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• 1.4 Which of the functionalities listed below need to be
supported by the operating system for the following two
settings: (a) handheld devices and (b) real-time systems.
– a. Batch programming
– b. Virtual memory
– c. Time sharing
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• Answer:
• For real-time systems, the operating system needs to
support virtual memory and time sharing in a fair
manner.
• For handheld systems, the operating system needs to
provide virtual memory, but does not need to provide
time-sharing.
• Batch programming is not necessary in both settings.
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• 1.10 What is the purpose of interrupts? What are the
differences between a trap and an interrupt? Can traps be
generated intentionally by a user program? If so, for what
purpose?
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• Answer: An interrupt is a hardware-generated change-offlow within the system. An interrupt handler is summoned to
deal with the cause of the interrupt; control is then returned
to the interrupted context and instruction. A trap is a
software-generated interrupt. An interrupt can be used to
signal the completion of an I/O to obviate the need for
device polling. A trap can be used to call operating system
routines or to catch arithmetic errors.
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• 1.11 Direct memory access is used for high-speed I/O
devices in order to avoid increasing the CPU´s execution
load.
– a. How does the CPU interface with the device to coordinate the
transfer?
– b. How does the CPU know when the memory operations are
complete?
– c. The CPU is allowed to execute other programs while the DMA
controller is transferring data. Does this process interfere with the
execution of the user programs? If so, describe what forms of
interference are caused.
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• Answer:
– The CPU can initiate a DMA operation by writing values into special
registers that can be independently accessed by the device. The
device initiates the corresponding operation once it receives a
command from the CPU.
– When the device is finished with its operation, it interrupts the CPU
to indicate the completion of the operation.
– Both the device and the CPU can be accessing memory
simultaneously. The memory controller provides access to the
memory bus in a fair manner to these two entities. A CPU might
therefore be unable to issue memory operations at peak speeds
since it has to compete with the device in order to obtain access to
the memory bus.

7

• 1.15 Describe a mechanism for enforcing memory
protection in order to prevent a program from modifying the
memory associated with other programs.
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• Answer: The processor could keep track of what locations
are associated with each process and limit access to
locations that are outside of a program’s extent. Information
regarding the extent of a program’s memory could be
maintained by using base and limits registers and by
performing a check for every memory access.
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• 2.2 List five services provided by an operating system that
are designed to make it more convenient for users to use
the computer system. In what cases it would be impossible
for user-level programs to provide these services? Explain.
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• Answer:
– • Program execution. The operating system loads the contents (or
sections) of a file into memory and begins its execution. A user-level
program could not be trusted to properly allocate CPU time.
– • I/O operations. Disks, tapes, serial lines, and other devices must
be communicated with at a very low level. The user need only
specify the device and the operation to perform on it, while the
system converts that request into device- or controller-specific
commands. User-level programs cannot be trusted to only access
devices they should have access to and to only access them when
they are otherwise unused.
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– • File-system manipulation. There are many details in file creation,
deletion, allocation, and naming that users should not have to
perform. Blocks of disk space are used by files and must be tracked.
Deleting a file requires removing the name file information and
freeing the allocated blocks. Protections must also be checked to
assure proper file access. User programs could neither ensure
adherence to protection methods nor be trusted to allocate only free
blocks and deallocate blocks on file deletion.
– • Communications. Message passing between systems requires
messages be turned into packets of information, sent to the network
controller, transmitted across a communications medium, and
reassembled by the destination system. Packet ordering and data
correction must take place. Again, user programs might not
coordinate access to the network device, or they might receive
packets destined for other processes.
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– • Error detection. Error detection occurs at both the hardware and
software levels. At the hardware level, all data transfers must be
inspected to ensure that data have not been corrupted in transit. All
data on media must be checked to be sure they have not changed
since they were written to the media. At the software level, media
must be checked for data consistency; for instance, do the number of
allocated and unallocated blocks of storage match the total number
on the device. There, errors are frequently process-independent (for
instance, the corruption of data on a disk), so there must be a global
program (the operating system) that handles all types of errors. Also,
by having errors processed by the operating system, processes need
not contain code to catch and correct all the errors possible on a
system.
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• 2.6 What are the advantages and disadvantages of
using the same system call interface for manipulating
both ﬁles and devices?
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• Answer: Each device can be accessed as though it was
a ﬁle in the ﬁle system. Since most of the kernel deals
with devices through this ﬁle interface, it is relatively
easy to add a new device driver by implementing the
hardware-speciﬁc code to support this abstract ﬁle
interface. Therefore, this beneﬁts the development of
both user program code, which can be written to access
devices and ﬁles in the same manner, and device driver
code, which can be written to support a well-deﬁned API.
The disadvantage with using the same interface is that it
might be difﬁcult to capture the functionality of certain
devices within the context of the ﬁle access API, thereby
either resulting in a loss of functionality or a loss of
performance. Some of this could be overcome by the
use of ioctl operation that provides a general purpose
interface for processes to invoke operations on devices.

