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PREFACE 

Operating systems are an essential part of a computer system. Similarly, a 
course on operating systems is an essential part of a computer-science 
education. This book is intended as a text for an introductory course in 
operating systems at the junior or senior undergraduate level, or first-year 
graduate level. It provides a clear description of the concepts that underlie 
operating systems. 

This book does not concentrate on any particular operating system or 
hardware. Instead, it discusses fundamental concepts that are applicable to 
a variety of systems . We do, however, present a large number of 
examples that pertain to UNIX and other popular operating systems. In 
particular, we use Sun Microsystem's Solaris 2 operating system, a version 
of UNIX, which recently has been transformed into a modern operating 
system with support for threads at the kernel and user levels, symmetric 
multiprocessing, and real-time scheduling. Other examples used include 
Microsoft MS-DOS, Windows, and Windows/NT, IBM 0S/2, the Apple 
Macintosh Operating System, and DEC VMS and T0PS-20, among others. 

Prerequisites 
As prerequisites, we assume that the reader is familiar with general 
computer organization and a high-level language, such as PASCAL. The 
hardware topics required for an understanding of operating systems are 
included in Chapter 2. We use pseudo-PASCAL notation for code examples, 
but the algorithms can be understood without a thorough knowledge of 
PASCAL. 

V 
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CHAPTER 1 

INTRODUCTION 

An operating s1 ste111 is a program that acts as an intermediary between a 
user of a computer and the computer hardware . The purpose of an 
operating system is to provide an environment in which a user can execute 
rrograms. The primary goal of an op rating system is thus to make the 
computer system co11ve11ie11t to use. A secondary goal is o use the 
computer hardware in a11 efficie11 1anner. 

To understand what operating systems are, we must first understand 
how they have developed. In this chapter, we trace the development of 
operating systems from the first hands-on systems to current 
multiprogrammed and time-shared systems. As we move through the 
various stages, we see how the components of operating systems evolved 
as natural solutions to problems in early computer systems. 
Understanding the reasons behind the development of operating systems 
gives us an appreciation for what tasks an operating system does and how 
it does them. 

1.1 ■ What Is an Operating System? 

An operating system is an important part of almost every computer 
system. A computer system can be dividea rougbl~ into four components: 
the hardware, the operati11g system, the applications pro rams, and the 11sers 
(Figure 1.1). 

The hardware - the central processing unit (CPU), emory, and 
·nput/out u (1/0) devices - provides the basic computing resources. The 
applications programs - such as c mpilers, database systems, games, and 

3 
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Figure 1.1 Abstract view of the components of a computer system. 

busiFless programs - define the ways in which these resources are used to 
solve the eornputin problems of the users. There may be many different 
users (people, machines, other computers) trying to solve different 
problems. Accordingly, there may be many different applications 
programs. he operating system controls an coordinates the use of the 
hardware among the various applications programs for the various users. 

An operating system is similar to a government. The components of a 
computer system are its hardware, software, and data. The operating 
system provides the means for the proper use of these resources in the 
operation of the computer system. Like a government, the operating 
system performs no useful function by itself. It simply provides an 
environment within which other programs can do useful work. 

We can view an operating system as a resource allocator. A computer 
system has many resources (hardware and software) that may be required 
to solve a problem: CPU time, memory space, file storage space, 1/0 devices, 
and so on. The operating system ads as the manage of these resour,ces 
and allocates them to specific programs and users as necessary for their 
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tasks. Since there may be many, possibly conflicting, requests for 
resources, the operating system must decide which requests are allocated 
resources to operate the computer system efficiently and fairly. 

A slightly different view of an operating system focuses on the need to 
control the various 1/0 devices and user programs. An operating S)'. tern is 
a control progra,n. A control rogram controls the execution of user 
programs to prevent errors and improper use of the computer. It is 
especially concerned with the operation and control of 1/0 devices. 

In general, however, there is no completely adequate definition of an 
operating system. Operating systems exist because they are a reasonable 
way to solve the problem of creating a usable computing system. The 
fundamental goal of computer systems is to execute user programs and to 
make solving user problems easier. Toward this goal, computer hardware 
is constructed. Since bare hardware alone is not particularly easy to use, 
applications programs are developed. These various programs require 
certain common operations, such as those controlling the 1/0 devices. The 
common functions of controlling and allocating resources are then brought 
together into one piece of software: the operating system. 

