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PREFACE

The Rockwell RH500 Microcomputer System combines the best features of
second-generation microcomputers into a product line that is a leader iam both
price and performance. A growing array of products and a unique microprocessor
(CPU) family provide the R6500 System user with answers to the most complex

microcomputer design problems confronting today's programmers and designers.

Integrated circuit fabrication techniques have moved micruocomputers to the
forefront of complex, sophisticated components. The R630(0 System benefits from
an advanced but proven integrated circuit process technology which is directly
- responsible for the high-performance characteristics obtainable Iin the single-
supply, 5-volt usage of the R6500 System,

The N-channel, silicon gate circuit technology which is applied throughout

the R6500 System is further enhanced by use of "depletion loads,” to provide
greater speed, lower power, and smaller chip size than previous processing
approaches. lon implantation techniques are basic elements in providing
control and stability of all processing parameters necessary to achieve the
electrical characteristics of the R6500 product line. These characteristics
provide a price/performance combination which establishes the R6500 family as
the product offering best meeting the economic and technical demands of today's

system designs.

A word of explanation 1s in order regarding the R6500 Microcomputer
System's microprocessor (CPU) "family' concept, since it is around this family

that the R6500 System is built.

The R6500 System's microprocessor (CPU) family includes a series of 8-bit
devices which offer the customer a wide range of options and capabilities.

For the single-application customer, a varled selection of devices 1s at his

disposal in choosing the one which best meets his specific needs. The "micro-

processor family"” concept has an even greater impact on the user who has a

variety of applications, each of which can best be served by a specific
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member of the family. It is importanmt to this user that all of the

different microprocessors he selects maintain compatibility — both hardware
(from the standpoint of bus and electrical specifications) and software. The
R6500 System product line offers the first microprocessor (CPU) family to
achieve such a level of éumpatibility because it was indeed conceptualized

as a totally software and hardware compatible family of microprocessors (CPls)
offering a range of performance options from which the designer can select,
The R6502 and R6512 are the two 40-pin members of the family, each offering
65K bytes of addressable wemory. The R6503 through R6507 and R6513 through
R6515 are 28-pin versions with various options of addressing capability and

control functions from which to choose.

The R652X Series represents Peripheral Input/Output devices, the first
being R6520 which is a direct replacement for the Motorola MC6820 Peripheral
Interface Adapter (PIA). The second device of this series is the 6522 Versatile
Interface Adapter (VIA). Subsequent members of this series will include
devices with expanded 1/0 capabilities.

The R653)X Serles represents combinational devices — those consisting of
variocus tradeoffs in RAM, ROM, 1/0, and Timing. The first of these is the
R6530 which contains 1K bytes of ROM, 64 bytes of RAM, an Interval Timer
and 16 I/0 llnes. The second is the R6532 RAM/I0/Timer with 128 bytes of RAM,
an Interval Timer and 16 1I/0 lines. Subsequent products in this series will
provide the customer with different combinations and new implementations of

I1/0, Timing and Memory.

All of the R6500 product-line subsystems utilize the same fabricationm
techniques and meet identical electrical specifications. With this family
of compatible products at his disposal, today's designer has avallable the
elements necessary to develop a system configured to meet the most demanding

tasks.

The R6500 family is compatible with standard Random-Access Memories
(RAMs), including the 2102, 2111, 2114 and the 2115.

To allow for minimum I/0 cost and maximum user flexibility, all of the

R6500 products are compatible with the M6800 bus structure.
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SECTION 1

THE Ré6500 MICROCOMPUTER SYSTEM

The past several years have seen the development of an exciting new
concept in electrical design. The microcomputer started out as a relatively
simple, difficult-to-use programmable device capable of handling simple control

or computational problems. However, it has since matured into a powerful,

insxpensive, easy~-to-use device capable of controlling all but the most
complex of systems.

Conventional system design is rapidly being revolutionized by the
component that forms the heart of the microcomputer -- the large-scale,
esingle-chip programmable microprocessor (CPU). Three primary attributes of

microprocessor-based systems are bringing about this revolution:

l. Microprocessors allow a significant reduction in overall systems
cost for products currently in production. Re-design of products
around the microprocessor is permitting many manufacturerg to
develop or maintain a price advantage over competitors.

2. The reduction in cost of microcomputer systems is opening up vast new

markets for microprocessors. A great number of systems which were
eimply impossible or were at best impractical, are beilng designed and
marketed today using the modern, low-cost microprocessors.

'3« At the same time that the price of microprocessors is dropping, their
capability i1s rapldly expanding, thus allowing them to be designed

into more systems than ever before.

