follow ng
synt ax:

ELLETTEETTEET T E et et ettt et et et ettt rrrrrinT»
° Command Format: ftp [-v] [-d] [-i] [-n] [-9] [host] o
o (o]
° -v = verbose on, forces ftp to show all responses °
° fromthe renote server °
(o] (o]
0 -d = enabl es debuggi ng 0
(o] o]
° -i = turn off interactive pronpting during °
° multiple file transfers. °
o} o}
° -n = disables the "auto-login" feature 0
(o] o}
° -g = disable filenane gl obbing °
(o] (o]
N host = the name of the renote computer °
ELLTTTEETEEET e e e e e et e et e et e et et ettt rrrrrnnva

NOTE: UVAX (UNI X) is case sensitive. The commands and options



must be entered as shown.
8.2 Miltiple File Transfers

The syntax for the nultiple get comand is:

ELLETEEETrErr et ettt ettt ettt ettt rrrrrrn»
° Command Format: nget rempte-files °
(o] (o]
° renote-files = renote conputer wildcard specification o
(o] or (o]
| filel fite2 ... filen . °
ELCErrrrrrrrr ettt ettt ettt ettt va

The renote conmputer wildcard specification is expanded in a process
call ed gl obbing. Once the globbing is conplete, a get is perforned
on each filenane; and it is transferred to the |ocal conputer.

The filename is the sane on both conputers. You can specify the
filenanmes to be transferred separating themw th spaces.

ftp>nget*dat* ...............................................

This command will transfer all versions of the renpte-files that

have the fil enane extension of .dat. |If the option -i was
specified on the call to FTP, then the files will be transferred
automatically. |If the option was not specified, FTP will pronpt

you before transferring each file.

Sanpl e Sessi on:

ftp>nget *. dat
nget change_pass. dat; 1?

> C
c——o

The default is 'yes', pressing (Ret) will cause the file to be sent
to the local directory. |If you don't want this file transferred,
enter n(Ret); you will then be pronpted for the next file, if one
exi sts.

8.3 Auto Login Feature

It is possible to have the login procedure occur autonatically.
To do this requires a file in your hone directory called .netrc.
The .netrc file contains login and initialization information to
be used by the auto-login process. The follow ng variables are
used and can be separated by spaces, tabs, or new lines.

machi ne name

This is the nane of the renpte conputer. The auto-login process



will search the .netrc file for a machine variable that natches
the nanme of the renote conputer on the ftp conmand or as an open
command argunent. Once a match is found, the next variables are
al so processed until the end of file or another machi ne vari abl e
i s encount ered.

| ogi n nane

This is the username on the renpte system |If this variable is
present, the auto-login process will login to the renpote conputer
with the given usernane.

password string

This is the password to be used when logging in to the renpte
system

NOTE: If this variable is present in the .netrc file, ftp will
abort the auto-login process if the .netrc file is
readabl e by anyone but the user.

account string

Thi s supplies an additional account password. |[|f present, the
auto-login process will supply the string as an additional password
if required by the renote server.

macdef nane

This defines a macro. This variable will function like the ftp
macdef command. A macro is defined with the specified nane, its
contents begin with the next .netrc line and continue until a nul
line (2 new line characters). |If a macro naned init is defined,
it will be executed as the last step of the auto-login process.
Sanpl e Sessi on:

U

$cat .netrc
machi ne erc830

| ogi n teacher
password secretl
machi ne erc780

| ogi n rharding
password secret?2

I
I
I
I
I
I
I
| $

cT— o

A

To invoke the auto-login feature, type the ftp command and enter
the nane of the renote computer as an argunent.

Sanpl e Sessi on:

U é




| $ftp erc830

| Connected to erc830.

| 220 erc830 Wl I ongong FTP Server (Ver 5.0) at Tue Cct 23
| 331 Password required for rharding.

| 230 User logged in, default directory D 1131: [ RHARD NG

| ftp>

c— -

A

If the .netrc file is readable by anyone other than the user, the
following error nessage will appear; and the connection will not
be nmade to the renote conputer.

Sanpl e Sessi on:

U

| $Is -1 .netrc

| $ftp erc830

| Connected to erc830.

| 220 erc830 Wl I ongong FTP Server (Ver 5.0) at Tue Cct 23
| Error - .netrc file not correct node.

| Renove password or correct code.

| 221 Goodbye.

| ftp>

cT———————«

A

To correct this error, change the node of the .netrc file so it is
not readabl e by other users or renmove the password fromthe file.
This is to prevent your password from being read by an unauthori zed
user.

8.4 Macros

Macros are a single instruction that a programrepl aces by several,
usual Iy, nore conplex instructions. The ftp command to create a
macro definition is:

ElTrrrrrrrrrrrrrrrrrrr ettt et ettt ettt ettt ettt
°© Command Format: macdef macro-nane o
o o
°  macro-name - the name of the macro o
Elrrrrrrrrrrrrrrrrr ettt ettt r ettt ettt et et et rrrrnnva

After the macdef conmand is given, all subsequent |ines are stored
as a nmacro with the nane macro_def. Consecutive new ine characters
or carriage returns termnate the input node into the macro. There
isalimt of 16 defined macros and a limt of 4096 characters in
all defined macros.

Sanpl e Sessi on:

U

ftp>macdef get files
open erc780

get file_1
cl ose

_

I
I
I
| put result 2
I
I

ftp>
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In this exanple, the four lines of the macro can be executed sinply
be entering get _files at the ftp pronpt. The nmacro will only exist
until the current ftp session is closed.

8.5 Filenane Translation

Fi | ename conventions differ fromone conputer to another, and FTP
will allowyou to translate the name as it is transferred. One
way is to specify the nane of the file as it is to exist on the

| ocal conputer. This is done by the argument on the put or get
command.

errrrrrrrrrrrrrrrrrer et b et e et e rrr e s
° Comand Format: put local-file [rempte-file] o
(o] o]
T get remote-file [local -filel . °
Bl rrrrrr ettt et et ettt et rrrrrnnva

If you don't specify the remote-file (for the put command) or the

| ocal -file (for the get conmand), the name will be the sane on both
the I ocal and renote conmputer. This can cause a problemif you are
not aware of it. There is an FTP conmmand that will allow

the nane to be translated automatically.

SRR RN RN AR AR AR RN A RN AR RN RN
o, Command Format: nmap [inpattern outpattern] . °
SRR AR R AR RN AR AR RN RN RN RRRRRRRRRRARREY

If no argunments are supplied, it will set or unset the fil enane
mappi ng nechanism |If arguments are specified, remote fil enanes
are mapped during nmput (multiple file puts) and put (single file)
conmmands that are issued without a specified renote fil enane.

I f argunments are specified, local filenanes are mapped during nget
(multiple file gets) and get (single file) comands that are issued
wi t hout a specified |local filenane.

The mapping follows the pattern set by inpattern and outpattern
Variable tenplating is done by including the sequences "$1",
"$2",...."%9 "in inpattern. Al other characters are treated
literally and are used to determ ne the nmap inpattern variable
val ues.

For exanple, say the inpattern was $1.$2 and the renote fil enanme
is nydata.data, $1 would have the value nydata and $2 woul d have
the value data. The outpattern deternines the resulting mapped
filename. The sequences "$1", "$2",..."$9", are replaced by the
value resulting fromthe inpattern tenplate. "$0" is replaced by
the original filenane.

8.6 Aborting Transfers

Press the terminal interrupt key (usually Crl-C) to abort a file



transfer. The sending transfer will stop imediately. Receiving
transfers will be halted by FTP sending an ABOR command to the
renote server and discarding any further data that is received.

If the renpte server doesn't support the ABOR protocol comand the
ftp> pronpt will not appear until the requested file has been sent.
8.7 More Renote Computer Conmands

These comands can be useful when working with the directories on
the renote conputer.

=R RN R AR AR AR RN R RN RRRRROERRRRRARAEE
° Command Format: cdup °

etrrrrrrrrererrerrrrerrrrrrr e ettt ettt Ya

This FTP command wi ||l change the renpte nmachi ne current working
directory to the parent of the current working directory.

Errrrrrerrererrerrererrerrerrrrererr et rerr et rrr et et rrer»

° Command Format: delete rempte-file °
o o
° rempte-file nanme of the file to delete o

This FTP command will delete the specified file.

etrrrrrrrrererrerrererrerrer et r et et er ettt ettt »

° Comuand Format: ndelete [renmpte-fil es] °
[o] (o]
° remote-files nanes of the files to delete o
ELLETrrrrrrrr ettt et ettt et et ettt rrrrrnnva
This FTP command acts as a nultiple delete. It will delete al

the specified files.

errrrrrerrererrerrererrerrer et r et et rer ettt r ettt »

° Command Format: nkdir directory-nane °
[o] (o]
° directory-name the name of the directory to be created °
°o on the renote conputer. °

etrrrrrrrrererrerrrrrrrrrrrr et et et r ettt Ya

This FTP command will create a directory on the renote computer

errrrrrrrrererrerrerrerrerrer et rrrr et ettt ettt »

° Command Format: rndir directory-nane o
[o] [o]
° directory-name the nanme of the directory on the renote °
° computer that will be renoved. °

etrrrrrrrrererrerrerrrrrr et ettt et r ettt rrrrr Ya

This FTP command will renove the specified directory.



NOTE: This command will not work with sone renpte servers.
NOTES
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Wor kshop 8

This workshop will reinforce your understanding of the ideas

presented in Chapter 9. Login to the Miltimax using the usernane

and password given to you by the instructor. Each student is to
conpl ete the entire workshop.

DESK EXERCI SES (10 ni nut es)

1. What FTP conmand is used to transfer nore than one file
at a tine? Wiat FTP command will give a pronpt to you
before each file is retrieved? Suggestion: there are two
ways

2. VWhat is the name of the file where the auto-login
variabl es are found? Extra credit: Wy does this file
begin with a dot (.)?

3. How can the file in question the auto-login file be
protected from unaut horized readi ng?

4. VWhat do the follow ng FTP comands do?

cdup

del ete (tough question)

ndel ete (ditto)

nkdi r

rodir

Continue on the next page
COVPUTER EXERCI SES (30 mi nut es)



5. Transfer all the files fromon the VAX (erc830) to the
domax1. Use only one command and use wil dcards. The
username and password for the VAX will be given to you
by the instructor.

6. Transfer the files fromthe VAX and this tinme transl ate
the nanmes of the files as they are transferred.

7. Create an auto-login file for the erc830 and
then do an auto-login to the VAX

8. Logout .
9. OPTIONAL CHAPTER - KORNSHELL PROGRAMM NG

The KornShell is a command- programr ng | anguage that executes
commands read froma ternminal or file. The KornShell is close to
bei ng upward conpatible with the standard BourneShell. For

exanple, scripts witten for the BourneShell (sh) will also work
in the KornShell (ksh). The major enhancenents are command-|i ne
reentry, in-line comuand editing, and aliasing.

This chapter will deal with sone, not all, of the features that
differentiate it fromthe BourneShell. For your information, here
is alist of features that have been enhanced from Bourne.

| nprovenents have been nmade as a conmmand | anguage, incl uding
command-1line editing, a comand hi story nechani sm conmand-nane
aliasing, job control, new capabilities for cd, and tilde
expansi on.

| mprovenents as a Progranm ng Language include a nore general 1/0
nmechani sm Menu selection prinmtive, Built-in integer arithnetic,
Substring operators, Array variables and attributes, Mre-genera
function facility, Co-process facility, Easier to debug, Better
performance, and Better security.

The KornShell is a high | evel progranm ng | anguage and a conmand
line interpreter.

errrrrrrrrererrerrerrerrerrrr ettt et ettt ettt »

° Command Format: ksh [acefhi kmorstuvx] [ -o option]...[args] ©
o] o}

° See the appendi x for a conplete |list of options 0



Elrrrrrrrrrrrrrrrr et ettt ettt et e rrrrnl Ya
9.1 KornShell Variables
The KornShell has variables that are initialized for you on login

such as:

PATH Determ ne which directories are searched, sequentially
for shell commands.

CDPATH The directories that are searched for argunments to the
"cd" conmand.

SHELL The current interactive shell
PWD The present working directory.
| FS Valid inter-field separators used to separate conmands

fromargunents, argunments from each ot her and conmands
from each other.

EDI TOR Command |ine edit node.

FCEDI T Editor entered when using fc

TERM Defines term nal capabilities

PS1 Primary shell pronpt

pPS2 Secondary shell pronpt

PS3 Sel ect command pronpt

HOVE Hone directory

ENV File(s) to execute when entering this shel

LOGNAME  Login nane of the user

The command |ine argunment variables are al so avail abl e:
$5, $?, $*, $#, and the positionals ($0, $1, $2...etc)
9.2 User Defined Variabl es

These variables are simlar to the BourneShell. The general form
i s VARI ABLE=val ue.

No spaces are allowed around the =. You can enclose themin double
quotes "=" or single quotes '=" for clarity. No spaces are allowed
in "value". These can also be enclosed in double or single quotes.

"val ue" can be a string or an expression. The value of a variable
can be accessed by preceding the nane of the variable with a dollar
sign (9).



$MW/String =" "This is a string"
SMySt ati c=47
$readonly Mystatic

The readonly command makes MyStatic read only (can't change the
contents).

This will make the variable integer for faster arithmetics:

..$iybéééi.Lié.tiﬁiﬁﬁ;§ ..........................................

The output of OCTINT will be an octal integer; the assignnent is
deci mal .

Sanpl e Sessi on:

$echo $OCTI NT
8#11
$

c———«o

U
I
|
|
A
9.3 Values of Variables Between Child and Parent Processes
Val ues in one shell are local only to that shell. |If a child
process or a subshell needs to have access to a val ue established
inits parent, the value nmust be exported fromthe parent.
$typeset -i8 -x OCTI NT=19
The -x option exports the variable OCTINT; subshells can read it,
but can't change the value in the parent.
$MWString="H there'
At this point, the variable MyString is local to the current

process. It is not available to a child process.

$export MyString

Now the variable MyString is available to subshells.



To allow a subshell to change the content of an exported variable
and have that change be know to the parent, execute the child with
". program nane"

Sanpl e Sessi on:

U

| $cat ny.vars

| echo Variable comng into script: $PARENT
| PARENT='child val ue

| echo Variable coming out of the script: $PARENT
| $PARENT=' parent val ue
| $echo $PARENT

| parent val ue

| $ny.vars

| Variable comng into script:

| Variable coming out of the script: child val ue
| $echo $PARENT

| parent val ue

| $

c——————————

A

Sanpl e session:

U

| $PARENT=' parent val ue

| $echo $PARENT

| parent val ue

| $. nmy.vars

| Variable comng into the script: parent val ue
| Variable coming out of the script: child val ue
| $echo $PARENT
| child value
| $

c————————«¢

A

9.4 ksh: Aliases

The first word of each conmmand can be replaced by the text of an
alias if an alias for this word has been defined. The first
character of an alias nanme can be any printable character, but the
remai ni ng characters nust be the sanme as any valid identifier
Aliases can be created, listed, and exported with the alias
command. They can be renobved with the unalias command.

Aliasing is performed when scripts are read but not while they are
executed. Therefore, for an alias to take effect the alias command
has to be executed before the command whi ch references the alias

is read.

The format for the alias conmmand i s as shown bel ow.

etrrrrrrrrererrerrrrerrerrer et r et et ettt ettt »

° Command Format: alias [-tx] [name=val ue] o
(o] o]



© -t =to set and list tracked aliases

°© -x = to set or display exported aliases

(o]

° npame = if specified, it nmust be a valid alias name

o]

° value = value to equate wth nare
Errrrrrrrrrrrrrrr ettt ettt et et ettt il va
Exampl e

©O O O o o

[0}

The conmmand al one will display al

Sanpl e Sessi on:

al i ases.

U

| $alias

| cd=c

| echo=print -

| false=let O

| functions=typeset -f
| hash=alias -t

| history=fc -

| integer=typeset -i

| rmonitor=/usr/lbin/top
| nohup=nohup

| pwd=print - $PWD

I
I
|
|

r=fc -e -
true=:

t ype=whence -v
$

A

Suppose, instead of typing in the Is -la command to get a full
long listing of the contents of the current directory,
Enter the following command to set

shorten the conmmand to |i
the ali as.

st.

c—r—————— X

we want to

Now when you type in the conmand |ist,

the conmand |s -la for |i
di spl ayed.

Sanpl e Sessi on:

the alias wll

st; and the long listing will be

substitute

U

| $list

| total 54 0

| drwx------ 4 teacher class 2590 May 1 09: 39

| drwxr-xr-x 63 teacher class 1536 Sep 9 13:11

| -rwr--r-- 1 teacher class 64 Jul 4 10:33 .assistrc



9.5 ksh: Conmmand Line Editing

There are two forns of conmand-line editing in the KornShell. Both
use the command history in the file indicated by the KornShel
variabl e H STFI LE (default is H STFI LE=$HOVE/ . hi story).

Editing commands in the history file is acconplished with fc (fix
command). To get a list of conmands in the .history file, you
enter the fc -1 command at the dollar ($).

By default, the alias history may al so be used.

Editing a cormand in the .history file with the fc command is
controll ed by the KornShell variable FCEDIT. FCEDI T determ nes
the editor that the fc command will use.

$FCEDI T=/ usr/ bi n/ vi
$fc

The KornShell variable causes the fc command to use the vi editor.
The fc conmand, by itself, will take you into the vi editor with
the nmost recent command. In this exanple, upon exiting the vi
editor, the edited command wi ||l be executed.

$ct .profile
.profile: No such file or directory
$fc -e - ct=cat c

The first line is a deliberate m stake; notice the error message.
The fc conmand executes the nmpbst recent command that starts with

a "c¢" and changes the first occurrence of "ct" to "cat"; it doesn't
enter the editor.

Exampl e
$ls /
$fc -e - |s=cd
The first command will list the contents of the root directory.

The fc conmand changes that conmand from"ls" to "cd"; the "-"
indicates that the line is to be edited instead of taken into the
edi tor before execution.

9.6 ksh: Interactive Command Line Editing

In this method of command-line editing, the ED TOR KornShel
vari abl e controls the editing.



This command will put the KornShell in the vi editing node.
To enter the edit history press Esc.

NOTE: This exanple is for the vi edit node only; emacs or
gnacs edit nodes use different key stokes.

To move though the .history file use follow ng keys:

<k> Sel ect the previous command
<j > Sel ect the next command
<h> Next letter to the |eft
<l > Next letter to the right

When the conmand |ine that you desire to change is displayed on
the screen, you can use the follow ng conmands to nake changes:

<i> insert chars Esc Insert characters before the
cursor

<A> append chars Esc Append characters at the end of
the line

<r> replacenment char Esc Change single character

<cw> repl acenent word Esc Change single word

<xX> Del ete single character

NOTE: A nunber can precede the command as a count, for

exanpl e, "3x" deletes 3 characters.
<dw> Del ete single word

NOTE: A nunber can precede the command as a count, for
exanpl e, "2dw' deletes 2 words.

(Ret) Execute the altered comrand
When the (Ret) key is pressed, the edited command line will be
executed. History is not changed, but the new command is entered

into the .history file at the end.

These are not the only commands available with the interactive



command line editing. You will find that the arrow keys will not
work while editing the command line. Most of the editor features
will be available for you to use, dependi ng upon which editor was
sel ected by the ED TOR shell vari able.

9.7 ksh: Functions

Functions are simlar to aliases, they run in the current KornShel
process and define a set of actions. Positional paranmeters can be
referenced; other previously defined functions can be referenced;
nested function definitions are allowed with full visibility to al
definitions.

The function keyword is used to define KornShell functions. The
functions are read in and stored internally. Any alias nanes are
resol ved when the function is read. Functions are executed |ike
conmmands with argunents passed as positional paraneters.

Functions execute in the same process as the caller and share al
files, traps, and present working directory with the caller.

The format for functions is:

ELLTTTEETTEET T E et ettt ettt et et et ettt rrrrrin»
°  Command Format: o
(o] o}
° function identifier 0
(o] { (o]
° compound | i st °
o} } o}
(o] o]
° jdentifier - name by which the function is called °
(o] (o]
° compound list - The body of the function. . o
ELLTTTEETEEr e e e e et et e et et e e et ettt rrrrrnnva

The left bracket { and the right bracket } are considered to be
reserved words. The body of the function nust exist between the
two brackets.

Sanpl e Sessi on:

function k

U
| $
| {
| ed/; Is -C
|}
| $

c—————«

A

To execute the function, sinply type the nane of the function on
the command |ine.

Sanpl e Sessi on:

U 3
| $k




| bck lib tnmp user 12 user5 |
| bin | ost tnp.ja user 13 user6 |
| bsd nbox uni x user 14 user7? |

§.8 ksh: The Sel ect Construct

The "select" construct is unique to the KornShell. It allows the
user to determine the action based on input fromeither the conrand
line (wthout an in list) or froman automatically pronpted input.
PS3 controls the "select” prompt.

The command format is as fol |l ows:

Blrrrrrerrrrrrrerrrrr et bt e et et rrrrrn s
° Command Format: select identifier [in |ist] °
[o] do [o]
° conmands °
° done °
o o
BT i e i e i i i i i ririreinnminva

In the sel ect conmand:

ksh will display the itens in one or nore colums on standard
error, each preceded by a number. The PS3 prompt follows. The
nunber of colums is deternmi ned by the val ues of COLUWNS and LI NES.

ksh will then read a selection |line fromstandard input. If the
line is the nunber of one of the displayed itens, ksh sets the
value of "identifier" to the itemcorresponding to this nunber. If
the line is enpty, ksh again displays the list of items; and the
pronpt is redisplayed. The "commands" are not executed.

ksh saves the contents of the selection |line read from standard
i nput in the KornShell variable REPLY.

ksh runs "commands" for each selection until ksh encounters a
break, return, or exit command in the "commands" |ist.
Sanpl e Sessi on:

U

| $cat sel ect.ksh

| stty erase

| select myselection in fred wilma pebbl es barney betty
| do

| case $nyselection in
| fred)

| echo Fred was the sel ection
I s

| wi | ma)

| echo Wl nm was the selection
| . .

