
Fork in action
#include <stdio.h>

#include <unistd.h>


int main() {


   int child_pid = fork();


   if (child_pid == 0) {        // child process                                                                                         

        printf("I am process %d… I mean, process %d\n”, childpid, getpid());

        return 0;

   } else {                     // parent process                                                                                                         

        printf("I am %d the parent of process %d\n", getpid(), child_pid);

        return 0;

   }

}

Possible outputs?



Syscall Description

fork() Create a child process as a clone of the current process. Return to both 
parent and child. Return child’s pid to parent process; return 0 to child

exec

(prog, args)

Run application prog in the current process with the specified args (replacing 
any code and data that was present in process)

wait

(&status)

Pause until a child process has exited

exit

(status)

Current process is complete and should be garbage collected.

kill

(pid, type)

Send an signal (≈ interrupt) of a specified type to a process

(a bit of an overdramatic misnomer…)

Creating and managing 
processes

[Unix]



Signals

Signals allow the kernel to inform processes of 
the occurrence of asynchronous events

Just as the HW can generate an asynchronous 
interrupt, which is caught by a handler specified 
by the kernel…

…so the kernel can generate an asynchronous 
signal, which is caught by a handler specified by  
the user process



Signals: What purpose?
Inform of the termination of a process 

Handle exceptions (e.g. attempting to access 
address outside of virtual address space)

Handle unexpected error conditions during a sys 
call (e.g. passing a non-existent syscall no.)

Asking to receive an alarm after a period of time

Communicating with other processes via kill 
syscall

Inform of a terminal interaction (e.g., ctrl-C)

…  



How does the Kernel 
send a signal?

It sets a bit in the process’ PCB

PCB includes a bit for every possible signal…

…but just one bit


can remember multiple types of signals

but not multiple instances of the same type


Kernel checks for signals only when process 
returns from Kernel mode to User mode


thus, a user process that is not running is not 
notified right away



How is a signal handled?

Three cases

1. Process exits (default)

2. Process ignores the signal

3. Process executes a specific user defined function


function specified with the signal system call

signal (signum, &function)

signal (signum, 0)  exit

signal (signum, 1)  ignore

≡
≡



ID Name Default 
Action

Corresponding Event

2 SIGINT Terminate Interrupt

(e.g., CTRL-C from keyboard)

3 SIGQUIT Terminate 
(Core dump) Terminal quit signal

8 SIGFPE Terminate Kill program

9 SIGKILL Terminate Kill program

(cannot be caught or ignored)

14 SIGALRM Terminate Timer signal

17 SIGCHLD Ignore Child stopped or terminated

20 SIGSTP Stop until 
SIGCONT

Stop signal from terminal

(e.g., CTRL-Z from keyboard)

Some POSIX Signals



Signal Handling: 

The Mechanism

USP

PC
SP

PSW

U registers
KSP

PC

Before After

New frame for user-
specified signal handler

USP



Signal Handling: 

The Mechanism

USP

PC
SP

PSW

U registers
KSP

New frame for user-
specified signal handler

PC return address

KSP

PC=&sig_h 
SP

PSW

U registers

Before After

USP

Kernel handler sets kernel 
stack  up as if interrupt 
occurred right before 

user process was about to 
execute the signal handler



void int_handler(int sig) {

   printf("Process %d received signal %d\n", getpid(), sig);

   exit(0);

}

int main() {

   pid_t pid[N];

   int i, child_status;

   signal(SIGINT, int_handler) // register handler for SIGINT

   for (i = 0; i < N; i++) // N forks 

       if ((pid[i] = fork()) == 0) {

          while(1); // child infinite loop

       }

   /* Parent terminates the child processes */

   for (i = 0; i < N; i++) {    // parent continues executing

       printf("Killing proc. %d\n", pid[i]);

       kill(pid[i], SIGINT);

   }

   /* Parent reaps terminated children */

   for (i = 0; i < N; i++) {

       pid_t wpid = wait(&child_status);

       if (WIFEXITED(child_status)) // parent checks for each child’s exit

           printf("Child %d terminated w/exit status %d\n", wpid, 

         WEXITSTATUS(child_status));

       else

           printf("Child %d terminated abnormally\n", wpid);

   }   

   exit(0);

}

Handler
Example

#include <sys/wait.h>

#include <stdio.h>

#include <unistd.h?

