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Software Development for Micro/Mini Machines

Robert Glaser
Telesaver

27.1. INTRODUCTION

Microprocessors and minicomputers continue
to become more powerful every year. As a re-
sult, each has found growing application in
areas where larger computers had previously
been used and new uses that had earlier been
impractical. With rapidly changing technol-
ogy, the classifying distinctions between mi-
crocomputers, minicomputers, and conven-
tional computers have become less clear.
Because minicomputers fall between micro-
processors and large computers, emphasis in
this chapter is placed upon microprocessors.
Generalizations about microcomputers apply
to low-end minicomputers, whereas high-end
minicomputers bear a closer relationship with
large mainframe computers.

A multitude of microprocessor chips are
available, each of which has its own peculiari-
ties. This chapter, however, will focus on the
features the various chips have in common.

A major difference between software for mi-
cros and larger computers is that the micro
software is highly dependent upon the micro-
computer hardware. Micro software is nearly
always concerned with low-level input/output
tasks. Communication with peripheral chips is
of major concern. When dealing with micro-
processors, it is not possible to effectively dis-
cuss software independent of hardware, and
thus this chapter includes microprocessor-
hardware-oriented material.

A microprocessor, as discussed in this chap-
ter, is a central processing unit (CPU) con-
tained within a single integrated circuit pack-
age. The CPU provides logical, arithmetic,
and control functions. The instruction set is
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predefined. The control functions include in-
struction decoding, and memory address, data,
read /write, and selection signals. This type of
microprocessor is different from a micropro-
grammable processor, which is also sometimes
called a microprocessor. This device requires a
number of integrated circuits to implement the
central processing section alone. User-written
microcode defines the instruction set of this
type of processor system. These micropro-
grammable processors find their chief use in
specialized applications requiring high speed.

A microcomputer consists of a microproces-
sor CPU, program memory, data memory,
input/output (I/O) devices, and supplemen-
tary control logic. This may require several
chips on a single circuit board, or several
boards. The program memory is often nonvol-
atile read-only memory (ROM). Data mem-
ory is read/write random-access memory
(RAM), and 1/0O can be through a variety of
peripheral chips. |

Minicomputers generally have higher
speeds and larger word sizes than microcom-
puters. They contain the same elements as mi-
crocomputers, though implemented from a
larger number of integrated circuits. At one
time minicomputers consisted largely of TTL
logic gates, though now many are constructed
with fast microprogrammable processor chip
sets. The circuitry typically requires several
circuit boards.

27.2. APPLICATIONS OF MICRO/
MINICOMPUTERS

The applications of micro/minicomputers fall
into two distinct categories: equipment con-
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trollers and general purpose computers. The
software for equipment controllers is some-
what different from that for large computers;
hence, equipment controller applications are
stressed here. The more general purpose uses
of micro- and minicomputers, which can be dif-
ferent from those of larger computers, are in-
cluded as well.

Equipment Controllers

There are several advantages of implementing
controllers from microcomputers. Random-
logic designs require different parts for each
system. Low-quantity products do not justify
the large capital outlay required to design, lay
out, and manufacture specialized integrated
circuits. Available parts must be used, and sev-
eral circuit boards filled with logic gates are
the usual result. The cost of design, layout,
board manufacture, and testing must all be
covered by a single controller product. Micro-
computer implementation of the product per-
mits much of the work to be useful for a vari-
ety of similar products. Off-the-shelf
microprocessor parts that are mass produced
provide low-cost alternatives to special-pur-
pose integrated circuits. Several controller
products can use a standardized microcom-
puter circuit board. The development cost of a
controller is then reduced to that of the con-
troller program. A smaller number of circuit
boards is also possible because of the use of a
cost-effective  sophisticated microprocessor
part. Product modifications are program
changes requiring only a ROM change,
whereas with a random-logic design, circuit
board modifications and additions are neces-
sary. The scope of possible product modifica-
tion is greatly limited for random-logic designs
as compared with microprocessor implemen-
tations. Through the use of microprocessor-
based design, the special-purpose functions of
an equipment controller are supplied by a spe-
cial-purpose controlling program, and other
aspects of the product can be used for a mul-
titude of other products.

Computerizing an equipment controller im-
poses certain limitations on the microcompu-
ter. The physical size, power drain, and cost of

the computer must be no larger than that of
the random-logic design being replaced. These
restrictions become more important when new
applications rather than replacement applica-
tions are considered. Intelligent products are
possible that cannot be contructed without mi-
croprocessors because of limitations of size,
power, and cost. The low size, power, and cost
of microprocessor-based controller designs are
precisely what create the new applications.