I

I

pebbl es)
echo Pebbl es was the sel ection



bar ney)
echo Barney was the selection

betty)
echo Betty was the sel ection
esac
done

$chnod 755 sel ect. ksh
$sel ect . ksh

1) fred

2) wilm

3) pebbl es

4) bar ney

5) betty

Pebbl es was the sel ection
#? 5
Betty was the selection
#? 6
#? 4
Barney was the sel ection
# Crl-C

- $

c—""F"F"-"--"-"-""-"F-"F"-"--"--—"-"—"-F—"—7""">-""-"

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
| #? 3
I
I
I
I
I
I
I
I
A
9

.9 ksh: Tracing and Conditional Execution

A KornShell script that is not executable can be run inplicitly
with the ksh command. Tracing can be acconplished using the
-v or the -x option.

Sanpl e Sessi on:

U

| $ls -1 select.ksh
| -rwr--r-- 1 teacher class 390 Cct 16 09: 21 sel ect. ksh
| $ksh -x sel ect.ksh
| + stty erase
| 1) fred
| 2) wilnm
| 3) pebbles
| 4) barney
| 5) betty
| #? 3

| + print - Pebbles was the selection
| Pebbl es was the sel ection

| #? 5

| + print - Betty was the sel ection

| Betty was the selection

| #? 6

| #? 4

| + print - Barney was the selection
| Barney was the sel ection

| #? CGrl-C

| $

-_—



A U

The -n option will trace execution of the script w thout execution.
Wor kshop 9

This workshop will reinforce your understanding of the ideas
presented in Chapter 10. Login to the Miltimx using the usernane
and password given to you by the instructor. Each student is to
compl ete the entire workshop.

DESK EXERCI SES

1. VWhat command will invoke the KornShell ?

2. VWhat option will trace execution of a KornShell script?

Conti nue on the next page
3. What do the follow ng shell variables indicate:

PATH

CDPATH

SHELL

PVWD

I FS

EDI TOR

FCEDI T

TERM

PS1



pPS2

PS3
HOMVE
ENV
LOGNANVE
Conti nue on the next page
4. What is an alias?

COVWPUTER EXERCI SES (30 m nut es)

5. Define a function k that will:

Di splay the present working directory, display a nessage
that a listing will follow, sleep for three seconds, and
then list the contents.

6. Set up an alias to do the Is -C function. Use a nane of
your own choi ce.

7. Wite a KornShell script using the select conmand to
di splay the foll owi ng choices:

Appl es

Bananas
Pear s
Jack Daniels



After a choice has been nade print the follow ng:

"Thanks, your choice was" (display the choice)

8. Logout

Conti nue on the next page
Conpl ete the Sunmary Wor kshop

and

Cour se Eval uation
NOTES
UUUVOODoUUUOVOUoUUOUOOODCUUVOYODCUUUUUODDoUDUUYODoDUoUVOOooOoOOIO
APPENDI X A - sh

NANVE
sh, rsh - shell, the standard/restricted conmmand progranmm ng
| anguage

SYNOPSI S
sh [ -acefhiknrstuvx ] [ args ]
rsh [ -acefhiknrstuvx ] [ args ]

DESCRI PTI ON
sh is a command progranm ng | anguage that executes conmands
read froma termnal or a file. rshis a restricted version
of the standard command interpreter sh; it is used to set up
| ogi n names and execution environnents whose capabilities
are nore controlled than those of the standard shell. See
I nvocati on bel ow for the meaning of argunents to the shell

Definitions
A blank is a tab or a space. A nane is a sequence of
letters, digits, or underscores beginning with a letter or
underscore. A paraneter is a name, a digit, or any of the
characters *, @ #, ?, -, $, and !.

Conmands
A sinple-conmand is a sequence of non-bl ank words separated
by bl anks. The first word specifies the nane of the comand
to be executed. Except as specified below, the renaining
words are passed as argunents to the invoked command. The
command name is passed as argunent O (see exec(2)). The
val ue of a sinple-comuand is its exit status if it
term nates normally, or (octal) 200+status if it term nates
abnormal Iy (see signal (2) for a list of status val ues).



A pipeline is a sequence of one or nore commands separ at ed
by |. The standard output of each command but the last is
connected by a pipe(2) to the standard input of the next
conmand. Each command is run as a separate process; the
shell waits for the last conmmand to terminate. The exit
status of a pipeline is the exit status of the last comrand.

A list is a sequence of one or nore pipelines separated by

7, & && or ||, and optionally term nated by ; or & O
these four synbols, ; and & have equal precedence, which is
| ower than that of &% and ||. The synbols & and || al so

have equal precedence. A sem colon (;) causes sequentia
execution of the preceding pipeline; an ampersand (& causes
asynchronous execution of the preceding pipeline (i.e., the
shell does not wait for that pipeline to finish). The
synbol && (|]|) causes the list following it to be executed
only if the preceding pipeline returns a zero (non-zero)
exit status. An arbitrary nunmber of newlines may appear in
alist, instead of semi colons, to delimt conmands.

A command is either a sinple-command or one of the
following. Unless otherwise stated, the value returned by a
conmand is that of the last sinple-comand executed in the
conmand.

for name [ in word ... ] do list done
Each tinme a for command is executed, nane is set to the
next word taken fromthe in word list. If in word ...

is omtted, then the for command executes the do |i st
once for each positional paraneter that is set (see
Par amet er Substitution below). Execution ends when
there are no nore words in the |ist.

case word in [ pattern [ | pattern] ... ) list ;; ] ... esac
A case command executes the |list associated with the
first pattern that matches word. The formof the
patterns is the same as that used for file-nane
generation (see File Name Generation) except that a
slash, a leading dot, or a dot inmrediately follow ng a
sl ash need not be matched explicitly.

if list thenlist [ elif list thenlist ] ... [ elselist ] fi
The list following if is executed and, if it returns a
zero exit status, the list following the first then is
executed. O herwise, the list following elif is
executed and, if its value is zero, the list follow ng
the next then is executed. Failing that, the else lis
is executed. If no else list or then list is executed
then the if command returns a zero exit status.

while list do Iist done
A while comand repeatedly executes the while Iist and
if the exit status of the last command in the list is
zero, executes the do list; otherwi se the |oop
termnates. |If no conmands in the do list are
executed, then the while conmand returns a zero exit
status; until nmay be used in place of while to negate
the loop termination test.
(list)

Execute list in a sub-shell



{ list; }
list is executed in the current (that is, parent)
shel | .

nanme () { list; }
Define a function which is referenced by nanme. The
body of the function is the |ist of commands between {
and }. Execution of functions is described bel ow (see
Executi on).

The following words are only recognized as the first word of
a command and when not quot ed:

if then else elif fi case esac for while unti
do done {}

Conment s
A word beginning with # causes that word and all the
followi ng characters up to a newline to be ignored.

Command Substitution
The shell reads commands fromthe string between two grave
accents (°°) and the standard output fromthese commands may
be used as all or part of a word. Trailing newlines from
the standard output are renoved.

No interpretation is done on the string before the string is
read, except to renove backsl ashes (\) used to escape ot her
characters. Backsl ashes nmay be used to escape a grave
accent (') or another backslash (\) and are renpved before
the conmand string is read. Escaping grave accents all ows
nested command substitution. [If the connand substltut|on
lies within a pair of double quotes (" .. "), a
backsl ash used to escape a doubl e quote (\ ) mﬁll be
renoved; otherwise, it will be left intact.

If a backslash is used to escape a newline character
(\newline), both the backslash and the newline are renoved
(see the later section on Quoting). |In addition,

backsl ashes used to escape dollar signs (\$) are renopved.
Since no interpretation is done on the command string before
it is read, inserting a backslash to escape a dollar sign
has no effect. Backslashes that precede characters other
than \, *, ", newline, and $ are left intact when the
command string i s read.

Par anet er Substitution
The character $ is used to introduce substitutable
paraneters. There are two types of paraneters, positiona
and keyword. |f parameter is a digit, it is a positiona
paraneter. Positional paraneters nmay be assigned val ues by
set. Keyword paraneters (also known as variabl es) may be
assi gned val ues by witing:

nane=val ue [ nane=val ue ]

Pattern-matching is not performed on value. There cannot be
a function and a variable with the same nane.



${ par anet er}
The value, if any, of the paraneter is substituted.
The braces are required only when paraneter is foll owed
by a letter, digit, or underscore that is not to be
interpreted as part of its name. |If paraneter is * or
@ all the positional paraneters, starting with $1, are
substituted (separated by spaces). Paraneter $0 is set

from argument zero when the shell is invoked.
${ par anet er : - wor d}
| f paranmeter is set and is non-null, substitute its

val ue; otherwi se substitute word.

${ par anmet er : =wor d}
I f parameter is not set or is null set it to word; the
val ue of the parameter is substituted. Positiona
paraneters nmay not be assigned to in this way.

${ par anet er : ?wor d}
| f parameter is set and is non-null, substitute its
val ue; otherwi se, print word and exit fromthe shell
If word is onmitted, the nessage "paraneter null or not
set" is printed.

${ par anet er : +wor d}
I f paranmeter is set and is non-null, substitute word;
ot herw se substitute nothing.

In the above, word is not evaluated unless it is to be used
as the substituted string, so that, in the follow ng
exanple, pwd is executed only if d is not set or is null

echo ${d:- pwd'}

If the colon (:) is omtted fromthe above expressions, the
shel |l only checks whether paraneter is set or not.

The foll owi ng paraneters are automatically set by the shell
# The nunber of positional paraneters in decinal
- Fl ags supplied to the shell on invocation or by
the set command.

? The decimal value returned by the |ast
synchronously executed conmand.

$ The process nunber of this shell

! The process nunber of the |ast background command
i nvoked.

The foll owi ng paraneters are used by the shell

HOVE The default argunent (honme directory) for the cd
conmand.

PATH The search path for commands (see Execution

bel ow). The user may not change PATH if
executing under rsh.

CDPATH
The search path for the cd command.

MAIL If this paraneter is set to the name of a mai
file and the MAI LPATH paraneter is not set, the
shell inforns the user of the arrival of mail in
the specified file.

MAI LCHECK



B

Thi s paraneter specifies how often (in seconds)
the shell will check for the arrival of mail in
the files specified by the MAI LPATH or MAIL
paraneters. The default value is 600 seconds (10

mnutes). |If set to 0, the shell wll check
bef ore each pronpt.

MAI LPATH
A colon (:) separated list of file nanes. |If
this parameter is set, the shell informs the user
of the arrival of mail in any of the specified

files. Each file nanme can be followed by % and a
nessage that will be printed when the
nodi fication tine changes. The default nessage
is you have mail .

PS1 Primary pronpt string, by default "$ ".

pPSs2 Secondary pronpt string, by default "> ".

IFS Internal field separators, normally space, tab,
and new-line.

SHACCT
If this paraneter is set to the name of a file
witable by the user, the shell will wite an
accounting record in the file for each shel
procedure executed. Accounting routines such as
acctcom(1l) and acctcns(1M can be used to anal yze
the data coll ected.

SHELL When the shell is invoked, it scans the
environment (see Environnment below) for this

nane. If it is found and 'rsh' is the file nane
part of its value, the shell becones a restricted
shel | .

The shell gives default values to PATH, PS1, PS2, NAILCHECK
and IFS. HOVE and MAIL are set by login(l).

ank Interpretation

After paraneter and command substitution, the results of
substitution are scanned for internal field separator
characters (those found in IFS) and split into distinct
argunents where such characters are found. Explicit nul
argunents ("" or '') are retained. Inplicit null argunents
(those resulting fromparanmeters that have no val ues) are
renmoved.

[ nput / Qut put

A command' s input and output nay be redirected using a
special notation interpreted by the shell. The follow ng
may appear anywhere in a sinple-conmand or may precede or
follow a conmand and are not passed on to the invoked
command; substitution occurs before word or digit is used:

<wor d Use file word as standard input (file
descriptor 0).

>wor d Use file word as standard output (file
descriptor 1). |If the file does not exist it
is created; otherwise, it is truncated to zero
| engt h.

>>wor d Use file word as standard output. [If the file



exi sts output is appended to it (by first

seeking to the end-of-file); otherw se, the

file is created.

<<[-]word After paranmeter and command substitution are
done on word, the shell input is read up to
the first line that literally matches the
resulting word, or to an end-of-file. |If,
however, - is appended to <<:

1) leading tabs are stripped fromword before
the shell input is read (but after
paraneter and command substitution is done
on word),

2) leading tabs are stripped fromthe shel
input as it is read and before each |ine
is compared with word, and

3) shell input is read up to the first line
that literally matches the resulting word,
or to an end-of-file.

I f any character of word is quoted (see

Quoting, later), no additional processing is

done to the shell input. |f no characters of

word are quot ed:

1) paraneter and command substitution occurs,

2) (escaped) \newine is ignored, and

3) \ nust be used to quote the characters \,

$, and °
The resulting docunent becones the standard
i nput .
<&digi t Use the file associated with file descriptor

digit as standard input. Similarly for the
standard output using >&digit.

<& The standard input is closed. Simlarly for
the standard out put using >& -.

If any of the above is preceded by a digit, the file
descriptor which will be associated with the file is that
specified by the digit (instead of the default 0 or 1). For
exanpl e:

2>&1

associates file descriptor 2 with the file currently
associated with file descriptor 1

The order in which redirections are specified is
significant. The shell evaluates redirections |left-to-
right. For exanple:

I>xxx 2>&1
first associates file descriptor 1 with file xxx. It
associates file descriptor 2 with the file associated with
file descriptor 1 (i.e. xxx). It directs both standard

out put and standard error output (stdout, stderr) to xxx.
If the order of redirections were reversed, file descriptor
2 woul d be associated with the terminal (assuning file
descriptor 1 had been) and file descriptor 1 would be



associated with file xxx.

Using the term nol ogy introduced on the first page, under
Conmands, if a command is conposed of several sinple
conmands, redirection will be evaluated for the entire
conmmand before it is evaluated for each sinple comand.
That is, the shell evaluates redirection for the entire
list, then each pipeline within the list, the each comuand
wi thin each pipeline, then each list within each comuand.

If a coomand is followed by & the default standard i nput for
the command is the enpty file /dev/null. Oherw se, the
environment for the execution of a command contains the file
descriptors of the invoking shell as nodified by

i nput/out put specifications.

Redirection of output is not allowed in the restricted
shel | .

File Name Generation
Before a comuand i s executed, each comrand word i s scanned
for the characters *, ?, and [. |f one of these characters
appears, the word is regarded as a pattern. The word is
repl aced with al phabetically sorted file names that match
the pattern. |If no file name is found that matches the
pattern, the word is |eft unchanged. The character . at the
start of a file nane or inmmediately following a /, as well
as the character / itself, nmust be matched explicitly.

* Mat ches any string, including the null string.

? Mat ches any single character.

[...] Mat ches any one of the enclosed characters. A
pair of characters separated by - matches any
character lexically between the pair
inclusive. |If the first character follow ng
the opening "[" is a "!" any character not
encl osed i s matched.

Quoti ng

The foll owi ng characters have a special neaning to the shel
and cause term nation of a word unl ess quot ed:

7 & () | N~ < > newline space tab

A character may be quoted (i.e., nmade to stand for itself)
by preceding it with a backslash (\) or inserting it between
a pair of quote marks ('' or ""). During processing, the
shell may quote certain characters to prevent them from
taking on a special neaning. Backsl ashes used to quote a
singl e character are renmoved fromthe word before the
command is executed. The pair \newine is renoved froma
word before command and paraneter substitution.

Al'l characters encl osed between a pair of single quote marks
(""), except a single quote, are quoted by the shell

Backsl ash has no special meaning inside a pair of single
quotes. A single quote may be quoted inside a pair of



doubl e quote marks (for exanple, "'").

Inside a pair of double quote marks (""), parameter and
conmand substitution occurs and the shell quotes the results
to avoid blank interpretation and file nane generation. If
$* is within a pair of double quotes, the positiona
paraneters are substituted and quoted, separated by quoted
spaces ("$1 $2 ..."); however, if $@is within a pair of
doubl e quotes, the positional paraneters are substituted and
guot ed, separated by unquoted spaces ("$1" "$2" ...). \
gquotes the characters \, *, ", and $. The pair \newine is
renoved before paraneter and conmand substitution. If a
backsl ash precedes characters other than\, *, ", $, and
new-|line, the backslash itself is quoted by the shell

Pronpti ng
When used interactively, the shell pronpts with the val ue of
PS1 before reading a conmand. |If at any time a newline is

typed and further input is needed to conplete a conmand, the
secondary pronpt (i.e., the value of PS2) is issued.

Envi r onnent
The environnent (see environ(5)) is a list of nane-val ue
pairs that is passed to an executed programin the sane way
as a normal argunent list. The shell interacts with the
environnment in several ways. On invocation, the shell scans
the environnent and creates a paraneter for each nanme found,
giving it the corresponding value. |If the user nodifies the
val ue of any of these paraneters or creates new paraneters,
none of these affects the environment unl ess the export
command is used to bind the shell's paraneter to the
environnment (see also set -a). A paraneter nmay be renoved
fromthe environnent with the unset command. The
envi ronment seen by any executed conmand is thus conmposed of
any unnodi fi ed nane-value pairs originally inherited by the
shel |, mnus any pairs renoved by unset, plus any
nmodi fications or additions, all of which must be noted in
export conmands.

The environnent for any sinple-command nmay be augment ed by
prefixing it with one or nore assignnents to paraneters.
Thus:

TERM=450 cird
and
(export TERM TERM:=450; cnd)

are equivalent (as far as the execution of cnd is
concer ned) .

If the -k flag is set, all keyword argunents are placed in
the environnent, even if they occur after the command nane.
The following first prints a=b ¢ and c:

echo a=b c
set -k
echo a=b ¢



Signal s
The I NTERRUPT and QUIT signals for an invoked conmand are
ignored if the command is foll owed by & otherw se signals
have the values inherited by the shell fromits parent, with
the exception of signal 11 (SIGSEGY) (but see also the trap
conmmand bel ow). See nohup(1l) for nore signal handling.

Executi on
Each tinme a command i s executed, the above substitutions are
carried out. |If the command nane matches one of the Specia

Conmands listed below, it is executed in the shell process.

I f the command name does not match a Special Conmand, but
mat ches the name of a defined function, the function is
executed in the shell process (note howthis differs from
the execution of shell procedures). The positiona
parameters $1, $2, .... are set to the argunents of the
function. |If the command name matches neither a Specia
Conmand nor the name of a defined function, a new process is
created and an attenpt is nmade to execute the command via
exec(2).

The shell paraneter PATH defines the search path for the
directory containing the conmand. Alternative directory
nanes are separated by a colon (:). The default path is
:/bin:/usr/bin (specifying the current directory, /bin, and
fusr/bin, in that order). Note that the current directory
is specified by a null path name, which can appear

i medi ately after the equal sign or between the col on

delinmters anywhere else in the path list. |f the comuand
nane contains a / the search path is not used; such comands
will not be executed by the restricted shell. O herwi se,
each directory in the path is searched for an executable
file. If the file has execute perm ssion but is not an
a.out file, it is assuned to be a file containing shel
commands. A sub-shell is spawned to read it. A

par ent hesi zed command is al so executed in a sub-shell

The location in the search path where a command was found is
renmenbered by the shell (to help avoid unnecessary execs
later). |If the command was found in a relative directory,
its location must be re-determ ned whenever the current
directory changes. The shell forgets all remenbered

| ocati ons whenever the PATH variable is changed or the hash
-r command is executed (see bel ow).

Speci al Conmands
| nput/output redirection is now permtted for these
commands. File descriptor 1 is the default output |ocation.

No effect; the command does nothing. A zero exit code
i s returned.

file
Read and execute commands fromfile and return. The
search path specified by PATH is used to find the
directory containing file.



break [ n ]

conti

cd [

echo

eval

exec

exit

Exit fromthe enclosing for or while loop, if any. |If
nis specified break n |evels.

nue [ n ]

Resune the next iteration of the enclosing for or while
loop. If nis specified resunme at the nth encl osing

| oop.

arg ]

Change the current directory to arg. The shel
paraneter HOVE is the default arg. The shell paraneter
CDPATH defines the search path for the directory
containing arg. Alternative directory nanmes are
separated by a colon (:). The default path is <null>
(specifying the current directory). Note that the
current directory is specified by a null path nane,

whi ch can appear i medi ately after the equal sign or
bet ween the colon delimters anywhere else in the path
list. If arg begins with a / the search path is not
used. O herw se, each directory in the path is
searched for arg. The cd command rmay not be executed

by rsh.

[ arg ... ]

Echo argunments. See echo(1l) for usage and descri ption.
[ arg ... ]

The argunents are read as input to the shell and the
resulting command(s) executed.

[ arg ... ]

The conmmand specified by the argunents is executed in
pl ace of this shell wi thout creating a new process.

I nput / out put arguments rmay appear and, if no other
argunents are given, cause the shell input/output to be
modi fi ed.

[ n]

Causes a shell to exit with the exit status specified
by n. If nis onmitted the exit status is that of the
| ast command executed (an end-of-file will also cause
the shell to exit.)

export [ name ... ]

The given nanes are marked for automatic export to the
envi ronnent of subsequently-executed conmmands. |f no
argunents are given, a list of all nanmes that are
exported in this shell is printed. (Variable nanes
exported froma parent shell are listed only if they
have been exported again during the current shell's
execution.) Function nanmes may not be exported.

getopts

hash

Use in shell script to support comand syntax standards
(see intro(1)); it parses positional paraneters and
checks for legal options. See getopts(1l) for usage and
descri ption.