• 2.10 Why does Java provide the ability to call from a
Java program native methods that are written in, say, C
or C++? Provide an example of a situation in which a
native method is useful.
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• Answer: Java programs are intended to be platform I/O
independent. Therefore, the languagedoes not provide
access to most speciﬁc system resources such as
reading from I/O devices or ports. To perform a system
I/O speciﬁc operation, you must write it in a language
that supports such features (such as C or C++.) Keep in
mind that a Java program that calls a native method
written in an other language will no longer be
architecture-neutral.
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• 2.12 What is the main advantage of the microkernel
approach to system design? How do user programs and
system services interact in a microkernel architecture?
What are the disadvantages of using the microkernel
approach?
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• Anwser： Benefits typically include the following
– (a) adding a new service does not require modifying the kernel
– (b) it is more secure as more operations are done in user mode
than in kernel mode
– (c) a simpler kernel design and functionality typically results in a
more reliable operating system.

• User programs and system services interact in a
microkernel architecture by using inter process
communication mechanisms such as messaging. These
messages are conveyed by the operating system.
• The primary disadvantage of the microkernel
architecture are the overheads associated with inter
process communication and the frequent use of the
operating system’s messaging functions in order to
enable the user process and the system service to
interact with each other.
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•

2.14 What is the main advantage for an operating-system
designer of using a virtual-machine architecture? What is
the main advantage for a user?
• Answer: The system is easy to debug, and security
problems are easy to solve. Virtual machines also provide a
good platform for operating system research since many
different operating systems may run on one physical
system.
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• 3.1 Describe the differences among short-term, mediumterm, and long-term scheduling.
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• Answer:
– • Short-term (CPU scheduler)—selects from jobs in memory those
jobs that are ready to execute and allocates the CPU to them.
– • Medium-term—used especially with time-sharing systems as an
intermediate scheduling level. A swapping scheme is implemented to
remove partially run programs from memory and reinstate them later
to continue where they left off.
– • Long-term (job scheduler)—determines which jobs are brought
into memory for processing.
– The primary difference is in the frequency of their execution. The
short-term must select a new process quite often. Long-term is used
much less often since it handles placing jobs in the system and may
wait a while for a job to finish before it admits another one.
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• 3.2 Describe the actions taken by a kernel to context-switch
between processes.
• Answer: In general, the operating system must save the
state of the currently running process and restore the state
of the process scheduled to be run next. Saving the state of
a process typically includes the values of all the CPU
registers in addition to memory allocation. Context switches
must also perform many architecture-specific operations,
including flushing data and instruction caches.
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• 3.4 Using the program shown in Figure 3.24, explain what
will be output at Line A.
•
•
•
•
•
•

