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1 Introduction

The importance of sixteen-bit microprocessors has grown very significantly in the
ten years since their introduction, and today only a small niche remains for the
eight-bit processors. Apart from the Zilog Z80, which secems to go on and on,
and excepting special-purpose sequencers and microcontrollers, the microcom-
puter market is dominated by 16- and 32-bit architectures. For a number of years
now, the systems architect has had a number of suppliers at his disposal, and has
been able to choose between numerous architectures; most current systems have,
however, been based on one of two microcomputer families.

The two most significant families of microprocessor components in common
usage today are the Intel 8086 and the Motorola 68000 architectures, although a
number of less popular alternatives exist. The competition between these families
is intense, and is based on the related bus and system architectures as well as on
the capabilities of the semiconductor components themselves. Intel have devel-
oped the Multibus I and II architectures, while Motorola promote the VME bus,
although it is possible to mix processors and bus architectures. Two significant in-
fluences on the adoption of these two families were the use of the Intel processor
in the IBM PC and the appearance of the Motorola chip in the Apple Macintosh.

" The financial rewards {rom a successful architecture are vast, since the invest-
ment in software for one architecture must be preserved, so semiconductor man-
ufacturers need to hold on to their customers. One source inside Intel estimates
that to date U.S. $6 billion have been spent on writing 8086 software!

In this book, we have chosen to describe in detail the iAPX 286, a successor
to the 8086, with significant enhancements to help its users exploit ils power.
We also describe the significant enhancecments brought to the Intel family by the
introduction of the 32-bit iAPX 386.

The speed of progress in this arca can be judged from a few figures: the 8086
processor, conceived in 1976 and introduced in 1978, has a raw performance of
about 0.2 MIPS (million instructions per second) at 8 MHz. It can address 1
megabyte of memory. At the time of its introduction, this processor offered sig-
nificant advantages over then-current 8-bit devices. Today, however, it has been
largely superseded, for a number of reasons.

The first reason is the size of computer programs. Software sometimes seems

1



2 80286 and 80386 Microprocessors

like an idcal gas filling all available memory. For example, the IBM PC, with
a maximum of 640 kilobytes, is Loo small for a number of applications. This
restriction has encouraged Intel and Lotus (of 1-2-3 sprcadsheet fame) to develop
a standard mcans of cxtending the 8086 address space to 8 megabytes, at the cost
of some complexity in programs that need to manage this space explicitly.

The sccond reason is that of speed. Simple computer applications need only
a limited computer power. Evolving applications tend to be much more sophisti-
cated, with an optimised man-machine interface, with intensive use of graphics,
in multiple windows, and extensive usc of network communications. It is just not
possible to provide these facilities on a less powerful machine. (The reader may
test this assertion by comparing the usability of the MS-Windows system on a
PC/XT and on a PC/AT.)

The third reason concerns the needs of protection. In order to use a multitask-
ing or multi-user operating system, it is necessary to provide protection between
processes. Protection facilities were introduced to the Intel family in the 80286
Pprocessor.

These considerations all played their part in Intel’s development of the 80286,
which also, of course, represents their attempt to keep a dominant position in the
microprocessor market place.

The 80286 can be scen simply as an enhancement of the 8086. In real mode,
or compatibility mode, it behaves as an 8086, but 4 or 5 times faster. It approaches
a performance of 1 MIP, about the raw performance of a DEC VAX 11/780, for
about $50. Used in this way, it offers a significant performance with no software
modifications.

The two other problems mentioned above are addressed when the chip is used
in protected mode, and need operating system modifications to exploit them. In
this mode, the processor offers the same raw performance, but the real addressing
capacity is increased to 16 megabytes, and an individual process can address a
virtual space of 1 gigabyte. In this mode, the processor supports protection, which
permits applications to run without corrupting others and, by catching erroncous
accesses, cases debugging during program development. So far as compatibility is
concerned, investment in existing 8086 software is preserved in that while applica-
tions needing to exploit new features will need rewriting, most current applications
need very few, if any, changes to run on the 286. Even assembly-language pro-
grams can be ported to the 286 with minimal changes. Only an operating system
that wishes to use the protected mode will need significant changes when ported
from the 8086 to the 80286.

The story continues from here, since the 80286 now has a successor, the 80386,
which retains the protected mode of the 80286, but extends its power: it can ad-
dress 4 gigabytes of rcal memory, and has a raw performance of between 3 and
4 MIPS. A number of microcomputer manufacturers (including IBM) have intro-
duced products based upon this processor: one of the first to be introduced was
a portablc computer by Compagq, offering a performance of about 3 MIPS, and
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supporting 140 megabytes of disk, a streaming tape drive, and up to 6 megabytes
of main memory. This machine showed a speed of about 3 times an IBM PC/AT,
and was first offered in 1986 at a price of about U.S. $8000.

Software for the 80386 is also available now: the multitasking OS/2 is avail-
able, as are versions of Xenix and Unix System V. Some suppliers are offering
concurrent UNIX and MS/DOS facilities, and one can predict the availability of
“hypervisors” in the style of the VM/370 system for IBM mainframes.

1.1 8086 and 80286 Family Standard Architectures

The single most significant difference between the 8086 and the Motorola 68000
families is Intel’s segmented memory addressing scheme. In order to address
larger memory spaces, an address of 20 or more bits is necessary. If used ev-
erywhere, these addresses would lengthen the instructions in a program and slow
its execution speed. Both architectures, therefore, allow the use of base registers,
which can be loaded once with a full address, and thereafter permit data to be ac-
cessed using a short 8- or 16-bit displacement. The 68000 provides both of these
and an absolute address form.

Intel, however, do not encourage the use of absolute addresses, and require
the programmer to specify a Base Register and a displacement for every memory
access. They call the base register a “segment register”, and describe all memory
accessible from that base as a “segment”.

Segment sizes are limited, to 64 kilobytes in the case of the 8086 and the
80286 and to 4 megabytes in the 80386. This can be a significant constraint for an
assembly-language programmer, but should be handled automatically by a high-
level language compiler.

Segmentation can have advantages for the construction of large software ap-
plications, in that individual segments can be characterised by their access require-
ments: the 80286, for instance, monitors each access to a segment. If it is marked
“read-only”, no software can write to it: if it is not marked ‘“‘executable” it is im-
possible to execute code from it. Forbidden accesses are trapped by the processor,
enhancing the security of the software that is running.

A related topic to segmentation is providing virtual memory by “paging”. This
scheme allows an operating system to use memory and processor time efficiently
by allocating memory in fixed-size “pages”, which are usually between 1 and 4
kilobytes in size. Address translation hardware is needed to permit programs and
their data to be loaded into non-contiguous real memory. Segments, however, are
of variable size and may be much larger than an optimum page size. The choice
of providing either segmentation or paging in an architecture is resolved in the
80386 by providing both.



