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 ---------------------------------------------------------------------------
Useful links
Course website: 
https://kcl-carpentries.github.io/2022-05-11-KCL-online/
Day 1 pad: 

· https://pad.carpentries.org/2022-05-11-KCL 


Day 2 pad: 

· https://pad.carpentries.org/2022-05-12-KCL 


The Carpentries:      

· https://carpentries.org/ 

Data Carpentry:       

· https://datacarpentry.org/ 

Library Carpentry:    

· https://librarycarpentry.org/ 

Software Carpentry: 

· https://software-carpentry.org/ 


Code of Conduct: 

· https://docs.carpentries.org/topic_folders/policies/code-of-conduct.html 


Post-course survey
https://carpentries.typeform.com/to/UgVdRQ?slug=2022-05-11-KCL-online
---------------------------------------------------------------------------
Instructors

Alessia <alessia.visconti@kcl.ac.uk>
Flavia <flavia.flaviani@kcl.ac.uk>
Stefania <stefania.marcotti@kcl.ac.uk>  

---------------------------------------------------------------------------
Helpers

Fursham Hamid <fursham.hamid@kcl.ac.uk>

---------------------------------------------------------------------------
Learning objectives
· Understand what is a shell script  

· Write a shell script that runs a command or series of commands for a fixed set of files. 

· Run a shell script from the command line. 

· Create pipelines that include shell scripts  

· Use grep to select lines from text files that match simple patterns. 

· Use find to find files and directories whose names match simple patterns. 

· Use the output of one command as the command-line argument(s) to another command. 

· Explain what is meant by ‘text’ and ‘binary’ files, and why many common tools don’t handle the latter well. 


 ---------------------------------------------------------------------------
Extra material for today's session

https://swcarpentry.github.io/shell-novice/05-loop/index.html
https://swcarpentry.github.io/shell-novice/06-script/index.html
· Having a second eye to look at your code/script is a real thing, and it works also if you do it with a rubber duck (but you will need to explain it what you are doing): https://en.wikipedia.org/wiki/Rubber_duck_debugging 

· Bash vs Python: 

· https://linuxconfig.org/bash-scripting-vs-python#:~:text=Although%20they%20have%20a%20lot,basic%20automation%20scripts%20to%20programs 

· Extract the middle of a file 

· https://unix.stackexchange.com/questions/22623/extract-middle-section-of-lines-of-a-text-file 

· Where to look for help:  

· Google!  

· https://stackoverflow.com/ (this is the most famous and also the most technical/detailed) 


Answers to some of the questions asked during the session are at the bottom of the file.

---------------------------------------------------------------------------
Cheat sheet - list of commands we've learned so far in Session 1 and 2

- pwd print working directory
- cd change directory (e.g., `cd Desktop/data-shell` to go to directory [data-shell] on Desktop)
- ls list content of directory (e.g., `ls -l thesis` to list content of folder [thesis] in long format)
- man [command] or [command] --help get help (e.g., `man ls` or `ls --help` to get help on [ls] command)
- mkdir make new directory (e.g., `mkdir thesis` to create new folder [thesis])
- nano open text editor (e.g., `nano draft.txt` to create a new text file called [draft.txt] in the current folder)
- mv move or rename (e.g., `mv draft.txt draft_new.txt` to rename the file [draft.txt] to [draft_new.txt] in the current folder)
- cp copy (e.g., `cp draft_new.txt thesis_backup/draft_new.txt` to copy the file [draft_new.txt] to a folder called [thesis_backup])
- rm remove (e.g., `rm draft_new.txt` to remove the file [draft_new.txt] from the current folder)
- * and ? wildcards for any number of characters or one single character (e.g., `ls p*.pdb` to list all files which name correspnds to the pattern [p+(any number of character)+.pdb], such as [pentane.pdb], [p.pdb], or [pterodactyl.pdb] in the current folder)
- Redirect a command’s output to a file using the > 
- append to file using the double redirection >> 
- we saw how to construct command pipelines with two or more stages using the pipe | 
- explore files without opening them using head, tail 
- use filters such as wc and sort 
- extract patterns from files using grep [to select lines from text files that match simple patterns]
- used find to find files and directories whose names match simple patterns
- other commands used:  
    - uniq
    - echo (print message on screen) 
    - cat (concatenate files) 
    - cut (extract/cut out part of a file)

---------------------------------------------------------------------------
Optional session next Friday 20th May for exercises

Open your terminal!