•

•

#include <sys/types.h>
#include <stdio.h>
#include <unistd.h>
int value = 5;
int main()
{
pid_t pid;
pid_t=fork();
if(pid ==0) {/*child process*/
value += 15;
}
else if (pid>0) {/* parent process */
wait(NULL);
printf(“PARENT: value = %d”, value); /* LINE A*/
exit(0);
}
}
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• Answer: When control returns to the parent, its value
remains at 5 as the child updates its copy of the value.
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• 3.6 The Fibonacci sequence is the series of numbers 0, 1, 1, 2, 3, 5,
8, .... Formally, it can be expressed as:
fib0 = 0
fib1 = 1
fibn = fibn-1 + fibn-2
• Write a C program using the fork() system call that that generates
the Fibonacci sequence in the child process. The number of the
sequence will be provided in the command line. For example, if 5 is
provided, the first five numbers in the Fibonacci sequence will be
output by the child process. Because the parent and child processes
have their own copies of the data , it will be necessary for the child
to output the sequence. Have the parent invoke the wait() call to wait
for the child process to complete before exiting the program.
Perform necessary error checking to ensure that a non-negative
number is passed on the command line.
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• Answer:
int main(int argc, char *argv[])
{
if (argc != 2 || atoi(argv[1]) < 0){
printf(“Arguments Error!\n”);
exit(0);}
//该程序用来检测输入是否正确，因为默认情况下，argv[0]中存放的是程序的
名称，argv[1]中存放的是用户的第一个输入，以此类推。所以仅当用户输入一
个数据时argc 的值为2并且输入的数非负时正确，否则检测到错误程序退出。
pid_t pid;
//在linux 下定义了一个进程
int i, a, b, fib;
int n = atoi(argv[1]); //将字符串转化成整数类型
/* fork another process */
pid = fork();
if (pid < 0) { /* error occurred */
printf("Fork Failed\n");
exit(-1);
}
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else if (pid == 0) { /* child process */
if (n == 1)
printf("0\n");
else if (n == 2)
printf("0, 1\n");
else if (n > 2) {
a = 0;
b = 1;
printf("0, 1,");
for (i = 3; i < n; i++) {
fib = a + b;
printf("%d,",fib);
a = b;
b = fib;
}
printf("%d\n",a+b);
}
}
else { /* parent process */
/* parent will wait for the child to complete */
wait(NULL);
exit(0);
}
}

28

• 4.1 Provide two programming examples in which
multithreading does not provide better performance than a
single-threaded solution
• Answer: (1) Any kind of sequential program is not a good
candidate to be threaded. An example of this is a program
that calculates an individual tax return. (2) Another example
is a "shell" program such as the C-shell or Korn shell. Such
a program must closely monitor its own working space such
as open files, environment variables, and current working
directory.
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• 4.2 Describe the actions taken by a thread library to context
switch between user-level threads.
• Answer: Context switching between user threads is quite
similar to switching between kernel threads, although it is
dependent on the threads library and how it maps user
threads to kernel threads. In general, context switching
between user threads involves taking a user thread of its
LWP and replacing it with another thread. This act typically
involves saving and restoring the state of the registers.
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• 4.3 Under what circumstances does a multithreaded
solution using multiple kernel threads provide better
performance than a single-threaded solution on a singleprocessor system?
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• Answer: When a kernel thread suffers a page fault, another
kernel thread can be switched into use the interleaving time
in a useful manner. A single-threaded process, on the other
hand, will not be capable of performing useful work when a
page fault takes place. Therefore, in scenarios where a
program might suffer from frequent page faults or has to
wait for other system events, a multi-threaded solution
would perform better even on a single-processor system.
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• 4.4 Which of the following components of program state are
shared across threads in a multithreaded process?
–
–
–
–

a. Register values
b. Heap memory
c. Global variables
d. Stack memory

• Answer: The threads of a multithreaded process share
heap memory and global variables. Each thread has its
separate set of register values and a separate stack.
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• 4.7 The program shown in Figure 4.11 uses the Pthreads
API. What would be output from the program at LINE C and
LINE P?