[ -r 1 [ name ... ]

For each name, the location in the search path of the
command specified by name is determ ned and remenbered
by the shell. The -r option causes the shell to forget
all remenmbered locations. |If no argunments are given,

i nformati on about renmenbered commands is presented.
hits is the nunber of tinmes a conmand has been invoked



by the shell process. cost is a neasure of the work
required to locate a command in the search path. If a
command is found in a "relative" directory in the
search path, after changing to that directory, the
stored |l ocation of that command is recal cul at ed.
Conmands for which this will be done are indicated by
an asterisk (*) adjacent to the hits information. cost
wi Il be increnented when the recal culation is done.

newgrp [ arg ... ]
Equi val ent to exec newgrp arg .... See newgrp(1lM for
usage and descri ption.

pwd
Print the current working directory. See pwd(1) for
usage and descri pti on.

read [ name ... ]
One line is read fromthe standard i nput and, using the
internal field separator, IFS (normally space or tab),
to delimt word boundaries, the first word i s assigned
to the first name, the second word to the second name,
etc., with leftover words assigned to the |ast nane.
Li nes can be continued using \newline. Characters
ot her than newline can be quoted by preceding them
with a backslash. These backsl ashes are renmpoved before
words are assigned to nanes, and no interpretation is
done on the character that follows the backslash. The
return code is O unless an end-of-file is encountered.

readonly [ nane ... ]
The given names are marked readonly and the val ues of
these nanes may not be changed by subsequent
assignment. |If no argunents are given, a list of al
readonly names is printed.

return [ n ]
Causes a function to exit with the return val ue

specified by n. If nis omtted, the return status is
that of the | ast command execut ed.
set [ --aefhkntuvx [ arg ... ] ]
-a
Mark vari ables which are nodified or created for
export.

-e Exit imediately if a command exits with a non-
zero exit status.

-f Disable file nane generation.

-h Locate and renenber function conmands as functions
are defined (function commands are nornal ly
| ocated when the function is executed).

-k Al keyword argunents are placed in the
environment for a command, not just those that
precede the comuand nare.

-n Read commands but do not execute them

-t Exit after reading and executing one conmand.

-u Treat unset variables as an error when
substituting.

-V Print shell input lines as they are read.
- X Print commands and their argunments as they are
execut ed.

-- Do not change any of the flags; useful in setting
$1 to -.



Using + rather than - causes these flags to be turned
off. These flags can al so be used upon invocation of

the shell. The current set of flags may be found in
$-. The remmining argunments are positional paraneters
and are assigned, in order, to $1, $2, .... If no
argunents are given the values of all nanes are
printed.

shift [ n]
The positional parameters from$n+l ... are renamed $1

If nis not given, it is assuned to be 1

t est
Eval uate conditional expressions. See test(1) for usage
and description.

times
Print the accurul ated user and systemtinmes for
processes run fromthe shell

trap [ arg] [ n] ...
The conmmand arg is to be read and executed when the
shel |l receives signal(s) n. (Note that arg is scanned
once when the trap is set and once when the trap is
taken.) Trap commands are executed in order of signha
nunber. Any attenpt to set a trap on a signal that was

ignored on entry to the current shell is ineffective.
An attenpt to trap on signal 11 (rmemory fault) produces
an error. |If arg is absent all trap(s) n are reset to
their original values. If argis the null string this
signal is ignored by the shell and by the commands it
invokes. If nis O the conmand arg i s executed on exit
fromthe shell. The trap command with no arguments
prints a list of conmands associated with each signa
numnber .

type [ nanme ... ]

For each name, indicate howit would be interpreted if
used as a conmmand nane.

ulimt [ n]
I mpose a size limt of n blocks on files witten by the
shell and its child processes (files of any size may be
read). If nis omtted, the current linmt is printed.
Each user may lower the ulimt, but only a super-user
(see su(1M) can raise a ulimt.

umask [ nnn ]
The user file-creation mask is set to nnn (see

umask(1)). If nnnis omtted, the current value of the
mask is printed.
unset [ name ... ]

For each name, renove the corresponding variable or
function. The variables PATH, PS1, PS2, MAlILCHECK and
| FS cannot be unset.

wait [ n ]
Wait for a background process whose process IDis n and
report its termination status. If nis omtted, al

the shell's currently active background processes are
waited for and the return code will be zero.

| nvocati on
If the shell is invoked through exec(2) and the first
character of argunent zero is -, commands are initially read



from/etc/profile and from $HOVE/ . profile, if such files
exist. Thereafter, commands are read as described bel ow,
which is also the case when the shell is invoked as /bin/sh.
The flags below are interpreted by the shell on invocation
only. Note that unless the -c or -s flag is specified, the
first argunent is assuned to be the nane of a file
cont ai ni ng commands, and the renmi ning argunents are passed
as positional paranmeters to that comand file:

-c string If the -c flag is present comrands are read from
string.

-s If the -s flag is present or if no argunents
remai n commands are read fromthe standard input.
Any remaining argunments specify the positiona
paraneters. Shell output (except for Specia
Conmands) is witten to file descriptor 2.

-1 If the -i flag is present or if the shell input
and output are attached to a termnal, this shel
is interactive. |In this case TERM NATE i s ignored

(so that kill O does not kill an interactive
shel ) and I NTERRUPT is caught and ignored (so
that wait is interruptible). 1In all cases, QUT
is ignored by the shell

-r If the -r flag is present the shell is a

restricted shell

The remaining flags and argunents are described under the
set conmand above.

rsh Only
rsh is used to set up |login names and execution environnents
whose capabilities are nore controlled than those of the
standard shell. The actions of rsh are identical to those
of sh, except that the follow ng are disallowed:

changing directory (see cd(1l)),

setting the value of $PATH

speci fying path or command nanmes containing /,
redirecting output (> and >>).

The restrictions above are enforced after .profile is
i nterpreted.

A restricted shell can be invoked in one of the follow ng
ways: (1) rsh is the file name part of the last entry in the
[etc/passwd file (see passwd(4)); (2) the environnent
variabl e SHELL exists and rsh is the file name part of its

value; (3) the shell is invoked and rsh is the file name
part of argunent 0; (4) the shell is invoked with the -r
option.

When a command to be executed is found to be a shel
procedure, rsh invokes sh to execute it. Thus, it is
possible to provide to the end-user shell procedures that
have access to the full power of the standard shell, while
inmposing a limted menu of commands; this scheme assunes
that the end-user does not have wite and execute



EXIT

perm ssions in the sane directory.

The net effect of these rules is that the witer of the
.profile has conplete control over user actions, by
perform ng guaranteed setup actions and | eaving the user in
an appropriate directory (probably not the login directory).

The system admini strator often sets up a directory of
conmands (i.e., /usr/rbin) that can be safely invoked by
rsh. Sone systens al so provide a restricted editor red.

STATUS
Errors detected by the shell, such as syntax errors, cause
the shell to return a non-zero exit status. |If the shell is

bei ng used non-interactively execution of the shell file is
abandoned. O herw se, the shell returns the exit status of
the |l ast conmand executed (see also the exit command above).

FI LES

[etc/profile
$HOVE/ profile
[t mp/ sh*
/ dev/ nul

SEE ALSO

acctcom(1l), cd(1l), echo(1), env(1), ksh(1), login(1l),
pwd(1), test(1l), umask(1l).

acctcnms(1M, newgrp(1M, su(1lM in the UVAX V

Admi ni strator's Reference Mnual

dup(2), exec(2), fork(2), pipe(2), signal(2), ulimt(2),
wait(2), a.out(4), passwd(4), profile(4), environ(5) in the
UVAX V Progranmer's Reference Manual

CAVEATS

BUGS

Words used for filenanes in input/output redirection are not
interpreted for filenane generation (see File Nane
Generation, above). For exanple, cat filel > a* will create
a file naned a*.

Because commands in pipelines are run as separate processes,
vari abl es set in a pipeline have no effect on the parent
shel | .

If the error nessage cannot fork, too many processes is

di splayed, try using the wait(1l) conmand to clean up the
background processes. |If this does not help, the system
process table is probably full or there are too many active
foreground processes. (There is a linmt to the nunber of
process | Ds associated with a login and to the nunber of

whi ch the system can keep track.)

If a command is executed, and a command with the same nane
isinstalled in a directory in the search path before the
directory where the original command was found, the shel
will continue to exec the original conmand. Use the hash
command to correct this situation.



If the current directory or one above it is noved, pwd nay
not give the correct response. Use the cd command with a
full path name to correct this situation.

Not all the processes of a 3- or nore-stage pipeline are
children of the shell, and thus cannot be waited for.

For wait n, if nis not an active process id, all the
shell's currently active background processes are waited for
and the return code will be zero.

NOTES
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APPENDI X B - test

$man test

NAME
test - condition eval uation command

SYNOPSI S
test expr

[ expr ]

DESCRI PTI ON
test eval uates the expression expr and, if its value is
true, returns a zero (true) exit status; otherw se, a non-
zero (false) exit status is returned; test also returns a
non-zero exit status if there are no argunments. Wen
perm ssions are tested, the effective user ID of the process
is used.

Al'l operators, flags, and brackets (brackets used as shown
in the second SYNOPSIS |ine) nust be separate argunents to
the test conmand; nornally these itens are separated by
spaces.

The following prinmtives are used to construct expr:

-r file true if file exists and is readabl e.

-wfile true if file exists and is witable.

-x file true if file exists and is executable.

-f file true if file exists and is a regular file.

-d file true if file exists and is a directory.

-c file true if file exists and is a character specia
file.

-b file true if file exists and is a block special file.

-p file true if file exists and is a naned pipe (fifo).



-u file true if file exists and its set-user-ID bit is

set.

-g file true if file exists and its set-group-I1D bit is
set.

-k file true if file exists and its sticky bit is set.

-s file true if file exists and has a size greater than
zero.

-t [ fildes ]

true if the open file whose file descriptor
nunber is fildes (1 by default) is associated
with a term nal device.

-z sl true if the length of string sl is zero.

-n sl true if the length of the string sl is non-zero.
sl = s2 true if strings sl and s2 are identical.

sl I'=s2 true if strings s1 and s2 are not identical

sl true if sl is not the null string.

nl -eq n2 true if the integers nl and n2 are algebraically
equal. Any of the conparisons -ne, -gt, -ge,
-It, and -le may be used in place of -eq.

These prinaries may be conbined with the foll ow ng
operat ors:

! unary negation operator.

-a
bi nary and operator.

-0 bi nary or operator (-a has higher precedence
than -0).
( expr ) parent heses for grouping. Notice that

par ent heses are meaningful to the shell and,
therefore, nust be escaped.

SEE ALSO
csh(1), find(1), ksh(1), sh(1).

WARNI NG
If a user tests a file (using -r, -w, or -x), but the
perm ssion tested does not have the owner bit set, a non-
zero (false) exit status will be returned even though the
file my have the group or other bit set for that
perm ssion. The correct exit status will be set if the user
i s super-user.

The = and != operators have a hi gher precedence than the -r



through -n operators, and = and != al ways expect argunents;
therefore, = and != cannot be used with the -r through -n
oper at ors.

If nore than one argunent follows the -r through -n
operators, only the first argunent is exam ned; the others
are ignored, unless a -a or a -0 is the second argunent.

In the second formof the command (i.e., the one that uses
[1, rather than the word test), the square brackets nust be
delinmted by bl anks.

NOTES
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APPENDI X C - expr

$man expr
NAMVE
expr - evaluate argunents as an expression

SYNOPSI S
expr argunments

DESCRI PTI ON
The argunments are taken as an expression. After evaluation,
the result is witten on the standard output. Terns of the
expressi on nust be separated by blanks. Characters specia
to the shell nust be escaped. Note that 0 is returned to
indicate a zero value, rather than the null string. Strings
contai ni ng bl anks or other special characters should be
quoted. Integer-valued argunments may be preceded by a unary
mnus sign. Internally, integers are treated as 32-bit, 2s
compl enent nunbers.

The operators and keywords are listed below Characters
that need to be escaped are preceded by \. The list is in
order of increasing precedence, with equal precedence
operators grouped within {} synbols.

expr \ | expr returns the first expr if it is neither nul
nor 0, otherwi se returns the second expr

expr \ & expr returns the first expr if neither expr is
null nor 0, otherwi se returns O.

expr { = \> \, \<, \, =1} expr
returns the result of an integer comparison
if both argunments are integers, otherw se
returns the result of a |exical conparison.

expr { +, - } expr
addition or subtraction of integer-val ued
argunment s.

expr { \*, /, %} expr
nmul tiplication, division, or renmainder of the



i nt eger-val ued argunents.

expr : expr The matching operator : conpares the first
argunent with the second argument which nust
be a regul ar expression. Regular expression
syntax is the sane as that of ed(1l), except
mat chi ng operator returns the nunber of
characters matched (0 on failure).
Alternatively, the \(...\) pattern synbols
can be used to return a portion of the first

argunent .
EXAMPLES
1. a="expr $a + 1°
adds 1 to the shell variable
2. # For %a equal to either "/usr/abc/file" or just
"file"
expr $a : ".F/\V(.*\)" \| %a
I
returns the | ast segnent of a path name (i.e., file).
Watch out for / alone as an argunent: expr will take
it as the division operator (see BUGS bel ow).
3. # A better representation of the previous exanple.
expr //$a : ".x¥/\N(.*\)!
The addition of the // characters elimnates any
anmbi guity about the division operator and sinplifies
the whol e expression.
4. expr $VAR : . *!
returns the nunber of characters in $VAR
SEE ALSO

ed(1), sh(1).

DI AGNOSTI CS

BUGS

As a side effect of expression evaluation, expr returns the
followi ng exit val ues:

0 if the expression is neither null nor O
1 if the expression is null or O
2 for invalid expressions.

syntax error
for operator/operand errors
non- numeri c ar gunment
if arithnmetic is attenpted on such a string

After argument processing by the shell, expr cannot tell the
di fference between an operator and an operand except by the
value. If $a is an =, the command: expr $a = '=" |ooks
like: expr = == as the argunments are passed to expr (and
they will all be taken as the = operator). The follow ng
works: expr X$fa = X=

APPENDI X D - ftp



$man ftp

NANVE

ftp - Internet file transfer program
SYNOPSI S

ftp [ -v] [ -d] [ -i ][-n][-g]T[ host]
DESCRI PTI ON

ftp is the user interface to the DARPA File Transfer
Protocol. The programtransfers files to and froma renote
network site.

The client host with which ftp is to communicate can be
specified on the command line. In this case, ftp i mediately
attenpts to establish a connection to an FTP server on that
host; otherwise, ftp enters its conmand interpreter and
waits for instruction, displaying the pronmpt ftp>.

ftp recognizes the foll owi ng commands:

' [ command [ args ] ]
I nvoke an interactive shell on the | ocal machine.
If there are argunments, the first is taken to be a
command to execute directly, with the rest of the
argunments as its argunents.

$ macro-name [ args ]
Execute the macro-nane that was defined with
the macdef command. Argunents are passed to the
macr o ungl obbed.

account [ passwd ]
Supply a suppl enental password required by a
renote systemfor access to resources once a login
has been successfully conmpleted. If no argunent
is included, the user will be pronpted for an
account password in a non-echoi ng i nput node.

append local-file [ renmote-file ]
Append a local file to a file on the renpte
machine. If renote-file is left unspecified, the
local file nane is used to name the renmote file
after being altered by any ntrans or nnmap setting.
File transfer uses the current settings for type,
format, node, and structure.

asci i Set the file transfer type to network ASCII. This
is the default type.

bel | Sound a bell after each file transfer command is
conpl et ed.

bi nary Set the file transfer type to support binary inage

transfer.



bye Term nate the FTP session with the renpte server
and exit ftp.

case Toggl e renpte conmputer file nane case mappi ng
during nget commands. Wen case is on (default is
off), renote conputer file names with all letters

in upper case are witten in the local directory
with the letters mapped to | ower case.

cd renote-directory
Change the working directory on the renote nachi ne
to renote-directory.

cdup Change the rempte machi ne working directory to the
parent of the current remote machi ne worki ng
directory.

cl ose Term nate the FTP session with the renote server

and return to the conmand interpreter. Any
defined nmacros are erased.

cr Toggl e carriage return stripping during ASCI| type
file retrieval. Records are denoted by a carriage
return/linefeed sequence during ASCII type file
transfer. Wen cr is on (the default), carriage
returns are stripped fromthis sequence to conform
with the UNIX single |inefeed record delimter.
Records on non-UNI X renote systenms may contain
single linefeeds; when an ASCI| type transfer is
made, these |inefeeds may be distinguished froma
record delimter only when cr is off.

delete renpte-file
Delete the file renpte-file on the renote nmachi ne.

debug [ debug-val ue ]
Toggl e debuggi ng node. |If an optional debug-val ue
is specified, it is used to set the debuggi ng
| evel . When debugging is on, ftp prints each
command sent to the renote nachi ne, preceded by
the string -->

dir [ remote-directory ] [ local-file ]
Print the contents of directory, renote-directory,
and, optionally, place the output in local-file.
If no directory is specified, the current working
directory on the renote machine is used. If no
local file is specified, or local-file is -,
out put cones to the term nal

di sconnect
A synonym for close.

form f or mat
Set the file transfer formto format. The default
format is file.



get renote-file [ local-file ]
Retrieve the renpte-file and store it on the | oca
machine. If the local file nanme is not specified,
it is given the sane nane it has on the renpte
machi ne, subject to alteration by the current
case, ntrans, and nnap settings. The current
settings for type, form nobde, and structure are
used while transferring the file.

gl ob Toggl e fil enane expansion for ndel ete, nget and
nput. |If globbing is turned off with glob, the
file name argunents are taken literally and not
expanded. d obbing for nput is done as in csh(1).
For ndel ete and nget, each renote file nane is
expanded separately on the renote machi ne and the
lists are not nerged. Expansion of a directory
nane is likely to be different from expansion of
the nane of an ordinary file: the exact result
depends on the foreign operating systemand FTP
server, and can be previewed by doing
"ms renote-files -". Note: nget and nput are
not nmeant to transfer entire directory subtrees of
files. That can be done by transferring a tar(1)
archive of the subtree (in binary node).

hash Toggl e nunber-sign (#) printing for each data
bl ock transferred. The size of a data bl ock
1024 bytes.

help [ command ]
Print a description of cormand. Wth no argunent,
ftp prints a list of the known commands.

lcd [ directory ]
Change the working directory on the [ocal machine.
If no directory is specified, changes to the
user's hone directory.

Is [ rempte-directory ] [ local-file ]
Print an abbreviated listing of the contents of a
directory on the renote nachine. If renote-
directory is left unspecified, the current working
directory is used. If no local file is specified,
the output is sent to the terninal

macdef nacro-nane
Define a macro. Subsequent lines are stored as
the macro-name; a null line (consecutive
newl i ne characters in a file or carriage returns
fromthe terminal) term nates macro i nput node.
There is a limt of 16 macros and 4096 tota
characters in all defined nmacros. Macros remain
defined until a close command is executed. The
macro processor interprets "$" and "\" as specia
characters. A "$" followed by a nunber (or
nunbers) is replaced by the correspondi ng argunent
on the macro invocation command line. A "$"



ndel ete [

followed by an "i" signals that nacro processor
that the executing nacro is to be |ooped. On the
first pass "$i" is replaced by the first argunent
on the macro invocation command |ine, on the
second pass it is replaced by the second argunent,
and so on. A "\" followed by any character is
repl aced by that character. Use the "\" to
prevent special treatnment of the "$".

renote-files ]
Del ete the specified files on the renote machi ne.

nmdir renpte-files |ocal-file

Like dir, except multiple remote files may be
specified. |If interactive pronpting is on, ftp
will pronpt the user to verify that the | ast
argunent is indeed the target local file for
recei ving ndir output.

nget renote-files

Expand the renpte-files on the renote nmachi ne and
do a get for each file nane thus produced. See
glob for details on the fil enane expansion.
Resulting file names will then be processed
according to case, ntrans, and nmap settings.
Files are transferred into the | ocal working
directory, which can be changed with

"lcd directory"; new |l ocal directories can be
created with "! nkdir directory".

nkdi r directory-nane

Make a directory on the renote nachine.

ms rempte-files local-file

Like |'s, except nmultiple rempte files may be
specified. |If interactive pronpting is on, ftp
will pronpt the user to verify that the | ast
argunent is indeed the target local file for
receiving ms output.

node [ node- nane ]

Set the file transfer node to node-nane. The
default npde is stream

nput |ocal -files

Expand wild cards in the list of local files given
as argunents and do a put for each file in the
resulting list. See glob for details of filenane
expansion. Resulting file names will then be
processed according to ntrans and nnmap settings.

nmap [ inpattern outpattern ]

Set or unset the fil enanme mappi ng mechanism |If
no arguments are specified, the filename mappi ng
mechani smis unset. |If argunents are specified,
renote filenanes are napped during nput conmands
and put commands i ssued without a specified renote



ntrans |

target filenane. |f argunents are specified,

| ocal filenames are mapped during nget comands
and get commands issued w thout a specified | oca
target filenane. This command is useful when
connecting to a non-UNI X renpte conputer with
different file nanmi ng conventions or practices.
The mapping follows the pattern set by inpattern
and outpattern. inpatternis a tenplate for

i ncom ng fil enanes (which nay have al ready been
processed according to the ntrans and case
settings). Variable tenplating is acconplished by
i ncl udi ng the sequences "$1", "$2", ..., "$9" in
inpattern. Use "\" to prevent this specia
treatnent of the "$" character. Al other
characters are treated literally, and are used to
determne the nmap inpattern variabl e val ues. For
exanpl e, given inpattern $1.%$2 and the renote file
name nydat a. data, $1 would have the val ue nydata,
and $2 woul d have the value data. The outpattern
determines the resulting mapped filenane. The
sequences "$1", "$2", ..., "$9" are replaced by
any value resulting fromthe inpattern tenpl ate.
The sequence "$0" is replaced by the origina
filenanme. Additionally, the sequence
"[seql,seq2]" is replaced by seql if seql is not a
null string; otherwise it is replaced by seq2.

For exanple, the command "nmap $1. $2. $3
[$1,$2].[$2,file]l" would yield the output filenane
nyfile.data for input filenanes nmyfil e.data and
nyfile.data.old, nmyfile.file for the input
filename nyfile, and nyfile.nyfile for the input
filename .nyfile. Spaces may be included in
outpattern, as in the exanple:

nmap $1 | sed "s/ *$//" > $1
Use the "\" character to prevent special treatnent
of the "$", "[", "]", and "," characters.

nchars [ outchars ] ]

Set or unset the filenane character translation
nmechanism |f no argunments are specified, the
filename character translation nechanismis unset.
If argunments are specified, characters in renote
filenanes are translated during nput comrands and
put comands issued without a specified renpte
target filenane. |[|f argunents are specified,
characters in local filenames are translated
during nget conmmands and get commands i ssued

wi thout a specified |ocal target filename. This
command is useful when connecting to a non-UN X
renote conputer with different file nam ng
conventions or practices. Characters in a
filename matching a character in inchars are

repl aced with the correspondi ng character in
outchars. If the character's position in inchars
is longer than the |l ength of outchars, the



open host

pr onpt

proxy ftp-

put | ocal -

pwd
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character is deleted fromthe file name.