There is also no universally accepted definition of what is part of the 
operating system and what is not. A simple viewpoint is that everything a 
vendor ships when you order "the operating system" should be 
considered. The memory requirements and features included, however, 
vary greatly across systems. Some take up less than 1 megabyte of space 
(a megabyte is one million bytes) and lack even a full-screen editor, while 
others require hundreds of megabytes of space and include spelling 
checkers and entire "window systems. " A ore common defini.tio ·s t'ha 
the operating system is the on program running at al times on the 
computer (usually called the kernel), with II else being applications 
programs. The latter is more common an is the one we generally follow . 

It is easier to define operating systems by what they do, rather than by 
what they are. The primary goal of an operating ystem is convenience for 
th user. Operating systems exist because they are supposed to make it 
easier to compute with one than without one. This view is particularly 
clear when you look at o erating systems for small personal computers. 

A secondar,y goal is efficient operation of the computer system. 11his 
goal is particularly important for large, shared multiuser systems. These 
systems are typically expensive, so it is desirable to make them as efficient 
as possible. These two goals, convenience and efficiency, are sometimes 
contradictory. In the past, efficiency considerations were often more 
important than convenience. Thus, much of operating-system theory 
concentrates on optimal use of computing resources. 

To see what operating systems are and what operating systems do, Jet 
us consider how they have developed over the last 30 years. By tracing 
that evolution, we can identify the common elements of operating systems 
and see how and why these systems have developed as they have. 
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increment takes place in the internal register, the value of A differs in the 
various storage systems. The value of A becomes the same only after the 
new value of A is written back to the magnetic disk. 

In an environment where there is only one single process executing at 
a time, this arrangement poses no difficulties, since an access to the integer 
A will always be to the copy at the highest level of the hierarchy. 
However, in a multitasking environment, where the CPU is switched back 
and forth among various processes, extreme care must be taken to ensure 
that if several processes wish to access A, then each of these processes will 
obtain the most recently updated value of A. 

The situation becomes more complicated in a multiprocessor 
environment where, in addition to internal registers, the CPU also contains 
a local cache. In such an environment, a copy of A may exist 
simultaneously in several caches. Since the various CPUs can all execute 
concurrently, we must make sure that an update to the value of A in one 
cache is immediately reflected in all other caches where A resides. This 
problem is called cache coherency, and is usually a hardware issue (handled 
below the operating system level). 

In a distributed environment, the situation becomes even more 
complex. In such an environment, several copies (replicas) of the same file 
can be kept on different computers that are distributed in space. Since the 
various replicas may be accessed and updated concurrently, we must 
ensure that when a replica is updated in one place, then all other replicas 
are brought up to date as soon as possible. There is a variety of ways for 
achieving this guarantee, as will be discussed in Chapter 17. 

2.5 ■ Hardware Protection 

Early computer systems were single-user programmer-operated systems. 
When the programmers operated the computer from the console, they had 
complete control over the system. As operating systems developed, 
however, this control was given to the operating system. Starting with the 
resident monitor, the operating system began performing many of the 
functions, especially vo, for which the programmer had been responsible 
previously. 

In addition, to improve system utilization, the J!erating system began 
to share system resources among several _w ograms simultaneously. With 
spooling, one program might have been executing while 1/0 occurred for 
other processes; the disk simultaneously held data for many processes. 
Multiprogramming put several programs in memory at the same time. 

This sharing created both ·mproved utilization and increased problems. 
When the system was run without sharing, an error in a program could 
cause problems for only the one program that was running. With sharing, 
many processes could be adversely affected by a bug in one program. 
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storage) during execution. Because main memory is too small to 
accomlllQaate all data and programs, and its data are lost w_hen power is 
lost, the computer system must provide secondary storage to back up main 
memocy. Most modern computer systems use disks as the principle on-line 
storage medium, for both programs and data . Most programs - including 
compilers, assemblers, sort routines, editors, and formatters - are stored 
on a disk until loaded into memory, and then use the disk as both the 
source and destination of their processing. Hence, the proper management 
of disk storage is of central importance to a computer system. 