• Answer: Output at LINE C is 5. Output at LINE P is
0.
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• 4.8 Consider a multiprocessor system and a multithreaded
program written using the many-to-many threading model.
Let the number of user-level threads in the program be more
than the number of processors in the system. Discuss the
performance implications of the following scenarios.
• a. The number of kernel threads allocated to the program is
less than the number of processors.
• b. The number of kernel threads allocated to the program is
equal to the number of processors.
• c. The number of kernel threads allocated to the program is
greater than the number of processors but less than the
number of user-level threads.
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• Answer:
– When the number of kernel threads is less than the number of
processors, then some of the processors would remain idle since the
scheduler maps only kernel threads to processors and not user-level
threads to processors.
– When the number of kernel threads is exactly equal to the number of
processors, then it is possible that all of the processors might be
utilized simultaneously. However, when a kernel thread blocks inside
the kernel (due to a page fault or while invoking system calls), the
corresponding processor would remain idle.
– When there are more kernel threads than processors, a blocked
kernel thread could be swapped out in favor of another kernel thread
that is ready to execute, thereby increasing the utilization of the
multiprocessor system.
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• 5.2 Discuss how the following pairs of scheduling criteria
conflict in certain settings.
• a. CPU utilization and response time
• b. Average turnaround time and maximum waiting time
• c. I/O device utilization and CPU utilization
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• Answer:
– • CPU utilization and response time: CPU utilization is increased if
the overheads associated with context switching is minimized. The
context switching overheads could be lowered by performing context
switches infrequently. This could however result in increasing the
response time for processes.
– • Average turnaround time and maximum waiting time: Average
turnaround time is minimized by executing the shortest tasks first.
Such a scheduling policy could however starve long-running tasks
and thereby increase their waiting time.
– • I/O device utilization and CPU utilization: CPU utilization is
maximized by running long-running CPU-bound tasks without
performing context switches. I/O device utilization is maximized by
scheduling I/O-bound jobs as soon as they become ready to run,
thereby incurring the overheads of context switches.
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• 5.4 Consider the following set of processes, with the length
of the CPU-burst time given in milliseconds:
•
•
•
•
•
•

Process
P1
P2
P3
P4
P5

Burst Time
10
1
2
1
5

Priority
3
1
3
4
2

• The processes are assumed to have arrived in the order P1,
P2, P3, P4, P5, all at time 0.
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• a. Draw four Gantt charts illustrating the execution of these
processes using FCFS, SJF, a non-preemptive priority (a
smaller priority number implies a higher priority), and RR
(quantum = 1) scheduling.
• b. What is the turnaround time of each process for each of
the scheduling algorithms in part a?
• c. What is the waiting time of each process for each of the
scheduling algorithms in part a?
• d. Which of the schedules in part results in the minimal
average waiting time (over all processes)?
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• Answer:
• The four Gantt charts are

• b. Turnaround time
•
FCFS
RR
SJF

Priority

•
•
•
•
•

16
1
18
19
6

P1
P2
P3
P4
P5

10
11
13
14
19

19
2
7
4
14

19
1
4
2
9
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• c. Waiting time (turnaround time minus burst time)
FCFS
RR
SJF
Priority
•
•
•
•
•
•

P1
P2
P3
P4
P5

0
10
11
13
14

9
1
5
3
9

9
0
2
1
4

6
0
16
18
1

• d. Shortest Job First
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• 5.5 Which of the following scheduling algorithms could result
in starvation?
–
–
–
–