Microprocessor-based controller applica-
tions can be found in a variety of areas. Con-
sumer-oriented devices show a large number of
examples. Uses in radio receivers and home
entertainment equipment proliferate and are
but a sample of what can be done in consumer
electronics. The Ahwatukee House is perhaps
the ultimate in computerizing a home [1-3];
the possibilities for improving everyday living
are immense [4]. The automotive controller
[5] is a particularly high-volume application.
Uses in traffic control [6] are growing. Very
human-oriented applications include aid for
the handicapped [7] and medical uses as com-
mon as aid in childbirth [8]. Commertial and
industrial applications include controlling sat-
ellites [9], astronomical telescopes [10], and
gas turbine generators [11]. Applications in
the field of test equipment [12, 13] are
€normous.

Many consumer, commercial, industrial,
and research devices can be enhanced with in-
telligent controllers. The wide spectrum and
sheer number of applications is limited only by
the creativity of equipment designers. Other
applications can be found in References 14 to
19.

General Purpose Computers

The microprocessor revolution has made it
possible for micro- and minicomputers to be
used in much the same ways as larger conven-
tional computers. Standard business applica-
tions of payroll computation, inventory main-
tenance, general ledger, and address label
sorting and printing have become feasible for
small businesses utilizing micro- or minicom-
puters. Development systems for controller de-
velopment and support are often implemented
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with micro- or minicomputers. Section 27.8
deals with these systems. Small computer sys-
tems for educational uses have improved com-
puter science educational programs. Small
stand alone-systems can give students a better
learning opportunity than punched card /batch
submission methods. The introduction of mi-
croprocessor-based low-cost general-purpose
computers spurred the entrance of the com-
puter into the home. Home computing, which
has grown to significant levels, includes games,
computer-aided instruction, and text process-
ing. As the hobby has grown, so has the num-
ber of magazines to serve it [20-24]. Personal
computing equipment has proliferated to the
point where some of it has been called into
professional service [25].

27.3. MICROCOMPUTERS,
MINICOMPUTERS, AND LARGER
COMPUTERS

The classification of computer systems as
micro, mini, or large can be based at best only
on general characteristics. The dividing lines
between each category are difficult to draw
and keep changing.

Word Size

The more bits per word a processor has, the
more powerful each instruction is. This is par-
ticularly noticeable in arithmetic computation.
The number of operation codes is limited when
dealing with small word sizes, so machines
with small word sizes have a correspondingly
greater number of multiple word instructions.
Microcomputers generally have 4- or 8-bit
words, although 16 bit MICroOprocessors are
available, and 32 bit chips are not far off.
Minicomputers have between 12- and 24-bit
words, with 16 bit being the most prevalent.
Large computers have 32 bit words and up.
Processor word size is not as reliable an indi-
cator as it once was, although 4- or 8-bit pro-
cessors would almost always be classified as
microprocessors, geared to control applications
and low-complexity processing problems.

Architecture

Processor architectures vary considerably
within each category. Microprocessors tend to
have more restrictive architectures than the
others; data paths can be quite specialized,
with one or more memory registers required to
access general data memory. Larger word
sizes facilitate easier memory access by sup-
plying a greater number of bits for address
specification. Separate program memory and
data memory paths are more often encoun-
tered in microprocessors than larger machines.
This is more natural for controllers because
there are normally different types of memory
for each function. These architectures usually
require memory address pointers for data
storage.

The simplest architectures provide a single
accumulator for arithmetic, logical, and move
operations. More sophisticated arrangements
provide several accumulators, or general-pur-
pose registers for these operations, Micropro-
cessor chips tend to have single or double ac-
cumulators, since the small word size makes it
difficult to have enough instruction code space
to reserve register fields. This limitation cre-
ates data bottlenecks, which require data
moves to achieve proper positioning for subse-
quent operations. Minicomputers tend to have
a number of general-purpose registers, permit-
ting operation code specification of register
operands.

Instruction Set

The larger the word size, the greater number
of instructions that can be specified in single
word instructions. Consequently, in addition to
the fact that larger machines have greater ca-
pabilities otherwise, microprocessors have
much sparser instruction sets than minicom-
puters and larger computers. Internal stack
space is sometimes found in microprocessors, a
useful hardware feature but a software-limit-
ing situation. Paged addressing, instead of rel-
ative or even absolute addressing, is often
found in microprocessors. A bare minimum in-
struction set includes data moves, logical
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shifts, AND, OR, exclusive OR, and addition.
Some microprocessor sets include little more
than this minimum, whereas others include a
respectable number of additional operation
codes (op-codes). Small machines use subrou-
tines to replace missing op-codes. Codes such
as multiply and divide are typically missing
from microprocessors, and floating point in-
structions are often missing from mini-
computers.