The operating system is responsible for the following activities in 
connection with disk management: 

• Free-space management 

• Storage allocation 

• Disk scheduling 

Because secondary storage is used frequently, it must be used efficiently. 
The entire speed of operation of a computer · may hinge on the disk 
subsystem and the algorithms which manipulate it. Techniques for 
secondary-storage management will be discussed in detail in Chapter 12. 

3.1.4 1/0 System Management 

One of the purposes of an operating system is to hide the peculiarities of 
specific hardware devices from the user. For example, in UNIX, the 
peculiarities of l/0 devices are hidden from the bulk of the operating 
system itself by the I!O system. The l/0 system consists of 

• A buffer-caching system 

• A general device-driver interface 

• Drivers for specific hardware devices 

Only the device driver knows the peculiarities of the specific device to 
which it is assigned. 

We have already discussed in Chapter 2 how interrupt handlers and 
device drivers are used in the construction of efficient l/0 systems. In 
Chapter 12, we shall discuss at great length how a particular device (the 
disk) is managed effectively. 

3.1.5 File Management 

File management is one of the most visible components of an operating 
system. Computers can store information on several different types of 
physical media. Magnetic tape, magnetic disk, and optical disk are the 
most common media. Each of these media has its own characteristics and 
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physical organization. Each medium is controlled by a device, such as a 
disk drive or tape drive, with its own unique characteristics. These 
properties include speed, capacity, data transfer rate, and access method 
(sequential or random access method). 

For convenient use of the computer system, the operating system 
provides a uniform logical view of information storage. The operating 
system abstracts from the physical properties of its storage devices to 
define a logical storage unit, the file. The operating system maps files onto 
physical media, and accesses these files via the storage devices. 

A file is a collection of related information defined by its creator. 
Commonly, files represent programs (both source and object forms) and 
data. Data files may be numeric, alphabetic, or alphanumeric. Files may be 
free-form, such as text files, or may be formatted rigidly. A file consists of 
a sequence of bits, bytes, lines, or records whose meanings are defined by 
their creators. The concept of a file is an extremely general one. 

The operating system implements the abstract concept of a file by 
managing mass storage media, such as tapes and disks, and the devices 
which control them. Also, files are normally organized into directories to 
ease their use. Finally, when multiple users have access to files, it may be 
desirable to control by whom and in what ways files may be accessed. 

The operating syste is responsible for the following activities in 
connection with file management: 

• The creation and deletion of files 

• The creation and deletion of directories 

• The su,eport of primitives for manipulating files and directories 

• The mapping of files onto secondary storage 

• Tnebackup of files n stable (nonvolatile) storage media 

File-management techniques will be discussed in Chapters 10 and 11. 

3.1.6 Protection System 
If a system has multiple users and allows multiple concurrent processes, 
the various processes must be protected from one another's activities. For 
that purpose, mechanisms are provided to ensure that the files, memory 
segments, CPU, and other resources can be operated on by only those 
processes that have gained proper authorization from the operating 
system. 

For example, memory-addressing hardware ensures that a process can 
execute only within its own address space. The timer ensures that no 
process can gain control of the CPU without eventually relinquishing 
control. Finally, users are not allowed to do their own 110, so that the 
integrity of the various peripheral devices is protected. 
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usage statistics. Usage statistics may be a valuable tool for researchers 
who wish to reconfigure the system to improve computing services. 

• Protection: The owners of information stored in a multiuser computer 
system may want to control its use. When several disjoint processes 
execute concurrently, it should not be possible for one process to 
interfere with the others, or with the operating system itself. 
Protection involves ensuring that all access to system resources is 
controlled. Security of the system from outsiders is also important. 
Such security starts with each user having to authenticate himself or 
herself to the system, usually by means of a password, to be allowed 
access to the resources . It extends to defending external 110 devices, 
including modems and network adapters, from invalid access attempts, 
and to recording all such connections for detection of breakins. If a 
system is to be protected and secure, precautions must be instituted 
throughout it. A chain is only as strong as its weakest link. 