a. First-come, ﬁrst-served
b. Shortest job ﬁrst
c. Round robin
d. Priority

• Answer：Shortest job ﬁrst and priority-based scheduling
algorithms could result in starvation.
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• 6.2 The first known correct software solution to the criticalsection problem for n processes with a lower bound on
waiting of n − 1 turns was presented by Eisenberg
andMcGuire. The processes share the following variables:
enum pstate {idle, want in, in cs};
pstate flag[n];
int turn;
• All the elements of flag are initially idle; the initial value of
turn is immaterial (between 0 and n-1). The structure of
process Pi is shown in Figure 6.26. Prove that the algorithm
satisfies all three requirements for the critical-section
problem.
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do{
while(TRUE){
flag[i]=want_in;
j=turn;
while(j!=i){
if(flag[j]!=idle)
j=turn;
else
j=(j+1)%n;
}
flag[i]=in.cs;
j=0;
while((j<n)&&(j==i||flag[j]!=in.cs))
j++;
if((j>=n)&&(turn==i||flag[turn]==idle))
break;
}
// critical section
j=(turn+1)%n;
while(flag[j]==idle)
j=(j+1)%n;
turn=j;
flag[i]=idle;
//remainder section
}while(TRUE);
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• Answer: This algorithm satisfies the three conditions.
Before we show that the three conditions are satisfied, we
give a brief explanation of what the algorithm does to ensure
mutual exclusion. When a process I requires access to
critical section, it first sets its flag variable to want_in to
indicate its desire. It then performs the following steps: (1) It
ensures that all processes whose index lies between turn
and i are idle. (2) If so, it updates its flag to in_cs and
checks whether there is already some other process that
has updated its flag to in_cs. (3) If not and if it is this
process’s turn to enter the critical section or if the process
indicated by the turn variable is idle, it enters the critical
section. Given the above description, we can reason about
how the algorithm satisfies the requirements in the following
manner:
46

• Mutual exclusion is ensured: Notice that a process enters
the critical section only if the following requirements are
satisfied: no other process has its flag variable set to in_cs.
Since the process sets its own flag variable set to in_cs
before checking the status of other processes, we are
guaranteed that no two processes will enter the critical
section simultaneously.
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•

Progress requirement is satisfied: Consider the situation where multiple
processes simultaneously set their flag variables to in_cs and then
check whether there is any other process has the flag variable set to in_
cs. When this happens, all processes realize that there are competing
processes, enter the next iteration of the outer while(1) loop and reset
their flag variables to want_in. Now the only process that will set its turn
variable to in_cs is the process whose index is closest to turn. It is
however possible that new processes whose index values are even
closer to turn might decide to enter the critical section at this point and
therefore might be able to simultaneously set its flag to in_cs. These
processes would then realize there are competing processes and might
restart the process of entering the critical section. However, at each
iteration, the index values of processes that set their flag variables to in_
cs become closer to turn and eventually we reach the following
condition: only one process (say k) sets its flag to in_cs and no other
process whose index lies between turn and k has set its flag to in_cs.
This process then gets to enter the critical section.
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• Bounded-waiting requirement is met: The bounded waiting
requirement is satisfied by the fact that when a process k
desires to enter the critical section, its flag is no longer set to
idle. Therefore, any process whose index does not lie
between turn and k cannot enter the critical section. In the
meantime, all processes whose index falls between turn and
k and desire to enter the critical section would indeed enter
the critical section (due to the fact that the system always
makes progress) and the turn value monotonically becomes
closer to k. Eventually, either turn becomes k or there are no
processes whose index values lie between turn and k, and
therefore process k gets to enter the critical section.
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• 6.11 The Sleeping-Barber Problem. A barbershop consists
of a waiting room with n chairs and a barber room with one
barber chair. If there are no customers to be served, the
barber goes to sleep. If a customer enters the barbershop
and all chairs are occupied, then the customer leaves the
shop. If the barber is busy but chairs are available, then the
customer sits in one of the free chairs. If the barber is
asleep, the customer wakes up the barber. Write a program
to coordinate the barber and the customers.
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• Answer:
•
•
•
•
•
•

•
•
•
•
•

int count=0;
semaphore mutex={1},sofa={N},empty={1},full={0},cut={0},payment={0},receipt={0};
guest()
{wait(mutex);
if(count>N) {signal(mutex); exit shop;}
else {count:=count+1;
if (count>1) {signal(mutex); wait(sofa); sit on sofa; wait(empty); get up from sofa;
signal(sofa); sit on the baber_chair; signal(full); wait(cut); pay;
signal(payment); wait(receipt); get up from the baber_chair; signal(empty);
wait(mutex); count:=count-1; signal(mutex); exit shop;}
else {signal(mutex); wait(empty); sit on the baber_chair; signal(full); wait(cut); pay;
signal(payment); wait(receipt); get up from the baber_chair; signal(empty);
wait(mutex); count:=count-1; signal(mutex); exit shop;}
}
}
barber()
{ while(1)
{wait(full); cut chair; signal(cut); wait(payment); accept payment; signal(receipt); }
}
51