Speed

Naturally, the operation speed increases from
micro- to mini- to large computer. This is
partly inherent in the type of technology from
which the devices are constructed, and partly
because of the greater number of instructions
that must be performed to provide the same
throughput for smaller processors. Dealing
with 32 bit integers on a 4 bit machine clearly
requires over 8 times the execution time of a
32 bit machine. Accumulator and memory ad-
dress register bottlenecks result in even more
operations being necessary. Limited instruc-
tion sets call for greater use of subroutines. All
of these restrictions produce the same result: a
slower machine. Even if the instruction exe-
cution times of micro-, mini-, and large com-
puters were equal, there would still be a speed
contrast. Additionally, there usually is an in-
herent speed differential. Microcomputers can
have execution times of several microseconds,
with minicomputers slightly less, and large
computers well into the submicrosecond range.

Hardware Interfaces

Microprocessors have simple interface require-
ments when compared with mini- and large
computers. Input/output devices and general
hardware can be added more easily to micros
because the interfaces are less restrictive. So-
phisticated handshaking and bus-driving re-
quirements are necessary to obtain the higher
operating speeds of mini- and large computers.
Additional peripheral chips may be placed
right on the bus on controller-size micros,
where separate boards and bus extenders and

terminators may be required for larger

systems.

27.4. A MICROPROCESSOR SURVEY

There are scores of microprocessor chips avail-
able. A history of microprocessor development
can be found in References 26 to 28. A brief
description is given for some of the more pop-
ular ones.

Four Bit

These micros are intended chiefly for use in
control applications, particularly when tasks
are [/O intensive. Computations are often
done in binary coded decimal form (BCD).
Intel’'s MCS-4 chip set [29], announced in
1971, is notable for opening the microproces-
sor era. Each member of the chip set is pack-
aged in a 16 pin dual in-line package (DIP),
made possible through the use of a multiplexed
4 line bus for address and data. This set con-
sists of the 4004-CPU, 4001-ROM, 4002-
RAM, and 4003-shift register. The system uti-
lizes 12-bit addresses and 4-bit data words.
The ROM, RAM, and shift register each pro-
vide /O lines. The pMOS CPU supplies 46
instructions, contains a 3-level internal stack,
and the minimum instruction time is 10.8 mi-
croseconds. An external clock and driver are
required, and no interrupts are provided. Six-
teen 4 bit general-purpose registers may also
be used as eight 8 bit index registers. 1/O ad-
dressing is set up by special control commands.

Eight Bit

There are more micros in the 8 bit category
than any other. These are suited to character
manipulation as well as 1/O control and mod-
erate arithmetic computation.

The 8008 CPU [30] was the first 8 bit CPU.
Housed in an 18 pin DIP, an 8 line bus is mul-
tiplexed to supply 14-bit addresses and 8-bit
data words. This pMOS-fabricated CPU sup-
plies 48 instructions, contains a 7-level internal
stack, and has a minimum instruction time of
20 microseconds. An external clock and driver
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are needed, and a single interrupt input is pro-
vided. Seven 8-bit scratch-pad registers are
available. The 8008’s architecture, less limit-
ing than the 4004’s, opened up many applica-
tions for microprocessors.

A step up from the 8008, Intel’s 8080 CPU
[31] has a 2 microsecond minimum instruction
time because of nMOS fabrication. The 8080
has separate address and data lines, requiring
the larger 40 pin package. There are 16 ad-
dress lines, permitting up to 64K memory
bytes to be accessed. The register set is the
same as that of the 8008, and the instruction
set is an expanded set of the 8008, with 72 in-
structions. Several stack instructions and one
register indirect branch instruction are added.
The processor uses an external stack, has a sin-
gle interrupt input, and requires an external
clock. A hold mode is incorporated that per-
mits direct memory access (DMA).

The Intel 8085 CPU [32] incorporates all of
the features of the 8080. It has five interrupt
inputs and an on-chip clock oscillator, and re-
quires only a single power supply voltage. To
retain the 40 pin package, a multiplexed ad-
dress/data bus is utilized. The minimum in-
struction time is 1.3 microseconds. The chief
advantage of the 8085 over the 8080 is a re-
duction,in system support components.