3.3 ■ System Calls 

System calls provide the interface between a process and the operating 
system. These calls are generally available as assembly-language 
instructions, and are usually listed in the manuals used by assembly­
language programmers. 

Some systems may allow system calls to be made directly from a 
higher-level language program, in which case the calls normally resemble 
predefined function or su routine calls. They may generate a call to a 
special run-time routine that makes the system call, or the system call may 
be generated directly in-line. 

Several languages - such as C, Bliss, BCPL, and PU360 - have been 
defined to replace assembly language for systems programming. These 
languages allow system calls to be made directly. Some Pascal systems also 
provide an ability to make system calls directly from a Pascal program to 
the operating system. Most FORTRAN systems provide similar capabilities, 
often by a set of library routines. 

As an example of how system calls are used, consider writing a simple 
program to read data from one file and to copy them to another file. The 
first input that the program will need is the names of the two files: the 
input file and the output file. These names can be specified in many ways, 
depending on the operating-system design. One approach is for the 
program to ask the user for the names of the two files. In an interactive 
system, this approach will require a sequence of system calls, first to write 
a prompting message on the screen, and then to read from the keyboard 
the characters that define the two files . Another approach, frequently used 
for batch systems, is to specify the names of the files with control cards. In 
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this case, there must be a mechanism for passing these parameters from 
the control cards to the executing program. On mouse-based and icon­
based systems, a menu of file names is usually displayed in a window. 
The user can then use the mouse to select the source name, and a window 
can be opened for the destination name to be specified. 

Once the two file names are obtained, the program must open the 
input file and create the output file. Each of these operations requires 
another system call. There are also possible error conditions for each 
operation. When the program tries to open the input file, it may find that 
there is no file of that name or that the file is protected against access. In 
these cases, the program should print a message on the console (another 
sequence of system calls) and then terminate abnormally (another system 
call). If the input file exists, then we must create a new output file. We 
may find that there is already an output file with the same name. This 
situation may cause the program to abort (a system call), or we may delete 
the existing file (another system call) and create a new one (another system 
call). Another option, in an interactive syst�m, is to ask the user (a 
sequence of system calls to output the prompting message and to read the 
response from the terminal) whether to replace the existing file or to abort. 

Now that both files are set up, we enter a loop that reads from the 
input file (a system call) and writes to the output file (another system call). 
Each read and write must return status information regarding various 
possible error conditions. On input, the program may find that the end of 
the file has been reached, or that there was a hardware failure in the read 
(such as a parity error). The write operation may encounter various errors, 
depending on the output device (no more disk space, physical end of tape, 
printer out of paper, and so on). 

Finally, after the entire file is copied, the program may close both files 
(another system call), write a message to the console (more system calls), 
and finally terminate normally (the last system call). As we can see, 
programs·may make heavy use of the operating system. 

Most users never see this level of detail, however. The run-time 
support system for most programming languages provides a much simpler 
interface. For example, a write statement in Pascal or FORTRAN probably is 
compiled into a call to a run-time support routine that issues the necessary 
system calls, checks for errors, and finally returns to the user program. 
Thus, most of the details of the operating-system interface are hidden from 
the programmer by the compiler and by the run-time support package. 

System calls occur in different ways, depending on the computer in 
use. Often, more information is required than simply the identity of the 
desired system call. The exact type and amount of information vary 
according to the particular operating system and call. For example, to get 
input, we may need to specify the file or device to use as the source, and 
the address and length of the memory buffer into which the input should 
be read. Of course, the device or file and length may be implicit in the call. 

IBM Ex-1015 
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hree general methods ar used to pass parameters to the operating 
system. The simplest approach is to pass the parameters in registers. In 
some cases, however, there may be more parameters than registers. In 
these cases, the arameters are generally stored in a block or table in 
memory, and the address of tfie block is passed as a parameter in a 
register (Figure 3.1). Parameters also can be placed, or pushed, onto the 
stack by the program, and popped off the stack by the operating system. 
Some operating systems prefer the block or stack methods, because they 
do not limit the number or length of parameters being passed. 