---------------------------------------------------------------------------
Recap of previous sessions
We've seen a few commands so far, using the Shell to directly communicate with our computers
This allows us to automate some tasks and be more efficient (and avoid mistakes)

We've learnt some "words" so far in our new language, today we'll learn some syntax to start building "phrases"

$ ls
to list the files in a folder

$ cd Desktop/shell-lesson-data
to change directory to [shell-lesson-data]

$ nano new-file.txt
to create and modify files

$ [command] > [file]
to redirect output of a command into a file (use >> to append instead of overwriting)

$ head [file]
to print to screen the first few lines of a file (tail shows the end of the file instead)

$ man [command]
to look into the manual of a command (use [command] --help on Windows)

$ echo [message]
to print to screen a message (use echo `date` to print current date to screen)

$ [first command] | [second command]
to pass the output of the first command as input of the second command (avoid intermediates)

$ cat [file]
to print a small file to screen / to concatenate files

$ cut -d [delimiter] -f [field] [file]
to cut out part of a line in a file

---------------------------------------------------------------------------
Loops
Today we'll build more pipelines! The best way to do so is step-by-step

Repeat a command or a set of command -> this is useful to automate tasks
They work similarly to tab and wildcards

Let's move to the [creatures] folder and look at the file [basilisk.dat]

$ cd exercise-data/creatures
$ ls
$ head -n 5 basilisk.dat

this file contains a genetic sequence for each creature

If I was interested in the classification of the creature I could write
$ head -n 2 basilisk.dat | tail -n 1 

If we had many of these files, we could do so with loops

Loop structure:
$ for thing in list_of_things
· > do 

· > operation_using $thing     

· > done 


In our case, we could build the loop as follows:
$ for filename in basilisk.dat minotaur.dat unicorn.dat
· > do 

· > head -n 2 $filename | tail -n 1 

· > done 

the 'greater than' sign at the beginning of the line (prompt) indicates that the shell is waiting for us to keep writing more commands

The loop allows to repeat the same operation on multiple files (extract the classification from each file) - this could work also if we had many files! We'll see how to not type all the names out shortly :)

You can use ctrl+C to interrupt any commands (also works for getting out of a loop)

We can use wildcards to analyse all the .dat files in the folder
$ for filename in *.dat
· > do 

· > head -n 2 ${filename} | tail -n 1 

· > done 

We are using the curly brackets here (the result is the same now, but we'll see that this way is more powerful)

When we use the arrow up to go back to a previous command and this command is a loop, the shell will display all of it (it's one single command for the shell) - if we want to modify part of the loop this can be a bit annoying, but we'll learn a different way shortly (loads of spoilers today!!)

---------------------------------------------------------------------------
Let's move to a different directory ([proteins] in [exercise_data])
$ cd ../proteins
$ ls

We're creating a new loop
$ for datafile in *.pdb
· > do 

· > ls .pdb 

· > done 

We forgot to use our datafile variable! So we're just doing an ls over and over again
We can fix it by adding our ${variable} as argument of ls
$ for datafile in *.pdb
· > do 

· > ls ${datafile} 

· > done 


---------------------------------------------------------------------------
Exercise 01 (3 min 10.51) 
You should already be in the [shell-lesson-data/exercise-data/proteins]

(a) If we run the following loop 

$ for filename in c*
> do
>    ls $filename
> done

What would be the output? Choose one of the following: 

1. No files are listed.  
2. All files are listed
3. Only `cubane.pdb`, `octane.pdb` and `pentane.pdb` are listed.
4. Only `cubane.pdb` is listed. x XxXxxxXXXxXx

(b) How would the output differ from using this command instead?