Software-compatible with the 8080/8085,
Zilog’s Z-80 CPU [33] adds relative and in-
dexed addressing modes to the base instruction
set. Block transfer and search instructions are
also provided, and the Z-80 executes 158 in-
structions. Seven alternate general-purpose
registers and two index registers are included
in addition to those of the 8080/8085 set.
Hardware features include a single power sup-
ply requirement, dynamic memory refreshing,
two interrupt inputs, and provision for DMA.

The 8080 processor series may be consid-
ered to be register oriented; instructions permit
operations with the general-purpose registers.
Motorola’s 6800 CPU [34] has two accumu-
lators and a 16 bit index register; the instruc-
tion set includes operations with memory lo-
cations. This CPU can be considered to be
memory oriented. Accumulator, immediate,
direct, extended, indexed, implied, and relative
addressing modes are available. The minimum

instruction time is 2 microseconds, and there
are 72 instructions. Housed in a 40 pin pack-
age, the 6800’s 16 bit address bus is separate
from the data bus. An external clock generator
is required, and only a single power supply
voltage is needed. There are two interrupt in-
puts, and the chip is capable of DMA. No spe-
cial I/O control lines or instructions are pro-
vided, mandating memory-mapped 1/0.

The Motorola 6802 CPU [35] is virtually
identical with the 6800 except that it has a
built-in clock generator, and 128 bytes of in-
ternal RAM. The chief advantage of the 6802
is a reduction in system components.

MOS Technology’s MCS6502 CPU [36] is
also a memory-oriented device, with an accu-
mulator and two 8 bit index registers. A num-
ber of addressing modes are available: accu-
mulator, immediate, absolute, zero page,
indexed zero page, indexed absolute, implied,
relative, indexed indirect, indirect indexed,
and absolute indirect. There are two interrupt
inputs, and the only active devices required for
clock generation are two inverters. A single
supply voltage powers the chip, and the mini-
mum instruction time is 2 microseconds. The
6502 has a 64K address space, but 28-pin
package variants of this CPU have 4K or 8K
addressing.

The RCA CDP1802 COSMAC CPU [37]
operates over the wide temperature range of
—35to +125°C and can draw very little cur-
rent at slow clock rates. The 1802 is powered
from a single voltage, has one interrupt input,
a built-in clock, and excellent DMA provision,
The 40 pin COSMAC includes four input lines
and one output line. There are 1/O instruc-
tions and control lines. The instruction set is
centered about its sixteen 16 bit registers. The
COSMAC’s architecture is uncommon; ma-
nipulation of the registers produces results that
with most other processors are handled in a dif-
ferent fashion. Register, register-indirect, im-
mediate, and stack addressing modes are
available.

Intel’s MCS-48 [38] series of CPUs finds
utilization in physically small control applica-
tions. The 8048 contains 1K bytes of ROM
program memory, 64 bytes of RAM data
memory, an 8-level stack, 27 I/O lines, a pro-
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grammable timer counter, an interrupt input,
and a clock oscillator. There are 96 instruc-
tions and the minimum instruction time is 2.5
microseconds. The CPU operates from a single
power voltage and the 40 pin package can be
used with no support devices. Other members
of the MCS-48 family contain twice as much
RAM or ROM, erasable, programmable
ROM (EPROM), no ROM, or are housed in
a 28 pin DIP.

Sixteen Bit

Microprocessors with large word size can chal-
lenge the power of minicomputers. These pro-
cessors are suited for high-throughput control
systems, and relatively complex computations.

Texas Instruments’ TMS9900 CPU [39]
features a memory-to-memory architecture. A
workspace pointer points to 16 workspace reg-
isters in memory. The register file can be
changed by altering the workspace pointer.
The 15-line address bus accommodates 32K
words (64K bytes). A single interrupt input,
operating in conjunction with 4 interrupt code
inputs, provides 16 vectored interrupts with
the addition of an external priority encoder.
Housed in a 64 pin package, the 9900 requires
3 power supply voltages and an external 4-
phase clock. The instruction set includes mul-
tiply and divide, and 8 addressing modes. The
minimum instruction time is 2.7 microseconds.

Intel’s 8086 CPU [40] can address 1M byte
of memory with a 20 bit address bus, and has
fourteen 16 bit registers. Housed in a 40 pin
package, a single power supply voltage is re-
quired. There are two interrupt inputs and an
external clock generator is needed. The in-
struction set includes multiply and divide, and
has 24 addressing modes. The minimum in-
struction time is 400 nanoseconds.

