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Problem 1 -- Short Answers

1A) In a particular directory, we typels and see:
script.sh

main.c

broken.c

hopeless.c

Curious, wecat script.sh and it contains:
#!/bin/bash -vx

echo $*

We also note that the filescript.sh has mode 777.Let’s say that our session’s shell is pid 999.We inv oke the
command as follows:
./script.sh *n.c

Let’s say that the shell forks pid 1000 to run this command.What binary executable program winds up running
inside process 1000, and what is its list of arguments?

1B) In a multi-threaded process, almost everything is shared.Give two examples of things which arenot the same
between threads in a given multi-threaded process.

1C) I declare a global variable char buf[16]; and then as my first line of main I have
printf("X%sY\n",buf); Can we say for certain what the output is? If so, what is it? Explain your answers.

1D) The following program is invoked from the terminal (no I/O redirection). What does it print and why?
main()

{

fprintf(stdout,"Message 1\n");

fprintf(stdout,"Message 2");

*(int *)0=3;

}



ECE357:Computer Operating Systems PS 3/pg 2 ©2025 Jeff Hakner

Problem 2 -- File Descriptor Tables
/* Assume the program below was invoked with the following command line:

./program <in.txt >out.txt 2>&1

Prior to invocation, the files in.txt and out.txt exist and each

is 80 bytes long. We have write permission on the current directory.

Assume that all systems calls in the code below succeed

*/

main()

{

int pid,fd;

write(1,"1234",4);

switch(pid=fork())

{

case -1: perror("fork");return -1;

case 0: fd=open("newfile",O_CREAT|O_TRUNC|O_RDWR,0666);

dup2(fd,1);

close(fd);

break;

default: fd=open("out.txt",O_WRONLY|O_APPEND);dup2(fd,1);

}

printf("ABC");

fflush(stdout);

/* Sketch the file descriptor tables of both parent and child processes

when they have both reached this point. Show the connection between

each open file descriptor in each process and the various struct file

instances with an arrow pointing from the former to the latter.

Show the values of the f_mode, f_flags, f_count and f_pos fields.

Represent f_mode and f_flags symbolically, e.g. O_RDONLY

It is sufficient to denote the inodes by the name of the file that

they represent, similar to how these diagrams were presented in the

lecture notes and in class. See page 14 of the notes for an example.

*/

for(;;) /* endless loop */;

}
Submission for problems 1 & 2: Your work must be neat, legible, and not require a magnifying glass to read. It is
suggested that you use a sketching/drawing program for problem #2.Don’t submit something with cross-outs or a
jumbled pile of arrows. Acceptablefile formats are PDF, JPEG, GIF, PNG, text.

Hint: You can check your answer for problem 2 in part by investigating /proc/{pid}/fd and
/proc/{pid}/fdinfo where pid are the applicable pids for parent and child process.This is not required,
however.
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Problem 3 -- Simple Shell Program

In this assignment, you will write an extremely simplistic UNIX shell which is capable of launching one program at a
time, with arguments and redirections, waiting for and reporting the exit status and resource usage statistics.

The structure of your shell program is a loop, with the following steps:

1) Read aline of input from stdin (or, if your shell is being called as an interpreter, from the supplied script file).You
are not restricted to using just the read system call to do this.I would recommend fgets, getline, or similar standard
library function. You are not required to print out a prompt like the "real shell" would.

2) if the line begins with a # (this is known as an octothorpe, or a pound sign, not a "hash tag"), ignore it, because this
is a comment line.You aren’t required to handle # characters that occur later in the line.

3) split up the line into tokens (see below) and separate the I/O redirection tokens from the command and its
arguments.

4) fork to create a new process in which to run the command

5C) Within the child process, establish any I/O redirection that was specified in the command. Note that a redirection
could result in an error, e.g.command <noent.txt wherenoent.txt is (fittingly) a nonexistent file. If there is
an error with any redirection, give a good error message, then cause the child process to exit with a status of 1.This
is consistent with how the "real" shell behaves.

