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CHAPTER 1 The 8086 Primer

1.1 Overview

The 8086 has four sets of registers. The first set contains general
registers that are used to hold intermediate results. The second set con-
tains pointer and index registers that are used to locate information within
a specified portion of memory. The third set contains segment registers
that are used to specify these portions of memory, and the fourth set cén-"
tains the instruction pointer. There are also nine flags in the 8086. These
flags are used to record the state of the processor and to control its opera-
tion. The 8086 can access up to 1 000 000 bytes of memory and up to 65
000 input cr output ports.

The 8086 is a single integrated-cireuit chip containing most of the
components that make up a computer. The chip also contains all of the
registers and flags. The memory and input/output ports are not contained
on the chip, but they can be easily connected to the chip to form a com-
puter.

Typical computer instructions involve locating designated operands
(data to be processed), performing an operation on the values of these
operands, and storing the result back into a designated result location.
The locations of the operands and the result can be either in memory or in
a register as designated by the instruction.

The memory in an 8086 system is a sequence of up to 2% 8-hit quan-
tities called bytes. Each byte is assigned a unique address ranging from O
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to 22 ~ 1. Any two consecutive bytes in memory are defined as a word.
Fach byte in a word has a byte address, and the smaller of these two ad-
dresses is used as the address of the word.

The 8086 has some instructions that access ( read or write) bytes and
other instructions that access words. For the 8086, the amount of infor-
mation which transfers to or from memory at one time is always 16-bits. In
the case of byte instructions, only eight of those bits are used and the oth-
er eight are ignored. The 16-bits are always the contents of two consecu-
tive bytes in memory starting with a byte at an even address.

Since the 8086 can address up to 2% bytes of memory, it would seem
that within the 8086 processor, byte and word address must be represent-
ed as 20-bit quantities. In fact, the 8086 was designed to perform 16-bit
arithmetic, and thus the address objects it manipulates can only be 16 bits
in length. An additional mechanism is required to build addresses.

The things connecting an 8086 system to the rest of the world are
called ports. The 8086 can access up to 2'6 8-bit ports analogous to mem-
ory bytes. Each 8-bit port is assigned a unique address ranging from O to
2!6.1. Any two consecutive 8-bit ports can be treated as a 16-bit port
analogous to memory words. Through these ports, 8086 can receive infor-
mation about external events and can send out signals that control other
events.

The 8086 processor contains a total of thirteen 16-bit registers and
nine 1-bit flags. The registers are subdivided into four sets. Three of the
sets each contain four registers. The thirteenth register is the instruction
pointer. The programmer does not use it, so it is in a set by itself.

The registers are divided into the general registers, the pointer and
index registers, and the segment registers.

Instructions in 8086 usually perform operations on one or two
operands. In the case of one operand, the operand-addressing mode is
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sometimes referred to as indirect memory addressing because the operand
is in memory but the offset is not specified directly. For the two
operands, the two-operand instruction using the w field to indicate the
operands are eight bits (w = 0) or 16 bits (w=1). Ancther is a new
field not encountered before, namely the d field (d stands for destina-
tion). The d field specifies whether the result should be stored back into
the operand specified by the mod field and r/m field(d = 0) or into
operand specified by the reg field (d=1).

The operand into which the result is to be stored is called the desti-
nation operand, and the remaining operand is called the source operand.

One of the operands of a two-operand instruction can be a constant
contained in the instruction itself. Since instructions are frequently locat-
ed in read-only memories (ROMs), this would be a ideal place to keep
constant operands. It is not allowed by the memory to store a result back

into such an operand.

New words and Phrases

register A 4 fi bit HRF, L

general register i F % #7428 byte F

intermediate result 1 [B] 45 3R word 5

pointer and index register 18 manipulate  BRE

HRMBR G AFLAA input or output port NG R
information 15 &, H o 1

memory W AF integrated-circuit chip R
segment register  EX AFTF fir B

instruction pointer 38418 £ operand ¥ AEEK

flag Ao YA designate LI ON
processor  Ab P 4% external event b5 F 15
operation  #:1E operand-addressing model #

N



fE% SR source operand IR HEREE

offset R E Read-Only Memory(ROM) R
even address {8 Hitht ERFL AR
destination operand B fx constant operand & BRI

&

1.2 8086 Family Architecture

The 8086 family is considered individually as third-generation micro-
processors. This system architecture specifies how the processors and oth-
er components relate to each other, and it is the key to the exceptional
versatility of these products. The components in the 8086 family have
been designed to operate together in diverse combinations within the sys-
tematic framework of the overall family architecture. So a single family of
components can be used to solve a wide array of microcomputing prob-
lems. Finally, the modular structure of the family architecture provides an
orderly way for systems to grow and change. All the components which
constitute the 8086 microprocessor family are described as follows:

* Microprocessors '

Microprocessors have the following charactenistics:

1. Standard operating speed is 5 MHz (200 ns cycle time); a se-
lected 8 MHz version of the 8086 CPU is also available.

2. Chips are housed in reliable 40-Pin packages.

3. Processors operate on both 8-bit and 16-bit data types; but inter-
nal data paths are at least 16-bits wide.

4. Up to 1 megabyte of memory can be addressed, besides a sepa-
rate 64K byte 170 space.

5. The address/data and status interfaces of the processors are com-
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patible (the address and the data buses are time-multiplexed at the pro-
cessor, 1.¢., an address transmission is followed by a data transmission
over a subset of the same physical lines) .