System calls can be roughly grouped into five major categories: process 
control, file manipulation, device manipulation, informa tion maintenance, and 
communications. In Sections 3.3.1 to 3.3.5, we discuss briefly the types of 
system calls that may be provided by an operating system. Unfortunately, 
our description may seem somewhat shallow, as most of these system calls 
support, or are supported by, concepts and functions that are discussed in 
later chapters. Figure 3.2 summarizes the types of system calls normally 
provided by an operating system. 

3.3.1 Process and Job Control 

A running program needs to be able to halt its execution either normally 
(end) or abnormally (abort) . If a system call is made to terminate the 
currently running program abnormally, or if the program runs into a 
problem and causes an error trap, a dump of memory is sometimes taken 
and an error message generated. The dump is written to disk and may be 
examined by a debugger to determine the cause of the problem. Under 
either normal or abnormal circumstances, the operating system must 

X: parameters 
for call 

load address X 
system call 13 ...------

user program 

X 

register 

use parameters } code for 
from table X system 

call 13 

operating system 

Figure 3.1 Passing of parameters as a table. 
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• Process control 

o end, abort 

o load, execute 

o create process, terminate process 

o get process attributes, set process attributes 

o wait for time 

o wait event, signal event 

o allocate and free memory 

• File manipulation 

o create file, delete file 

o open, close 

o read, write, reposition 

o get file attributes, set file attributes 

• Device manipulation 

o request device, release device 

o read, write, reposition 

o get device attributes, set device attributes 

o logically attach or detach devices 

• Information maintenance 

o get time or date, set time or date 

o get system data, set system data 

o get process, file, or device attributes 

o set process, file, or device attributes 

• Communications 

o create, delete communication connection 

o send, receive messages 

o transfer status information 

o attach or detach remote devices 

Figure 3.2 Types of system calls . 
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CHAPTER 4 

PROCESSES 

Early computer systems allowed only one program to be executed at a 
time. This program had complete control of the system, and had access to 
all of the system's resources . Current-day computer systems allow 
multiple programs to be loaded into memory and to be executed 
concurrently. This evolution required firmer control and more 
compartmentalization of the various programs. These needs resulted in 
the notion of a process, whkh is a program in execution. A process is the 
unit of work in a modern time-sharing system. 

The more complex the operating system, the more it is expected to do 
on behalf of its users. Although its main concern is the execution of user 
programs, it also needs to take care of various system tasks that are better 
left outside the kernel itself. A system therefore consists of a collection of 
processes: Operating-system processes executing system code, and user 
processes executing user code. All these processes can potentially execute 
concurrently, with the CPU (or CPUs) multiplexed among them. By 
switching the CPU between processes, the operating system can make the 
computer more productive. 

4.1 ■ Process Concept 

One hindrance to the discussion of operating systems is the question of 
what to call all the CPU activities. A batch system executes jobs, whereas a 
time-s ared system has user rograms, or tasks . Even on a single-user 
system, such as MS-DOS and Macintosh OS, a user may be able to run 
several programs at one time: one interactive and several batch programs. 

97 
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Even if the user can execute only one program at a time, the operating 
system may need to support its own internal programmed activities, such 
as spooling. In many respects, all of these activities are similar, so we call 
all of them processes. 

The terms job and process are used almost interchangeably in this text. 
Although we personally prefer the term process, much of operating-system 
theory and terminology was developed during a time when the major 
activity of operating systems was job processing. It would be misleading to 
avoid the use of commonly accepted terms that include the word job (such 
as job scheduling) simply because the term process has superseded it. 

4.1.1 The Process 
Informally, a process is a program in execution. The execution of a process 
must progress in a sequential fashion . That is, at any time, at most one 
instruction is executed on behalf of the process. 

A process is more than the program code (sometimes known as the text 
section). It also includes the current activity, as represented by the value of 
the program counter and the contents of the processor's registers . A process 
genera ly also includes the process stack, containing temporary data (such 
as subroutine parameters, return addresses, and temporary variables), and 
a data section containing global variables . 

We emphasize that a program by itself is not a process· a rogram is a 
passive entity, such as the contents of a file stored on disk, whereas a 
process ·s an activ entity, with a program counter specifying the next 
instruction to execute and a set of associated resources. 