6C) Within the child process, exec the command.Note that, just like the real shell, a fully qualified pathname is not
required for the command. E.g. if you type justls that must work. If the exec system call fails, report the error
message and exit the child with an exit status of 127. (Again, this matches how the real shell behaves)

5P) Within the parent process, call one of the variants of thewait system call and wait for the child to complete

6P) Report the following information about the command that was just completed: exit status or signal which killed
the process (see unit #4 for information about the wait status when the child died by signal), real time elapsed (this is
the time between the fork and the wait completing), user CPU time and system CPU time consumed by the child.All
time values must be at least millisecond precision. This information can be obtained by using some combination of
thewait3, times, gettimeofday, clock_gettime, and/orgetrusage system calls, or possibly in other
ways. Be careful of issues of cummulative vs per-child statistics. Be careful of issues with subtracting time
represented in sec+msec or sec+nsec formats.

7P) remember the exit status, which will be needed by theexit built-in command (see below). Theexit status is
either theWEXITSTATUS part (the most significant 8 bits) of the 16-bit exit status word if the command ended
voluntarily, or the least significant 8 bits if the command was killed by a signal.

8P) If any errors are encountered at any of these steps, report the error, but do not quit! Just go on to the next line of
input. Quitonly when you see EOF at step (1) or the exit built-in command.
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Syntax and Tokenization

You may assume that each command is formatted as follows:

command {argument {argument...} } {redirection_operation {redirection_operation...}}

This is an extreme simplification of shell syntax, but this is after all a course in operating systems, not compilers.
The above optional arguments and operators are whitespace-delimited, i.e. they are separated by one or more tabs or
spaces. Thiswill simplify parsing and you can usestrtok to break up the input line into its components. The real
shell acceptscommand argument>output as well, but you don’t hav eto parse that if you don’t want to. You
can further assume that the redirection operators (if any) will only appear after the command and arguments (if any)
as illustrated above. Note: A l ine that begins with the # character is a comment and must be ignored.

Not required: The actual shell has a lot more power. You aren’t required (unless you attempt the extra credit) to do
wildcard expansion or variable substitution in your argument processing. Therefore, if your shell invokes ls *.c
this will simply pass*.c as the argument.

Built-in commands

Implement the following built-in commands.Built-in commands do not result in the forking and exec’ing, but are
handled directly within your shell.You do not need to implement I/O redirection for built-in commands.

cd {dir}: Change the current working directory of the shell with thechdir system call. If the directory is not
specified, use the value of the environment variableHOME.

pwd: Display the current working directory. The getcwd library function or similar can be used for this.Some
interesting cases can arise if you cd to a directory via a symlink.You aren’t required to deal with this...just report
whatever getcwd returns.

exit {status}: Exit your shell immediately, using the specified integer status value as the return value from
your shell. If no status is given, use theexit status of the last command which you spawned (or attempted to
spawn). Whenyour shell ends because it has reached EOF on its input, it is as if there were an explicit exit
command, with no specified exit status, i.e. use the exit status of the last spawned command.

I/O redirection

Support the following redirection operations (pipes are not required since we haven’t talked about them yet):
<filename Open filename and redirect stdin

>filename Open/Create/Truncate filename and redirect stdout

2>filename Open/Create/Truncate filename and redirect stderr

>>filename Open/Create/Append filename and redirect stdout

2>>filename Open/Create/Append filename and redirect stderr
Note that you aren’t required to support a space between the < or > character and the filename.A giv en command
launch can have 0, 1, 2 or 3 possible redirection operators.A failure to establish any of the requested I/O redirections
should result in an error message and the command should not be launched.You may consider it an error or
undefined behavior if a given file descriptor is redirected more than once in a command launch.
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AV OID CUT AND PASTE CODING! Yes, there are 5 possible I/O redirection types. This doesn’t mean there
should be 5 giant blocks of code, cut and pasted from each other, to handle this! Likewise, do not write one blob of
100 lines for an interactive shell and another for a script interpreter.