• 7.1 Consider the traffic deadlock depicted in Figure 7.1.
– a. Show that the four necessary conditions for deadlock indeed hold
in this example.
– b. State a simple rule for avoiding deadlocks in this system
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• Answer:
– a. The four necessary conditions for a deadlock are (1) mutual
exclusion;(2) hold-and-wait; (3) no preemption; and (4) circular wait.
The mutual exclusion condition holds as only one car can occupy a
space in the roadway. Hold-and-wait occurs where a car holds onto
their place in the roadway while they wait to advance in the roadway.
A car cannot be removed (i.e. preempted) from its position in the
roadway. Lastly, there is indeed a circular wait as each car is waiting
for a subsequent car to advance. The circular wait condition is also
easily observed from the graphic.
– b. A simple rule that would avoid this traffic deadlock is that a car
may not advance into an intersection if it is clear they will not be able
to immediately clear the intersection.
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• 7.7 Consider a system consisting of m resources of the
same type, being shared by n processes. Resources can be
requested and released by processes only one at a time.
Show that the system is deadlock free if the following two
conditions hold:
– a. The maximum need of each process is between 1 and m
resources
– b. The sum of all maximum needs is less than m + n
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• 7.11Consider the following snapshot of a system:
Allocation
ABCD

•
•
•
•
•
•
•
•

Max
ABCD

Available
ABCD

P0 0 0 1 2
0012
1520
P1 1 0 0 0
1750
P2 1 3 5 4
2356
P3 0 6 3 2
0652
P4 0 0 1 4
0656
a. What is the content of the matrix Need?
b. Is the system in a safe state?
c. If a request from process P arrives for (0,4,2,0), can the
request
• be granted immediately?
1

56

• Answer:
– a. What is the content of the matrix Need? The values of Need for
processes P0 through P4 respectively are (0, 0, 0, 0), (0, 7, 5, 0), (1, 0,
0, 2), (0, 0, 2, 0), and (0, 6, 4, 2).
– b. Is the system in a safe state? Yes.With Available being equal to
(1, 5, 2, 0), either process P0 or P3 could run. Once process P3 runs, it
releases its resources which allow all other existing processes to run.
– c. If a request from process P arrives for (0,4,2,0), can the request be
granted immediately? Yes it can. This results in the value of
Available being (1, 1, 0, 0).One ordering of processes that can finish
is P0, P2, P3, P1, and P4.
1
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• 8.1 Explain the difference between internal and external
fragmentation.
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• Answer:
• Internal Fragmentation is the area in a region or a page that
is not used by the job occupying that region or page. This
space is unavailable for use by the system until that job is
finished and the page or region is released.
• External Fragmentation is the area outside a partition or
segment and its size is too small to be used by the system.
The only way to use external fragmentations is to do
conpact.
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• 8.3 Given five memory partitions of 100 KB, 500 KB, 200
KB, 300 KB, and 600 KB (in order), how would each of the
first-fit, best-fit, and worst-fit algorithms place processes of
212 KB, 417 KB, 112 KB, and 426 KB (in order)?Which
algorithm makes the most efficient use of memory?
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• Answer:
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

First-fit:
212K is put in 500K partition
417K is put in 600K partition
112K is put in 288K partition (new partition 288K = 500K - 212K)
426K must wait
Best-fit:
212K is put in 300K partition
417K is put in 500K partition
112K is put in 200K partition
426K is put in 600K partition
Worst-fit:
212K is put in 600K partition
417K is put in 500K partition
112K is put in 388K partition
426K must wait
In this example, Best-fit turns out to be the best.
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• 8.9 Consider a paging system with the page table stored in
memory.
• a. If a memory reference takes 200 nanoseconds, how long
does a paged memory reference take?
• b. If we add associative registers, and 75 percent of all
page-table references are found in the associative registers,
what is the effective memory reference time? (Assume that
finding a page-table entry in the associative registers takes
zero time, if the entry is there.)
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• Answer:
• a. 400 nanoseconds; 200 nanoseconds to access the page
table and 200 nanoseconds to access the word in memory.
• b. Effective access time = 0.75 × (200 nanoseconds) +
0.25 × (400 nanoseconds) = 250 nanoseconds.
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• 8.12 Consider the following segment table:
Segment
Base
Length
0
219
600
1
2300
14
2
90
100
3
1327
580
4
1952
96
–
–
–
–
–
–