$ for filename in *c*
> do
>    ls $filename
> done

Choose one of the following 

1. The same files would be listed.
2. All the files are listed this time.
3. No files are listed this time.
4. The files `cubane.pdb` and `octane.pdb` and mymolecules.pdb will be listed. XxxXxXxXxXX
5. Only the file `octane.pdb` will be listed. 

Solution 01
Correct! Both answers are number 4 (the file mymolecules.pdb in part b could be there if you did the session yesterday with us! This file does match the pattern *c* with "any number of characters (mymole) + c + any number of characters (ules.pdb)"

---------------------------------------------------------------------------
Dry runs
Dry runs for loops might be helpful to make sure the loop is doing what we expect before running it on multiple files! 

Let's say we want to copy all the files in this folder to create a backup of each
$ cd ../creatures
$ cp *.dat original-*.dat 
-> this will return an error! the command cp does not run in this way! But we can use a loop

Let's first do a dry run: we're printing to screen what command will run, but not running it (using echo)
$ for filename in *dat
· > do 

· > echo cp ${filename} original-${filename} 

· > done 

This returns what we expect, so now we can run the actual loop (remove echo)
$ for filename in *dat
· > do 

· > cp ${filename} original-${filename} 

· > done 


---------------------------------------------------------------------------
Move back into the proteins directory
$ cd ../proteins
$ ls

Exercise 02 (5 min - 11.11) 
two part exercise : please put an [x] next to the correct answer for question (a) and (b) 

(a) What is the effect of this loop in the `shell-lesson-data/exercise-data/proteins`?

        $ for alkanes in *.pdb
·         > do 

·         > echo $alkanes 

·         > cat $alkanes > alkanes.pdb 

·         > done 


Choose one of the following: 
1. Prints `cubane.pdb`, `ethane.pdb`, `methane.pdb`, `octane.pdb`, `pentane.pdb` and `propane.pdb`, and the text from `propane.pdb` will be saved to a file called `alkanes.pdb`. xXXxxXxXXxx
2. Prints `cubane.pdb`, `ethane.pdb`, and `methane.pdb`, and the text from all three files would be concatenated and saved to a file called `alkanes.pdb`.
3. Prints `cubane.pdb`, `ethane.pdb`, `methane.pdb`, `octane.pdb`, and `pentane.pdb`, and the text from `propane.pdb` will be saved to a file called `alkanes.pdb`.
4. None of the above.

(b) what would be the output if we change the loop to the following code?
        $ for datafile in *.pdb
        > do
        >    cat $datafile >> all.pdb
        > done

Choose as appropriate: 
1. All of the text from `cubane.pdb`, `ethane.pdb`, `methane.pdb`, `octane.pdb`, and `pentane.pdb` would be concatenated and saved to a file called `all.pdb`.
2. The text from `ethane.pdb` will be saved to a file called `all.pdb`.
3. All of the text from `cubane.pdb`, `ethane.pdb`, `methane.pdb`, `octane.pdb`, `pentane.pdb` and `propane.pdb` would be concatenated and saved to a file called `all.pdb`.xXxxxXxxxXX
4. All of the text from `cubane.pdb`, `ethane.pdb`, `methane.pdb`, `octane.pdb`, `pentane.pdb` and `propane.pdb` would be printed to the screen and saved to a file called `all.pdb`.

