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Preface

This textbook presents processor-based system design concepts and illustrates
them through specific examples, using current technology processors and other
very large scale integration (VSLI) components. It isintended for more advanced
undergraduate or beginning graduate students in electrical and computer
engineering, computer science, and other related fields. The reader is assumed to
have had a course in the design of digital systems (or a first course in
microprocessors) and basic knowledge of computer organization and architecture.

The single-chip processors are becoming the implementation technology of
choice for an increasingly wide range of computer systems. Rather that giving a
guantitative approach and a block-diagram-based view of their architecture, this
textbook is more specific and gives a more hardware-oriented approach to the
design of computer systems. Its purpose is to present ways of building computer
systems using commercial processors, it is not about designing the processor
chips themselves. (The system designer/integrator is much more interested in the
speed of the CPU chip rather than on the detailed implementation of its internal
hardware.) However, issues that have to do with the design of the processor itself
impact significantly the performance of the overall system as well as how one goes
about designing it; therefore, such related internal architectural schemes (e.g.,
pipelining, on-chip caching, etc.) are presented mainly from the point of view of
how they effect system performance. For example, capabilities not provided on-
chip will have to be implemented with external chips; the type of external signals
and buses of the processor impact the expense and difficulty of interfacing it to
memory and to input/output; the particular processor chip chosen for the design
and the particular system bus chosen to interconnect the various boards of the
computer system will influence the interface complexity of each board; other
capabilities, such as paging, segmentation, or handling of the internal and
external exceptions have similarly significant impact on the design of both the
hardware system and the systems software.

This textbook presents a survey of the structure and capabilities of advanced
processors (both CISC- and RISC-type processors are presented in a “ unified



approach”), and a large number of design examples is given throughout the
textbook using commercial products. An attempt is made throughout to maintain
the systems-level design approach (i.e., to look at the whole picture of a computer
system, made up of basic building blocks that represent complex hardware
subsystems, such as processors, buses, memory chips, 1/0 interface modules, and
specialized chips such as MMUs and caches). The text emphasizes that computer
systems are structured either as a number of chips or as a number of boards
interconnected through a hierarchy of several buses (processor bus, local bus,
system bus, etc.). The bus is treated here as a basic component of the computer
system, which permits alternative system structures and bus-based computer
designs. The reader is considered to be either the designer of boards (processor
boards, memory boards, interface boards, etc.) or the board-level computer system
designer/integrator. When it comes to software design issues, the reader is
considered to be the “ systems software designer” who requires knowledge of and
accessto “ all systemresources’ (i.e., systemregisters, status bits, and 1/0 ports).

In designing this textbook, | tried to observe the following guidelines:

a. Instead of directly jumping into the details of how a particular
manufacturer has implemented a feature in its processors, explain the
issues and trade-offs involved in choosing among different design
approaches.

b. Present the various design issues in a unified and generic manner, which
would be applicable to all processors irrespective of their particular
manufacturer, type (RISC or CISC), word length, and level of integration
and then give specific examples of actual implementations.

c. Expose the reader to alternative ways of designing computer systems, to
the trade-offs involved in putting things together or choosing system
components, and to the advantages and disadvantages of the various
decisions, rather than to a description of the particular method a
manufacturer followed in building a system.

d. Cover a large number of representative processors so that the reader is
exposed to various architectural features of processors and how they
impact program execution and overall system performance, along with
different characteristics and capabilities that impact the way a computer
system is designed. For example, features and capabilities that vary
significantly from one processor to another include: RISC versus CISC
processors; Harvard architecture with dual external buses; MMU, cache,
and floating-point capabilities; on-chip and off-chip implementation of
features, processors with instruction and/or data pipelining;
reconfigurable processors with advanced data bus transfers;, multitasking
and virtual memory capabilities based on paging, segmentation, or both;
and various control functions that are an integral part of the computer
system design, such as the protected mode in the Intel processors,
interrupt-driven task switching, and exception handling.
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In each chapter, those generic ideas and organizational concepts that exist
independent of a particular implementation are presented first, followed by
extensive surveys of how specific commercial products have embodied a concept.
Although basic principles are presented from a generic point of view to be
applicable to the design of computer systems using a variety of products,
descriptions of a large number of specific products and concrete design examples
using current components are given throughout the text and are also reflected in
the exercises at the end of each chapter to make the text more specific. Important
issues and criteria for computer selection, as well as alternative hardware and
system design choices and trade-offs are also included in each chapter.