Clean File Descriptor Environment

Your shell should fork and exec the command with a standard, "clean" file descriptor environment. Onlyfile
descriptors 0, 1 and 2 should be open in the exec’d child, possibly redirected as above. There should be no
"dangling" file descriptors. This means "good housekeeping" when you perform I/O redirection, and don’t forget
about the script input file if applicable.You can assume thatyour shell was invoked the by "real" shell with such a
clean environment.

Example

The example below is a "screenshot." Informationalmessages such as the amount of time consumed and the exit
status of the command are going to stderr, not stdout. That is the proper place for them, as well as for any debugging
output that you leave in your code.Observels.out in the example is not "polluted" by these messages. Blue text
below represents standard output, while red is standard error.
$ ./mysh #I am invoking my shell from the real shell

#These lines below are commands that I type into my shell

cd /some/directory

pwd

/some/directory

ls -l >ls.out

#These informational lines are printed by my shell to stderr

Child process 11628 exited normally

Real: 0.002s User: 0.001s Sys: 0.001s

#Now I am examing the output file that the ls command created

cat ls.out

ls.out

mysh.c

mysh

#More informational lines from the cat command execution

Child process 11629 exited normally

Real: 0.010s User: 0.001s Sys: 0.001s

#Here is an example of an ls command that will exit with a non-zero value

ls asfljsakfjasklf

ls: cannot access asfljsakfjasklf: No such file or directory

Child process 11630 exited with return value 2

Real: 0.001s User: 0.000s Sys: 0.000s

#This is an example of my invoking a program that dies with a SIGSEGV

#Note the exit code is 139 (128 is core dump + the signal number 11)

./dumpcore

Child process 11631 exited with signal 11 (Segmentation fault)

Real: 0.001s User: 0.000s Sys: 0.000s

#At this point, I press Control-D on the keyboard to exit my shell
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#The informational message below appears on stderr, not stdout

end of file read, exiting shell with exit code 139

#And this is my checking the exit code that my shell passed back to the real shell

$ echo $?

139
Shell Scripts

Your shell must also support being invoked as a script interpreter: In order for this to work, your shell must, if
provided with with a single argument, open that file and execute each line as a command (ignoring comments).
(Open the file directly and read from it. Do not redirect standard input to be the script file, because you will then lose
the real standard input for any spawned commands.)I will provide a few sample scripts that your simple shell should
be able to handle, along with instructions on how to test.

Exit status

Re-read the description of theexit built-in command if you are unsure what exit status your shell should return.

Submission

Your submission must include: source code, "screenshot" or text session grab showing your shell running.In
particular, show your runs against the supplied shell script test cases.

Problem 4 -- Shell Extra Credit

For 2 points extra credit, add the following features to your shell, which are similar to what the "real" shell does:

a) When parsing the command, replace the string$? with the exit status of the last command. This will allow echo
$? to work as expected

b) Additionally, replace any dollar sign followed immediately by an integer (e.g.$1 or $12) with the value of the
corresponding positional argument passed to your shell when it is acting as a script interpreter. E.g.
# I run this from the real shell, script.sh is executable and its #!

# line refers to my shell

$ cat script.sh

#!/path/to/mysh

echo badda $1 badda $2

# So now I invoke the shell script with two arguments:

$ ./script.sh bing boom

badda bing badda boom

#And we see the output is interpolated

Note that you still aren’t required to do complex parsing, thus something like foo$1bar is not expected to
interpolate the positional argument

c) Support an additional shell built-in commandexport which sets or creates an environment variable that is passed
to any spawned commands.E.g. export PS1=C:\> sets the prompt string to a DOS-like thing. Don’t worry
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about quoting, escaping, and similar concerns.

d) Support interpolating environment variables in the same way as positional arguments (but for interactive shells as
well as script interpreters). Therefore
#my shell is running

echo $HOME

/home/hak

e) Add "globbing" of wildcard patterns.Now an argument such as*.c will be expanded to include all pathnames
matching that pattern. If the pattern doesn’t match at all, it is passed through unchanged. This is how the "real shell"
functions. Theeasiest way to tackle this is via theglob library function.

Make sure your submission includes screenshots or session text logs which demonstrate that these features were
tested and worked correctly.