Solution 02
We can run the two loops as dry runs (adding echo) to check which variables are called inside the loops
$ for alkanes in *.pdb
· > do 

· > echo $alkanes 

· > echo "cat $alkanes > alkanes.pdb" 

· > done 

This prints out the variable and the command that we're going to run - due to the greater than sign redirection, the file gets overwritten at every iterations

We can run the loop by typing
$ for alkanes in *.pdb
· > do 

· > cat $alkanes > alkanes.pdb 

· > done 

The file [alkanes.pdb] only contains the last file (due to the overwriting)

To 'fix' this, we could use the >> (append redirection) instead of the standard redirection (>).
Let's test this with a dry run:
$ for alkanes in *.pdb
· > do 

· > echo $alkanes 

· > echo "cat $alkanes >> all.pdb" 

· > done 


This time we append all the .pdb files inside the file [all.pdb]
$ for alkanes in *.pdb
· > do 

· > cat $alkanes >> all.pdb 

· > done 

---------------------------------------------------------------------------
Nested loops
In a loop we can also iterate multiple times
Let's look at an example:
$ for letter in c d
· > do 

· > for number in 1 2 

· > echo $ letter $ number 

· > done 

· > done 

Output:
c 1
c 2
d 1
d 2
We can run another example
$ for name in flavia alessia stefania
· > do 

· > for course in unix git 

· > do 

· > echo $name $course 

· > done 

· >done 


Output:
flavia unix
flavia git
alessia unix
alessia git
stefania unix
stefania git
---------------------------------------------------------------------------
Exercise 03 (4 min - 11: 31) 

Question : What would be the result of the following code with and without the echo command? 
$ for species in wolf pangolin cat
· > do 

· > for temperature in 25 30 37 40 

· > do 

· > echo mkdir $species-$temperature 

· > done 

· > done 

Write below what will be the result of this loop:

· The following directories will be created: 

·  wolf-25, wolf-30,wolf-37, wolf-40 

· pangolin-25, pangolin-30,pangolin-37, pangolin-40 

· cat-25,cat-30,cat-37,cat-40 

· mkdir wolf-25 

· mkdir wolf-30 

· mkdir wolf-37 

· mkdir wolf-40 

· mkdir pangolin-25 

· mkdir pangolin-30 

· mkdir pangolin-37 

· mkdir pangolin-40 

· mkdir cat-25 

· mkdir cat-30 

· mkdir cat-37 

· mkdir cat-40 

· mkdir wolf-25 

· mkdir wolf-30 

· mkdir wolf-37 

· mkdir wolf-40 

· mkdir pangolin-25 

· mkdir pangolin-30 

· mkdir pangolin-37 

· mkdir pangolin-40 

· mkdir cat-25 

· mkdir cat-30 

· mkdir cat-37 

· mkdir cat-40 


Solution 03
echo will do a dry run of the loop and print out the command to check if correct
$ for species in wolf pangolin cat
· > do 

· > for temperature in 25 30 37 40 

· > do 

· > echo mkdir $species-$temperature 

· > done 

· > done 

this prints to screen the command that we're going to run (create a bunch of directories animal+temperature); in this case echo works without the double quotes: it depends on the specific commands we pass to echo! Not much we can do about it :'))

as this is a nested loop (a loop within another loop) so for each species in the outer loop, the inner loop (the nested loop) iterates over the list of temperatures, and creates a new directory for each combination.

---------------------------------------------------------------------------
Always test your pipelines, loops, and scripts on short test files! 
This is important to avoid wasting time and making mistakes

---------------------------------------------------------------------------
Break!
10 min break, back at 11.50

---------------------------------------------------------------------------
Scripts
Shell scripting -> we can write a set of commands that we can use over and over again

Check that you are in the [proteins] folder
As per pipelines and loops, we are going to build it step-by-step

We are going to create a set of instructions in the shell language (the extension of the file is .sh)
$ nano middle.sh

Inside the text file we type:
head -n 15 octane.pdb | tail -n 5
(ctrl+O to save + Enter, ctrl+X to exit)

check that our new file is there with
$ ls

Run the script!
$ bash middle.sh


We are going to modify the script to generalise it to any file 
In this case, we will provide the name of the file, instead of hard coding the filename inside the script

$ nano middle.sh

Inside the text file we type:
head -n 15 $1 | tail -n 5
(ctrl+O to save + Enter, ctrl+X to exit)