What are the physical addresses for the following logical addresses?
a. 0,430
b. 1,10
c. 2,500
d. 3,400
e. 4,112
64

•
•
•
•
•
•

Answer:
a. 219 + 430 = 649
b. 2300 + 10 = 2310
c. illegal reference, trap to operating system
d. 1327 + 400 = 1727
e. illegal reference, trap to operating system
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• 9.4 A certain computer provides its users with a virtualmemory space of 232 bytes. The computer has 218 bytes of
physical memory. The virtual memory is implemented by
paging, and the page size is 4096 bytes. A user process
generates the virtual address 11123456. Explain how the
system establishes the corresponding physical location.
Distinguish between software and hardware operations.
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• Answer:
• The virtual address in binary form is 0001 0001 0001 0010
0011 0100 0101 0110 Since the page size is 212, the page
table size is 220. Therefore the low order 12 bits “0100 0101
0110” are used as the displacement into the page, while the
remaining 20 bits “0001 0001 0001 0010 0011” are used as
the displacement in the page table.
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• 9.5 Assume we have a demand-paged memory. The page
table is held in registers. It takes 8 milliseconds to service a
page fault if an empty page is available or the replaced page
is not modified, and 20 milliseconds if the replaced page is
modified. Memory access time is 100 nanoseconds.
Assume that the page to be replaced is modified 70 percent
of the time. What is the maximum acceptable page-fault rate
for an effective access time of no more than 200
nanoseconds?
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• Answer:
0.2 sec = (1 − P) × 0.1 sec + (0.3P) × 8 millisec +
(0.7P) × 20 millisec
0.1 = −0.1P + 2400 P + 14000 P
0.1 = 16,400 P
P = 0.000006

69

• 9.13 A page-replacement algorithm should minimize the
number of page faults. We can do this minimization by
distributing heavily used pages evenly over all of memory,
rather than having them compete for a small number of
page frames. We can associate with each page frame a
counter of the number of pages that are associated with that
frame. Then, to replace a page, we search for the page
frame with the smallest counter.
– a. Define a page-replacement algorithm using this basic idea.
Specifically address the problems of (1) what the initial value of the
counters is, (2) when counters are increased, (3) when counters are
decreased, and (4) how the page to be replaced is selected.
– b. How many page faults occur for your algorithm for the following
reference string, for four page frames?
1, 2, 3, 4, 5, 3, 4, 1, 6, 7, 8, 7, 8, 9, 7, 8, 9, 5, 4, 5, 4, 2.
– c. What is the minimum number of page faults for an optimal page
replacement strategy for the reference string in part b with four page
70
frames?