Header files



Review
A process is an abstraction of a running program

The process’ context captures its running state:


registers (including PC, SP, PSW)

memory (including the code, heap, stack)


The implementation uses two contexts:

user context

kernel (supervisor) context


A Process Control Block (PCB) serves both contexts and 
has other information about the process



Review

Processes can be in one of the following states:

Initializing

Running

Ready (aka “runnable” on the “ready” queue)

Waiting (aka Sleeping or Blocked)

Zombie



More Processes 

than Processors

Solution: time multiplexing

Abstractly each processor runs:


for ever:

NextProcess = scheduler()

Copy NextProcess->registers to registers

Run for a while

Copy registers to NextProcess->registers


Scheduler selects some process on the 
ready queue



Three Flavors of 

Context Switching

Interrupt: from user to kernel space

on system call, exception, or interrupt

Stack switch: Px user stack    Px interrupt stack


Yield: between two processes, inside kernel

from one PCB/interrupt stack to another

Stack switch Px interrupt stack    Py interrupt stack


Return from interrupt: from kernel to user space

with the homonymous instruction

Stack switch: Px interrupt stack    Px user stack

!
<latexit sha1_base64="k2oEsuOfOe2VmRv5A0ON1LMNQQk=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQqPlYWXeiygrGFppTJdNoOnWTCzI1SSj/CjeLK4tf4Cy79Bb/ApNVFfRy4cDjnXOaeCWIpDDrOm5WbmZ2bX8gvFpaWV1bXiusbN0YlmnGPKal0LaCGSxFxDwVKXos1p2EgeTXonWd+9ZZrI1R0jf2YN0LaiURbMIqp5PtadLpItVZ3hWax5NrOGOR/Ujr9eL8YAUClWXz1W4olIY+QSWpM3XVibAyoRsEkHxb8xPCYsh7t8MH40iHZSaUWaSudToRkrE7laGhMPwzSZEixa356mfiXV0+wfdwYiChOkEds8lA7kQQVyWqTltCcoeynhDIt0gsJ61JNGaafk1V37P3DA3ffIb/Jd3Vvzz6x3SunVD6DCfKwBduwCy4cQRkuoQIeMIjhAZ5hZPWse+vReppEc9bXziZMwXr5BC+xkEg=</latexit><latexit sha1_base64="tKyo8yq/Ogcp4JZBLk/tlvKOvc0=">AAAB6HicdVBJTgJBFP2NE+KEw85NRWLiqtMtxmEl0YUuMbGFhCakuiigQvWQqt8aJBzCjcaVxgN4Dq/gkit4ArtBFzi85Ccv772f+q+8SAqNlvVuZKamZ2bnsvO5hcWl5ZX86tqVDmPFuMNCGaqqRzWXIuAOCpS8GilOfU/yitc9Tf3KNVdahMEl9iJe92k7EC3BKCaS6yrR7iBVKrzJNfIF27RGIP+TwvHH8Ox143ZYbuTf3GbIYp8HyCTVumZbEdb7VKFgkg9ybqx5RFmXtnl/dOmAbCdSk7RClUyAZKRO5Kivdc/3kqRPsaN/eqn4l1eLsXVY74sgipEHbPxQK5YEQ5LWJk2hOEPZSwhlSiQXEtahijJMPietbpnF/T27aJHf5Lu6s2semfaFVSidwBhZ2IQt2AEbDqAE51AGBxhEcA9P8Gx0jTvjwXgcRzPG1846TMB4+QQbvZHF</latexit><latexit