[ port ]
Establi sh a connection to the specified host's FTP

server. An optional port nunber can be suppli ed,
in which case, ftp attenpts to contact an FTP
server at that port. If the auto-login option is
on (default), ftp also attenpts to automatically
log the user in to the FTP server (see bel ow).

Toggl e interactive pronpting. Interactive
pronpting occurs during multiple file transfers to
allow the user to selectively retrieve or store
files. If pronpting is turned off (default), any
nget or nput transfers all files and ndelete wll
delete all files.

command

Execute an ftp command on a secondary contro
connection. This comuand all ows simultaneous
connection to two renote FTP servers for
transferring files between the two servers. The
first proxy comrand shoul d be an open, to
establish the secondary control connection. Enter
the command "proxy ?" to see other ftp comuands
executabl e on the secondary connection. The
fol |l owi ng commands behave differently when
prefaced by proxy: open will not define new
macros during the auto-login process, close wll
not erase existing macro definitions, get and nget
transfer files fromthe host on the prinmary
control connection to the host on the secondary
control connection, and put, nmput, and append
transfer files fromthe host on the secondary
control connection to the host on the primary
control connection. Third party file transfers
depend upon support of the FTP protocol PASV
command by the server on the secondary contro
connecti on.

file [ remote-file ]

Store a local file on the rembte machine. If
renote-file is left unspecified, the local file
nane is used in namng the renote file, after
processing according to any ntrans or nmap
settings. File transfer uses the current settings
for type, format, node, and structure.

Print the name of the current working directory on
the renote nmachi ne.

A synonym for bye.

quote argl arg2 ..

The argunents specified are sent, verbatim to the
remote FTP server.



recv remote-file [ local-file ]

A synonym for get.

renot ehel p [ command- nane |

Request help fromthe renote FTP server. If a
command-nane is specified, it is supplied to the
server as well.

rename [ from] [ to ]

reset

Rename, on the renpte machine, the file fromto
the file to.

Clear reply queue. This command re-synchronizes
command/ reply sequencing with the renmote FTP
server. Resynchronization nay be necessary
following a violation of the FTP protocol by the
renote server.

ridi r directory-nane

runi que

send | oca

sendport

status

Delete a directory on the renote machi ne.

Toggl e storing of files on the local systemwth
unique filenames. |If a file already exists with a
nane equal to the target local filenane for a get
or nget command, a ".1" is appended to the nane.

If the resulting nane matches anot her existing
file, a".2" is appended to the original nane. |If
this process continues up to ".99", an error
nmessage is printed, and the transfer does not take
pl ace. The generated unique filenane will be
reported. Note that runique will not affect |oca
files generated froma shell comand (see bel ow).
The default value is off.

-file [ renpte-file ]
A synonym for put.

Toggl e the use of PORT conmands. By default, ftp
attenpts to use a PORT conmand when establishing a
connection for each data transfer. The use of PORT
conmmands can prevent del ays when performng
nmultiple file transfers. |f the PORT comand
fails, ftp uses the default data port. When the
use of PORT commands is disabled, no attenpt is
made to use them for each data transfer. This is
useful for certain FTP inplenentations that do

i gnore PORT commands but wongly indicate they
have been accept ed.

Show the current status of ftp.

struct [ struct-name ]

suni que

Set the file transfer structure to struct-name.
The default structure is stream

Toggl e storing of files on renote machi ne under
unique file names. Renpte FTP server nust support



the FTP protocol STQU conmand for successfu
conpletion. The renote server will report a
uni que nane. Default value is off.

t enex Set the file transfer type to that needed to talk
to TENEX nachi nes.

trace Toggl e packet tracing.

type [ type-name ]
Set the file transfer type to type-nanme. |f no
type-nane is specified, the current type is
printed. The default type is network ascii

user user-nane [ password ] [ account ]
The user identifies hinlherself to the renote FTP
server. |If the password is not specified and the
server requires it, ftp pronpts the user for it
(after disabling local echo). If an account field
is not specified, and the FTP server requires it,
the user is pronpted for it. If an account field
is specified, an account command will be rel ayed
to the remote server after the |login sequence is
completed if the renote server did not require it
for logging in. Unless ftp is invoked with
"auto-1ogin" disabled, this process is done
automatically on initial connection to the FTP
server.

ver bose Toggl e verbose node. In verbose node, al
responses fromthe FTP server are displayed to the
user. In addition, if verbose is on, when a file
transfer conpletes, statistics regarding the
efficiency of the transfer are reported. By
default, verbose is on.

? [ command ]
A synonym for hel p.

Conmand argunents that have enbedded spaces can be quoted
wi th doubl e quote (") marks.

ABORTI NG A FI LE TRANSFER
To abort a file transfer, use the termnal interrupt key
(usually <ctrl>C). Sending transfers will be imrediately
halted. Receiving transfers will be halted by sending a FTP
protocol ABOR command to the renote server, and discarding
any further data received. The speed at which this is
acconpl i shed depends upon the renote server's support for
ABOR processing. |If the renpte server does not support the
ABCOR command, an ftp> pronpt will not appear until the
renote server has conpleted sending the requested file.

The terminal interrupt key sequence will be ignored when ftp
has conpl eted any | ocal processing and is awaiting a reply
fromthe renote server. A long delay in this node may
result fromthe ABOR processing described above, or from



FI LE

FI LE

unexpect ed behavi or by the renpte server, including
violations of the FTP protocol. |If the delay results from
unexpected rempte server behavior, the | ocal ftp program
must be killed by hand.

NAM NG CONVENTI ONS
Files specified as argunents to ftp comands are processed
according to the follow ng rul es.

1. If the file name is -, the standard input (for reading)
or the standard output (for witing) is used.

2. If the first character of the file nane is a bar |, the
remai nder of the argunent is interpreted as a shel
conmmand. ftp then forks a shell, using popen(3S) with
the argunent supplied, and reads (wites) fromthe
stdout (stdin). |If the shell command includes spaces,
the argunent nust be quoted; for example, "| Is -It". A
particul arly useful exanple of this nechanismis
"dir | nore".

3. Failing the above checks, if globbing is enabled, |oca
file names are expanded according to the rules used in
the csh(1l); see the glob command. |If the ftp comrand

expects a single local file (e.g., put), only the first
filenane generated by the gl obbing operation is used.

4. For nget commands and get conmands with unspecified
| ocal file nanes, the local filenane is the renote
filenanme, which nay be altered by a case, ntrans, or
nmap setting. The resulting filenane may then be
altered if runique is on.

5. For mput commands and put conmmands with unspecified
renote file nanmes, the remote filenane is the |oca
filename, which nay be altered by a ntrans or nnap
setting. The resulting filenanme may then be altered by
the renote server if sunique is on.

TRANSFER PARAMETERS

The FTP specification identifies nmany paraneters that can
affect a file transfer. The type can be one of ascii, inmage
(binary), ebcdic, and |l ocal byte size (for PDP-10's and
PDP-20's nostly). ftp supports the ascii and inage types of
file transfer, plus local byte size 8 for tenex node
transfers.

ftp supports only the default values for the remaining file
transfer paraneters: node, form and struct.

OPTI ONS

Options can be specified at the command line, or to the
command interpreter.

The -v (verbose on) option forces ftp to show all responses
fromthe renote server, as well as report on data transfer
statistics.



THE

The -n option restrains ftp fromattenpting "auto-Iogin"
upon initial connection. |If auto-login is enabled, ftp
checks the netrc file in the user's hone directory for an
entry describing an account on the renote machine. If no
entry exists, ftp will pronpt for the renpte machi ne | ogin
nane (default is the user identity on the |ocal nmchine),
and, if necessary, pronpt for a password and an account with
which to | ogin.

The -i option turns off interactive pronpting during
nultiple file transfers.

The -d option enabl es debuggi ng.

The -g option disables file name gl obbi ng.

.hetrc FILE

The .netrc file contains login and initialization

i nformati on used by the "auto-login" process. It resides in
the user's hone directory. The follow ng tokens are

recogni zed; they may be separated by spaces, tabs, or new
lines:

machi ne nane
Identify a renpte machi ne nanme. The auto-login process
searches the .netrc file for a machi ne token that
mat ches the renote machi ne specified on the ftp conmrand
line or as an open conmand argunent. Once a match is
made, the subsequent .netrc tokens are processed,
st oppi ng when the end of file is reached or another
machi ne token is encountered.

[ ogi n nane
Identify a user on the renote machine. |[If this token
is present, the "auto-login" process will initiate a

| ogi n using the specified nane.

password string
Supply a password. |If this token is present, the
"auto-login" process will supply the specified string
if the renpote server requires a password as part of the
| ogin process. Note that if this token is present in
the .netrc file, ftp will abort the "auto-Iogin"
process if the .netrc is readabl e by anyone besi des the
user.

account string
Supply an additional account password. |f this token
is present, the "auto-login" process will supply the
specified string if the renote server requires an
addi ti onal account password, or the "auto-login"
process will initiate an ACCT command if it does not.

macdef nane
Define a macro. This token functions like the ftp
macdef command functions. A macro is defined with the



specified name; its contents begin with the next .netrc
line and continue until a null |ine (consecutive new
line characters) is encountered. |If a nacro naned init
is defined, it is automatically executed as the |ast
step in the "auto-1ogin" process.

SEE ALSO
csh(1).
ftpd(1M in the UMAX V Administrator's Reference Manual

BUGS
Correct execution of many conmmands depends upon proper
behavi or by the renpte server.

An error in the treatnent of carriage returns in the 4.2BSD
UNI X ASCI | - node transfer code has been corrected. This
correction may result in incorrect transfers of binary files
to and from 4. 2BSD servers using the ascii type. Avoid this
probl em by using the binary imge type.

NOTES
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APPENDI X E - cc

$man cc
NAVE
cc - C conpiler
SYNOPSI S
cc [ option] ... file ...
DESCRI PTI ON

The cc conmand i nvokes the C | anguage conpiler. This C
conpiler is an advanced, optim zing conpiler that accepts a
conpl ete inpl ementation of the C programm ng | anguage. For
a nore conplete description of the compiler, see "C
Language" and "Conpiler and C Language" in the UMAX V
Programmer' s Qui de.

Files with a .c suffix are taken to be C | anguage source
progranms. The conpiler processes every C | anguage source
file to produce a corresponding object file with the sane
file name and a .o suffix. Files with a .s suffix are taken
to be assenbly | anguage source prograns. These are
assenbl ed to produce a corresponding object file with the
sane file name and a .o suffix. Files with a suffix other
than .c and .s are assuned to be object files (usually
produced by an earlier conpilation or assenbly) or C
conpatible libraries. These files, together with any object
code produced by the compiler, are linked in the order they
were specified to produce an executable programfile naned
a.out.

If only one input file with a .c or .s suffix is supplied,



the conpiler automatically deletes the object file output
produced fromthat input file after the executable program
file a.out is created.

The cc options that nodify the behavi or descri bed above are:

-A Cause ASCI| assenbler output to be generated and
automatically piped to the assenbler. The default
is for direct generation of object code. The -A
option is the sane as the -q nodirect_code option.

-Bpat h Run the conpiler programcontained in pathccom |If
-Bis specified with no path, then the default path
is assuned to be /lib/o and the conpiler programin
/1ibloccomis run. |If no -B option is specified,
then the conpiler programin /lib/ccomis run

-C Conpil e only. Produce object file output, even if
there was only one source file.

-C Retain comments during the nmacro preprocessor pass.
- Dnane=def
Defi ne synbol nanme to be string def, as if by a
#define statenent. |If =def is omitted, define nane
to be 1.
-E Run only the macro preprocessor, process only input

files with the .c suffix; send the result of this
pass to the standard out put.

-g Generate special synbol table data for sdb(1l) or
cdb(1) and pass the -g flag to the link editor.

-G Cause object code to be directly generated by the
conpi l er, bypassing the internedi ate steps of
produci ng assenbly code and assenbling it to
produce object code. This is the default. The -G
option is the same as the -q direct_code option.

-ldir dir is a directory name. Search for #include files
whose nanes do not begin with / first in the
directory containing the source file, then in dir
and then in a list of standard defaults. Miltiple
-1 options can establish a hierarchy of #include
file directories.

-0 out put
Nane the final, executable output file output
instead of a.out. Note the space between the -0
and the file nane.

-0 Perform optim zati ons which speed up the generated

code. Al so, perform any space optim zations which
do not inpact code speed. See also the -q option.

-p Prepare to generate an execution profile using



-pg

- Uname

-w

-W, arg
-\, arg
-W,arg

prof (1). Include special profiling code that
counts how many tinmes each routine is called. |If
i nki ng occurs, use a special startup routine that
calls monitor(3C) and produces a non.out file upon
term nation. Uses special profiling versions of
standard libraries found in /usr/lib/libp/lib*.a.
NOTE: use of the MARK macro (see prof(5)) requires
the -A option of cc.

Prepare to generate an execution profile using

gprof (1). Include special profiling code that
counts how many tinmes each function is called and
how much time is spent in each. [If linking occurs,

use a special startup function that calls
nonstartup and produces a gnon.out file upon

term nation. Uses special profiling versions of
standard libraries found in /usr/lib/libp/lib*.a.
Note: Use of the MARK macro (see prof(5)) requires
the -A option of cc.

Run all .c files through the preprocessing step,
putting the result in the corresponding output file
with a .i suffix.

Make initialized variables shared and read-only (by
passing the -r option to the assenbler).

CGenerate only assenbly | anguage output, putting it
in one or nore files that have the source file name
and an .s suffix.

Undefine synbol nane to renove its default
definition.

Report the nanes of all subprocesses invoked in the
conpi l ed program and their argunents. This option
shows any files that are |inked automatically and
the current conpiler, assenbler, and |ink editor
opti ons.

Suppress warni ng di agnosti cs.

Pass option arg to the conpiler (see "C Conpiler
Internal Options" in the "Conpiler and C Language"
chapter in the UVAX V Programmer's Guide),
assenbl er (see as(1)), or linker (see 1d(1)),
respectively.

The followi ng options are intended to provide nore detail ed

contro

over the generated code and action of the conpiler.

In general, they should only be used for special situations.

-g qualifier
-g qualifier=arg

Modi fy the generated code of the conpiler to



refl

Qua

ect various special requirenents of a program
ifiers include the follow ng:

align_text, noalign_text

xpc,

Enabl e al i gnnent of text segnents on boundari es
that allows the burst node of systens equi pped
with APCs (Advanced Dual Processor Cards,
utilizing the NS32332 CPU chip) to be nost
effectively used. The default option is

-g noalign_text, unless the -q optini ze=tine
option is specified.

apc, dpc

CGenerate code optimnized for a system equi pped
with XPCs (Extended Performance Dual Processor
Cards, utilizing the NS32532 CPU chip), APCs
(Advanced Dual Processor Cards, utilizing the
NS32332 CPU chip), or DPCs (Dual Processor
Cards, utilizing the NS32032 CPU chip). If the
-g Xpc option is specified, then the
preprocessor synbol ns32532 is defined and code
optimal for the NS32532 is generated. |If the
-q apc option is specified, then the
preprocessor synbol ns32332 is defined and the
-q align_text option is enabled. |If the -qg dpc
option is specified, then the preprocessor
synbol ns32032 is defined and the

-q noalign_text option is enabled. |If neither
-q Xpc nor -q apc nor -q dpc is specified, then
the default option is either -q xpc or -q apc
or -q dpc , dependi ng upon whet her the system
upon which the conpiler is running is equipped
with XPCs, APCs, or DPCs, respectively. Code
generated with these options will work on al
XPCs, APCs, and DPCs.

asndi r =prefix
crtOdir=prefix

| ddi

r=prefix

Overrides the defaults for the | ocations of
as(1) (the assenbler), the relevant startup
routine (either crt0.0, ncrt0.0, or gcrt0.0),
and 1d(1) (the link editor). The default

val ues for these are asndir=/bin/,

crtodir=/lib/ (if the startup routine is crt0.o0
or ncrt0.0), crtOodir=/usr/lib/ (if the startup
routine is gcrt0.0), and lddir=/bin/.

conpi l er_registers, noconpiler_registers

Enabl e or disable conpiler allocation of |ocal
variables to registers beyond those specified
by register storage class specifications. The
default option is -q conpiler_registers. The
-g noconpiler_registers option should only be
used when code is witten to depend on the

exi stence of non-register class variables in
menory.



direct _code, nodirect_code

Enabl e or disable the direct generation of code
by the conpiler. Wen enabl ed, the conpiler
will directly generate object code, bypassing
the internmedi ate steps of producing assenbly
code and assenbling it to produce the object
code. The -q nodirect_code option (sanme as the
-A option) should only be needed if the source
file contains asmstatenents. The

-q direct_code option (sane as the -G option)
is enabl ed by default. The -q nodirect_code
option is enabled if the -R option is
speci fi ed.

enter_exits, noenter _exits

Generate enter and exit instructions at
subroutine start and end. Enter and exit

i nstructions nmake stack tracing by debuggers
possible. The -qg noenter_exits option is
enabl ed by default, unless the -g option is
used.

ext ensi ons, noextensi ons
ext ensi ons=paral | el
ext ensi ons=m cr ot aski ng

i mi

i ncl

Speci fies which | anguage extensions wll be
recogni zed. The -q extensions=parallel option
speci fies that extensions which support

paral |l el progranm ng are recogni zed. This

i ncl udes shared nmenory declarations and in-1line
code generation for spin lock routines.

Consult the section "C Parallel Progranm ng

Ext ensi ons” in Chapter 18, Conpiler and C
Language in the UVAX V Programrer's Cuide. The
- extension=m crotasking option specifies that
ext ensi ons whi ch support nicrotasking are
recogni zed. This includes the

-q extension=parallel extensions, and al so
specifies that the microtasking library and an
alternate version of crt0.0 are to be used by
the | oad step. The -q extensions option is
equi val ent to -qg extensi on=m crotasking. The
default option is -q noextensions.

tfregs, nolimtfregs

Use or don't use the new NS32532 doubl e
precision floating point registers f1, f3, f5,
f7. This flag is valid only in conjunction with
the -q xpc flag. The default value for this
flagis -glimtfregs (the new registers are
not used). The doubl e precision registers f1,
f3, f5, f7 do not exist on APCs and DPCs, and
code that uses these registers will not work on
APCs and DPCs.

udes, noi ncl udes



Look or don't look for C language include files
in the standard directory /usr/include.

-gq noi ncludes specifies there is no standard

| ocation for the include files. The default

val ue is -q includes.

| ong_case, nolong case
Enabl e or disable the generation of case
statenments using a full four byte displacenent.
The -q nol ong_case option is the default,
al l owi ng case statenents to span 8 Kil obytes.
The -gq | ong_case option allows case statenents
to span 16 Megabytes. This should only be
needed i n unusual circunstances.

| ong_j unp, nolong junp
Enabl e or disable the generation of junps with
four byte displacenments when the assenbler is
unable to resolve themin 1 byte. This option
only has effect when direct code generation is
not enabled. The default option,
-q nolong junp, allows branches to span up to
_8 Kilobytes. The -q long_junp option will
al l ow branches to span up to _16 Megabytes.

| oops, nol oops
Enabl e or disable | oop optimnzations. These
optim zations include | oop-invariant hoisting
and strength reduction. The default option is
-q nol oops.

optimze, nooptimze

opti m ze=none, opti m ze=st andard, opti m ze=ti ne, opti m ze=space
Specify the |l evel of optimzation. The
-q optimze option is equivalent to the
-q optimze=standard. The -q nooptimn ze option
is equivalent to -q optim ze=none. The -0O
option is equivalent to -q optim ze=standard.
The -qg optim ze=standard opti on enabl es a set
of optimzations that do not take an excessive
time to generate and do not overly favor space
over time or vice versa. The -qg optimze=tine
option enabl es optim zati ons which may take
| onger to recogni ze but should yield a program
that takes nminimal tine. This option enables
-q align_text, -gq |loops, and -q novolatile. If
any of these options are inappropriate, they
may be overridden by the appropriate -q noxxx
option. The -q optinize=space option enables
optinmizations which nmay take |onger to generate
but should yield a program which takes mnininma
space. This option enables
-q preload_constants and -q tail_nerge. The
default option is -qg optimnm ze=none.

prel oad_constants, noprel oad_constants
Enabl e or disable the linking of constant



val ues and addresses that are frequently
referenced in the source code at the start of a
program This option saves space; it may save
execution tinme if the constants and addresses
are also referenced frequently during
execution. The -q noprel oad_constants option is
the default; the -q preload constants option is
enabl ed by the -O option.

reg_parans, noreg_parans
Pass the first two paraneters to a subroutine
in registers rather than on the stack. The
-q noreg_params option is the default. The
standard libraries provided with the system

assune -qg noreg_parans and will not work with
object files built with the -q reg_parans
option.

sbfi xed, nosbfi xed
Enabl e or disable the use of the NS32000 sb
regi ster when generating i nmedi ate addresses.
The -qg sbfixed option is the default.

signed_bit_fields, nosigned_bit fields
Enabl e or disable making bit fields in
structures of type int, short, and char to be
signed. The default option,
-q nosigned_bit _fields, is to nake all fields
unsi gned.

smal | _enuns, nosnal | _enuns
Enabl e or disable the allocation of each enum
type as the snallest predefined type that can
represent all of the values that are listed
(that is values of type char, short, int,
unsi gned char, unsigned short, or unsigned that
are used in the enumstatenent). The default
option, -q nosmall_enuns, allocates an enum
type as an int.

standard_|ibrary, nostandard |library
Allows the conpiler to replace calls to
standard libc routines with equivalent in-line
code. The default option is
-q nostandard_library, unless the
-q optimze=tinme option is specified.

tail _nerge, notail _nerge
Enabl e or disable branch-tail merging, an
optinization which reduces code size by sharing
common portions of then and el se clauses or of

case switches. The -q tail _merge option is
enabl ed by default, and disabled when -Ois
speci fi ed.

vol atile, novolatile
Di sabl e or enabl e additional optimzation on



the assunption that nmenory never changes except
as the result of explicit store operations. The
default option, -q volatile, disables these
optim zations. The -q novolatile option should
be used when all variables that can be nodified
asynchronously (e.g., by signal handl ers) have
type volatile. Asynchronous nodification could
happen, for exanple, with signals, device
drivers, and parallel processes accessing
shared nmenory. The current default is

-q novolatile. In the future, the goal is to
have -q volatile the default val ue.