• Answer:
• a. Define a page-replacement algorithmaddressing the
problems of:
1. Initial value of the counters—0.
2. Counters are increased—whenever a new page is
associated with that frame.
3. Counters are decreased—whenever one of the
pages associated with that frame is no longer required.
4. How the page to be replaced is selected—find a
frame with the smallest counter. Use FIFO for breaking ties.
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• b. 13 page faults
• 1 23 45 3 41 67 87 8 97 89 54 54 2
1 1 1 1 5 5 5 5 5 5 8 8 8 8 8 8 8 8 8 8 8 2
2 2 2 2 2 2 1 1 1 1 1 1 9 9 9 9 9 9 9 9 9
3 3 3 3 3 3 6 6 6 6 6 6 6 6 6 5 5 5 5 5
4 4 4 4 4 4 7 7 7 7 7 7 7 7 7 4 4 4 4
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• c. 11 page faults
• 1 23 45 3 41 67 87 8 97 89 54 54 2
1 1 1 1 1 1 1 1 6 6 8 8 8 8 8 8 8 8 8 8 8 2
2 2 2 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 9 9 9
3 3 3 3 3 3 3 7 7 7 7 7 7 7 7 7 4 5 5 5
4 4 4 4 4 4 4 4 4 4 9 9 9 9 9 9 4 4 4
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• 11.2 What are the advantages of the variation of linked
allocation that uses a FAT to chain together the blocks of a
ﬁle?
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• Answer: The advantage is that while accessing a block that
is stored at the middle of a ﬁle, its location can be
determined by chasing the pointers stored in the FAT as
opposed to accessing all of the individual blocks of the ﬁle in
a sequential manner to ﬁnd the pointer to the target block.
Typically, most of the FAT can be cached in memory and
therefore the pointers can be determined with just memory
accesses instead of having to access the disk blocks.
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• 11.6 Consider a ﬁle system on a disk that has both logical
and physical block sizes of 512 bytes. Assume that the
information about each ﬁle is already in memory. For each
of the three allocation strategies (contiguous, linked, and
indexed), answer these questions:
– a. How is the logical-to-physical address mapping accomplished in
this system? (For the indexed allocation, assume that a ﬁle is always
less than 512 blocks long.)
– b. If we are currently at logical block10 (the last block accessed was
block10) and want to access logical block4, how many physical
blocks must be read from the disk?
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• Answer: Let Z be the starting ﬁle address (block number).
• a. Contiguous. Divide the logical address by 512 with X and
Y the resulting quotient and remainder respectively.
– 1. Add X to Z to obtain the physical block number. Y is the
displacement into that block.
– 2. 1

• b. Linked. Divide the logical physical address by 511 with X
and Y the resulting quotient and remainder respectively.
– 1. Chase down the linked list (getting X + 1 blocks). Y + 1 is the
displacement into the last physical block.
– 2. 4

• c. Indexed. Divide the logical address by 512 with X and Y
the resulting quotient and remainder respectively.
– 1. Get the index block into memory. Physical block address is
contained in the index block at location X. Y is the displacement into
the desired physical block.
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– 2. 2

• 12.2 Suppose that a disk drive has 5000 cylinders,
numbered 0 to 4999. The drive is currently serving a request
at cylinder 143, and the previous request was at cylinder
125. The queue of pending requests, in FIFO order, is 86,
1470, 913, 1774, 948, 1509, 1022, 1750, 130. Starting from
the current head position, what is the total distance (in
cylinders) that the disk arm moves to satisfy all the pending
requests, for each of the following disk-scheduling
algorithms?
• a. FCFS b. SSTF c. SCAN d. LOOK e. C-SCAN
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• Answer:
• a. The FCFS schedule is 143, 86, 1470, 913, 1774, 948,
1509, 1022, 1750, 130. The total seek distance is 7081.
• b. The SSTF schedule is
143,130,86,913,948,1022,1470,1509,1750, 1774. The total
see
• c. The SCAN schedule is 143, 913, 948, 1022, 1470, 1509,
1750, 1774, 4999, 130, 86. The total seek distance is 9769.
• d. The LOOK schedule is 143, 913, 948, 1022, 1470, 1509,
1750, 1774, 130, 86. The total seek distance is 3319.
• e. TheCSCANscheduleis143,913,948,1022,1470,1509,1750,1774,
4999, 86, 130. The total seek distance is 9813.
• f. (Bonus.) The C-LOOK schedule is 143, 913, 948, 1022,
1470, 1509, 1750, 1774, 86, 130. The total seek distance is
79
3363. k distance is 1745.

• 12.9 Compare the performance of write operations achieved
by a RAID Level 5 organization with that achieved by a
RAID Level1 organization.
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• Answer:
• RAID Level 1 organization can perform writes by simply
issuing the writes to mirrored data concurrently. RAID Level
5, on the other hand, would require the old contents of the
parity block to be read before it is updated based on the
new contents of the target block. This results in more
overhead for the write operations on a RAID Level 5 system.
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