Chapter 1 starts with a discussion on the advances in processors and gives an
overview of their internal architecture, external 1/0 signals, and their operation;
these are presented in a simplified, generic form here, while details for
representative processors are given in the Appendices. Both RISC and CISC
processors are discussed and their major differences pointed out, along with other
components (such as memory, caches, special coprocessors, and buses) needed to
put together a computer system. The chapter ends with an introduction to
pipelined, superpipelined, and superscalar processors, and a discussion of
computer system design methodol ogy.

Chapter 2 concentrates on the external (local) bus of the processor CPU and
how the processor uses it to perform synchronous and asynchronous data
exchanges with other units of the computer system. The chapter starts with a
discussion on big- and little-endian ordering of operands in memory and how
recent configurable RISC processors handle them dynamically. In addition to the
bus timing diagrams for the execution of aligned data transfers on 32- and 64-bit
data buses, this chapter presents other advanced data transfer modes, such as
“address pipelining,” “burst transfers,” and misaligned data transfers. It also
explains how the recent processors Implement “ dynamic bus sizing,” which allows
them to adjust the width of their local data bus to that of the data port they
communicate with. The chapter ends with a discussion of the local bus arbitration
techniques for performing DMA operations.

Chapter 3 covers the design of the memory subsystem and its interface to the
processor CPU. It starts with some basic terms and definitions and presents the
various types and characteristics of memory chips. It then gives the details of
designing and interfacing memory subsystems of different wordlengths, using
various types of static and dynamic RAMs. The more advanced DRAM access
modes (page, static column, nibble) are also discussed and an extensive treatment
of interleaved memory along with design examples is given. Finally, the chapter
presents a quantitative approach to calculating the memory latency time and the
memory access time requirements in order to match the processor and memory
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bandwidths.

Chapter 4 reviews the industry system buses used to interconnect boards from
different manufacturers and with different wordlengths in building more powerful
computer systems. The three system buses used as examples are the Multibus, the
VMEbus, and the Futurebus. Their signals and timing are presented, the way they
perform data transfers is explained, and examples are given for interfacing them
to processor and memory boards. A section is also devoted to the mad- and sad-
endian system buses and how different types of processors are interfaced to them.
Both serial and parallel system bus arbitration techniques are presented and the
chapter ends with a discussion of trade-offs involved in selecting the system bus.

Chapter 5 covers caches. It first discusses system issues, such as different
ways of configuring external caches, multilevel caches, and different cache write
policies. It then presents the three organizations (fully associative, direct mapped,
and set-associative) and the cache line format, and gives examples of specific
processor on-chip and off-chip cache implementations. An extensive part of the
chapter is devoted to the cache coherency problem, the issues involved, and
common software and hardware solutions. The chapter ends with a discussion of
the parameters that affect cache design and gives approximation formulas for
measuring cache performance and the cache's impact on the performance of the
overall system.

Chapter 6 discusses the design and use of MMUs (Memory Management
Units) in advanced multitasking; virtual memory computer systems. It presents the
structure of the logical address space and ways of mapping it into the main
memory space. It gives examples of how various processors implement paging,
segmentation, or a combination of both, and discusses the on-chip and off-chip
MMU hardware involved.

Chapter 7 contains various relevant topics, which are treated to a limited
extent. The scope of this text does not permit devoting a separate chapter to each
one. These topics include: protection mechanisms and task switching in various
computer systems, how processors handle external interrupting devices, advanced
exception processing in protected mode, a survey of pipelined processors and a
discussion of the pipelining problems, and how segments become “ known.”

Finally, the Appendices survey a number of commercial processors and give

their internal organization and a detailed explanation of their 1/0O pins and
signals.
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