The 8086 is third-generation central processing units ( CPU) that
differ primarily in their external data paths. In one bus cycle, the 8086
can transfer either 8-bit or 16-bits. Therefore, the 8086 is capable of
greater throughput. The processor has two kinds of operating mode .

In maximum mode, an 8288 Bus Controller assumes responsibility
for controlling devices attached to the system bus; in minimum mode, the
CPUs emit the bus control signals needed by memory and 170 peripheral
components .

*Interrupt Controller

The 8086 family-compatible version of the familiar 8259 has been
enhanced to operate on the advanced interrupt facilities of the 8086 and
the 8088 CPUs. The 8059A accepts interrupt requests from up to eight
sources at most.

*Bus Interface Components

Except for the 8284, all components are optional; their inclusion in
a system is based on the needs of the application. All of the bus interface
components are implemented using bipolar technology to provide high-
quality, high-drive signals and very fast intemal switching.

* Multiprocessing

Employing multiple processors in medium to large systems offers sev-
eral significant advantages over the centralized approach that relies on a
single CPU and extremely fast memory .

The 8086 family architecture is explicitly designed to simplify the
development of multiple processor systems by providing facilities for coor-
" dinating the interaction of the processors. The architecture supports two
types of processors: independent processors and coprocessors. The 8086
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family architecture provides built-in solutions to two classic multiprocess-
ing coordination problems: bus arbitration and mutual exclusion.
*Bus Organization

The 8086 family has two different types of buses: system and local.
Both buses may be shared by multiple processors. Microprocessors are al-
ways connected to a local bus, and memory and 1/0 components usually
reside on a system bus. The 8086 family bus interface components link a
local bus to a system bus.

The local bus is optimized for use by the 8086 family microproces-
sors. Standard memory and I/0 components are not attached to the local
bus, so information can be multiplexed and encoded to make very efficient
use of processor pins. A full implementation of an 8086 system bus con-
sists of the following five sets of signals: address bus, data bus, control
bus, interrupt lines, and arbitration lines. The system bus designed as is
modulars and subsets may be implemented according to the needs of the
application. A group of bus interface components transforms the signals of
a local bus into a system bus. The number of bus interface components
required (o generate a system bus depends on the size and complexity of
the system.

The processor(s) and bus interface group(s) that are connected by a
local bus constitute a processing module. A simple processing module
could consist of a single CPU and one bus interface group. A more com-
plex module would contain multiple processors, such as two I0Ps, or a
CPU and one or two IOPs. One bus interface group typically links the
processors in the module to a public system bus; a second bus interface
group may be connected to a processing module’ s local bus, generating a
second bus. This bus can provide the processing module with a private

address space that is not accessible to other processing modules.



New Words and Phrases

architecture {& R 4544
microprocessor 4L BB A%
component  JoitF , FR {4
versatility ZINREYE, £ 7
i3

product 7>

diverse B BHH) , AR
framework HEZY, 554
microcomputing 3T
modular A FRHELA Y
characteristic  $F{E

package {4

megabyte  JKF 1T

interface % 1

compatible  FEA ), — 2 HY
bus B2k

time-multiplexed B 43 2
path B4

bus cycle &Lk 8 A
throughput i &, &I R

controller 1| 8%

peripheral component  #h Bl 0

%

central processing units (CPU)
R AL B R

interrupt controller 1 W7 3%

A

facility W&, V1,85

coprocessor  PFAb T A%

built-in  #A A, AR

multiprocessing 2 F 4L

coordination ¥}l

arbitration R

mutual exclusion H.JF

operating mode R YEAL

local bus JRIFBEER

system bus A& 4L MK

encode FILE D, HED

pin B Ak TR

1.3 8086 Central Processing Units (CPUs)

In almost every other respect the processors are identical; software
for one CPU will execute on the other without alteration. The outstanding
characteristics of 8086 is that it is suitable for an very wide spectrum of
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microcomputer application. Because of the processors’ dual operating
modes (minimum and maximum mode) and built-in multiprocessing fea-
tures, the 8086 can be used in the large domain. Several of the 40 CPU
pins have dual functions that are selected by a strapping pin. In the case
of minimum mode, these pins transfer control signals directly to memory
and input/output devices. In maximum mode these same pins take on dif-
ferent functions that are helpful in medium to large systems, especially
systems with multiple processors. The control functions assigned to these
pins in minimum mode are assumed by a support chip, the 8288 Bus
Controller.

The 8086’ s CPU is substantially more powerful than any micropro-
cessor previously offered by Intel. The 8086’ s advantage over the 8088 is
attributable to its 16-bit external data bus. Software for high-performance
8086 system need not be written in assembly language. The CPUs are de-
signed to provide direct hardware support for programs written in high-lev-
el languages such as Intel’s PL/M-86. Most high-level languages store
variables in memory; the 8086 symmetrical instruction set supports direct
operation on memory operands, including operands on the stack. The
hardware addressing modes provide efficient, straightforward implementa-
tions of based variables, arrays, arrays of structures and other high-level
language data constructs.

Executing a instruction includes the steps shown below:

1. Fetch the next instruction from memory

2. Read an operand(if nesessary)

3. Execute the instruction

4. Write the result (if necessary)

While 8086 CPU performs the same steps, it allocates them to two
separate processing units within the CPU; they are the execution unit
(EU) and the bus interface unit(BIU). The execution unit executes in-
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