Lectures 21-23, 20 May & 21 May 2009

® |ntroduction to Shell Programming
® Hello World! in bash;invoking the script
® basic bash commands

® Pipes, filters and redirections, evaluation and expansion

® Special variables and meta-characters; command output and return
value

® Control structures (1f-elif-else-fi, for-do-done,
while-do-done)

® Writing bigger scripts (last year practical exam example)
® Unix philosophy as great simplifier
® Functions in bash; sed and awk

® Command Line vs GUI; Abstraction in computing

© These lectures are based on the material created by /an Barnes and
Richard Walker for the ANU COMP2100 and COMP2500 Software
Construction course in 2001-2005 and by Alexi Khorev in 2006—2007, edited
by Chris Johnson 2008—-2009



The origin of modern scripting languages lies in job control languages of
the early years (1960s and 70s), when the programs were written on the
punch cards. i If you wanted to run a program on a computer, you would
have to submit a job, in the form of a stack of punched cards. That stack
contained a card for each line of your program, a card for each line of
input data, and a number of cards that described how to run the program
and access other devices attached to the computer. The instructions on
those control cards were written using the computer's job control
language, or JCL for short. Indeed, JCL is also the name of IBM's job
control language. Here's an example (taken from Appendix 2 of IBM 360
Assembler Language Programming by Gopal K. Kapur, published by
Wiley in 1970). Each line corresponds to a separate punched card.

// JOB PRACTICE

// ASSGN SYS012,X'182"'

// ASSGN SYS014,X'01F'

// ASSGN SYS010,X'181"'

// OPTION LINK

// EXEC ASSEMBLY

...The set of cards for the program instructions goes here...

/*

// EXEC LNKEDT

// EXEC

...The set of cards for the data goes here...
/*
/&

The job control cards specified how to compile the program, which

devices to use and how they should be configured (e.g. the recording

density of the magnetic tape in the tape drive), and where in the stack of

cards the program and data start and finish. More advanced JCL included

commands for specifying the name of the user running the job,

accounting information (in older years of expensive big machines with

multiple users there was strict accounting — (machine) time was money;

this is still the case for cutting edge supercomputers), the priority of the

job, and so on.

With the rise of so-called on-line (i.e. interactive) systems, the job control
language did not disappear, but the commands could now be entered
directly into the computer by the user.






Today's shells are the descendants of the early job control languages.
They incorporate many of the features we have discussed above, but
also provide higher-level structuring facilities that we are used to in
conventional imperative programming languages (such as Java). Indeed,
we will be interested in the shell as a programming language.

In modern operating systems, shell plays the role of mediator between
the hardware and the operations system kernel on one side, and the user
and various user applications on the other.
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Hardware

is roughly characterized as those parts of the system which have an
immediate physical reality

® Memory
® Processors (CPU, GPU)
® Disks

® Network cabling

Operdling System (kernel)

is a low-level system software that is responsible for controlling the hardware
and providing facilities to application programs

® Organizes disks into file-systems and runs the file-system
processes

® Runs programs on processors

® Allocates memory to processes

Shell ®
conveys user and application programs requests to the OS

® Selects programs to run

® Selects input for programs

® Collects output from programs
In some systems, the shell is just one component of the operating system
(and thus can control devices and processes directly). However, in Unix,

the shell has no such special privileges, and has the status of a normal
application program (Therefore, one can have several shells on one OS).



In the schema shown, the shell is the program that acts as the user's
interface to the operating system. When the user logs in to the computer
system, they begin interacting with the shell program in order to start (and
stop) application programs.

® For most users these days, and for most of you so far, that role
has been performed by the facilities of the graphical desktop.

® Unix predates graphical desktops, so in Unix "shell" refers to a
program that interprets typed user commands.

® For expert users, the shell is a far faster and more powerful way
to interact with the operating system than the graphical
interface.

One of your tasks this semester is to move from being an ordinary user of
the computer system to becoming ar-expert a budding professional user;
a necessary condition for becoming an effective software developer. You
will need to become proficient at using the shell. We shall illustrate how
the command line (shell) and GUI can handle same tasks in the third
shell lecture.

For historical and cultural perspective on the significance of the command
line interface (abbreviated to CLI from now on), read the book In the
Beginning was the Command Line by Neal Stephenson (it's available
on-line for free, just do google-search). We will have more to say about
this perspective in the third lecture.



What is a Shell Script?

A user can type in a command on the CLI for the shell to
execute — abx% cmd <

A shell reads and executes user commands

A sequence of commands can be saved in a file for reuse,
eg., myscript.sh or run tests

Such files are called shell scripts

The execution of commands can be organised with
standard sequential, conditional and iterative control
structures

Data received and produced by commands can be stored
in variables

Parameters can be passed to the script when it's invoked
(just like for Java programs, or programs written in almost
any language)

Used as such, the shell scripts are actually computer
programs in the shell language

This is an example of a Bourne script (the original Unix
shell) which allows to run JUnit tests in the textual or GUI
output:
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