sha1_base64="tKyo8yq/Ogcp4JZBLk/tlvKOvc0=">AAAB6HicdVBJTgJBFP2NE+KEw85NRWLiqtMtxmEl0YUuMbGFhCakuiigQvWQqt8aJBzCjcaVxgN4Dq/gkit4ArtBFzi85Ccv772f+q+8SAqNlvVuZKamZ2bnsvO5hcWl5ZX86tqVDmPFuMNCGaqqRzWXIuAOCpS8GilOfU/yitc9Tf3KNVdahMEl9iJe92k7EC3BKCaS6yrR7iBVKrzJNfIF27RGIP+TwvHH8Ox143ZYbuTf3GbIYp8HyCTVumZbEdb7VKFgkg9ybqx5RFmXtnl/dOmAbCdSk7RClUyAZKRO5Kivdc/3kqRPsaN/eqn4l1eLsXVY74sgipEHbPxQK5YEQ5LWJk2hOEPZSwhlSiQXEtahijJMPietbpnF/T27aJHf5Lu6s2semfaFVSidwBhZ2IQt2AEbDqAE51AGBxhEcA9P8Gx0jTvjwXgcRzPG1846TMB4+QQbvZHF</latexit><latexit sha1_base64="tKyo8yq/Ogcp4JZBLk/tlvKOvc0=">AAAB6HicdVBJTgJBFP2NE+KEw85NRWLiqtMtxmEl0YUuMbGFhCakuiigQvWQqt8aJBzCjcaVxgN4Dq/gkit4ArtBFzi85Ccv772f+q+8SAqNlvVuZKamZ2bnsvO5hcWl5ZX86tqVDmPFuMNCGaqqRzWXIuAOCpS8GilOfU/yitc9Tf3KNVdahMEl9iJe92k7EC3BKCaS6yrR7iBVKrzJNfIF27RGIP+TwvHH8Ox143ZYbuTf3GbIYp8HyCTVumZbEdb7VKFgkg9ybqx5RFmXtnl/dOmAbCdSk7RClUyAZKRO5Kivdc/3kqRPsaN/eqn4l1eLsXVY74sgipEHbPxQK5YEQ5LWJk2hOEPZSwhlSiQXEtahijJMPietbpnF/T27aJHf5Lu6s2semfaFVSidwBhZ2IQt2AEbDqAE51AGBxhEcA9P8Gx0jTvjwXgcRzPG1846TMB4+QQbvZHF</latexit><latexit sha1_base64="tKyo8yq/Ogcp4JZBLk/tlvKOvc0=">AAAB6HicdVBJTgJBFP2NE+KEw85NRWLiqtMtxmEl0YUuMbGFhCakuiigQvWQqt8aJBzCjcaVxgN4Dq/gkit4ArtBFzi85Ccv772f+q+8SAqNlvVuZKamZ2bnsvO5hcWl5ZX86tqVDmPFuMNCGaqqRzWXIuAOCpS8GilOfU/yitc9Tf3KNVdahMEl9iJe92k7EC3BKCaS6yrR7iBVKrzJNfIF27RGIP+TwvHH8Ox143ZYbuTf3GbIYp8HyCTVumZbEdb7VKFgkg9ybqx5RFmXtnl/dOmAbCdSk7RClUyAZKRO5Kivdc/3kqRPsaN/eqn4l1eLsXVY74sgipEHbPxQK5YEQ5LWJk2hOEPZSwhlSiQXEtahijJMPietbpnF/T27aJHf5Lu6s2semfaFVSidwBhZ2IQt2AEbDqAE51AGBxhEcA9P8Gx0jTvjwXgcRzPG1846TMB4+QQbvZHF</latexit><latexit sha1_base64="WwyK4GfHYwGHnHM7HYcAlpR1fsE=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiS2+NgV3bisYGyhKWUynbRDJ5kwc6OU0o9wo7hS/Bp/wb8xaeuiPg4MHM45w73nBokUBh3n0yosLa+srhXXSxubW9s75d29O6NSzbjHlFS6FVDDpYi5hwIlbyWa0yiQvBkMr3K/ec+1ESq+xVHCOxHtxyIUjGIm+b4W/QFSrdVDqVuuuLYzBfmfVGCORrf84fcUSyMeI5PUmLbrJNgZU42CST4p+anhCWVD2ufj6aYTcpRJPRIqnb0YyVRdyNHImFEUZMmI4sD89HLxL6+dYnjeGYs4SZHHbDYoTCVBRfLapCc0ZyhHGaFMi2xDwgZUU4bZcfLqjl09rblVh/wm39W9E/vCdm+cSv1yfoMiHMAhHIMLZ1CHa2iABwwSeIJXeLOG1qP1bL3MogVr/mcfFmC9fwFLtY1P</latexit>

