
CMPSCI 377: Operating Systems

Solutionto homework 1: ProcessesandThreads

1. (10pts)Whataredifferentiatesbetweenaprogram,anexecutable,andaprocess?

Solution: A programis a collectionof sourcefiles in somehigh level languagethat you write to do some
function, for example,C++ files that implementsorting lists. An executableis the file that the compiler
createsfrom thesesourcefiles containingmachineinstructsthat canexecuteon the CPU. A processis the
active executionof the executableon the CPU and in the memory. It includesthe memorymanagement
information,thecurrentPC,SP, HP, registers,etc.

2. (10 pts) What happenson a context switch? Shouldcontext switcheshappenfrequentlyor infrequently?
Explainyouranswer.

Solution:

On a context switch,theOSmustsave thecurrentexecutioncontext (thePC,SP, registers,memorymapping
information,etc.) in theOS’s PCBfor this process,andchangestheprogram’s statusto “ready”, “waiting”,
or “terminated”asappropriate.TheOSthenselectsa processto executefrom thereadyqueue,changesthis
process’s statusto “running”, andloadstheprocess’s executioncontext from theOS’s PCB for this process
ontothehardware.

A context switch shouldhappenfrequentlyenoughso that all jobs in the systemmake process,e.g.,short
jobsshouldnot have to wait for lots of long jobs to finish beforethey run. Context switchesshouldhappen
infrequentlyenoughthat their overheaddoesnot take up a significantamountof the total systemCPUtime.
Usually, we wantto keepcontext switchtime around1 to 2% of total systemtime. Thelengthof a time slice
to forceacontext switchshouldthusbetunedto thispercentage.

3. (20 pts) Using the fork(), waitpid(), andkill() systemcalls, write a programin which a parentcreatestwo
children. Theparentthenwaits for thefirst child to complete,andkills thesecondwhenthefirst completes.
After that,theparentexits.

Solution:

#include <sys/types.h>
#include <unistd.h>
#include <sys/wait.h>
#include <stdio.h>
#include <signal.h>

main()
{
pid_t pid1, pid2;

printf("PARENT: forking child1\n");
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if ((pid1 = fork()) == 0) {
// Child process
printf("CHILD1: running\n");
sleep(5);
printf("CHILD1: exiting\n");
exit(0);

}
else {
printf("PARENT: forking child2\n");
if ((pid2 = fork()) == 0) {

// Child process
printf("CHILD2: running\n");
while (1);
printf("CHILD2: exiting\n");
exit(0);

}
else {

printf("PARENT: waiting for child1 to finish\n");
waitpid(pid1, 0, 0);
printf("PARENT: Child1 dead\n"); fflush(stdout);
if (!kill(pid2, SIGHUP)) {
printf("PARENT: Killed child2\n");

}
}

}
}

// Output
//
// > run
// PARENT: forking child1
// PARENT: forking child2
// CHILD1: running
// PARENT: waiting for child1 to finish
// CHILD2: running
// CHILD1: exiting
// PARENT: Child1 dead
// PARENT: Killed child2

4. (10pts)Whatarethedifferencesbetweenuser-level threadsandkernelthreads?Underwhatcircumstancesis
onetypebetterthantheother?

Solution: User-level threadsare created,destroyed and scheduledby a user-level library. The operating
systemsis unawareof thepresenceof user-level threads.Kernelthreads(alsocalledlightweightprocesses)
arethreadsthattheoperatingsystemkernelis awareof.

User-level threadsarefasterthankernelthreadssinceno systemcallsareneededto createsuchthreads,and
theOSis not involved in their scheduling(no context switchoverheadis incurredwhenswitchingfrom one

2



threadto another).Sincetheuser-level threadslibrary canimplementtheirown schedulingpolicy, thesethread
aresuitablefor problemsthatrequireaspecificschedulingtechnique.

SincetheOSis unawareof user-level threads,a drawbackis thattheOScanmake poorschedulingdecisions
(e.g.,by schedulinga processin which all its threadsarewaiting) andaffect throughput.Also, theprocess
getsthesamefractionof theCPUregardlessof thenumberof user-level threadsin its addressspace.Kernel
threadsdonotsuffer from thesedrawbacks—theOSexplicitly schedulessuchthreadsandaprocessgetto run
moreoftenif it hasmorekernelthreads.
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