FI LES
file.c input file
file.o object file
a. out I i nked out put
/1iblccom compi |l er
/1ib/occom backup conpil er
/liblcrt0.o runtime startoff
/[lib/ncrt0.0 startoff for profiling
/1ibllibc.a standard library, see intro(3)
fusr/libp/lib*. a profiling libraries, see intro(3)
[usr/include standard directory for #include files
non. out file produced for analysis by prof(1)
SEE ALSO

adb(1), as(1l), cdb(l), gprof(1), 1d(1l), prof(1), sdb(1),
a.out (4), nonitor(3Q0).

cflowm(l) in the UMAX V User's Reference Manual

"C Language" and "Conpiler and C Language" in the UVAX V
cflowm(1l) in the UMAX V User's Reference Manual

"C Language" and "Conpiler and C Language" in the UVAX V
Programer' s Qui de.

B. W Kernighan and DD M Ritchie, The C Programm ng
Language. Prentice-Hall, 1978.

DI AGNCSTI CS
The di agnostics produced by Citself are intended to be
sel f-expl anatory. COccasional nessages may be produced by
the assenbler or link editor.
NOTES
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APPENDI X F - 77

$man f77

NANVE
f77 - Fortran-77 conpil er

SYNOPSI S
f77 [ options ] file [ options ] [ files ]

DESCRI PTI ON
The f77 conpiler is an advanced, optim zing Fortran-77



conpiler that accepts a conplete inplenentation of the
standard Fortran | anguage defined by ANSI standard X3.9-
1978. It al so has extensions to support VAX Fortran
functionality and parallel programming. The Fortran-77
conpi l er accepts any or none of the options described

foll owi ng, and one or nore input file nanes. Files and
options can be mxed in any order. Any differences between
4.2 and V are noted in the text.

Files that have an f or F extension are taken to be
Fortran-77 | anguage source programs. The conpiler processes
every Fortran-77 source file to produce a correspondi ng
object file with the same file name and an o extension.
Source files that have an F extension are passed through the
C I anguage macro preprocessor before being conpiled by the
f77 conpiler. Files that have an e extension are assuned to
be EFL (Extended Fortran Language) files, which are passed
through the efl preprocessor before being conpiled by the
Fortran-77 conpiler. Files that have an r extension are
taken to be Ratfor files and passed through the ratfor
preprocessor before being conpiled. Files that have an s
extension are assuned to be assenbly | anguage source
progranms. These are assenbled to produce a correspondi ng
object file with the sanme file name and an o extension.

Files with extensions other than f, F, e, r, and s are
assuned to be Fortran-conpatible libraries, or object files
such as those files produced by an earlier conpilation or
assenbly. These files, together with any object code
produced during the conpilation, are | oaded to produce an
executabl e programfile nanmed aout.

If only one input file with an f, F, e, r, or s extension is
supplied, the conpiler automatically deletes the object file
out put produced fromthat input file after executable
program fil e aout has been created.

Al'l unrecogni zed options and all file nanes with extensions
other than .f, .F, .e, .r, .c are passed to the |oader. For
assenbl er options, see as(1l); for |oader options, see [d(1).
The f77 options are:

-Bprefix Run the conpiler programcontained in file
prefixfcom |If prefix is not given,
fusr/lib/ofcomis the default conpiler used.

-C Conpile only. Produce object file output (even if
there was only one source file) and do not | oad
the programafter conpiling it.

- Dname=def
Defi ne synbol name to be string def, when running
the C | anguage preprocessor, as if by a #define
statement. |If =def is onitted, defines nane to be
1 while running the C preprocessor.

-Estring Pass option(s) string to the efl preprocessor when



-l path

-0 out put

-onetrip

-Ppg

processing input files that have the e extension.

CGenerate only Fortran | anguage output fromthe
ratfor or efl preprocessor, placing it in a file
that has the source file name and the f extension,
but do not run the Fortran-77 conpiler.

CGenerate special synbol table data for the sdb(1)
debugger (or the optional debugger), and pass the
-lg flag to the | oader.

I ncl ude source files fromthe directory naned path
when runni ng the C | anguage preprocessor. Wen
compi ling source files named with the F extension,
search for #include files (whose nanes do not
begin with /) first in the directory containing
the source file, then in the directory path, and
then in a list of standard defaults. Miltiple -1
options can establish a hierarchy of #include file
directories.

Make the default length of integer constants and
vari ables, and all logical quantities, be short.
Conpl emrentary option -i4 is the default, which
calls for long integer variables and constants.

Apply the M4 macro preprocessor to each EFL or
Ratfor source file before passing it through the
efl or ratfor preprocessor.

Perform optim zations that speed up the generated
code; also perform any space optim zations that do
not inpact code speed. See also the -q qualifier
opti ons.

Nane the final, executable output file output
rat her than aout.

CGenerate object code that executes the range of
every do loop at |east once, even if the initia
val ue of the |loop index exceeds the limt val ue.

Prepare to generate an execution profile using
prof (1). Include special profiling code that
counts how many tinmes each routine is called. If
| oadi ng occurs, use a special startup routine that
calls nonitor(3) and produces a nonout file upon
term nation. Use a special profiling library

i nstead of the standard C library.

CGenerate an execution profile using gprof.

I ncl ude special profiling code that counts how
many tinmes each routine is called. |If |oading
occurs, use a special startup routine that calls
noni tor(3) and produces one or nore gnon.pid upon
termnation. A profiling version of the standard
library is used.



-w

- W66

-Wac I],

-q qualifi

Make initialized variables shared and read-only
(by passing the -r option to the assenbler).

Pass option(s) string to the ratfor preprocessor
when processing input files that have an r
ext ensi on.

CGenerate assenbly | anguage out put for each source
file, but do not assenble it. Assenbler output
for a source file with the extension f, F, e, r,
or cis put inafile with the same nane and a s
ext ensi on.

Do not convert uppercase letters to | owercase
letters. By default Fortran prograns are
converted to |l owercase letters except within
character string constants.

Di sabl e automatic data typing and, instead, nake
the default type of a variable the undefined type.

Report the nanes of all subprocesses invoked by
the conpiler and their argunents.

Suppress warni ng di agnosti cs.

Recogni zed only for conpatibility with the
Portabl e Fortran-77 Conpiler, which used this
option to suppress warni ngs about Fortran-66
features encountered during conpilation. The
Fortran-77 conpil er does not flag | anguage

el ements that are unique to Fortran-66.

arg
Pass option arg to the assenbler, conpiler, or
linker, as specified respectively by -Wa, arg,

-W, arg, or -W, arg. The internal options for
the f77 conpiler include inplenentation options
used to reconfigure the conpiler for alien
operating environnents, and debuggi ng opti ons used
for testing conpiler software. These options
shoul d never be used in nornal operation; they are
described in the Fortran-77 Manual

er[=ar(g]

The qualifier options provide nore detail ed
control over the generated code and action of the
conmpiler. They nodify the generated code of the
conmpiler to reflect various special requirenents
of a program and in general should only be used
for special situations. The qualifier options
deal with architecture, optimzation selections,
file configuration, and Fortran | anguage
extensions. In this listing they are grouped by
category. Both the qualifiers and any argunents,
whi ch have conpil er-defined val ues, can be



abbreviated to their mninum nunber of unique
characters. The qualifiers are:

portabl e
apc, apc0l, apc02, dpc, xpc[,2arg], host_is_target,

These qualifiers select generation of code
that is conmpatible with Milti max systens
havi ng APC DPC or XPC (Nationa

Semi conduct or NS32xxx- based) processor
boards. The default is to generate code
appropriate for the nmachi ne on which the
conpiler is running. (Differences between
generated APC and DPC code are primarily in
al i gnment optimzation.)

apc The apc qualifier selects APCO1l code
and the libmapc.a math library.

apc0l1 The apc0l1 qualifier is the same as the
apc qualifier. It is equivalent to
t he obsol eted sw tch conbination,
-q apc -g nof pa.

apc02 The apc02 qualifier selects APCO2 code
(with Cone instructions) and uses the
libmfpa.a math library. This is
equi val ent to the obsol eted switch
combi nation, -q apc -q fpa

dpc The dpc qualifier selects code
optinmized for a DPC system and uses
the libmapc.a library.

xpc|[ , ar g]
The xpc qualifier generates code
optimzed for XPC systens, using the
libmxpc.a math library. Since xpc
permits access of 4 additiona
floating point (fp) registers and uses
floating point instructions that do
not exist for APC and DPC boards, code
conpiled using this option nay not be
portable to APC and DPC systens. Xxpc
accepts the arguments linmtfregs and
nolimtfregs. -q xpc,limtfregs
assures code conpatibility with APC
and DPC systens, selecting the
libmapc.a math library rather than
i bm xpc.a and suppressing the usage
of some doubl e-precision floating
point registers that are available to
XPC systens; only 4 doubl e-precision
float registers are used.
-g xpc,nolimtfregs pernmts al
floating point registers to be used,
and uses the libmxpc.a math library.



host _is_target
The host _is target qualifier optimzes
code for the systemperformng the
compilation. No attenpt is made to
preserve portability. This is default
behavi or.

portabl e
The portable qualifier generates code
that is portable across all Miltimax
APC, DPC, and XPC systems. A
universal math library, libmapc.a, is
used. Only optimzations that are
explicitly portable are used.
Produced code is portable to APC and
DPC systens even if conpiled on an XPC
system since only 4 doubl e-precision
float registers are used.

align_text, noalign_text
Enabl e or disable alignnent of text segnents
on boundaries to optimze burst node on
Mul timax systens having APC s. The default
is noalign_text, unless optimze=time is
enabl ed.

asndi r =prefix
Use the assenbler |located in the prefixas
file instead of the default assenbler,
/ bi n/ as.

conpi l er_registers, noconpiler _registers
Enabl e or disable conpiler allocation of
| ocal variables to registers beyond those
specified by regi ster storage class
specifications. The default is
conpil er_registers. noconpiler_registers
shoul d only be used when code is witten to
depend on the exi stence of non-register
class variables in menory.

crtOdir=prefix
Use the prefixcrt0.o0 startup file instead of
the default startup file, /lib/crtO.o.

d lines, nod_lines
Enabl e or disable the recognition of any
commrent line, beginning with a D, as a code
line. The default is nod_Ilines.

di rect _code, nodirect_code
Enabl e or disable the direct generation of
code by the conpiler. Wen enabled, the
conpiler directly generates object code,
bypassing the internedi ate steps of
produci ng assenbly code and assenbling it to
produce the object code. The nodirect_code



qualifier should only be needed if the
source file contains asm statenents.
direct_code is enabled by default.

nodi rect _code is enabled if the -R option is
speci fi ed.

extensi ons[ =arg], noextensions

Enabl e or disable the specification of
Fortran extensions. The default qualifier
i s noextensions. The avail able argunents
are:

berkel ey f77 Supports the standard UNI X
f77. This is equivalent to
noext ensi ons.

ext ended f77 Supports an extension to f77
that allows Fortran prograns
witten for VAX VM5 to be
conpiled on Multimax systens.
This is the default when the
-q extensions qualifier is
gi ven wi thout an argunent.

paral | el Recogni zes the extensions
that support paralle
programm ng, including shared
menory decl arati ons and
spinl ocks in-line. This does
not change the val ue of an
earlier specified
berkel ey f77 or extended f77
sel ecti on.

| ddi r=prefix

Use the Iink editor in prefixld instead of
the default, /bin/ld.

| ong_case, nol ong_case

| ong_j

Enabl e or disable the generation of case
statenents using a full four-byte

di spl acenment. nolong case is the default,

al l owi ng case statenents to span 4

Kil obytes. 1long_case allows case statenents
to span 2 Megabytes. This should only be
needed i n unusual circunstances.

unp, nol ong_j unp

Enabl e or disable the generation of junps
with four-byte displacenents when the
assenmbler is unable to resolve themin one
byte. The default, nolong junp, allows
branches to span up to _8 Kil obytes.

[ ong_junp all ows branches to span up to _16
Megabytes. Direct code generation selects
one-, two-, or four-byte displacenent as
appropriate, regardl ess of the setting of



| oops,

optim

this option.

nol oops

Enabl e or disable | oop optimzations. These
optim zations include | oop-invariant

hoi sting and strength reduction. The
default is nol oops.

ze[=arg], nooptim ze

Enabl e or disable different |evels of
optimization. The default is optim ze=none.
The avail abl e argunments are:

none Enabl e no special optimzations.
none i s equivalent to nooptim ze.

space Enabl e optim zations which may
take |l onger to generate but which
shoul d produce a programthat
requires mnimal space. This
argunent al so enabl es
prel oad_constants and tail _nerge.

st andard Enabl e a set of optim zations
that do not take an excessive
amount of tine to generate and
whi ch do not favor space over
time (or vice versa).

time Enabl e optim zati ons whi ch may
take | onger to recogni ze but
whi ch shoul d produce a program
that requires mnimal execution
time. This argunent al so enabl es
align_text, |oops, and
novol atil e.

prel oad_constants, noprel oad_constants

Enabl e or disable the | oading of constant

val ues and addresses that are frequently
referenced in the source code at the start
of a program This option saves space; it
may save execution time if the constants and
addresses are also referenced frequently
during execution. no_preload constants is
the default; preload constants is enabl ed by
the -O option.

single_lib, nosingle_lib

Enabl e or disable the use of single
precision math routines for certain built-in
functions when the functions are called with
single precision argunments. The single
preci sion versions offer significantly

i ncreased speed with al nbst no reduction in
accuracy. single lib is enabled by default.

tail _nerge, notail _nmnerge



vol at i

RESTRI CTI ONS
The -q flag and

Enabl e or disable branch-tail nerging, an
optim zation that reduces code size by
sharing common portions of then and el se

cl auses or of case switches. tail_nerge is
di sabl ed by default.

le, novolatile

Enabl e or disable additional optimzation on
the assunption that menory never changes
except as the result of explicit store
operations. The default is volatile, unless
optimze=tine is selected. novolatile,

whi ch enabl es the optimzations, is
avai l abl e only when optimze=tine is

sel ected. novolatile should only be used
when it is clear that no variables can be
nodi fi ed asynchronously. Asynchronous

nodi fication could happen, for exanple, with
signals, device drivers, or paralle
processes accessi ng shared nenory.

its qualifier options replace the follow ng

options, which are no | onger supported:

-A Repl aced by
-G Repl aced by
-H Repl aced by
-J Replaced by
-T Replaced by

-V  Repl aced by

FI LES

Afort[pid].?
a. out
file.[fFresc]
file.o

gnon. [ pi d]
non. out
/1iblcpp
/lib/libc.a
/1iblcpp
/lib/libc.a

fusr/lib/fcom

-q nodirect_code.
-q direct_code.
-q notail _nerge.
-q long_junp.

-q | oops.

-q novol atile.

tenmporary fortran process files

| oaded output file

input file

object file

e produced for analysis by nonitor(3)
file produced for analysis by prof(1)
C preprocessor

fi

Clibrary
C preprocessor
Clibrary

Fortran conpiler

/usr/lib/libFBERK. a combined |ibF77.a, libl77.a, and

libU77.a library

fusr/lib/libFBERK p.a profiling conbi ned Berkel ey function

library

fusr/lib/libFORT. a combi ned |i bFBERK. a and |i bX77. a

library

fusr/lib/libFORT p.a profiling conbi ned extended Berkel ey

function



fusr/lib/libmapc.a st andard NS32081 code nath |ibrary

fusr/lib/libmfpa.a math library for APCO2 systens with
Cone processor
fusr/lib/libmxpc.a XPC systemmath library (8 float-

regi ster, NS32381)

SEE ALSO
as(1l), cc(1), 1d(1), mi(1l), prof(1l), sdb(1l), cdb(1X),
efl (1F), fpr(1F) fsplit(1F) ratfor(1F), struct(1F),
intro(3F) epf(9F),
Fortran-77 Manual

Ameri can National Standard Programm ng Language Fortran
ANSI X3.9-1978.
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APPENDI X G - lint

$man |int
NAVE
lint - a C program checker
SYNOPSI S
lint [ option] ... file ...
DESCRI PTI ON
l[int attenpts to detect features of the C programfiles that
are likely to be bugs, non-portable, or wasteful. It also

checks type usage nore strictly than the conpilers. Anbng
the things that are currently detected are unreachable
statenments, |oops not entered at the top, automatic

vari abl es decl ared and not used, and | ogical expressions
whose value is constant. Mdreover, the usage of functions
is checked to find functions that return values in some

pl aces and not in others, functions called with varying
nunbers or types of arguments, and functions whose val ues
are not used or whose val ues are used but none returned.

Argunents whose nanes end with .c are taken to be C source
files. Arguments whose nanes end with .In are taken to be
the result of an earlier invocation of lint with either the
-c or the -o option used. The .In files are anal ogous to .0
(object) files that are produced by the cc(1l) comand when
given a .c file as input. Files with other suffixes are

war ned about and i gnored.

l[int will take all the .c, .In, and Ilib-Ix.In (specified by
-I1x) files and process themin their command |line order. By
default, lint appends the standard Clint library (Ilib-

l[c.In) to the end of the list of files. However, if the -p
option is used, the portable Clint library (Ilib-port.In)

i s appended instead. When the -c option is not used, the
second pass of lint checks this list of files for nutua
conpatibility. When the -c option is used, the .In and the



I'lib-

Ix.In files are ignored.

Any nunber of lint options may be used, in any order,
interm xed with file-nane argunments. The foll owi ng options
are used to suppress certain kinds of conplaints:

-a

-b

Suppress conpl ai nts about assignments of |ong val ues
to variables that are not | ong.

Suppress conpl ai nts about break statenents that
cannot be reached. (Prograns produced by |lex(1l) or
yacc(1l) will often result in many such conplaints.)

Do not apply heuristic tests that attenpt to intuit
bugs, inprove style, and reduce waste.

Suppress conpl ai nts about functions and externa
vari abl es used and not defined, or defined and not
used. (This option is suitable for running lint on
a subset of files of a larger progranj.

Suppress conpl ai nts about unused argunents in
functi ons.

Do not report variables referred to by externa
decl arati ons but never used.

The followi ng argunments alter lint's behavior:

-1 x

-0 |

I nclude additional lint library Ilib-Ix.ln. For
exanple, a lint version of the Math Library Ilib-Imln
can be included by inserting -l mon the comand |i ne.
Thi s argunent does not suppress the default use of
[lib-lc.In. These lint libraries nust be in the
assuned directory. This option can be used to
reference local lint libraries and is useful in the
devel opment of nulti-file projects.

Do not check conpatibility against either the standard
or the portable lint library.

Attenpt to check portability to other dialects (I1BM and
GCOs) of C. Along with stricter checking, this option
causes all non-external names to be truncated to eight
characters and all external nanes to be truncated to
si x characters and one case.

Cause lint to produce a .In file for every .c file on
the conmand line. These .In files are the product of

lint's first pass only, and are not checked for inter-
function conpatibility.

b

Cause lint to create a lint library with the nane
[Tib-1lib.In. The -c option nullifies any use of the
-0 option. The lint library produced is the input that
is given to lint's second pass. The -0 option sinply



causes this file to be saved in the named lint library.
To produce a Ilib-1lib.In wthout extraneous nessages,
use of the -x option is suggested. The -v option is
useful if the source file(s) for the lint library are
just external interfaces (for example, the way the file
[lib-lc is witten). These option settings are al so
avai | abl e through the use of "lint coments" (see

bel ow) .

The -D, -U, and -1 options of cc(1l) and cpp(l) and the -g
and -O options of cc are al so recogni zed as separate
argunents. The -g and -O options are ignored, but, by
recogni zi ng these options, lint's behavior is closer to that
of the cc command. Oher options are warned about and

i gnored. The pre-processor synbol "lint" is defined to

all ow certain questionable code to be altered or renoved for
lint. Therefore, the synbol "lint" should be thought of as
a reserved word for all code that is planned to be checked
by lint.

Certain conventional conmments in the C source will change
t he behavior of lint:

| * NOTREACHED* /
at appropriate points stops comrents about unreachabl e
code. (This comment is typically placed just after
calls to functions like exit(2).)

/ * VARARGSNn* /
suppresses the usual checking for variable nunbers of
argunents in the follow ng function declaration. The
data types of the first n argunents are checked; a
mssing nis taken to be O.

/ * ARGSUSED* /
turns on the -v option for the next function.

/ * LI NTLI BRARY*/
at the beginning of a file shuts off conplaints about
unused functions and function argunents in this file.
This is equivalent to using the -v and -x options.

[int produces its first output on a per-source-file basis.
Conpl aints regarding included files are coll ected and
printed after all source files have been processed.

Finally, if the -c option is not used, infornation gathered
fromall input files is collected and checked for
consistency. At this point, if it is not clear whether a
compl aint stems froma given source file or fromone of its
included files, the source file nane will be printed

foll owed by a question mark

The behavior of the -c and the -o options allows for
incremental use of lint on a set of C source files.
General ly, one invokes lint once for each source file with
the -c option. Each of these invocations produces a .In
file which corresponds to the .c file, and prints al



nessages that are about just that source file. After al

the source files have been separately run through lint, it

i s invoked once nmore (without the -c option), listing al

the .In files with the needed -1x options. This will print
all the inter-file inconsistencies. This schene works well
with make(1); it allows nake to be used to Iint only the
source files that have been nodified since the last tine the
set of source files were |inted.

FI LES
fusr/li
fusr/li

[1int]12] first and second passes
[1lib-lc.In declarations for C Library
functions (binary format; source is
in /usr/lib/llib-Ic)
fusr/lib/lIlib-port.In decl arations for portable functions
(binary format; source is in
fusr/lib/llib-port)
fusr/lib/llib-Imln decl arations for Math Library
functions (binary format; source is
in /usr/lib/l1lib-Imln)
fusr/tmp/*lint* tenmporari es

O T

SEE ALSO
cc(1), cpp(l), lex(1), make(l), yacc(1l), tmnpnan(3S)

BUGS
exit(2), longjnmp(3C), and other functions that do not return
are not understood; this causes various |ies.

