
Lecture. 6: Shell Part VI

Suggested Literature
Both books are available at 
https://learning.oreilly.com



RECAP: Printing: echo vs printf
What about Colors? Works with printf and echo -e

You need the -e flag on echo (and you don’t need \n)



RECAP: Integer arithmetic 
There is no float-point arithmetic. Integer: $((…))

Increment by one
Because of the use of $(()), we could 

have defined x=2 without declare



RECAP: Comparing Strings
How can we know if two strings are the same (case sensitive)

This is the first time 
we also introduce 
if/else statements

Question with
T/F possible 

answers

This runs if 
True

Be careful
a = 2

is assignment while
“$a” = “$b”
can be string 
comparison

HW: use the operator != which returns T if strings are not equal



RECAP: if/elif/else statements
if / elif / else with file attribute checking (super useful)

Incomplete list

! opposite positional 
parameters Built-in positional 

parameters. They 
have names 1, 2, 

3…



RECAP: Loops: arithmetic for loops
The form of an arithmetic for loop is similar to those found in C/C++

Arithmetic for loop useful when 
dealing with arrays



RECAP: Loops: for loops (iteration)
You can loop over files in a directory recursively using find

command 
substitution



RECAP: Bash Functions
Functions can be considered a box 

Input comes in, and output goes out. 
How many inputs? Depends on the function.

local (required 
keyword) variable: 
defined only inside 

the function

Input positional parameters



We have many small 
pieces (programs). 
From “gluing” of 

programs we build 
pipelinesmkdir

rm

ls

pwd

more

read

tail

head
tr

cp

mv

sort

echo

printf

du

pipeline

Piping: bash scripts is like playing Lego 



Sorting integers 
with sort

My laptopFile with singers and the 
number of albums you own 

from these singers

• -n option: interpret 
column as numbers (not as 
strings)

• -r option: reverse order

What if the numbers we want 
to sort are not in the first 

order



Sorting 
integers with 

sort

Added a third 

column with the 

amount of money 

you spent on 

singer’s albums



Sorting 
dictionary
ordering

Sorting 
using 

multiple 
columns

• The argument -k1,1d means 
“create a key starting at column 1 
and ending at column 1 in 
dictionary order”

• For the last key you could have 
written --key 3



Sorting 
with 

different 
separators • The argument -k1,1d means 

“create a key starting at 
column 1 and ending at 
column 1 in dictionary order”

• For the last key you could 
have written --key 3



Sorting with floating numbers 
Did you notice the -g option on last slide? 

• When dealing with float point -g is preferable
• When using scientific notation -g is mandatory
• Awesome stackoverflow answer with in-depth explanation

Why not using -g all the time instead of -n? Speed!

https://unix.stackexchange.com/a/677720/464161
https://unix.stackexchange.com/a/677720/464161
https://unix.stackexchange.com/a/677720/464161
https://unix.stackexchange.com/a/677720/464161


Stable Sorting

Stable sort 
algorithms sort 
equal elements 

in the same 
order that they 
appear in the 

input.



Piping commands
Example: piping sort and head commands with |

Lego analogy starts to 
make sense now
building blocks



Removing duplicate words
Piping is powerful: lets pip sort and uniq command

uniq command filters 
adjacent lines from input

• -d print duplicates
• -u only print unique lines
• -c count the records
Because of the word adjacent, 
we to first sort the lines

Portuguese 
numbers between 
one and ten with 

repetition



Removing duplicate words
Piping is extremely powerful: lets pip sort and uniq command

Portuguese numbers 
between one and 

then with repetition

uniq command filters adjacent lines from input
• -d removes duplicates
• -u only print unique lines
• -c count the records



Counting lines, words and chars
wc command counts bytes/chars/words or lines

• -c count bytes
• -w count words
• -l count lines

Portuguese numbers 
between one and 

then with repetition

wc accepts one or multiple files as input – producing one-line reports 
for each, followed by summary report



Reformatting file output with pr

Portuguese numbers 
between one and 

then with repetition

Few Options: -d double space -wNUM width -l count lines
pr command paginate or columnate file(s) for printing

omit 
header & 

footer 
notes



Removing CAPS in a text

Portuguese numbers 
between one and 

then with repetition

tr SET1 [SET2] is a powerful command that translate, squeeze, 
and/or delete chars from standard input, writing to standard output. 
• -c use the complement of SET1
• -d delete characters in SET1, do not translate
• -s replace sequence of a repeated chars with a single occurrence 
• -t first truncate SET1 to length of SET1

Replacing nonletters (ex: spaces) with newline



Application counting words on Hamlet 

Portuguese numbers 
between one and 

then with repetition

An illustrative example of the power of shell commands

• Replace nonletters with newlines
• Map uppercase to lowercase
• Sort the words in ascending order
•  Eliminate duplicates, showing their 

counts
• Sort by descending count, then by 

ascending word
•  only line we don't understand (sed 

$1 q  = print first $1 lines 



How many words are in Hamlet? 

Least-frequent words on Hamlet? 

Application counting words on Hamlet 

Most-frequent words on Hamlet? 



