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Other bestselling titles by Andrew S. Tanenbaum

Computer Networks, 3rd edition

This widely-read classic, now in its third edition, provides the ideal introduction
to today’s and tomorrow’s networks. It explains in detail how modern networks
are structured. Starting with the physical layer and working up to the application
layer, the book covers a vast number of important topics, including wireless com-
munication, fiber optics, data link protocols, Ethernet, routing algorithms, network
performance, security, DNS, electronic mail, USENET news, the World Wide

Web, and multimedia. The book has especially thorough coverage of TCP/IP and
the Internet.

Operating Systems: Design and Implementation, 2nd edition

This popular text on operating systems is the only book covering both the princi-
ples of operating systems and their application to a real system. All the traditional
operating systems topics are covered in detail. In addition, the principles are care-
fully illustrated with MINIX, a free POSIX-based UNIX-like operating system for
personal computers. Each book contains a free CD-ROM containing the complete
MINIX system, including all the source code. The source code is listed in an
appendix to the book and explained in detail in the text.

Modern Operating Systems

This bestselling text presents the basics of both single-processor and distributed
computer systems. It covers all the traditional topics, including processes,
memory management, and file systems, as well as key issues in distributed sys-
tems including the client-server model, remote procedure calls, threads, and distri-
buted file servers. The principles used in the book are illustrated using two exten-
sive single-processor and two distributed systems.

Distributed Operating Systems

This text covers the fundamental concepts of distributed operating systems. Key
topics include communication and synchronization, processes and processors, dis-
tributed shared memory, distributed file systems, and distributed real-time sys-
tems. The principles are illustrated using four chapter-long examples.
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COMPUTER SYSTEMS
ORGANIZATION

A digital computer consists of an interconnected system of processors,
memories, and input/output devices. This chapter is an introduction to these three
components and to their interconnection, as background for the detailed examina-
tion of specific levels in the five succeeding chapters. Processors, memories, and
input/output are key concepts and will be present at every level, so we will start
our study of computer architecture by looking at all three in turn.

2.1 PROCESSORS

The organization of a simple bus-oriented computer is shown in Fig. 2-1. The
CPU (Central Processing Unit) is the “brain” of the computer. Its function is to
execute programs stored in the main memory by fetching their instructions, exa-
mining them, and then executing them one after another. The components are
connected by a bus, which is a collection of parallel wires for transmitting
address, data, and control signals. Buses can be external to the CPU, connecting
it to memory and I/O devices, but also internal to the CPU, as we will see shortly.

The CPU is composed of several distinct parts. The control unit is responsi-
ble for fetching instructions from main memory and determining their type. The
arithmetic logic unit performs operations such as addition and Boolean AND
needed to carry out the instructions.

The CPU also contains a small, high-speed memory used to store temporary
results and certain control information. This memory is made up of a number of

39



40 COMPUTER SYSTEMS ORGANIZATION CHAP. 2

Central processing unit (CPU)

Control
unit

Arithmetic
logical unit
(ALU) 1/O devices

Registers

L_:‘] :l mhé‘r?*nlgry Disk Printer
— 1

Figure 2-1. The organization of a simple computer with one CPU and two /0
devices.

registers, each of which has a certain size and function. Usually, all the registers
have the same size. Each register can hold one number, up to some maximum
determined by the size of the register. Registers can be read and written at high
speed since they are internal to the CPU.

The most important register is the Program Counter (PC), which points to
the next instruction to be fetched for execution. The name “‘program counter” is
somewhat misleading because it has nothing to do with counting anything, but the
term is universally used. Also important is the Instruction Register (IR), which
holds the instruction currently being executed. Most computers have numerous
other registers as well, some of them general purpose as well as some for specific
purposes.

2.1.1 CPU Organization

The internal organization of part of a typical von Neumann CPU is shown in
Fig. 2-2 in more detail. This part is called the data path and consists of the regis-
ters (typically 1 to 32), the ALU (Arithmetic Logic Unit), and several buses con-
necting the pieces. The registers feed into two ALU input registers, labeled A and
B in the figure. These registers hold the ALU input while the ALU is computing.
The data path is very important in all machines and we will discuss it at great
length throughout this book.

The ALU itself performs addition, subtraction, and other simple operations on
its inputs, thus yielding a result in the output register. This output register can be
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PROCESSORS

- Registers

l_AAL_] ﬁh/ALU input register

PR ALU input bus

ALU

—I/ALU output register

Figure 2-2. The data path of a typical von Neumann machine.

stored back into a register. Later on, the register can be written (i.e., stored) into
_memory, if desired. Not all designs have the A, B, and output registers. In the
- example, addition is illustrated.

Most instructions can be divided into one of two categories: register-memory
or register-register. Register-memory instructions allow memory words to be
fetched into registers, where they can be used as ALU inputs in subsequent
instructions, for example. (“Words” are the units of data moved between
memory and registers. A word might be an integer. We will discuss memory
organization later in this chapter.) Other register-memory instructions allow
registers to be stored back into memory.

The other kind of instruction is register-register. A typical register-register
instruction fetches two operands from the registers, brings them to the ALU input
registers, performs some operation on them, for example, addition or Boolean
AND, and stores the result back in one of the registers. The process of running
two operands through the ALU and storing the result is called the data path cycle
and is the heart of most CPUs. To a considerable extent, it defines what the
machine can do. The faster the data path cycle is, the faster the machine runs.
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42 COMPUTER SYSTEMS ORGANIZATION CHAP. 2

2.1.2 Instruction Execution

The CPU executes each instruction in a series of small steps. Roughly speak-
ing, the steps are as follows

1. Fetch the next instruction from memory into the instruction register.
Change the program counter to point to the following instruction.
Determine the type of instruction just fetched.

If the instruction uses a word in memory, determine where it is.
Fetch the word, if needed, into a CPU register.

Execute the instruction.

RN G

Go to step 1 to begin executing the following instruction.

This sequence of steps is frequently referred to as the fetch-decode-execute
cycle. Itis central to the operation of all computers.

This description of how a CPU works closely resembles a program written in
English. Figure 2-3 shows this informal program rewritten as a Java method (i.e.,
procedure) called interpret. The machine being interpreted has two registers visi-
ble to user programs: the program counter (PC), for keeping track of the address
of the next instruction to be fetched, and the accumulator (AC), for accumulating
arithmetic results. It also has internal registers for holding the current instruction
during its execution (instr), the type of the current instruction (instr_type), the
address of the instruction’s operand (data_loc), and the current operand itself
(data). Instructions are assumed to contain a single memory address. The
memory location addressed contains the operand, for example, the data item to
add to the accumulator.

The very fact that it is possible to write a program that can imitate the func-
tion of a CPU shows that a program need not be executed by a “hardware’”” CPU *
consisting of a box full of electronics. Instead, a program can be carried out by .
having another program fetch, examine, and execute its instructions. A program
(such as Fig. 2-3) that fetches, examines, and executes the instructions of another
program is called an interpreter, as mentioned in Chap. 1.

This equivalence between hardware processors and interpreters has important
implications for computer organization and the design of computer systems. After
having specified the machine language, L, for a new computer, the design team .
can decide whether they want to build a hardware processor to execute programs:
in L directly or whether they want to write an interpreter to interpret programs in
L instead. If they choose to write an interpreter, they must also provide some
hardware machine to run the interpreter. Certain hybrid constructions are also
possible, with some hardware execution as well as some software interpretation.
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