APPENDI X H - cb

$man cb
NANMVE
cb - C program beautifier
SYNOPSI S
cb[ -s]T [ -j11 -1 leng] [ file ... ]
DESCRI PTI ON

The cb conmand reads C progranms either fromits argunents or
fromthe standard input, and wites themon the standard
output with spacing and indentation that display the
structure of the code. Under default options, cb preserves
all user newlines.

cb accepts the foll owi ng options.

-S Canoni cal i zes the code to the style of Kernighan
and Ritchie in The C Progranm ng Language.

- Causes split lines to be put back together.

-1 leng Causes cb to split lines that are |onger than
| eng.

SEE ALSO
cc(l).



The C Programm ng Language. Prentice-Hall, 1978.

BUGS
Punctuation that is hidden in preprocessor statenments will
cause indentation errors.
NOTES
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APPENDI X | - ar

$man ar
NAMVE
ar - archive and library maintainer for portable archives
SYNOPSI S
ar key [ posnhane ] afile [ name ]
DESCRI PTI ON
The ar conmand mai ntains groups of files conbined into a
single archive file. Its nmain use is to create and update
library files as used by the link editor. |t can be used,

though, for any simlar purpose. The nmagic string and the
file headers used by ar consist of printable ASC
characters. |If an archive is conposed of printable files,
the entire archive is printable.

When ar creates an archive, it creates headers in a format
that is portable across all machines. The portable archive
format and structure is described in detail in ar(4). The
archive synbol table (described in ar(4)) is used by the
link editor (1d(1)) to effect multiple passes over libraries
of object files in an efficient manner. An archive synbol
table is only created and mai ntained by ar when there is at
| east one object file in the archive. The archive symnbo
table is in a specially naned file which is always the first
file in the archive. This file is never nentioned or
accessible to the user. Wenever the ar conmand is used to
create or update the contents of such an archive, the synbo
table is rebuilt. The s option described below w |l force
the symbol table to be rebuilt. The synmbol table holds a
maxi mum of 20, 000 synbol s.

Unl i ke command options, the command key is a required part
of ar's command line. The key (which may begin with a -) is
formed with one of the following letters: drqtpnx.
Argunents to the key, alternatively, are made with one of
nore of the follow ng set: vuaibcls. posnane is an archive
menber nanme used as a reference point in positioning other
files in the archive. afile is the archive file. The nanes
are constituent files in the archive file. The neanings of
the key characters are as foll ows:

d Del ete the naned files fromthe archive file.
r Repl ace the naned files in the archive file. |If the

optional character uis used with r, then only those
files with dates of nodification |later than the archive



files are replaced. |If an optional positioning
character fromthe set aib is used, then the posnane
argunent nust be present and specifies that new files
are to be placed after (a) or before (b or i) posnane.
O herwi se new files are placed at the end.

Qui ckly append the naned files to the end of the
archive file. Optional positioning characters are
invalid. The command does not check whether the added
menbers are already in the archive. This option is
useful to avoid quadratic behavi or when creating a

| arge archive piece-by-piece. Unchecked, the file may
grow exponentially up to the second degree.

Print a table of contents of the archive file. |If no
nanes are given, all files in the archive are tabl ed.
If nanmes are given, only those files are tabled.

Print the naned files in the archive.

Move the nanmed files to the end of the archive. If a
positioning character is present, then the posnhane
argunent nust be present and, as in r, specifies where
the files are to be noved.

Extract the naned files. |If no nanes are given, al
files in the archive are extracted. |In neither case
does x alter the archive file.

The neani ngs of the key argunments are as follows:

Vv

SEE ALSO

G ve a verbose file-by-file description of the nmaking
of a new archive file fromthe old archive and the
constituent files. Wen used with t, give a |long
listing of all information about the files. Wen used
with x, precede each file with a nane.

Suppress the message that is produced by default when
afile is created.

Pl ace tenporary files in the | ocal (current working)
directory, rather than in the default tenporary
directory, /tnp.

Force the regeneration of the archive synmbol table even
if ar is not invoked with a comand which will nodify
the archive contents. This command is useful to
restore the archive synbol table after the strip(l)
command has been used on the archive.

ld(1), lorder(1), strip(l), tnmpnam(3S), a.out(4), ar(4).
"The Conmon (bject File Format" in the UMAX V Programer's
Qui de.

BUGS



NANVE

If the same file is nmentioned twice in an argunent list, it
may be put in the archive twce.

ar - common archive file format

DESCRI PTI ON

The archive conmand ar (1) conbines several files into one.
Archives are used mainly as libraries to be searched by the
link editor 1d(1).

Each archive begins with the archive magic string:

#defi ne ARMAG "lI'<arch>\n" /* magic string */
#defi ne SARMAG 8 /* length of magic string */

Each archive that contains conmon object files (see
a.out(4)) includes an archive synbol table. The link editor
| d uses the synbol table to determ ne which archive nenbers
Each archive that contains conmon object files (see

a.out (4)) includes an archive synbol table. The link editor
I d uses the synbol table to determ ne which archive nenbers
must be | oaded during the link edit process. The archive
synbol table (if it exists) is always the first file in the
archive (but is never listed) and is automatically created
and updated by ar.

Fol I owi ng the archive magic string are the archive file
nmenbers. Each file nenber is preceded by a file nenber
header in the follow ng format:

#def i ne ARFMAG "*\n" [/* header trailer string */
struct ar_hdr { [* file nmenber header */
char ar_date[12]; /[* file nmenber date */
menber name */
char ar _gid[6]; [* file menmber group
identification */
char ar_node[ 8]; [* file nmenber node
(octal) */
char ar_size[10]; /* file nmenber size */
char ar_fmag[2]; /* header trailer string */
3
Al information in the file nmenber headers is in printable
ASCII . The nuneric information in the headers is stored as

deci mal nunbers (except for ar_node, which is in octal).
Thus, if the archive contains printable files, the archive
itself is printable.

The ar_nane field is bl ank-padded and term nated with a
slash (/). The ar_date field is the nodification date of
the file at the time it is inserted into the archive.

Conmon format archives can be noved from systemto system as
| ong as the portable archive command ar is used.



Each archive file nenber begins on an even byte boundary; a
newline is inserted between files if necessary.
Nevert hel ess the size given reflects the actual size of the
file exclusive of padding.

Notice there is no provision for enpty areas in an archive
file.

If the archive synbol table exists, the first file in the
archive has a zero length nane (that is, ar_nane[0] == "/").
The contents of this file are:

The nunber of symbols. Length: 4 bytes.

The array of offsets into the archive file. Length: 4
bytes * "the nunber of synbols".

The nane string table. Length: ar_size - (4 bytes *
("the number of synbols" + 1)).

The string table contains exactly as many null-term nated
strings as there are elenents in the offsets array. Each
offset fromthe array is associated with the correspondi ng
nane fromthe string table (in order). The names in the
string table are all the defined global symbols found in the
common object files in the archive. Each offset is the

| ocation of the archive header for the associated synbol.

SEE ALSO
ar(1), 1d(1), strip(l), lIdahread(3X), ldfcn(4), a.out(4).

CAVEATS
strip renmoves all archive synmbol entries fromthe header.
The archive synbol entries nust be restored with the ts
option of ar command before the archive can be used with the
link editor |d.
NOTES
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NOTES
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APPENDI X J - tinme

$man tinme

NANMVE
time - get tine

SYNCPSI S
#i ncl ude <sys/types. h>

time_t time (tloc)
time_t *tloc;

DESCRI PTI ON
time returns the value of tinme in seconds since 00:00:00
GMI, January 1, 1970.



If tloc is not a null pointer, the return value is also
stored in the location to which tloc points.

time will fail if the following is true
[ EFAULT] points to an illegal address.

SEE ALSO
stime(2).

DI AGNOSTI CS
Upon successful conpletion, time returns the value of tinme.
O herwise, a value of -1 is returned and errno is set to
indicate the error.

NAVE
time, ctime, Itine, gntine - return systemtine

SYNOPSI S
i nteger function tinme() character*(*) function ctine (stine
i nteger stime subroutine Itine (stinme, tarray)
i nteger stime, tarray(9) subroutine gntime (stine, tarray)
i nteger stime, tarray(9)

DESCRI PTI ON
Time returns the tine since 00:00:00 GvI, Jan 1, 1970,
nmeasured in seconds. This is the value of the system cl ock
Ctinme converts a systemtine to a 24-character ASCI| string
The format is described under ctinme(3). No newline or NULL
i s included.
Ltime and gntinme both disect a time field into nonth, day,
etc., either for the local tine zone or for GMI. The order
and neani ng of each elenment returned in tarray is described
under ctine(3).

FI LES
fusr/lib/libUr7. a

SEE ALSO
ctime(3), itime(3F), idate(3F), fdate(3F)

NAVE
time - time a conmand

SYNCPSI S
time command

DESCRI PTI ON

The command is executed; after it is conplete, time prints
the el apsed tinme during the command, the time spent in the
system and the tinme spent in execution of the comand.
Tinmes are reported in seconds.



The tinmes are printed on standard error.

SEE ALSO

timex(l).

times(2) in the UMAX V Programrer's Reference Manual
APPENDI X K - ksh

$man ksh
NANMVE
ksh, rksh - korn shell, a command progranm ng | anguage
SYNCPSI S
ksh [ -acefhikmorstuvx ] [ -o option] ... [ arg ... ]
rksh [ -acefhikmorstuvx ] [ -o option] ... [ arg ... ]
DESCRI PTI ON

ksh is a command progranm ng | anguage that executes commands
read froma terminal or a file. rksh is a restricted
versi on of the standard command interpreter ksh; it is used
to set up login names and execution environnments whose
capabilities are nore controlled than those of the standard
shell. See Invocation below for the meaning of arguments to
the shell.

ksh is close to being upwards conpatible with the standard
Bourne shell (sh(1)). |Its major enhancenents include
conmand re-entry, in-line conmand editing, and aliasing.

Definitions.
A metacharacter is one of the follow ng characters:

; & () | <> newline space tab

A blank is a tab or a space. An identifier is a sequence of
letters, digits, or underscores starting with a letter or
underscore. ldentifiers are used as names for aliases,
functions, and named paranmeters. A word is a sequence of
characters separated by one or nore non-quoted

met achar act er s.

Conmands.
A simple-conmand is a sequence of bl ank separated words
whi ch may be preceded by a paraneter assignment list. (See
Envi ronnent below). The first word specifies the nane of
the command to be executed. Except as specified below, the
remai ni ng words are passed as argunents to the invoked
command. The command nanme is passed as argunment 0 (see
exec(2)). The value of a sinple-conmand is its exit status
if it termnates normally, or (octal) 200+status if it
term nates abnornally (see signal (2) for a list of status
val ues).

A pipeline is a sequence of one or nore comrands separated
| . The standard output of each command but the last is
connected by a pipe(2) to the standard input of the next



command. Each conmand is run as a separate process; the
shell waits for the last command to term nate. The exit
status of a pipeline is the exit status of the |last comrand.
A list is a sequence of one or nore pipelines separated by

7, & && or ||, and optionally termnated by ;, & or |&
O these five synbols, ;, & and |& have equal precedence,
which is lower than that of & and ||. The synbols && and

|| al so have equal precedence. A sem colon (;) causes
sequenti al execution of the preceding pipeline; an ampersand
(& causes asynchronous execution of the preceding pipeline
(i.e., the shell does not wait for that pipeline to finish).
The synbol | & causes asynchronous execution of the preceding
conmand or pipeline with a two-way pipe established to the
parent shell. The standard input and output of the spawned
command can be witten to and read fromby the parent shel
using the -p option of the special comands read and print
described later. Only one such command can be active at any
given time. The synbol && (||) causes the list following it
to be executed only if the preceding pipeline returns a zero
(non-zero) value. An arbitrary nunber of newlines may
appear in a list, instead of senicolons, to delimt

commands.

A command is either a sinple-command or one of the
following. Unless otherw se stated, the value returned by a
command is that of the |ast sinple-comand executed in the
conmand.

for identifier [ inwrd ... ] do list done
Each tinme a for command is executed, identifier is set
to the next word taken fromthe in word list. If in
word ... is omtted, then the for command executes the
do list once for each positional paraneter that is set
(see Paraneter Substitution below). Execution ends
when there are no nore words in the |ist.

select identifier [ inword ... ] do list done
A sel ect conmand prints on standard error (file
descriptor 2), the set of words, each preceded by a
nunber. If inwrd ... is omtted, then the
positional paraneters are used instead (see Paraneter
Substitution below). The PS3 pronpt is printed and a
line is read fromthe standard input. |If this line
consi sts of the nunber of one of the listed words, then
the value of the paraneter identifier is set to the
word corresponding to this nunber. |If this lineis
enpty, the selection list is printed again. O herw se
the value of the paraneter identifier is set to null
The contents of the line read fromstandard input is
saved in the paraneter REPLY. The list is executed for
each selection until a break or end-of-file is
encount er ed.

case word in [ pattern [ | pattern] ... ) list ;; ] ... esac
A case command executes the |list associated with the
first pattern that matches word. The formof the
patterns is the same as that used for file-nane



generation (see File Nanme Ceneration bel ow).

if list thenlist [ elif list thenlist ] ... [ elselist ] fi
The list following if is executed and, if it returns a
zero exit status, the list following the first then is
executed. O herwise, the list following elif is
executed and, if its value is zero, the list follow ng
the next then is executed. Failing that, the else list
is executed. If no else list or then list is executed,
then the if command returns a zero exit status.

while list do |ist done

until list do |ist done
A whil e command repeatedly executes the while list and,
if the exit status of the last command in the list is
zero, executes the do list; otherw se the |oop
termnates. |f no conmands in the do list are
executed, then the while conmand returns a zero exit
status; until may be used in place of while to negate
the loop termination test.

(1ist)
Execute list in a separate environnent. Note, that if
two adj acent open parentheses are needed for nesting, a
space nust be inserted to avoid arithmetic eval uation
as descri bed bel ow.

{list;}
list is sinply executed. Note that { is a keyword and
requires a blank in order to be recognized.

function identifier { list ;}

identifier () { list ;}
Define a function which is referenced by identifier.
The body of the function is the list of conmands
between { and }. (See Functions bel ow).

time pipeline
The pipeline is executed and the el apsed tine as well
as the user and systemtine are printed on standard
error.

The foll owi ng keywords are only recognized as the first word
of a command and when not quoted:

if then else elif fi case esac for while until do done { }
function select time

Comment s.
A word beginning with # causes that word and all the
followi ng characters up to a newline to be ignored.

Ali asi ng.
The first word of each conmand is replaced by the text of an
alias if an alias for this word has been defined. The first
character of an alias nane can be any printable character,
but the rest of the characters nust be the sane as for a



.

valid identifier. The replacenent string can contain any
valid shell script including the netacharacters |isted
above. The first word of each conmand of the replaced text
will not be tested for additional aliases. |If the |ast
character of the alias value is a blank then the word
following the alias will also be checked for alias
substitution. Aliases can be used to redefine specia
built-in comuands but cannot be used to redefine the
keywords |isted above. Aliases can be created, listed, and
exported with the alias command and can be renoved with the
unal i as command. Exported aliases remain in effect for
sub-shells but nust be reinitialized for separate

i nvocations of the shell (See Invocation bel ow).

Aliasing is performed when scripts are read, not while they
are executed. Therefore, for an alias to take effect the
alias command has to be executed before the command which
references the alias is read.

Aliases are frequently used as a short hand for full path
nanes. An option to the aliasing facility allows the val ue
of the alias to be automatically set to the full path nane
of the correspondi ng command. These aliases are called
tracked aliases. The value of a tracked alias is defined
the first time the identifier is read and undefined each
time the PATH variable is reset. These aliases remain

tracked so that the next subsequent reference will redefine
the value. Several tracked aliases are conpiled into the
shell. The -h option of the set command nmakes each conmmand

nane which is an identifier into a tracked ali as.

The foll owi ng exported aliases are conpiled into the shel
but can be unset or redefined:
echo="print -'
false="let 0O
functions='"typeset -f'
history="fc -I"'
i nteger="typeset -
nohup="' nohup '
pwd='print - $PWD
r="fc -e -'
true=":"
type=' whence -V’
hash="alias -t'

| de Substitution.
After alias substitution is perforned, each word is checked

to see if it begins with an unquoted ~. If it does, then
the word up to a / is checked to see if it matches a user
nane in the /etc/passwd file. If a match is found, the ~

and the matched |l ogin name is replaced by the |ogin
directory of the matched user. This is called a tilde
substitution. |If no match is found, the original text is
| eft unchanged. A ~ by itself, or in front of a/, is
repl aced by the value of the HOVE paraneter. A ~ followed



by a + or - is replaced by the value of the paraneter PWD
and OLDPWD respectively.

In addition, the value of each keyword parameter is checked
to see if it begins with a ~or if a ~ appears after a :
In either of these cases a tilde substitution is attenpted.

Conmand Substi tution.
The standard output froma command enclosed in a pair of
grave accents (") may be used as part or all of a word;
trailing newlines are renoved. The command substitution
“cat file® can be replaced by the equival ent but faster
“<file>. Command substitution of nobst special commands
that do not performinput/output redirection are carried out
wi t hout creating a separate process.

Par anet er Substitution.
A paraneter is an identifier, a digit, or any of the
characters *, @ #, ?, -, $, and!. A named paraneter (a
paraneter denoted by an identifier) has a value and zero or
nore attributes. Naned paraneters can be assigned val ues
and attributes by using the typeset special command. The
attributes supported by the shell are described later with
the typeset special command. Exported parameters pass
val ues and attributes to sub-shells but only values to the
envi ronment .

The shell supports a limted one-dinensional array facility.
An el enent of an array paraneter is referenced by a
subscript. A subscript is denoted by a [, followed by an
arithmetic expression (see Arithnetic Eval uation bel ow)
followed by a ]. The value of all subscripts nust be in the
range of 0 through 511. Arrays need not be declared. Any
reference to a named paranmeter with a valid subscript is

| egal and an array will be created if necessary.

Ref erencing an array without a subscript is equivalent to
referencing the first el enent.

The val ue of a naned parameter may al so be assi gned by
writing:

nane=val ue [ nane=val ue ]

If the integer attribute, -i, is set for name the value is
subject to arithnmetic evaluation as described bel ow.
Posi tional paraneters, paraneters denoted by a nunber, may
be assigned values with the set special command. Paraneter
$0 is set fromargunent zero when the shell is invoked.
The character $ is used to introduce substitutable
par amet ers.
${ par anet er}
The value, if any, of the paraneter is substituted.
The braces are required when paranmeter is followed by a
letter, digit, or underscore that is not to be
interpreted as part of its name or when a naned
paraneter is subscripted. |f paranmeter is a digit then
it is a positional paraneter. |If paraneter is * or @



then all the positional paranmeters, starting with $1,
are substituted (separated by spaces). |If an array
identifier with subscript * or @is used, then the
val ue for each of the elements is substituted
(separated by spaces).

${ #par anet er}
|f paraneter is not *, the length of the value of the
paraneter is substituted. Oherw se, the nunber of
positional paraneters is substituted.

${#identifier[*]}
The nunber of elenents in the array identifier is
substi t ut ed.

${ par anet er : - wor d}
I f paranmeter is set and is non-null then substitute its
val ue; ot herw se substitute word.

${ par anet er : =wor d}
If paraneter is not set or is null then set it to word;
the value of the paraneter is then substituted.
Posi tional paraneters may not be assigned to in this
way .

${ par anet er : ?2wor d}
| f paraneter is set and is non-null then substitute its
val ue; otherw se, print word and exit fromthe shell
If word is omitted then a standard nmessage i s printed.

${ par anet er : +wor d}
| f paranmeter is set and is non-null then substitute
word; otherw se substitute nothing.

${ par anet er #pat t er n}

${ par anet er ##pat t er n}
If the shell pattern matches the begi nning of the val ue
of parameter, then the value of this substitution is
the value of the paraneter with the matched portion
del eted; otherw se, the value of this paraneter is
substituted. In the first formthe smallest matching
pattern is deleted and in the latter formthe | argest
mat ching pattern is del eted.

${ par anmet er %pat t er n}

${ par anet er %pat t er n}
If the shell pattern matches the end of the val ue of
paraneter, then the value of paraneter with the matched
part is deleted; otherw se substitute the val ue of
paraneter. In the first formthe smallest matching
pattern is deleted and in the latter formthe | argest
mat ching pattern is del eted.

In the above, word is not evaluated unless it is to be used
as the substituted string, so that, in the follow ng
exanple, pwd is executed only if d is not set or is null

echo ${d:- pwd'}

If the colon (:) is omtted fromthe above expressions, then
the shell only checks whether paraneter is set or not.

If the shell pattern matches the end of the val ue of
paraneter, then the value of paraneter with the matched

part is deleted; otherw se substitute the val ue of



paraneter. In the first formthe smallest matching
pattern is deleted and in the latter formthe | argest
mat ching pattern is del eted.

In the above, word is not evaluated unless it is to be used
as the substituted string, so that, in the follow ng
exanple, pwd is executed only if d is not set or is null

echo ${d:- pwd'}

If the colon (:) is omtted fromthe above expressions, then
the shell only checks whether paraneter is set or not.

The foll owi ng paraneters are automatically set by the shell
# The nunber of positional paraneters in deci mal
- Fl ags supplied to the shell on invocation or by
the set command.

? The deci mal value returned by the | ast executed
conmand.
$ The process nunber of this shell

The | ast argunment of the previous command. This

paraneter is not set for comands which are

asynchronous.

! The process nunber of the |ast background command
i nvoked.

PPI D The process nunber of the parent of the shell

PW The present working directory set by the cd
conmand.

OLDPWD
The previous working directory set by the cd
conmand.