!
<latexit sha1_base64="k2oEsuOfOe2VmRv5A0ON1LMNQQk=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQqPlYWXeiygrGFppTJdNoOnWTCzI1SSj/CjeLK4tf4Cy79Bb/ApNVFfRy4cDjnXOaeCWIpDDrOm5WbmZ2bX8gvFpaWV1bXiusbN0YlmnGPKal0LaCGSxFxDwVKXos1p2EgeTXonWd+9ZZrI1R0jf2YN0LaiURbMIqp5PtadLpItVZ3hWax5NrOGOR/Ujr9eL8YAUClWXz1W4olIY+QSWpM3XVibAyoRsEkHxb8xPCYsh7t8MH40iHZSaUWaSudToRkrE7laGhMPwzSZEixa356mfiXV0+wfdwYiChOkEds8lA7kQQVyWqTltCcoeynhDIt0gsJ61JNGaafk1V37P3DA3ffIb/Jd3Vvzz6x3SunVD6DCfKwBduwCy4cQRkuoQIeMIjhAZ5hZPWse+vReppEc9bXziZMwXr5BC+xkEg=</latexit><latexit sha1_base64="tKyo8yq/Ogcp4JZBLk/tlvKOvc0=">AAAB6HicdVBJTgJBFP2NE+KEw85NRWLiqtMtxmEl0YUuMbGFhCakuiigQvWQqt8aJBzCjcaVxgN4Dq/gkit4ArtBFzi85Ccv772f+q+8SAqNlvVuZKamZ2bnsvO5hcWl5ZX86tqVDmPFuMNCGaqqRzWXIuAOCpS8GilOfU/yitc9Tf3KNVdahMEl9iJe92k7EC3BKCaS6yrR7iBVKrzJNfIF27RGIP+TwvHH8Ox143ZYbuTf3GbIYp8HyCTVumZbEdb7VKFgkg9ybqx5RFmXtnl/dOmAbCdSk7RClUyAZKRO5Kivdc/3kqRPsaN/eqn4l1eLsXVY74sgipEHbPxQK5YEQ5LWJk2hOEPZSwhlSiQXEtahijJMPietbpnF/T27aJHf5Lu6s2semfaFVSidwBhZ2IQt2AEbDqAE51AGBxhEcA9P8Gx0jTvjwXgcRzPG1846TMB4+QQbvZHF</latexit><latexit sha1_base64="tKyo8yq/Ogcp4JZBLk/tlvKOvc0=">AAAB6HicdVBJTgJBFP2NE+KEw85NRWLiqtMtxmEl0YUuMbGFhCakuiigQvWQqt8aJBzCjcaVxgN4Dq/gkit4ArtBFzi85Ccv772f+q+8SAqNlvVuZKamZ2bnsvO5hcWl5ZX86tqVDmPFuMNCGaqqRzWXIuAOCpS8GilOfU/yitc9Tf3KNVdahMEl9iJe92k7EC3BKCaS6yrR7iBVKrzJNfIF27RGIP+TwvHH8Ox143ZYbuTf3GbIYp8HyCTVumZbEdb7VKFgkg9ybqx5RFmXtnl/dOmAbCdSk7RClUyAZKRO5Kivdc/3kqRPsaN/eqn4l1eLsXVY74sgipEHbPxQK5YEQ5LWJk2hOEPZSwhlSiQXEtahijJMPietbpnF/T27aJHf5Lu6s2semfaFVSidwBhZ2IQt2AEbDqAE51AGBxhEcA9P8Gx0jTvjwXgcRzPG1846TMB4+QQbvZHF</latexit><latexit