Zilog’s Z-8000 CPU [33] can address 8
megabytes of memory, and has sixteen 16-bit
general-purpose registers. The Z-8000 oper-
ates from a single power supply voltage and is
housed in a 48 pin package. The instruction set
includes multiply and divide, and 8 addressing
modes are available. The minimum instruction
time is 750 nanoseconds.

Motorola’s 68000 CPU [41] can address 16

megabytes and contains 17 32-bit registers.
The instruction set includes multiply and di-
vide, and has available 14 addressing modes.
Data types associated with the 68000 are bits,
BCD digits, bytes, words, and long words. Be-
cause of the 32 bit word option, this micropro-
cessor can be considered a 32 bit machine with
16 bit memory access.

27.5. HARDWARE FEATURES

The microprocessor hardware knowledge that
is most frequently required deals with interfac-
ing: how to interface a CPU with memory and
peripheral devices; how to interface support
chips with the external environment; and how
to interface several processors together to pro-
duce a larger system. The hardware interface
method chosen determines the type of software
driver that is necessary. Interchip interfacing
problems are alleviated by manufacturer’s
chip sets. Understanding the processor buses is
mandatory for peripheral connections, and
various communication methods may be uti-
lized between devices.

Chip Sets

Most manufacturers produce support chips for
their microprocessors [42]. These include
clock generators, ROM, RAM, bus drivers,
and I/O. This permits an entire microcom-
puter system to be constructed from compo-
nents that are guaranteed compatible. This
can sometimes offer the advantage of multiple
functions in support chips that are matched to
the CPU’s needs.

An Intel MCS-80 family [31] processor sys-
tem could consist of the following: 8080, 8224,
8228, 8205, 8255, 8708, and two 8111s. The
8224 generates the clock and produces a reset
signal. A data bus buffer, control signal de-
multiplexer, and single interrupt handler are
combined in the 8228 system controller. The
8205 address decoder supplies chip selects.
The 8708 gives 1K bytes of program memory,
and the 8111s together provide 256 bytes of
data memory. Three ports of 1/O are handled
by the 8255. This set of chips comprises a com-
plete microcomputer package.
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A similar Motorola 6800 system [34] would
consist of the following: 6800 CPU, 6870
clock, 6830 ROM, 6810 RAM, and 6820 pe-
ripheral interface adapter. This combination
gives 1K bytes of program memory, 128 bytes
of data storage, and 20 I/O lines.

Combination support chips can reduce the
component count greatly. An Intel MCS-85
system [32] could consist entirely of three
chips: 8085, 8755, and 8155. The 8085 CPU
contains the clock, the 8755 gives 2K bytes of
EPROM program storage and 16 bits of 1/0,
and the 8155 supplies 256 bytes of RAM data
memory, 22 bits of 1/0, and a programmable
timer/counter. The 8755 and 8155 support
chips contain the demultiplexing circuitry re-
quired to interface with the 8085 bus. Because
of the importance of matching chip sets, the
choice of a microprocessor often is more de-
pendent upon the availability of suitable sup-
port components for a particular application
than characteristics of the CPU itself.

Processor Buses

Most microprocessors share bus characteris-
tics. Figure 27.1 shows a typical CPU. The ad-
dress bus is a set of output lines that is used to
select a single word of memory or 1/0. To per-
mit DMA operations, this bus may have a
high-impedance state to allow another device
to generate a system address. The data bus is
bidirectional, and the width sets the processor
word size. This bus inputs data returning from
memory or 1/O during a read cycle, and out-
puts data going to memory or 1/O during a
write cycle. Data bus direction and access tim-
ing are set by the control bus. The control bus
consists of the signals necessary to access
memory and 1/0, to distinguish memory from
1/0O, and other controls that may be processor
dependent.

In an MCS-80 system, the 8228 provides
four control signals: memory read, memory
write, 1/O read, and 1/O write. With this set
of controls, only one is active at any time. The
appropriate line is gated with an address de-
coder output to activate the desired compo-
nent. A ROM should only be activated during
a memory read cycle, so that signal need only

ADDRESS BUS
CENTRAL
PROCESSING
L DATA BUS

CONTROL BUS

Figure 27.1. Processor buses,

be used for ROM. RAM chip selects must be
gated with the memory-read and memory-
write lines to allow both operations. 1/0 device
selects are gated with one or both of the 1/0
control signals. Devices gated with 1/O control
signals will only be activated during I/0O com-
mands; for the 8080 these are but two instruc-
tions: IN and OUT. Alternatively, I/0O devices
may be gated with the memory control signals.
Naturally, addressing is required to distin-
guish these devices from memory locations.
This is called memory-mapped 1/0; 1/O de-
vices are treated the same as memory, and
therefore can be addressed through any mem-
ory-accessing instruction. Processors that have
separate 1/O channels supply the option of
using the separate I/O address space or using
a portion of the memory address space via
memory-mapped I/O. For those processors
that have no special I/0O address space, mem-
ory-mapped 1/0O must be used.