How many unique words? (uses regex)

Regex (regular expressions) is the next topic using a 
power editor called sed

Application counting words on Hamlet 



sed – string substitution
sed is a small power string editor program.
In combination with regular expressions, 

sed has saved my research a coupled of times
Let’s start simple. Consider this file

Nice documentation: https://www.gnu.org/software/sed/manual/

https://www.gnu.org/software/sed/manual/
https://www.gnu.org/software/sed/manual/
https://www.gnu.org/software/sed/manual/


sed – string substitution
sed for string substitution: 

• note the / (3 of them all required) ‘s/oldtext/newtext/’
• Note that sed wrote the altered test in the terminal. To 

do in-place modifications we need to use the –i option



sed – string substitution
what about multiple substitutions? Use -e

• Look the space before MA. Be careful with characters 
between / /

• Output redirection to save to a new file sed -f sedscr list > newlist



sed – string substitution
You can limit the lines where sed can replace strings



sed – string substitution
sed can replace only lines that contains some key string 

sed only replaces MA with , Massachusetts on lines that contain Road

! = opposite 
behavior. Replace 
only on lines that 

don’t contain Road



sed – string substitution
For longer scripts – create a file and use -f



Homework I (option processing)
• Write a program with two options. –f option makes the 

program write a positive message (e.g., “The World is 
Wonderful”). –g option makes the program write a negative 
message (e.g., “The World is Terrible”). All other letters (e.g., 
-g or –z), makes the program write a neutral message (e.g., 
“The world is average”) 



Homework II
• Explain what this function does. Code it yourself and run an example. 

What is the most surprising or challenging bash feature of this code?

• Modify backup() to work with folders. This includes researching the 
tar compressing tool to learn how to compress a folder to a *.tar file.

• The most efficient lossless compressing tool in linux is xz. The only 
problem is that xz does not compress folders. But with piping, we can 
overcome that limitation. Adapt the example below to create a 
backupxz() function that can backup files and directories with xz. 



Homework III
• When I gave to claude.ai HW5 part III, where I asked you to create 

backupxz(), the AI solution had two interesting lines that solved two 
pitfalls of my solution. Try to explain what these lines do. 

• In all these examples, we used the bash command  
date +%Y%m%d_%H%M%S

Research its syntax and explain its functioning in plain words 
(including the cript %Y….%S argument. 



Homework IV
• Write a script that takes a string as input and checks if it is a palindrome (i.e., a 

word that is spelled the same way forwards as it is backwards). The script 
should output "String is a palindrome" if the string is a palindrome, or "String 
is not a palindrome" if it is not

• Write a script that extracts the second and third field of a file and sort the 
output numerically

• Write a script that extracts the first field of a file (table) and only print the 
unique values

• Write a script that extracts the characters from the 11th to the 20th of each line 
in a file, but only prints lines that contain the string "example” (hint: use and 
research grep)

• Write a script that displays the top 10 largest files in a directory (hint: use and 
research the command du)

• Write a script that counts the number of files in a directory (hint: use and 
research the command find with command-line option -type)



Homework V
• The command 
tr -dc 'a-zA-Z0-9~!@#$%^&*_()+}{?></";.,[]=-' < /dev/urandom | fold -w 32 | head -n 1 

generates 32 random characters. 
Try it yourself and explain how this program works 

(as much as you can)



Homework VI (use echo and tr)
•Given the string "Hello, World!", write a command that converts all 
lowercase letters to uppercase. Hint: use both echo and tr

•Given the string "User12345", write a command that removes all 
digits, leaving only the non-digit characters. Hint: use both echo and tr

•Given the string "This     is     a     test.", write a command that 
replaces sequences of multiple spaces with a single space.

•Given the string "one:two:three", write a command that replaces each 
colon (:) with a tab character.

•Given a multi-line string:
"apple 
Banana
Cherry"

write a command that replaces each newline with a comma, producing: 
apple,banana,cherry.



Homework VII (use pr)
•Consider the file file.txt created by cat write a command that formats 
the output in two columns. 

The output should look like (no header)

Hint: pr sometimes outputs a lot of empty lines. The no header 
option should help. If not, squeeze them by piping the command with 
tr -s



Homework VIII (use pr)
•Consider the file notes.txt created by cat. Format the file with double 
spacing:

The output should look like (no header).       à



Homework IX (use pr)
•Consider the file data.txt created by cat. Format the file into three 
columns with a 60-character page width:

The output should look like (no header).      



Additional Reading
• Article about command substitution 

https://unix.stackexchange.com/a/440123/464161

• Article about the Difference between ${} and $() in Bash 
https://www.baeldung.com/linux/parameter-expansion-vs-
command-substitution 

https://unix.stackexchange.com/a/440123/464161
https://www.baeldung.com/linux/parameter-expansion-vs-command-substitution
https://www.baeldung.com/linux/parameter-expansion-vs-command-substitution
https://www.baeldung.com/linux/parameter-expansion-vs-command-substitution
https://www.baeldung.com/linux/parameter-expansion-vs-command-substitution
https://www.baeldung.com/linux/parameter-expansion-vs-command-substitution
https://www.baeldung.com/linux/parameter-expansion-vs-command-substitution
https://www.baeldung.com/linux/parameter-expansion-vs-command-substitution
https://www.baeldung.com/linux/parameter-expansion-vs-command-substitution
https://www.baeldung.com/linux/parameter-expansion-vs-command-substitution