sha1_base64="tKyo8yq/Ogcp4JZBLk/tlvKOvc0=">AAAB6HicdVBJTgJBFP2NE+KEw85NRWLiqtMtxmEl0YUuMbGFhCakuiigQvWQqt8aJBzCjcaVxgN4Dq/gkit4ArtBFzi85Ccv772f+q+8SAqNlvVuZKamZ2bnsvO5hcWl5ZX86tqVDmPFuMNCGaqqRzWXIuAOCpS8GilOfU/yitc9Tf3KNVdahMEl9iJe92k7EC3BKCaS6yrR7iBVKrzJNfIF27RGIP+TwvHH8Ox143ZYbuTf3GbIYp8HyCTVumZbEdb7VKFgkg9ybqx5RFmXtnl/dOmAbCdSk7RClUyAZKRO5Kivdc/3kqRPsaN/eqn4l1eLsXVY74sgipEHbPxQK5YEQ5LWJk2hOEPZSwhlSiQXEtahijJMPietbpnF/T27aJHf5Lu6s2semfaFVSidwBhZ2IQt2AEbDqAE51AGBxhEcA9P8Gx0jTvjwXgcRzPG1846TMB4+QQbvZHF</latexit><latexit sha1_base64="tKyo8yq/Ogcp4JZBLk/tlvKOvc0=">AAAB6HicdVBJTgJBFP2NE+KEw85NRWLiqtMtxmEl0YUuMbGFhCakuiigQvWQqt8aJBzCjcaVxgN4Dq/gkit4ArtBFzi85Ccv772f+q+8SAqNlvVuZKamZ2bnsvO5hcWl5ZX86tqVDmPFuMNCGaqqRzWXIuAOCpS8GilOfU/yitc9Tf3KNVdahMEl9iJe92k7EC3BKCaS6yrR7iBVKrzJNfIF27RGIP+TwvHH8Ox143ZYbuTf3GbIYp8HyCTVumZbEdb7VKFgkg9ybqx5RFmXtnl/dOmAbCdSk7RClUyAZKRO5Kivdc/3kqRPsaN/eqn4l1eLsXVY74sgipEHbPxQK5YEQ5LWJk2hOEPZSwhlSiQXEtahijJMPietbpnF/T27aJHf5Lu6s2semfaFVSidwBhZ2IQt2AEbDqAE51AGBxhEcA9P8Gx0jTvjwXgcRzPG1846TMB4+QQbvZHF</latexit><latexit sha1_base64="WwyK4GfHYwGHnHM7HYcAlpR1fsE=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiS2+NgV3bisYGyhKWUynbRDJ5kwc6OU0o9wo7hS/Bp/wb8xaeuiPg4MHM45w73nBokUBh3n0yosLa+srhXXSxubW9s75d29O6NSzbjHlFS6FVDDpYi5hwIlbyWa0yiQvBkMr3K/ec+1ESq+xVHCOxHtxyIUjGIm+b4W/QFSrdVDqVuuuLYzBfmfVGCORrf84fcUSyMeI5PUmLbrJNgZU42CST4p+anhCWVD2ufj6aYTcpRJPRIqnb0YyVRdyNHImFEUZMmI4sD89HLxL6+dYnjeGYs4SZHHbDYoTCVBRfLapCc0ZyhHGaFMi2xDwgZUU4bZcfLqjl09rblVh/wm39W9E/vCdm+cSv1yfoMiHMAhHIMLZ1CHa2iABwwSeIJXeLOG1qP1bL3MogVr/mcfFmC9fwFLtY1P</latexit>