On the 6800, there are three control lines:
R/W, VMA, and 82. The R/W line distin-
guishes between read and write operations. A
valid memory address is on the address bus
only when the VMA line is active. In addition,
the clock phase two is reserved for memory ac-
cesses. Chip selects should be gated with all
three signals and an address decoder. There
are no 1/O signals or instructions on the 6800,
so memory mapped I/O is used exclusively.

The control bus emanating from the CPU
may be converted into a different set of control
signals used throughout the microcomputer;
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the three 6800 signals can be converted into
two control signals (memory read and memory
write) if desired. Which set of control signals
is preferable in any system is wholly dependent
upon the accessing organization of the periph-
eral chips.

I/ 0O Peripherals

Peripheral chips range from the very simple to
the quite complex. The simplest output port is
just a latch; the latch inputs go to the data bus,
the gate is the chip select, and the outputs
comprise the peripheral lines. The simplest
input port is a tristate buffer; the processor
reads the peripheral lines when the control sig-
nals activate the buffer. Several of these I/O
ports can be combined into a single chip with
additional steering logic, and are called periph-
eral interface adapters (PIA), or programma-
ble peripheral interfaces (PPI). (For example,
the 6820 and the 8255.) More sophisticated
logic functions realized on a single chip can be
used as peripheral devices, such as a universal
asynchronous receiver/transmitter (UART).
Most processor families contain at a minimum
PIA and UART chips.

Complex peripheral functions are imple-
mented with single chip microprocessors. In-
tel’s UPI-41 [43, 44] is a universal peripheral
interface chip that is a complete processor with
controls configured as a slave device. The UPI-
41 can be used to preprocess information to
conform with any number of external devices,
removing this burden from the main processor
and permitting more time to be allocated to
higher-level processing. There are other spe-
cialized peripheral chips that are actually sin-
gle chip processors programmed by the man-
ufacturer for a specific function; this is
transparent to the user.

The most sophisticated peripherals can be
coprocessors. These devices monitor CPU op-
eration and perform functions as needed with-
out specifically being requested by the main
CPU: the effect is to extend the instruction set
of the CPU. Intel’'s 8087 [45-47] floating-
point processor and 8089 [40] I/O processor
are in this category.

Communication Methods

The CPU must know when a peripheral is
ready to receive data, and then have a method
to send the data. Alternatively, when a device
needs servicing a method must be provided for
it to inform the CPU. Communication be-
tween peripheral chips and the CPU is usually
through registers in the peripheral. A control
register permits the CPU to configure the pe-
ripheral as required. A status register is read
by the CPU to determine current device con-
ditions. Data registers are used to transfer the
actual information.

In the simplest control environment, the
CPU constantly polls the peripherals to deter-
mine if any require servicing. Polling stops to
permit peripheral handling when servicing is
required, and continues when the request is
met. A disadvantage of this polling method
is that the CPU can spend a large portion of
its processing time just checking service re-
quest bits of each device. During the servicing
of a device, it may be desirable for higher-
priority peripherals to have the ability to re-
quest servicing. Polling during device servicing
can become complicated when a number of pe-
ripherals exist. There also can be a high or un-
predictable latency period between when the
request occurs and when the servicing is
granted. These problems can often be elimi-
nated by using interrupt-driven peripherals.

With an interrupt-driven system [48, 49], in
addition to the device register communica-
tions, a peripheral output line is fed to a CPU
interrupt input. When the device requires ser-
vicing, the processor is interrupted, and the
service routine can communicate through the
peripheral registers. Through proper handling
of interrupt enables, masks, and priorities, all
devices can be serviced optimally with
interrupts.

Some peripheral devices require data rates
that are too high to be handled through CPU/
data register communications. An example is
that of a floppy disk controller peripheral.
These peripherals may achieve the necessary
data rate through direct memory access
(DMA). The peripheral activates an output
line when data are either available or required.






















