Although two processes may be associated with the same program, 
they are nevertheless considered two separate execution sequences. For 
instance, several users may be running copies of the mail program, or the 
same user may invoke many copies of the editor program. Each of these is 

1/0 or event completion 

Figure 4.1 Diagram of process state. 
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a separate process, and, although the text sections are equivalent, the data 
sections will vary. It is also common to have a process that spawns many 
processes as it runs. This issue will be further discussed in Section 4.4. 

4.1.2 Process State 

As a rocess executes, it changes state. The state of a process is defined in 
part by the current activity of that process. Each process may be in one of 
the following states: 

• New: The process ·s being created. 

• Running: Instructions are being executed. 

• Waiting: The process is waiting for some event to occur (such as an 1/0 

completion or reception of a signal) . 

• Ready: The process is waiting to be assigned to a processor. 

• Terminated: he-process has finished execution. · 

These names are arbitrary, and vary between operating systems. The 
states that they represent are found on all systems, however. Certain 
operating systems also distinguish among more finely delineating process 
states. It is important to realize that only one process can be running on 
any processor at any instant. Many processes may be ready and waiting, 
however. The state diagram corresponding to these states is presented in 
Figure 4.1. 

4.1.3 Process Control Block 
Each process is represented in the operating -system by a process contra 
block (PCB) - also called a task control block. A PCB is shown in Figure 4.2. 
It contains many pieces of information associated with a specific process, 
including these: 

• Process state: The state may be new, ready, running, waiting, halted, 
and so on. 

• Program counter: The counter indicates the address of the next 
instruetion to be executed for this process. 

• CPU registers: he registers vary in number and type, depending on 
the computer architecture . They include accumulators, index registers, 
stack pointers, and general-purpose registers, plus any condition-code 
information. Along with the program counter, this state information 
must be saved when an interrupt occurs, to allow the process to be 
continued correctly afterward (Figure 4.3) . 
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8.1.2 Dynamic Loading 
To obtain better memory-space utilization, we can use dynamic loading. 
With dynamic loading, a routine is not loaded until it is called. All routines 
are ke J on disk in a relocatable load format. The main program is loaded 
into memory and is executed. When a routine needs to call another 
routine, the calling routine first checks to see whether the other routine 
has been loaded. If it has not been, the relocatable linking loader is called 
to load the desired routine into memory and to update the program's 
address tables to reflect this change. Then, control is passed to the newly 
loaded routine. 

The advantage of dynamic loading is that an unused routine is never 
loaded. This scheme is particularly useful when large amounts of code are 
needed to handle infrequently occurring cases, such as error routines . In 
this case, although the total program size may be large, the portion that is 
actually used (and hence actually loaded) may be much smaller. 

Dynamic loading does not require special support from the operating 
system. It is the responsibility of the users to design their programs to take 
advantage of such a scheme. Operating systems may help the 
programmer, however, by providing library routines to implement 
dynamic loading. 

8.1.3 Dynamic Linking 
Notice that Figure 8.1 also shows dynamically linked libraries. Most 
operating systems support only static linking, in which system language 
libraries are treated like any other object module and are combined by the 
loader into the binary program image. The concept of dynamic linking is 
similar to that of dynamic loading. Rather than loading being postponed 
until execution time, linking is postponed. This feature is usually used 
with system libraries, such as language subroutine libraries . Without this 
facility, all programs on a system need to have a copy of their language 
library (or at least the routines referenced by the program) included in the 
executable image. This requirement wastes both disk space and main 
memory. With dynamic linking, a stub is included in the image for each 
library-routine reference . This stub is a small piece of code that indicates 
how to locate the appropriate memory-resident library routine, or how to 
load the library if the routine is not already present. 