!
<latexit sha1_base64="k2oEsuOfOe2VmRv5A0ON1LMNQQk=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiQqPlYWXeiygrGFppTJdNoOnWTCzI1SSj/CjeLK4tf4Cy79Bb/ApNVFfRy4cDjnXOaeCWIpDDrOm5WbmZ2bX8gvFpaWV1bXiusbN0YlmnGPKal0LaCGSxFxDwVKXos1p2EgeTXonWd+9ZZrI1R0jf2YN0LaiURbMIqp5PtadLpItVZ3hWax5NrOGOR/Ujr9eL8YAUClWXz1W4olIY+QSWpM3XVibAyoRsEkHxb8xPCYsh7t8MH40iHZSaUWaSudToRkrE7laGhMPwzSZEixa356mfiXV0+wfdwYiChOkEds8lA7kQQVyWqTltCcoeynhDIt0gsJ61JNGaafk1V37P3DA3ffIb/Jd3Vvzz6x3SunVD6DCfKwBduwCy4cQRkuoQIeMIjhAZ5hZPWse+vReppEc9bXziZMwXr5BC+xkEg=</latexit><latexit sha1_base64="tKyo8yq/Ogcp4JZBLk/tlvKOvc0=">AAAB6HicdVBJTgJBFP2NE+KEw85NRWLiqtMtxmEl0YUuMbGFhCakuiigQvWQqt8aJBzCjcaVxgN4Dq/gkit4ArtBFzi85Ccv772f+q+8SAqNlvVuZKamZ2bnsvO5hcWl5ZX86tqVDmPFuMNCGaqqRzWXIuAOCpS8GilOfU/yitc9Tf3KNVdahMEl9iJe92k7EC3BKCaS6yrR7iBVKrzJNfIF27RGIP+TwvHH8Ox143ZYbuTf3GbIYp8HyCTVumZbEdb7VKFgkg9ybqx5RFmXtnl/dOmAbCdSk7RClUyAZKRO5Kivdc/3kqRPsaN/eqn4l1eLsXVY74sgipEHbPxQK5YEQ5LWJk2hOEPZSwhlSiQXEtahijJMPietbpnF/T27aJHf5Lu6s2semfaFVSidwBhZ2IQt2AEbDqAE51AGBxhEcA9P8Gx0jTvjwXgcRzPG1846TMB4+QQbvZHF</latexit><latexit sha1_base64="tKyo8yq/Ogcp4JZBLk/tlvKOvc0=">AAAB6HicdVBJTgJBFP2NE+KEw85NRWLiqtMtxmEl0YUuMbGFhCakuiigQvWQqt8aJBzCjcaVxgN4Dq/gkit4ArtBFzi85Ccv772f+q+8SAqNlvVuZKamZ2bnsvO5hcWl5ZX86tqVDmPFuMNCGaqqRzWXIuAOCpS8GilOfU/yitc9Tf3KNVdahMEl9iJe92k7EC3BKCaS6yrR7iBVKrzJNfIF27RGIP+TwvHH8Ox143ZYbuTf3GbIYp8HyCTVumZbEdb7VKFgkg9ybqx5RFmXtnl/dOmAbCdSk7RClUyAZKRO5Kivdc/3kqRPsaN/eqn4l1eLsXVY74sgipEHbPxQK5YEQ5LWJk2hOEPZSwhlSiQXEtahijJMPietbpnF/T27aJHf5Lu6s2semfaFVSidwBhZ2IQt2AEbDqAE51AGBxhEcA9P8Gx0jTvjwXgcRzPG1846TMB4+QQbvZHF</latexit><latexit