Run the script!
In this case we have to add the filename that we want to run the script on 
$ bash middle.sh octane.pdb
$ bash middle.sh cubane.pdb


We can improve further the flexibility of this script

$ nano middle.sh

Inside the text file we type:
head -n $2 $1 | tail -n $3
(ctrl+O to save + Enter, ctrl+X to exit)

$1 is going to be the first argument we're going to provide when calling the script (the file)
$2 the second (the number of lines in head)
$3 the third (the number of lines in tail)

Run the script!
In this case we have to add the filename ($1), the number of lines for head ($2), the number of lines for tail ($3) that we want to run the script on 
$ bash middle.sh octane.pdb 10 5
$ bash middle.sh cubane.pdb 10 2

We are progressively increasing the flexibility of our script: it works for any file, and the number of lines in the middle of the file that we want to print out (head and tail)

$ bash middle.sh ../creatures/basilisk.dat 4 2
$ bash middle.sh ../writing/haiku.txt 3 2
This will work on a file in a different folder - we need to give the full path (how do we get from where we are to where we want to go - this is the journey in the library that we mentioned yesterday)

---------------------------------------------------------------------------
Comments
It's good practice to add comments to our script to remind us (or future us, or other users) what the program is meant to do
These will not be executed by the shell (it will ignore those lines) but will be useful for humans

We can improve further the readability of this script by adding comments

$ nano middle.sh

Inside the text file we type:
# Script to select lines from file
# Usage: bash middle.sh filename end_lines num_lines
head -n $2 $1 | tail -n $3
(ctrl+O to save + Enter, ctrl+X to exit)

---------------------------------------------------------------------------
Exercise 04 (3 min - 12.13 ) 

In the  [~/Desktop/shell-lesson-data/exercise-data/proteins] directory 
Create a shell script called [script.sh] which contains the following commands:

        head -n $2 $1
        tail -n $3 $1

Which of the following outputs would you expect to see if you type the following command 
$ bash script.sh '*.pdb' 1 1

Choose one of the following: 
1. All of the lines between the first and the last lines of each file ending in .pdb in the molecules directory xx
2. The first and the last line of each file ending in .pdb in the molecules directory Xxxxx
3. The first and the last line of each file in the molecules directory
4. An error because of the quotes around *.pdb

Solution 04
The correct answer is 2.

The special variables $1, $2 and $3 represent the command line arguments given to the script, such that the commands run are:

$ head -n 1 cubane.pdb ethane.pdb octane.pdb pentane.pdb propane.pdb
$ tail -n 1 cubane.pdb ethane.pdb octane.pdb pentane.pdb propane.pdb

This will print the first and the last lines for all the files that have a pdb extension inside the folder (the last line might be an empty line!)

If we run it without the quotes around the wildcard we'll get an error. If we want to use wildcards within the script we have to do something different (we're going to see this shortly). The shell does not expand '*.pdb' because it is enclosed by quote marks. As such, the first argument to the script is '*.pdb' which gets expanded within the script by head and tail.

---------------------------------------------------------------------------
Passing any number of inputs to a script

We've seen this pipeline yesterday to find the file with the lowest number of lines:

$ wc -l *.pdb | sort -n

If we were to put this into a script, it wouldn't work, we need a bit more power in our script
We have to give more instructions to the shell for it to understand what we want to do

We're going to introduce $@, which is a special keyword for the shell to be given any kind of input and work with wildcards

Create a new script
$ nano sorted.sh

Inside the text file we type:
# Sort files by their length
# Usage: bash sorted.sh one_or_more_filenames
wc -l $@ | sort -n

(ctrl+O to save + Enter, ctrl+X to exit)

Check that the new script is there
$ ls 

Run the script:
$ bash sorted.sh *.pdb
This script will sort all the pdb files in this directory

$ bash sorted.sh *.pdb ../creatures/*.dat
This script will sort all the pdb files in this directory and all the dat files in the folder [creatures]