RANDOM
Each tinme this parameter is referenced, a random
integer is generated. The sequence of random
nunbers can be initialized by assigning a nuneric
initialized by assigning a nuneric value to

RANDOM
Each tinme this parameter is referenced, a random
integer is generated. The sequence of random
nunbers can be initialized by assigning a nuneric
t o RANDOM

REPLY

This paraneter is set by the select statement and

by the read special command when no argunents are

suppl i ed.
The foll owing paraneters are used by the shell
CDPATH
The search path for the cd comrand.
COLUWNS

If this variable is set, the value is used to
define the width of the edit wi ndow for the shel
edit nodes and for printing select lists.

EDI TOR
If the value of this variable ends in enacs,
gnmacs, or vi and the VISUAL variable is not set,
then the correspondi ng option (see Specia



Conmands set below) will be turned on.

ENV If this paranmeter is set, then paraneter
substitution is perforned on the value to generate
the path name of the script that will be executed
when the shell is invoked. (See Invocation
below.) This file is typically used for alias and
function definitions.

FCEDI T
The default editor name for the fc command.

IFS Internal field separators, normally space, tab,
and newline that is used to separate comand
words which result fromcomand or paraneter
substitution and for separating words with the
speci al command read.

HI STFI LE
If this paraneter is set when the shell is
i nvoked, then the value is the path nane of the
file that will be used to store the commuand
history. (See Command Re-entry bel ow. )

HI STSI ZE
If this paraneter is set when the shell is
i nvoked, then the nunber of previously entered
conmands that are accessible by this shell will be
greater than or equal to this nunber. The default
is 128.

HOVE The default argunent (home directory) for the cd
conmand.

MAIL If this paranmeter is set to the nane of a mai
file and the MAI LPATH paraneter is not set, then

the shell inforns the user of arrival of mail in
the specified file.
MAI LCHECK

This variable specifies how often (in seconds) the
shell will check for changes in the nodification
time of any of the files specified by the MAI LPATH
or MAIL paraneters. The default value is 600

seconds. If set to O, the shell will check before
each pronpt.

MAI LPATH
A colon ( : ) separated list of file names. |If
this paranmeter is set then the shell inforns the

user of any nodifications to the specified files
that have occurred within the | ast MAI LCHECK
seconds. Each file nane can be followed by a ?
and a nmessage that will be printed. The nessage
wi || undergo paranmeter and comrmand substitution
with the paraneter, $_ defined as the nane of the
file that has changed. The default message is you
have mail in $_.

PATH The search path for commands (see Execution
bel ow). The user may not change PATH i f executing
under rksh (except in .profile).

PS1 The value of this paraneter is expanded for
paraneter substitution to define the primary
pronpt string which by default is "$ ". The
character ! in the primary pronpt string is
repl aced by the command nunber (see Command Re-



entry bel ow).

PS2 Secondary pronpt string, by default "> ".

PS3 Sel ection pronpt string used within a sel ect |oop,
by default "#? ".

SHEL L
The path nane of the shell is kept in the
environment. At invocation, if the value of this
variable contains an r in the basenane, then the
shel | becomes restricted.

TMOUT
If set to a value greater than zero, the shel
will termnate if a command is not entered within
the prescribed nunmber of seconds. Wen the timer
expires, a warning is printed and a 60 second
grace period is provided.

VI SUAL

If the value of this variable ends in enacs,
gnmacs, or vi then the correspondi ng option (see
Speci al Conmands set below) will be turned on.

The shell gives default values to PS1, PS2, MAl LCHECK
TMOUT, and IFS. HOVE, MAIL, SHELL, PATH, and TZ are set by
login(l). The remuaining paraneters are typically set in
letc/profile, .profile, or $(ENV) files.

After paraneter and command substitution, the results of
substitutions are scanned for the field separator characters
( those found in IFS) and split into distinct argunents
where such characters are found. Explicit null argunents ""
or ' ' are retained. Inplicit null argunents (those
resulting fromparaneters that have no val ues) are renoved.

Fol | owi ng substitution, each conmand word i s scanned for the
characters *, ?, and [ unless the -f option has been set.

If one of these characters appears then the word is regarded
as a pattern. The word is replaced with al phabetically
sorted file nanes that match the pattern. If no file nane
is found that matches the pattern, then the word is |eft
unchanged. Wen a pattern is used for file nane generation,
the character . at the start of a file nane or imediately
following a /, as well as the character / itself, nust be
mat ched explicitly. 1In other instances of pattern matching
the / and . are not treated specially.

* Mat ches any string, including the null string.
? Mat ches any single character.

[...]

Mat ches any one of the enclosed characters. A

pair of characters separated by - matches any
character lexically between the pair, inclusive.
If the first character following the opening [ is
a !, then any character not enclosed is matched.
A - can be included in the character set by
putting it as the first or last character.

Each of the netacharacters |isted above (See Definitions



above) has a special neaning to the shell and causes

term nation of a word unless quoted. A character may be
quoted (i.e., nade to stand for itself) by preceding it with
a\. The pair \newline is ignored. All characters

encl osed between a pair of single quote marks (''), except a

single quote, are quoted. Inside double quote marks (""),
paranet er and command substitution occurs and \ quotes the
characters \, ', ", and $. $* is equivalent to "$1 $2 ...",

whereas $@is equivalent to $1 $2

The special nmeani ng of keywords can be renpved by quoting
any character of the keyword. The recognition of specia
conmand nanes |isted bel ow cannot be altered by quoting

t hem

An ability to performinteger arithnmetic is provided with
the special command let. Evaluations are perfornmed using
long arithnetic. Constants are of the form [base#]n where
base is a decimal nunber between two and thirty-six
representing the arithmetic base and n is a nunber in that
base. |If the base is omtted them base 10 is used.

An internal integer representation of a naned paraneter can
be specified with the -i option of the typeset specia
conmmand. Wen this attribute is selected the first
assignment to the paraneter determ nes the arithnetic base
to be used when paraneter substitution occurs.

Since many of the arithnetic operators require quoting, an
alternative formof the let conmand is provided. For any
command whi ch begins with a ((, all the characters until a
matching )) are treated as a quoted expression. Mre
precisely, ((...)) is equivalent to let " ..."

When used interactively, the shell pronmpts with the val ue of
PS1 before reading a command. |If at any tinme a newline is
typed and further input is needed to conplete a commnd,
then the secondary prompt (i.e., the value of PS2) is

i ssued.

Before a command is executed, its input and output may be
redirected using a special notation interpreted by the
shell. The followi ng nay appear anywhere in a sinple-
conmand or may precede or follow a command and are not
passed on to the invoked command. Comand and paranet er
substitution occurs before word or digit is used except as
noted below. File name generation occurs only if the
pattern matches a single file and blank interpretation is
not perforned.

<wor d Use file word as standard input (file
descriptor 0).

>wor d Use file word as standard output (file
descriptor 1). |If the file does not exist
then it is created; otherwise, it is truncated
to zero | ength.



>>wor d Use file word as standard output. |If the file
exi sts then output is appended to it (by first
seeking to the end-of-file); otherw se, the
file is created.

<<[-]word The shell input is read up to aline that is
the sane as word, or to an end-of-file. No
paraneter substitution, comrand substitution
or file name generation is performed on word.
The resulting docunent, called a here-
docunent, becones the standard input. |f any
character of word is quoted, no interpretation
is placed upon the characters of the docunent;
ot herw se, parameter and comrand substitution
occurs, \newline is ignored, and \ nust be

used to quote the characters \, $, °, and the
first character of word. |If - is appended to
<<, all leading tabs are stripped fromword

and fromthe document.

<&digit The standard input is duplicated fromfile
descriptor digit (see dup(2)). Simlarly for
the standard output using >& digit.

<& The standard input is closed. Simlarly for
the standard out put using >& .

If one of the above is preceded by a digit, then the file
descriptor nunber referred to is that specified by the digit
(instead of the default 0 or 1). For exanple:

2>&1

nmeans file descriptor 2 is to be opened for witing as a
duplicate of file descriptor 1

The order in which redirections are specified is
significant. The shell evaluates each redirection in termns
of the (file descriptor, file) association at the tinme of
eval uation. For exanple:

1>f nane 2>&1

first associates file descriptor 1 with file fnanme. 1t then
associates file descriptor 2 with the file associated with
file descriptor 1 (i.e. fname). |If the order of

redirections were reversed, file descriptor 2 would be
associated with the termnal (assuming file descriptor 1 had
been) and then file descriptor 1 would be associated with
file fnane.

If a coomand is followed by & and job control is not active,
then the default standard input for the command is the enpty
file /dev/inull. Oherw se, the environnent for the
execution of a conmand contains the file descriptors of the
i nvoki ng shell as nodified by input/output specifications.



The environnent (see environ(5)) is a list of nane-val ue
pairs that is passed to an executed programin the sane way
as a normal argument list. The names nust be identifiers
and the values are character strings. The shell interacts
with the environnent in several ways. On invocation, the
shel |l scans the environnment and creates a paraneter for each
nane found, giving it the corresponding val ue and marking it
export. Executed comrands inherit the environnment. |[If the
user nodifies the values of these paraneters or creates new
ones, using the export or typeset -x comands they becone
part of the environment. The environment seen by any
executed command is thus conposed of any nane-value pairs
originally inherited by the shell, whose values may be

nodi fied by the current shell, plus any additions which nust
be noted in export or typeset -x commands.

The environnent for any sinple-command or function may be
augnmented by prefixing it with one or nore paraneter
assignments. A paraneter assignment argunent is a word of
the formidentifier=value. Thus:

TERME450 cnd ar gs and

(export TERM TERM=450; cnd args)

are equivalent (as far as the above execution of cnd is
concer ned) .

If the -k flag is set, all paraneter assignhment argunents
are placed in the environnent, even if they occur after the
command nane. The following first prints a=b ¢ and then c:

echo a=b c
set -k
echo a=b ¢

Functi ons.
The function keyword, described in the Commands section

above, is used to define shell functions. Shell functions
are read in and stored internally. Alias names are resol ved

when the function is read. Functions are executed |ike

conmands with the argunents passed as positional paraneters.

(See Execution bel ow).

Functions execute in the sanme process as the caller and

share all files, traps (other than EXIT and ERR) and present

working directory with the caller. A trap set on EXIT

inside a function is executed after the function conpletes.
Odinarily, variables are shared between the calling program
and the function. However, the typeset special comand used

within a function defines |ocal variables whose scope

i ncludes the current function and all functions it calls.

The special command return is used to return fromfunction

calls. Errors within functions return control to the
cal ler.



Function identifiers can be listed with the -f option of the
typeset special command. The text of functions will also be
listed. Function can be undefined with the -f option of the
unset special comand.

Odinarily, functions are unset when the shell executes a
shell script. The -xf option of the typeset command all ows
a function to be exported to scripts that are executed

wi t hout a separate invocation of the shell. Functions that
need to be defined across separate invocations of the shel
shoul d be placed in the ENV file.

Jobs.
If the nonitor option of the set command is turned on, a
term nating background job is so noted whenever ksh is
witing a pronpt. Wen a job is started asynchronously wth
& the shell prints a |ine which | ooks like:

[1] 1234

indicating that the job started asynchronously was job
nunber 1 and had one (top-level) process, whose process id

was 1234. It keeps a table of current jobs, printed by the
j obs command, and assigns them small integer nunbers.
There are several ways to refer to jobs in the shell. The

character % introduces a job name. Wen referring to job
nunber 1, name it as %. Jobs can al so be named by prefixes
of the string typed in to invoke them Thus, "kill %c’
woul d kill a background job whose nanme began with the string
"cc" (if there were such a job).

The shell maintains a notion of the current and previous
jobs. In output pertaining to jobs, the current job is
marked with a + and the previous job with a -. The
abbreviation % refers to the current job and % refers to
the previous job. %b6is also a synonymfor the current job.

This shell |earns imredi ately whenever a process changes
state. It nornmally inforns the user whenever a job is
finished executing, but only just before it prints a pronpt.
This is done so that it does not otherw se disturb other

wor K.

When attenpting to |l eave a login shell while jobs are
running, be warning will be printed that 'You have running
jobs'. Use the jobs conmand to see what they are. |If
imedi ately trying exit again, the shell will give a second
war ni ng, and the jobs will be term nated.

Job Control.
If ajob is running, a "Z <ctrl>Z can be typed which sends a
STOP signal to the current job. The shell will then
normal Iy indicate that the job has been ' Stopped' , and print
anot her pronpt. The state of this job can then be
mani pul at ed usi ng the bg command, or running sone ot her



commands and then eventually bring the job back into the
foreground with the foreground command fg. A ~Z takes
effect imediately and is like an interrupt in that pending
out put and unread input are discarded when it is typed.

A job being run in the background will stop if it tries to
read fromthe termnal. Background jobs are nornmally

all owed to produce output, but this can be disabl ed by
giving the command stty tostop. |If this tty option is set,
background jobs will stop when they try to produce out put
like they do when they try to read input.

Si gnal s.
The INT and QUIT signals for an invoked comand are ignored
if the coormand is followed by & and job nonitor option is
not active. Qherw se, signals have the val ues inherited by
the shell fromits parent, with the exception of signal 11
(but see also the trap conmand bel ow).

Executi on.
Each tinme a command is executed, the above substitutions are
carried out. |If the command nane matches one of the Specia

Commands listed below, it is executed within the current
shel | process. Next, the command name is checked to see if

it matches one of the user defined functions. |If it does,
the positional paraneters are saved and then reset to the
argunents of the function call. Wen the function conpletes

or issues a return, the positional paraneter list is
restored and any trap set on EXIT within the function is
executed. The value of a function is the value of the |ast
command executed. A function is also executed in the
current shell process. |If a command nane is not a specia
command or a user defined function, a process is created and
an attenpt is made to execute the comrand via exec(2).

The shell paraneter PATH defines the search path for the
directory containing the conmand. Alternative directory
nanes are separated by a colon (:). The default path is
:/bin:/usr/bin (specifying the current directory, /bin, and
fusr/bin, in that order). Note that the current directory
is specified by a null path name, which can appear

i medi ately after the equal sign, between colon deliniters,
or at the end of the path list. |If the comand nane
contains a / then the search path is not used. O herw se,
each directory in the path is searched for an executable

file. If the file has execute perm ssion but is not a
directory or an a.out file, it is assuned to be a file
containing shell commands. A sub-shell is spawned to read

it. Al non-exported aliases, functions, and named
parameters are renoved in this case. A parenthesized
command is also executed in a sub-shell

Conmand Re-entry.
The text of the last H STSI ZE (default 128) conmands entered
froma termnal device is saved in a history file. The file
$HOVE/ . history is used if the H STFILE variable is not set
or is not witable. A shell can access the conmands of al
interactive shells which use the same naned H STFILE. The



special command fc is used to list or edit a portion this
file. The portion of the file to be edited or listed can be
sel ected by nunber or by giving the first character or
characters of the command. A single command or range of
conmmands can be specified. |f an editor programis not
specified as an argunment to fc, the value of the paraneter
FCEDIT is used. |If FCEDIT is not defined, /bin/ed is used.
The edited command(s) is printed and re-executed upon

| eaving the editor. The editor nane - is used to skip the
editing phase and to re-execute the command. In this case
substitution paraneter of the form ol d=new can be used to
nodi fy the conmand before execution. For exanple, if r is
aliased to 'fc -e -' typing 'r bad=good c' will re-execute
the nmost recent command which starts with the letter c,
replacing the string bad with the string good.

In-line Editing Options
Normal Iy, each command line entered froma termnal device
is sinply typed followed by a newline (' RETURN or
"LINE FEED ). If either the emacs, or vi option is active,
the user can edit the comand line. To be in either of
these edit npbdes set the corresponding option. An editing
option is automatically selected each tine the VI SUAL or
EDI TOR variable is assigned a value ending in either of
these option nanes.

The editing features require that the user's term nal accept
"RETURN as carriage return without line feed and that a
space ' ' nust overwite the current character on the
screen. ADMtermnal users should set the "space - advance"
switch to 'space'. Hewl ett-Packard series 2621 ternina
users should set the straps to 'bcGHxZ et X' .

The editing nodes inplement a concept where the user is

| ooki ng through a wi ndow at the current line. The w ndow
width is the value of COLUWS if it is defined, otherw se
80. If the line is longer than the wi ndow wi dth m nus two,
a mark is displayed at the end of the windowto notify the
user. As the cursor nmoves and reaches the wi ndow boundari es
the window will be centered about the cursor. The mark is a
> (<, *) if the line extends on the right (left, both)
side(s) of the w ndow.

Emacs Editing Mode
This node is entered by enabling either the emacs or gnacs
option. The only difference between these two nodes is the
way they handle "T. To edit, the user nobves the cursor to
the point needing correction and then inserts or deletes
characters or words as needed. Al the editing comands are
control characters or escape sequences. The notation for
control characters is caret () followed by the character.
For exanple, "F is the notation for control F. This is
entered by depressing 'f' while holding down the ' CTRL'
(control) key. The 'SH FT' key is not depressed. (The
notation ~? indicates the DEL (delete) key.)

The notation for escape sequences is M followed by a



character. For exanple, Mf (pronounced Meta f) is entered
by depressing ESC (ascii 033 ) followed by 'f'. ( MF would
be the notation for ESC followed by 'SH FT' (capital) 'F .)
Al edit conmands operate fromany place on the Iine (not
just at the beginning). Neither the "RETURN' nor the "LINE
FEED' key is entered after edit comrands except when not ed.

NE Move cursor forward (right) one character.

M f Move cursor forward one word. (The editor's idea
of a word is a string of characters consisting of
only letters, digits and underscores.)

"B Move cursor backward (left) one character.

M b Move cursor backward one word.

A Move cursor to start of |ine.

"E Move cursor to end of line.

] char Move cursor to character char on current |ine.

AXNX I nt erchange the cursor and mark.

erase (User defined erase character as defined by the
stty command, usually ~H or #.) Delete previous
character.

"D Del ete current character.

Md Del ete current word.

M NH (Met a- backspace) Del ete previous word.

M h Del ete previ ous word.

M A? (Meta-DEL) Del ete previous word (if the interrupt
character is ~? (DEL, the default) then this
command will not work).

AT Transpose current character with next character in

emacs node. Transpose two previous characters in
gnacs node.

nC Capitalize current character.

M C Capitalize current word.

K Kill fromthe cursor to the end of the line. |If
given a paraneter of zero then kill fromthe start
of line to the cursor.

AW Kill fromthe cursor to the nark.

M p Push the region fromthe cursor to the mark on the
st ack.

kill (User defined kill character as defined by the
stty command, usually "Gor @) Kill the entire
current line. |If tw kill characters are entered
in succession, all kill characters fromthen on
cause a line feed (useful when using paper
term nal s).

Y Restore last itemrenmoved fromline. (Yank item
back to the line.)

AL Line feed and print current line.

@ (Nul'l character) Set mark.

M (Meta space) Set nark.

N (New l'ine) Execute the current line.

"M (Return) Execute the current |ine.

eof End-of -file character, nornmally D, will termnate
the shell if the current line is null.

P Fetch previous command. Each tine "P is entered
the previous command back in tinme is accessed.

M < Fetch the | east recent (oldest) history line.

M > Fetch the nobst recent (youngest) history line.



Vv

N Fetch next command. Each tinme *Nis entered the
next command forward in tinme i s accessed.

"Rstring Reverse search history for a previous conmand |ine
containing string. |If a paranmeter of zero is
given the search is forward. String is term nated
by a "RETURN' or "NEW LI NE".

~"O Qperate - Execute the current line and fetch the
next line relative to current line fromthe
history file.

Mdigits (Escape) Define nuneric paraneter, the digits are
taken as a paraneter to the next command. The
commands that accept a paraneter are “"F, "B,
erase, D, "K, "R, "P and "N

Mletter Soft-key - The alias list is searched for an alias
by the nane _letter and if an alias of this nane
is defined, its value will be inserted on the
line. The letter nust not be one of the above
met a- f uncti ons.

M _ The | ast paraneter of the previous comand is
inserted on the Iline.

M . The | ast paraneter of the previous comand is
inserted on the Iline.

M * Attenmpt file name generation on the current word.

U Mul tiply paraneter of next comrand by 4.

\ Escape next character. Editing characters, the
user's erase, kill and interrupt (normally ~? )

characters may be entered in a command line or in
a search string if preceded by a \. The \ renoves
the next character's editing features (if any).

NV Di spl ay version of the shell
Edi ti ng Mode
There are two typing nodes. Initially, when entering a

conmand the user is in the input node. To edit, the user
enters control node by typing ESC ( 033 ) and nobves the
cursor to the point needing correction and then inserts or
del etes characters or words as needed. Mbst contro
conmands accept an optional repeat count prior to the
conmand.

When in vi node on nobst systens, canonical processing is
initially enabled and the command wi |l be echoed again if
the speed is 1200 baud or greater and it contains any
control characters or |ess than one second has el apsed since
the pronpt was printed. The ESC character terninates
canoni cal processing for the renai nder of the conmmand and
the user can then nodify the command |ine. This schene has
the advant ages of canonical processing with the type-ahead
echoi ng of raw node.

If the option viraw is also set, the termnal wll always
have canoni cal processing disabled. This node may be
hel pful for certain termnals.

| nput Edit Conmands

By default the editor is in input node.



erase (User defined erase character as defined by the
stty command, usually ~H or #.) Delete previous
character.

W Del ete the previous bl ank separated word.

D Term nate the shell.

"V Escape next character. Editing characters, the
user's erase or kill characters may be entered in
a conmmand line or in a search string if preceded
by a V. The "V renoves the next character's
editing features (if any).

\ Escape the next erase or kill character.

Motion Edit Commands

These commands wil | nove the cursor.

[count]l Cursor forward (right) one character.

[count]w Cursor forward one al pha-numeric word.

[count]W Cursor to the beginning of the next word that
foll ows a bl ank.

[count]e Cursor to end of word.

[count]E Cursor to end of the current blank delimted word.

[count]h Cursor backward (left) one character.

[count]b Cursor backward one word.

[count]B Cursor to preceding bl ank separated word.

[count]fc Find the next character c in the current line.

[count]Fc Find the previous character ¢ in the current |ine.

[count]tc Equivalent to f foll owed by h.

[count] Tc Equivalent to F foll owed by I.

; Repeats the last single character find comuand, f,
F, t, or T.

, Reverses the last single character find command.

0 Cursor to start of line.

n Cursor to first non-blank character in |ine.