sha1_base64="tKyo8yq/Ogcp4JZBLk/tlvKOvc0=">AAAB6HicdVBJTgJBFP2NE+KEw85NRWLiqtMtxmEl0YUuMbGFhCakuiigQvWQqt8aJBzCjcaVxgN4Dq/gkit4ArtBFzi85Ccv772f+q+8SAqNlvVuZKamZ2bnsvO5hcWl5ZX86tqVDmPFuMNCGaqqRzWXIuAOCpS8GilOfU/yitc9Tf3KNVdahMEl9iJe92k7EC3BKCaS6yrR7iBVKrzJNfIF27RGIP+TwvHH8Ox143ZYbuTf3GbIYp8HyCTVumZbEdb7VKFgkg9ybqx5RFmXtnl/dOmAbCdSk7RClUyAZKRO5Kivdc/3kqRPsaN/eqn4l1eLsXVY74sgipEHbPxQK5YEQ5LWJk2hOEPZSwhlSiQXEtahijJMPietbpnF/T27aJHf5Lu6s2semfaFVSidwBhZ2IQt2AEbDqAE51AGBxhEcA9P8Gx0jTvjwXgcRzPG1846TMB4+QQbvZHF</latexit><latexit sha1_base64="tKyo8yq/Ogcp4JZBLk/tlvKOvc0=">AAAB6HicdVBJTgJBFP2NE+KEw85NRWLiqtMtxmEl0YUuMbGFhCakuiigQvWQqt8aJBzCjcaVxgN4Dq/gkit4ArtBFzi85Ccv772f+q+8SAqNlvVuZKamZ2bnsvO5hcWl5ZX86tqVDmPFuMNCGaqqRzWXIuAOCpS8GilOfU/yitc9Tf3KNVdahMEl9iJe92k7EC3BKCaS6yrR7iBVKrzJNfIF27RGIP+TwvHH8Ox143ZYbuTf3GbIYp8HyCTVumZbEdb7VKFgkg9ybqx5RFmXtnl/dOmAbCdSk7RClUyAZKRO5Kivdc/3kqRPsaN/eqn4l1eLsXVY74sgipEHbPxQK5YEQ5LWJk2hOEPZSwhlSiQXEtahijJMPietbpnF/T27aJHf5Lu6s2semfaFVSidwBhZ2IQt2AEbDqAE51AGBxhEcA9P8Gx0jTvjwXgcRzPG1846TMB4+QQbvZHF</latexit><latexit sha1_base64="WwyK4GfHYwGHnHM7HYcAlpR1fsE=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiS2+NgV3bisYGyhKWUynbRDJ5kwc6OU0o9wo7hS/Bp/wb8xaeuiPg4MHM45w73nBokUBh3n0yosLa+srhXXSxubW9s75d29O6NSzbjHlFS6FVDDpYi5hwIlbyWa0yiQvBkMr3K/ec+1ESq+xVHCOxHtxyIUjGIm+b4W/QFSrdVDqVuuuLYzBfmfVGCORrf84fcUSyMeI5PUmLbrJNgZU42CST4p+anhCWVD2ufj6aYTcpRJPRIqnb0YyVRdyNHImFEUZMmI4sD89HLxL6+dYnjeGYs4SZHHbDYoTCVBRfLapCc0ZyhHGaFMi2xDwgZUU4bZcfLqjl09rblVh/wm39W9E/vCdm+cSv1yfoMiHMAhHIMLZ1CHa2iABwwSeIJXeLOG1qP1bL3MogVr/mcfFmC9fwFLtY1P</latexit>