$ bash sorted.sh *.pdb ../creatures/*.dat ../writing/*txt
This script will sort all the pdb files in this directory, all the dat files in the folder [creatures], and all the txt files in [writing]

---------------------------------------------------------------------------
One more script example

Let's create a script to find the longest file with a given extension inside a folder
-> word count to know the number of lines | sort numerically | find the last 2 lines (the largest file + the total) | only consider the first of the two lines (the largest file)

Create a new script
$ nano longest.sh

Inside the text file we type:
# Shell script that takes 2 arguments
# 1. a directory name
# 2. a file extension
# the script prints out the longest file with that extension inside the given directory
# Usage: bash longest.sh directory_name file_extension
wc -l $1/*.$2 | sort -n | tail -n 2 | head -n 1

(ctrl+O to save + Enter, ctrl+X to exit)

Check that the new script is there
$ ls 

Run the script
$ bash longest.sh ../creatures dat
This runs for dat files in the folder [creatures]

$ bash longest.sh ../writing txt
This runs for txt files in the folder [writing]

---------------------------------------------------------------------------
Recap
· Loops: repeat commands for all the items in a list - we need a variable that runs through the list, which we call with the symbol $. In some cases, we could use ${} if we're in need of more functionalities. Do not use spaces or weird characters in the variable name, and name them something that makes sense for their usage. Loops can be nested, to perform multiple operations at once. Use dry runs (with echo) and small test files (you can copy small files from other locations into a test directory, or you can create a new file -> this ultimately will depend on the thing you want to do with the loop) to make sure the loop does what you expect 

· Scripts: files identified by the shell as executable, containing a list of instructions to be performed. We can use the symbol # to write comments for usage that will be ignored by the shell (but will be useful for humans). $1, $2, etc. represent the arguments that we're going to pass to the shell when calling the script. We might need sometimes to use the special symbol $@ to represent any kind of input to be passed to the shell 


---------------------------------------------------------------------------
Feedback

Post-workshop survey
https://carpentries.typeform.com/to/UgVdRQ?slug=2022-05-11-KCL-online

One up/One down
One up
Again sessions were really engaging and questions were adequately answered
Really good answers to questions and complex topics covered well
very informative and nice scripts that can save time
great question answering
gave meaning to a number of commands i have been using blindly
impressive session today and useful
great session, really helpful. The organisation and enthusiasm is great
Today's class was easier


One down
No specific down  but a followup training and further  dept would be great... Thanks to all the trainers and organisers 
Maybe have a longer exercise that involves coming up with your own script
perhaps some more exercises for after the class
the speed is high but it is a good primer
Could have included fastq files in the exercises
talking too fast sometimes
Explanation of each of the commands- in an easier format
Maybe other examples, not only focused on reading/modifying files

---------------------------------------------------------------------------
Answers to some of the questions asked during  the session

1. How can I print the "echo" manual/help?

· As you may have noticed, if you run 

· $ echo --help 

· echo does what it's asked of it, that is to print whaterver follows, so you may get  

· $ --help 

· printed on the shell. To overcome this, you can use the command full path 

· $ /bin/echo --help 

· or a workaround specifically designed for echo (it will not work for other shell commands): 

· $ help echo 

2. How do I loop within the content of a file (and not on a list of file)?

· There are several ways, and my (Alessia's) preferred one is using another loop we didn't see during the workshop, that is [while], More on [while] here: https://www.cyberciti.biz/faq/bash-while-loop/ 

· So let's say that we want to read the animals.csv file line by line, and print each line on the terminal (to keep it simple). The piece of code we will need is the following: 

· while read -r myline 

· do 

·   echo "$myline" 

· done < animals.csv 

· (You need to be in the /exercise-data/animal-counts folder for this to work) 

· This command will read a file by line (read -r) and assign each line to a variable (called myline), than is then printed in the body of the loop (adding the double quote for safety!) 

