1. Where multithreading does not provide better performance than a single-threaded solution:

Sequential computations: If a task involves sequential computations that must be
performed in a specific order, creating multiple threads will not lead to better performance
as the threads will still need to wait for each computation to complete before proceeding.
For example, if the task involves computing the fibonacci sequence, creating multiple
threads will not improve performance as each value depends on the result of the previous
computation.

Small tasks: If a task is small and takes only a short amount of time to complete, creating
multiple threads can actually lead to decreased performance due to the overhead of
creating and synchronizing the threads. For example, if the task involves printing a string
to the console, creating multiple threads will not improve performance as the time to
complete the task is negligible.

2. Where multithreading provides better performance than a single-threaded solution:

Parallel computations: If a task involves independent computations that can be performed
simultaneously, creating multiple threads to perform these computations in parallel can
lead to better performance. For example, in a Monte Carlo simulation, each simulation run
can be performed in a separate thread, allowing for faster completion of the overall task.
Network-bound tasks: If a task involves making network requests, creating multiple threads
to make these requests can lead to better performance as the requests can be made
simultaneously, reducing the total wait time. For example, if the task involves downloading
multiple large files, creating a separate thread for each file can lead to faster completion
of the overall task.

Multitasking: If a task involves multiple, independent tasks that can be performed
simultaneously, creating multiple threads to perform these tasks can lead to better
performance compared to performing them one after the other in a single-threaded
solution. For example, a multimedia player can use multiple threads to play audio, display
video, and handle user input simultaneously, improving the overall responsiveness of the
application.

3. User-level threads are not recognized by the operating system kernel, while kernel-level threads
are acknowledged by the kernel.

In systems that implement either the many-to-one or many-to-many model mapping, user-level
threads are managed and scheduled by the thread library, whereas the scheduling of kernel-level
threads is handled by the operating system kernel.

Every user-level thread is associated with a specific process, whereas kernel-level threads are not
necessarily tied to a process. Maintaining kernel-level threads can be more resource-intensive
compared to user-level threads, as they must be represented using a data structure within the
operating system kernel.



4. To perform the context switch between kernel-level threads, the operating system must save
the value of the CPU registers of the thread being switched out, including the program counter,
stack pointer, and general-purpose registers. This information is stored in a thread control block
(TCB) or thread-local storage (TLS) for each thread. Once the state of the current thread is saved,
the operating system can then restore the CPU registers of the new thread being scheduled. This
allows the new thread to continue execution from where it was previously interrupted.

5. When creating a process, the operating system must allocate a process control block (PCB),
which is a large data structure that includes information such as the memory map, a list of open
files, and environment variables. Allocating and managing this memory map is a time-consuming
process, as it requires the operating system to set up a separate memory space for the process.

In contrast, creating either a user-level or kernel-level thread involves allocating a small data
structure to hold the necessary information for the thread's execution. This data structure, known
as the thread control block (TCB) or thread-local storage (TLS), contains information such as the
register set, stack, and priority of the thread. As the TCB is much smaller than the PCB required
for a process, creating a thread is a faster and less resource-intensive operation compared to
creating a process.

6. The output from the program at LINE C would be:
"CHILD: value = 5"

And the output from the program at LINE P would be:
"PARENT: value = 0"

The parent process creates a child process with its own memory space and waits for the
completion of the child process. Meanwhile, the child process starts a new thread within its own
memory space and updates the value of the global variable "value" to 5. It then displays the
updated value of "value" which is 5, and terminates. On the other hand, the parent process
continues to run in its own memory space and its copy of the global variable "value" remains
unchanged, thus when it outputs the value, it would still be 0.

7. 6 processes and 2 threads are created in the code segment.

e The first "fork" system call creates the child process of the original process (2 processes
in total at this point).

e The second "fork" system call in the child process creates another child process of the
child process above (3 processes in total at this point).

e The “thread_create” function creates 2 threads, since 2 child processes created earlier
both call this (3 processes, 2 threads in total at this point).

¢ The third "fork" system call duplicates all processes (6 processes, 2 threads in total at this
point).



