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This book is about the structure and function of computers. Its purpose is to present,
as clearly and completely as possible, the nature and characteristics of modern-day
computers. This task is a challenging one for two reasons,

First, there is a tremendous variety of products, from single-chip microcom-

technology used to construct computer components to the increasing use of parallel
organization concepts in combining those components,

In spite of the variety and pace of change in the computer field, certain fundamental
concepts apply consistently throughout. To be sure, the application of these concepts
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In describing computers, a distinction is often made between computer architecture
and computer organization, Although it is difficult to give precise definitions for
these terms, a consensus exists about the general areas covered by each (e.g,, see
[VRANS0), [SIEWS82], and [BELL78a]).

Computer architecture refers to those attributes of a system visible to a
programmer or, put another way, those attributes that have a direct impact
on the logical execution of a program. Computer organization refers to the oper-
ational units and their interconnections that realize the architectural specifica-
tions. Examples of architectural attributes include the instruction set, the number
of bits used to represent various data types (e.g., numbers, characters), I/O mech-
anisms, and techniques for addressing memory. Organizational attributes
include those hardware details transparent to the programmer, such as control
signals; interfaces between the computer and peripherals; and the memory
technology used.

multiply unit.

Historically, and still today, the distinction between architecture and organization
has been an important one, Many computer manufacturers offer a family of computer
models, all with the same architecture but with differences in organization. Conse-
quently, the different models in the family have different price and performance
characteristics, Furthermore, a particular architecture may span many years and
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The computer, of course, must be able to process data. The data may take a wide
variety of forms, and the range of processing requirements is broad. However, we shall
see that there are only a few fundamental methods or types of data processing.

It is also essential that a computer store data. Even if the computer is
processing data on the fly (i.e., data come in and get processed, and the results go
out immediately), the computer must temporarily store at least those pieces of data
that are being worked on at any given moment. Thus, there is at least a short-term
data storage function. Equally important, the computer performs a long-term data
storage function. Files of data are stored on the computer for subsequent retrieval
and update.

The computer must be able to move data between itself and the outside world.
The computer’s operating environment consists of devices that serve as either
sources or destinations of data. When data are received from or delivered to a device
that is directly connected to the computer, the process is known as input-output
(1/0), and the device is referred to as a peripheral. When data are moved over longer
distances, to or from a remote device, the process is known as data communications.

Finally, there must be control of these three functions. Ultimately, this control
is exercised by the individual(s) who provides the computer with instructions. With-
in the computer, a control unit manages the computer’s resources and orchestrates
the performance of its functional parts in response to those instructions.

At this general level of discussion, the number of possible operations that can
be performed is few. Figure 1.2 depicts the four possible types of operations. The
computer can function as a data movement device (Figure 1.2a), simply transferring
data from one peripheral or communications line to another. It can also function as
a data storage device (Figure 1.2b), with data transferred from the external environ-
ment to computer storage (read) and vice versa (write). The final two diagrams
show operations involving data processing, on data either in storage (Figure 1.2c) or
en route between storage and the external environment (Figure 1.2d).

The preceding discussion may seem absurdly generalized. It is certainly possi-
ble, even at a top level of computer structure, to differentiate a variety of functions,
but, to quote [SIEW82],

There is remarkably little shaping of computer structure to fit the
function to be performed. At the root of this lies the general-purpose
nature of computers, in which all the functional specialization occurs
at the time of programming and not at the time of design.

Structure

Figure 1.3 is the simplest possible depiction of a computer. The computer interacts
in some fashion with its external environment. In general, all of its linkages to the
external environment can be classified as peripheral devices or communication
lines. We will have something to say about both types of linkages.

But of greater concern in this book is the internal structure of the computer itself,
which is shown at a top level in Figure 1.4. There are four main structural components:

« Central processing unit (CPU): Controls the operation of the computer and
performs its data processing functions; often simply referred to as processor
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Figure 1,2 Possible Computer Operations
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