$ Cursor to end of Iine.

Search Edit Commands

These commands access the command history.

[count]k Fetch previous command. Each tine k is entered the
previ ous command back in tinme is accessed.

[count]- Equivalent to k.

[count]j Fetch next conmand. Each time j is entered the
next command forward in tine is accessed.

[count]+ Equivalent to j.

[count] G The command nunber count is fetched. The default
is the |l east recent history command.

/string Search backward through history for a previous
command containing string. String is term nated
by a "RETURN' or "NEWLINE". |If string is nul
the previous string will be used.

?string Sane as / except that search will be in the
forward direction.

n Search for next match of the last pattern to / or
? commands.

N Search for next match of the last pattern to / or

?, but in reverse direction. Search history for



the string entered by the previous / comrmand.

Text ©Modification Edit Comrands

These commands will modify the line.

a Enter input node and enter text after the current
character.

A Append text to the end of the line. Equivalent to
$a.

[ count] cnotion

c[ count] notion
Del ete current character through the character
noti on noves the cursor to and enter input node.
If notionis c, the entire line will be deleted
and i nput node entered.

C Del ete the current character through the end of
line and enter input node. Equivalent to c$.

S Equi val ent to cc.

D Del ete the current character through the end of
l'ine.

[ count] dnoti on

d[ count] noti on
Del ete current character through the character
notion noves the cursor to. Equivalent to d$. |If
notion is d , the entire line will be del eted.

[ Enter input node and insert text before the
current character.

I Insert text before the beginning of the Iine.
Equi val ent to the two character sequence "i.

[count]P Place the previous text nodification before the

cursor.

[count]p Place the previous text nodification after the
cursor.

R Enter input node and repl ace characters on the
screen with characters typed in overlay fashion.

re Repl ace the current character with c.

[count]x Delete current character.

[count] X Delete preceding character.

[count]. Repeat the previous text nodification comrand.

~ Invert the case of the current character and
advance the cursor.

[count] _ Causes the count word of the previous conmand to
be appended and i nput node entered. The |ast word
is used if count is omtted.

* Causes an * to be appended to the current word and
file name generation attenpted. |f no match is
found, it rings the bell. Oherwise, the word is
repl aced by the matching pattern and i nput node is
entered.

QG her Edit Conmands
M scel | aneous commands.

u Undo the last text nodifying conmand.
U Undo all the text nodifying commands performed on
the line.

[count]v Returns the command fc -e ${VI SUAL: - ${ EDI TOR: - vi }}



count in the input buffer. |If count is omtted,
then the current line is used.

AL Line feed and print current line. Has effect only
in control node.

N (New Iine) Execute the current line, regardless
of mnode.

"M (Return) Execute the current line, regardl ess of
node.

# Equi val ent to I#<cr>. Useful for causing the

current line to be inserted in the history w thout
bei ng execut ed.

Speci al Conmands.
The foll owi ng sinple-commands are executed in the shel
process. Input/Qutput redirection is pernmitted. File
descriptor 1 is the default output |ocation. Paraneter
assignment lists preceding the conmmand do not remain in
ef fect when the command conpl et es unl ess not ed.

[ arg ... ]
Par amet er assignnments remain in effect after the
command conpl etes. The command only expands
paraneters. A zero exit code is returned.

f

le [ arg ... ]

Par amet er assignnments remain in effect after the
command conpl etes. Read and execute commands fromfile
and return. The commands are executed in the current
shel | environment. The search path specified by PATH
is used to find the directory containing file. |If any
argunents arg are given, they becone the positiona
paraneters. Oherwi se the positional paraneters are
unchanged.

alias [ -tx ] [ name[ =value ] ... ]

Alias with no argunents prints the list of aliases in
the form nane=val ue on standard output. An alias is
defined for each nane whose value is given. A trailing
space in val ue causes the next word to be checked for
list tracked aliases. The value of a tracked alias is
the full path nane corresponding to the given nane.

The val ue becones undefi ned when the val ue of PATH is
reset but the aliases remained tracked. Wthout the -t
flag, for each nane in the argunent list for which no
val ue is given, the name and value of the alias is
printed. The -x flag is used to set or print exported
aliases. An exported alias is defined across sub-shel
environnents. Alias returns true unless a name is
given for which no alias has been defined.

bg [ %ob ]
This command is only built-in on systens that support
job control. Puts the specified job into the

background. The current job is put in the background
if job is not specified.



break [ n ]
Exit fromthe enclosing for while until or select |oop,
if any. If nis specified then break n |evels.

continue [ n ]
Resurme the next iteration of the enclosing for while

until or select loop. If nis specified then resune at
the n-th encl osing | oop.

cd [ arg ]

cd old new
This command can be in either of two forms. In the
first formit changes the current directory to arg. |If

arg is - the directory is changed to the previous
directory. The shell paranmeter HOVE is the default
arg. The paraneter PWD is set to the current
directory. The shell paraneter CDPATH defines the
search path for the directory containing

arg. Alternativedirectorynamesare a colon (:). The
default path is <null> (specifying the current
directory). Note that the current directory is
specified by a null path nane, which can appear

i medi ately after the equal sign or between the col on
delimters anywhere else in the path list. |If arg
begins with a / then the search path is not used.

O herwi se, each directory in the path is searched for
arg.

The second form of cd substitutes the string new for
the string old in the current directory nane, PW and
tries to change to this new directory.

The cd conmand nmay not be executed by rksh.

eval [ arg ... ]
The argunents are read as input to the shell and the
resulting command(s) executed.

exec [ arg ... ]
Par amet er assignnments remain in effect after the
command conpletes. |If arg is given, the conmand
specified by the argunments is executed in place of this
shell without creating a new process. | nput/output
argunents may appear and affect the current process.
If no argunments are given, the effect of this comrand
is to nmodify file descriptors as prescribed by the
i nput/output redirection list. |In this case, any file
descriptor nunbers greater than 2 that are opened with
this mechani sm are cl osed when i nvoki ng anot her
program

exit [n]
Causes the shell to exit with the exit status specified by n. If
nis omtted then the exit status is that of the |ast command
executed. An end-of-file will also cause the shell to exit except
for a shell which has the ignoreeof option (see set below) turned
on.



exit

fc [

[ name]
The given nanmes are marked for automatic export to the
envi ronment of subsequently-executed commands.

-eenamre ] [ -nlr J [ first ] [ last ]

fc -e - [ old=new ] [ command ]

j obs

Ki |

| et

In the first form a range of commands fromfirst to
last is selected fromthe | ast H STSI ZE conmmrands t hat
were typed at the termnal. The argunents first and

l ast nmay be specified as a nunber or as a string. A
string is used to locate the nost recent conmand
starting with the given string. A negative nunber is
used as an offset to the current command nunber. |f
the flag -1, is selected, the conmands are listed on
standard output. Oherw se, the editor program enane
is invoked on a file containing these keyboard
commands. |f enane is not supplied, then the val ue of
the paraneter FCEDIT (default /bin/ed) is used as the
editor. Wen editing is conplete, the edited
command(s) is executed. If last is not specified, it
will be set to first. |If first is not specified the
default is the previous command for editing and -16 for
listing. The flag -r reverses the order of the
conmands and the flag -n suppresses conmand nunbers
when listing. |In the second formthe nost recent
command in the history whose first letters match
command is re-executed after the substitution ol d=new
i s performed.

% ob ]

This command is only built-in on systens that support
job control. If job is specified, it brings it to the
foreground. O herwi se, the current job is brought into
the foreground.

[ -]
Lists the active jobs; given the -|I option lists
process id's in addition to the normal information.

[ -sig ] process ...

Sends either the TERM (terminate) signal or the
specified signal to the specified jobs or processes.
Signals are either given by nunber or by names (as
given in <signal.h> stripped of the prefix "SIG").
The signal nanes are listed by "kill -I'. There is no
default, saying just '"kill' does not send a signal to
the current job. |[If the signal being sent is TERM
(termnate) or HUP (hangup), then the job or process
will be sent a CONT (continue) signal if it is stopped.
The argument process can be either a process id or a

j ob.

arg ...
Each arg is an arithnetic expression to be eval uated.
Al'l calcul ations are done as long integers and no check
for overflowis performed. Expressions consist of
constants, nanmed paraneters, and operators. The



following set of operators, listed in order of
decreasi ng precedence, are inplenented:

- unary m nus

! | ogi cal negation

* | % multiplication, division, renainder
+ - addition, subtraction

< > conpari son

= I= equality inequality

= arithmetic repl acenent

Sub- expressions in parentheses () are evaluated first
and can be used to override the above precedence rul es.
The eval uation within a precedence group is fromright
to left for the = operator and fromleft to right for

t he ot hers.

A paraneter nanme nust be a valid identifier. Wen a
paraneter is encountered, the value associated with the
paraneter nane is substituted and expression eval uation
resunes. Up to nine levels of recursion are permtted.
The return code is 0 if the value of the |ast
expression is non-zero, and 1 otherwi se.

newgrp [ arg ... ]

pri nt

read

Equi val ent to exec newgrp arg ....

[ -Raprsu[n] ] [ arg ... ]
The shell output nmechanism Wth no flags or with flag
-, the argunments are printed on standard out put as
descri bed by echo(1). |In raw node, -Ror -r, the
escape conventions of echo are ignored. The -R option
will print all subsequent arguments and options ot her
than -n. The -p option causes the argunents to be
witten onto the pipe of the process spawned with |&

i nstead of standard output. The -s option causes the
argunents to be witten onto the history file instead
of standard output. The -u flag can be used to specify
a one digit file descriptor unit nunber n on which the
output will be placed. The default is 1. |If the flag
-n is used, no newline is added to the output.

[ -prsul n] ] [ name?pronpt ] [ name ... ]

The shell input mechanism One line is read and is
broken up into words using the characters in I[FS as
separators. |In raw node, -r, a\ at the end of a line

does not signify line continuation. The first word is
assigned to the first name, the second word to the
second nane, etc., with | eftover words assigned to the
| ast nane. The -p option causes the input line to be
taken fromthe input pipe of a process spawned by the
shell using |& If the -s flag is present, the input
will be saved as a conmmand in the history file. The
flag -u can be used to specify a one digit file
descriptor unit to read from The file descriptor can
be opened with the exec special command. The default
value of nis 0. |If name is omtted then REPLY is used



as the default name. The return code is 0 unless an
end-of-file is encountered. An end-of-file with the -p
option causes cleanup for this process so that another

can be spawned. |If the first argument contains a ?,
the remai nder of this word is used as a pronpt when the
shell is interactive. |If the given file descriptor is

open for witing and is a term nal device then the
pronpt is placed on this unit. Oherw se the pronpt is
issued on file descriptor 2. The return code is O

unl ess an end-of-file is encountered.

readonly [ nane ... ]
The given nanes are marked readonly and these nanes
cannot be changed by subsequent assignnent.

return [ n ]
Causes a shell function to return to the invoking

script with the return status specified by n. If nis
omtted then the return status is that of the |ast
conmand executed. |If return is invoked while not in a

function then it is the sane as an exit.

set [ -aefhkmostuvx ] [ -o option ... ] [ arg ... ]

The flags for this comand have neaning as foll ows:

-a Al'l subsequent paraneters that are defined are
automatically exported.

-e If the shell is non-interactive and if a
command fails, execute the ERR trap, if set,
and exit imrediately. This node is disabled
whi | e readi ng profiles.

-f Di sables file nane generation.

-h Each command whose nane is an identifier
becones a tracked alias when first encountered.

-k Al'l paraneter assignment argunents are placed

in the environment for a command, not just
those that precede the command nane.

-m Background jobs will run in a separate process
group and a line will print upon conpletion.
The exit status of background jobs is reported
in a conpletion nessage. On systens with job
control, this flag is turned on automatically
for interactive shells.

-n Read commands but do not execute them

-0 The foll owi ng argument can be one of the
foll owi ng option nanes:
al | export Sanme as -a.

errexit Sane as -e.

emacs Puts the user in an emacs style in-
line editor for command entry.

gnacs Puts the user in a gmacs style in-
line editor for command entry.

i gnoreeof The shell will not exit on end-of -
file. The command exit nust be
used.

keyword Sane as -k

mar kdi rs Al'l directory nanes resulting from
file name generation have a trailing



/ appended.

noni t or Sanme as -m
noexec Same as -n
nogl ob Sane as -f.
nounset Sane as -u.
ver bose Sane as -V.
trackal | Sanme as -h
Vi Puts the user in insert nbpde of a v

style in-line editor until hitting
the escape character 033. This puts
the user in nove node. A return
sends the line.

Vi raw Each character is processed as it is
typed in vi node.
xtrace Sane as -Xx.

If no option nanme is supplied then the current
option settings are printed.

-S Sort the positional paraneters.

-t Exit after reading and executing one conmand.

-u Treat unset paraneters as an error when
substituting.

-V Print shell input lines as they are read.

- X Print commands and their arguments as they are
execut ed.

- Turns off -x and -v flags and stops exani ning
argunents for flags.

-- Do not change any of the flags; useful in
setting $1 to a value beginning with -. |f no
argunents follow this flag then the positiona
parameters are unset.

Using + rather than - causes these flags to be turned
off. These flags can al so be used upon invocation of

the shell. The current set of flags may be found in
$-. The renmmining argunents are positional paranmeters
and are assigned, in order, to $1, $2, .... If no

argunents are given then the values of all nanes are
printed on the standard out put.

shift [ n]

t est

The positional parameters from$n+l ... are renamed $1

., default nis 1. The paraneter n can be any
arithmetic expression that evaluates to a non-negative
nunber |ess than or equal to $#.

[ expr ]
Eval uate conditional expression expr. See test(1) for
usage and description. The arithnetic conparison
operators are not restricted to integers. They all ow
any arithnetic expression. Four additional primtive
expressi ons are all owed:
-L file

True if file is a synbolic |ink.
filel -nt file2

True if filel is newer than file2.
filel -ot file2

True if filel is older than file2.



tinmes

trap

types

filel -ef file2
True if filel has the sane device and i-node
nunber as fil e2.

Print the accunul ated user and systemtinmes for the
shell and for processes run fromthe shell

[ arg] [ sig] ...

arg is a coomand to be read and executed when the shel
receives signal(s) sig. (Note that arg is scanned once
when the trap is set and once when the trap is taken.)
Each sig can be given as a nunber or as the name of the
signal. Trap commands are executed in order of signa
nunber. Any attenpt to set a trap on a signal that was
ignored on entry to the current shell is ineffective.
An attenpt to trap on signal 11 (nmenory fault) produces
an error. If argis omitted or is -, then all trap(s)
sig are reset to their original values. |If arg is the
null string then this signal is ignored by the shel

and by the commands it invokes. |If sigis ERR then arg
will be executed whenever a command has a non-zero exit
code. This trap is not inherited by functions. If sig
is O or EXIT and the trap statenent is executed inside
the body of a function, then the command arg is

executed after the function conpletes. |If sigis 0 or
EXIT for a trap set outside any function then the
conmand arg i s executed on exit fromthe shell. The

trap command with no arguments prints a list of
conmmands associated with each signal nunber.

et [ -FLRzefilprtux[n ] [ name[ =value ] ] ]

Par amet er assignnments remain in effect after the

command conpl etes. Wen invoked inside a function, a

new i nstance of the paranmeter name is created. The

paraneter value and type are restored when the function
conpletes. The following list of attributes may be
speci fi ed:

-F This flag provides UNI X to host-name file mapping
on non- UNI X nachi nes.

-L Left justify and renpve | eadi ng bl anks from val ue.
If nis non-zero, it defines the width of the
field, otherwise it is determned by the w dth of
the value of first assignment. \Wen the paraneter
is assigned, it is filled on the right with bl anks
or truncated, if necessary, to fit into the field.
Leading zeros are renoved if the -Z flag is al so
set. The -Rflag is turned off.

-R Right justify and fill with leading blanks. [If n
is non-zero, it defines the width of the field,
otherwise it is determned by the width of the
val ue of first assignnent. The field is left
filled with blanks or truncated fromthe end if
the paraneter is reassigned. The L flag is turned
of f.

-Z Right justify and fill with [eading zeros if the
first non-blank character is a digit and the -L



flag has not been set. If n is non-zero, it
defines the width of the field, otherwise it is
determned by the width of the value of first
assi gnment .

-e Tag the paraneter as having an error. This tag is
currently unused by the shell and can be set or
cleared by the user.

-f The nanes refer to function nanes rather than
paraneter nanes. No assignments can be made and
the only other valid flag is -x.

- Paranmeter is an integer. This nakes arithnetic
faster. If nis non-zero, it defines the output
arithmetic base, otherwi se the first assignnent
det erm nes the output base.

-1 Al'l upper-case characters converted to | ower-case.
The upper-case flag, -u is turned off.

-p The output of this command, if any, is witten
onto the two-way pipe.

-r The given nanes are marked readonly and these
nanes cannot be changed by subsequent assignnent.

-t Tags the naned paraneters. Tags are user
defi nabl e and have no special neaning to the

shel | .

-u Al'l | ower-case characters are converted to upper-
case characters. The |lower-case flag, -l is
turned of f.

- X The given names are marked for autonmatic export to
the environnent of subsequently-executed commands.

Using + rather than - causes these flags to be turned
off. If no nane argunments are given but flags are
specified, a list of nanes (and optionally the values )
of the paraneters which have these flags set is
printed. (Using + rather than - keeps the values to be
printed.) If no names and flags are given, the nanes
and attributes of all parameters are printed.

ulimt [ -cdfnpt ] [ n ]

-C I nposes a size limt of n blocks on the size of
core dunps (not on UMAX V).

-d | nposes a size limt of n blocks on the size of
the data area (not on UVAX V).

-f | mposes a size limt of n blocks on files witten
by child processes (files of any size may be
read) .

-m Inmposes a soft limt of n blocks on the size of
physi cal nmenory (not on UVAX V).

-p Changes the pipe size to n (not on UVAX V).

t I mposes a tinme limt of n seconds to be used by

each process (not on UVAX V).

If no optionis given, -f is assuned. If n is not
given, the current limt is printed.

umask [ nnn ]
The user file-creation mask is set to nnn (see
umask(2)). If nnnis omtted, the current value of the



mask is printed.

unal i as nane ..
The paraneters given by the list of names are renoved
fromthe alias list.

unset [ -f ] name ...
The parameters given by the list of nanes are

unassigned, i.e., their values and attributes are
erased. Readonly variables cannot be unset. |If the
flag, -f, is set, then the nanes refer to function
names.

wait [ n ]
Wait for the specified process and report its
term nation status. |If nis not given then al

currently active child processes are waited for. The
return code fromthis command is that of the process
wai ted for.

whence [ -v ] nane ..
For each name, indicate howit would be interpreted if
used as a conmmand nane.

The flag, -v, produces a nore verbose report.

I nvocati on.
If the shell is invoked by exec(2), and the first character
of argument zero ($0) is -, then the shell is assunmed to be

a login shell and comrands are read from/etc/profile and
then fromeither .profile in the current directory or
$HOVE/ . profile, if either file exists. Next, commands are
read fromthe file named by perforning paraneter
substitution on the value of the environnent paraneter ENV
(for instance, $HOWE .kshrc set in $HOVE .profile) if the
file exists. Commuands are then read as described bel ow, the
following flags are interpreted by the shell when it is

i nvoked:

-c string If the -c flag is present then comands are read
fromstring

-s If the -s flag is present or if no argunents
remai n then commands are read fromthe standard
i nput. shell output, except for the output of
some of the Special Commands |isted above, is
witten to file descriptor 2.

-1 If the -i flag is present or if the shell input
and output are attached to a terminal, this shel
is interactive. |In this case TERM NATE i s ignored

(so that kill O does not kill an interactive
shel ) and I NTERRUPT is caught and ignored (so
that wait is interruptible). 1In all cases, QUT

is ignored by the shell

-r If the -r flag is present the shell is a
restricted shell



The remai ning flags and argunents are described under the
set command above.

rksh Only.
rksh is used to set up login nanes and execution
envi ronnments whose capabilities are nore controlled than
those of the standard shell. The actions of rksh are
identical to those of ksh, except that the follow ng are
di sal | owed:
changing directory (see cd(1)),
setting the value of SHELL or PATH
speci fying path or comand nanmes containing /,
redirecting output (> and >>).

The restrictions above are enforced after .profile and the
ENV files are interpreted.

When a command to be executed is found to be a shel
procedure, rksh invokes ksh to execute it. Thus, it is
possible to provide to the end-user shell procedures that
have access to the full power of the standard shell, while
inmposing a limted nenu of commands; this schene assunes
that the end-user does not have wite and execute

perm ssions in the same directory.

The net effect of these rules is that the witer of the
.profile has conplete control over user actions, by
perform ng guaranteed setup actions and | eaving the user in
an appropriate directory (probably not the login directory).

The system admini strator often sets up a directory of
commands (i.e., /usr/rbin) that can be safely invoked by
rksh. Some systens also provide a restricted editor

/ bin/red.

EXI T STATUS
Errors detected by the shell, such as syntax errors, cause
the shell to return a non-zero exit status. |If the shell is

bei ng used non-interactively then execution of the shel
file is abandoned. Oherw se, the shell returns the exit
status of the |ast comand executed (see also the exit
command above) .

FI LES
[ et c/ passwd
l[etc/profile
$HOVE/ . profile
$HOVE/ . kshrc
[t mp/ sh*
/ dev/ nul

SEE ALSO
cat(1), cd(1), echo(l), emacs(1l), env(1l), gmacs(1l),
newgrp(1), shl (1), test(1l), umask(1), vi(l).
dup(2), exec(2), fork(2), pipe(2), signal(2), umask(2),
ulimt(2), wait(2), rand(3C), a.out(4), profile(4) in the
UVAX V Progranmer's Reference Manual



environ(7) in the UMAX V Adm nistrator's Reference Manual .

CAVEATS
If a cormmand which is a tracked alias is executed, and then
a command with the sanme nanme is installed in a directory in
the search path before the directory where the origina
command was found, the shell will continue to exec the
original command. Use the -t option of the alias command to
correct this situation.

If noving the current directory or one above it, pwd nay not
give the correct response. Use the cd command with a ful
path nane to correct this situation.

Some very old shell scripts contain a » as a synonymfor the
pi pe character |.
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