When this stub is executed, it checks to see whether the needed 
routine is already in memory. If the routine is not in memory, the 
program loads it into memory. Either way, the stub replaces itself with 
the address of the routine, and executes the routine. Thus, the next time 
that that code segment is reached, the library routine is executed directly, 
incurring no cost for dynamic linking. Under this scheme, all processes 
that use a language library execute only one copy of the library code. 
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This feature can be extended to library updates (such as bug fixes). A 
library may be replaced by a new version, and all programs that reference 
the library will automatically use the new version. Without dynamic 
linking, all such programs would need to be relinked to gain access to the 
new library. So that programs will not accidentally execute new, 
incompatible versions of libraries, version information is included in both 
the program and the library. More than one version of a library may be 
loaded into memory, and each program uses its version information to 
decide which copy of the library to use. Minor changes retain the same 
version number, whereas major changes increment the version number. 
Thus, only programs that are compiled with the new library version are 
affected by the incompatible changes incorporated in it. Other programs 
linked before the new library was installed will continue using the older 
library. This system is also known as shared libraries. 

Unlike dynamic loading, dynamic linking generally requires some help 
from the operating system. If the processes in memory are protected from 
one another (Section 8.4.1 ), then the operating system is the only entity 
that can check to see whether the needed routine is in another processes' 
memory space, and can allow multiple processes to access the same 
memory . addresses. This concept is expanded when used in conjunction 
with paging, as discussed in Section 8.5.5. 

8.1.4 Overlays 
In our discussion so far, the entire program and data of a process must be 
in physical memory for the process to execute. The size of a process is 
limited to the size of physical memory. So that a process can be larger 
than the amount of memory allocated to it, a technique called overlays is 
sometimes used. The idea of overlays is to keep in memory only those 
instructions and data that are needed at any given time. When other 
instructions are needed, they are loaded into space that was occupied 
previously by instructions that are no longer needed. 

As an example, consider a two-pass assembler. During pass 1, it 
constructs a symbol table; then, during pass 2, it generates machine­
language code. We may be able to partition such an assembler into pass 1 
code, pass 2 code, the symbol table, and common support routines used 
by both pass 1 and pass 2. Assume that the sizes of these components are 
as follows (K stands for "kilobyte," which is 1024 bytes): 

Pass 1 70K 
Pass 2 80K 
Symbol table 20K 
Common routines 30K 

To load everything at once, we would require 200K of memory. If only 
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2. Data-link layer: The data-link layer is responsible for handling the 
frames, or fixed-length parts of packets, including any error detection 
and recovery that occurred in the physical layer. 

3. Network layer: The network layer is responsible for providing 
connections and for routing packets in the communication network, 
including handling the address of outgoing packets, decoding the 
address of incoming packets, and maintaining routing information for 
proper response to changing load levels. Routers work at this layer. 

4. Transport layer: The transport layer is responsible for low-level access 
to the network and for transfer of messages between the clients, 
including partitioning messages into packets, maintaining packet order, 
controlling flow, and generating physical addresses. 

5. Session layer: The session layer is responsible for implementing 
sessions, or process-to-process communications protocols. Typically, 
these protocols are the actual communications for remote logins, and 
for file and mail transfers. 

6. Presentation layer: The presentation layer is responsible for resolving 
the differences in formats among the various sites in the network, 
including character conversions, and half duplex-full duplex modes 
(character echoing). 

7. Application layer: The application layer is responsible for interacting 
directly with the users. This layer deals with file transfer, remote-login 
protocols, and electronic mail, as well as with schemas for distributed 
databases. 

Figure 15.11 summarizes the ISO protocol stack (a set of cooperating 
protocols), showing the physical flow of data. As mentioned, logically 
each layer of a protocol stack communicates with the equivalent layer on 
other systems. But physically, a message starts at or above the application 
layer, and is passed through each lower level in · turn. Each of these layers 
may modify the message and include message header data for the 
equivalent layer on the receiving side. Finally, the message makes it to the 
data-network layer and is transferred as one or more packets (Figure 
15.12) . These data are received by the data link layer of the target system, 
and the message is moved up through the protocol stack, being analyzed, 
modified, and stripped of headers as it progresses. It finally reaches the 
application layer for use by the receiving process. 

The ISO model formalizes some of the earlier work done in network 
protocols, but was developed in late 1970s and is not yet in widespread 
use. Part of the basis for ISO is the more timeworn and widely used 
protocol stack developed under UNIX for use in the Arpanet (which became 
the Internet.) 