Switching between 
Processes

Process 1 Process 2

User

Space

Kernel

Space

1. Save Process 1 user registers 
(including SP and PC)


2. Save Process 1 kernel registers; 
switch SP; restore Process 2  
kernel registers


3. Restore Process 2 user registers

read(file)

1

disk_read()   2
return 
from 

interrupt

3

resume

scheduler selects 
ready process



Threads

Our second major abstraction


(Chapters 25-27)
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A new Abstraction

The process abstraction gives each running 
program the illusion of running on a machine of 
their own


CPU & Memory

Context switching allow to support multiple “virtual 
machines” on top of a single physical machine

…but a machine may have multiple CPUs…



Threads
It is how the kernel virtualizes a CPU!


A thread’s state consists of 

registers (including PC and SP)

a stack


it lives inside some host address space (provided 
by the host process)


Just as a single machine can have multiple CPUs, 
so a single process can host multiple threads


all sharing the same Virtual Address Space (the 
one of the host process)



The Power of 
Abstractions

Infinite machines!

Infinite cores! 

†on a single CPU (?!?)

†

†



Processes and Threads
The processes that we have described so far host one 
thread only

Many OSs offers the ability to have multiple concurrent 
threads execute in a process


Multiple threads in a process allow multiple task to be 
performed concurrently, at the same time (at least, 
logically)


multiple processes too —-but they do not easily communicate. A 
process’ threads instead share the same memory!


A kernel that supports multi-threading manages hardware 
resources differently:


CPU state managed on a per-thread basis

All other resources on a per-process basis



Why Threads?
To express a natural program structure


updating the screen, fetching new data, receiving user input — 
different tasks within the same address space


To exploit multiple processors

different threads may be mapped to distinct processors


To maintain responsiveness

slow, long running task performed by background threads

foreground threads respond immediately to user interactions


Masking long I/O device latency in blocking syscalls

do useful work while waiting



Multithreading: 
Responsiveness

Common web browser pattern:

UI thread draws web page, handles mouse clicks

Pool of background threads downloads web pages 
from remote web servers 


Does this require multiple CPUs to yield a benefit?

NO!

BG threads will usually be blocked on I/O

Ditto for UI thread


Even with a single processor, multithreading can 
greatly improve application responsiveness 


especially when tasks are I/O bound



Multithreading: 
Scalability

A large scientific/mathematical computation:

instead of using a single thread, split in multiple concurrently 
executing threads


Does this require multiple CPUs to yield a benefit?

YES!

Threads will be mostly CPU bound, not I/O bound

With only one CPU, multithreading will actually likely slow 
execution, not speed it up!


(context switches, synchronization overheads, etc)


On the other hand… A single-threaded process cannot 
take advantage of multiple CPUs 


need either multiple processes, or one process with multiple 
threads



Multithreaded Processing 
Paradigms

Dispatcher
Workers

Dispatcher/Workers
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Queue

Request

Queue

Request

Specialists

Request

PipelineSpecialists



Where should threads be 
implemented?

In the Kernel!

Kernel multiplexes each 
physical CPU across multiple 
threads

Kernel can assign one or 
more threads to a process

Scheduler schedules threads

Hardware

k k k k k k



Where should threads be 
implemented?

In the Kernel!

Kernel multiplexes each 
physical CPU across multiple 
threads

Kernel can assign one or 
more threads to a process

Scheduler schedules threads

Hardware

k k k k k k



Where should threads be 
implemented?

In User space!

Kernel assigns one thread per 
process

Kernel multiplexes each physical 
CPU across multiple processes

Scheduler schedules processes

User level library multiplexes the 
process’ single kernel thread  
across multiple user level threads

Hardware

P1 P2 P3 P4

u u u u



Where should threads be 
implemented?

In both!

Kernel multiplexes each physical 
CPU across multiple threads

Kernel can assign one or more 
threads to a process 

Scheduler schedules threads

User level library multiplexes the 
process’ single kernel thread  
across multiple user level threads

Hardware

u

k k k k k k

P2

k k

P1

k

P3

k

P2

k k

u u u u u