- Anyone contemplating a new design or trying to reduce cost in an existing

‘“ll,ll must first ask himself if a microprocessor will solve his problem.

1-1



The success of the microprocessor 1s based on the fact that it permits the
design engineer and programmer to apply thelr expertise in solving a multitude
of design problems using cost integrated effective circuits. A small number of
large integrated.circuits can be configured to solve design problems from the

simplest to the most complex.

If the same integrated circuits are employed to solve a multitude of
unique designs, the first question one must ask 1is, "What makes the designs
unique?” The answer is: Programming. Although many different designs may
share common hardware, each has its own unique program. This brings us to
another very important characteristic of microcomputers. The integrated circuit
which makes each system unique is the "Read-Only Memory'" (ROM) which stores the
Bystem program. It 1is relatively easy for the integrated circuit manufacturer
to establish the particular pattern which uniquely defines the data in a ROM.
As a result, the typical charge for "designing”™ a ROM is generally less than
102 of the cost of designing a totally custom logic chip. Further, the
user benefits from a high-volume standard product which is still unique for

his own application due to the "customization” of one element of his systen.

It will probably surprise many designers, approaching the subject of

microcomputer design for the first time, to discover that designing a sys-
tem around a microprocessor is much the same as designing around conventional

logic. The total approach is the same: the process differs only in the

implementation of each step.

A brief examination of the system design process will help to put micro-
computer design In perspective and will also assist in clarifying the purpose

of this manual. One can expect to perform the following steps in designing

4 microcomputer system:

1. Define the requirements of the system. What functions should it

perform?

. Define basic system components.

2

J. Complete design details,

& Build and test prototypes.
5

. Finalize design and begin production.



Step 1 1s true for any system and, in general, for any product. Step 2
1s the first point of departure for microprocessor-based designs. It is at
this point that the designer must consider the puossibillity of using a micro-
processor in his system. For the very cost-sensitive application he must look
very carefully at total systems cost. Can a microprocessor do the job within
the price constraints imposed? At the other end of the design spectrum, the
system designer must evaluate the capability of microprocessors to assure
himself that the available devices can in fact perform the required fuuction.

Will a microprocessor be fagt enough to run the system? Will the system

require more than one processor?

The purpose of this manual 1s to teach the designer how to effectively
configure a microprocessor~based system and to evaluate the performance of the
system. After this step, the design will be completed by development of the

eystem program. Implementation of the system program is discussed in the

Program Manual.

[.1 INTRODUCTION 10 MICROCOMPUTER SYSTEAMS
1.1.1 Organization of a Microcomputer System

Figure 1-1 illustrates the basic organization of a microcomputer system.

It {8 important that‘the designer understand the operation of each component
a8 well as the operation of each data path in the system. Each of these is
discussed separately below. In addition, the following discussion describes

the operation of the overall system and the use of the various signal paths,

1.1.2 Basic Operation

The microcomputer Is a system which can be characterized as very simple

in its detail and very complex in its overall operation. It carries out

rather complex tasks by performing a large number of simple operations.

Control of the system ls primarily the responsibility of the processor. By
putting out addresses to program memory, it controls the sequence of operations
performed, and by interpreting and executing the instructions which it receives
from the program memory it controls the actual operations carried out by the

system. The processor is by far the most complex device In the system. For

this reason, it is important to overall system cost that this part stay the
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same for many different applicationg. 1In this way, the relatively high
development cost can be shared by thousands of users. In addition, those

thousands of users can all benefit from the economics of large-scale production.

The processor causes the system to perform the desired operations by
reading the first instruction in the program, and performing the very simple
task dictated by the specific pattern of bits in this instruction (referred
to ag "executing' that imstruction). It then goes on to the next instruction
in the program and executes it. This simple operation of fetching an instruc-
tion and executling it 13 performed over and over, each time on the next
instruction in sequence. In this way the program Llnstructs the processor to

bring about the desired system operation.

1.1.3 Addressing Terms and Concepts

Before entering into a detalled discussion of the system oPefation. it
would be useful to define a few terms and to introduce a few concepts concerning
addressing. This should assist in an understanding of the detailed discussions
which follow.

BIT

The term "Bit"™ is a general term referring to anything that can be assafgned
to binary value, i.e., anything that can be given a value of 0 or 1. Thus, an
eight-bit data bus is a set of 8 lines which can be assigned a value of logic
0 or logic 1. On these lines, the logic values are represented by two different
voltages or currents. Similarly, a 16-bit binary display can be built with 16
individual lamps. The logic 1 is represented by the lamp being on.

In this text, reference is made to an 8-bit data bus, a 16-bit address

bus, 4 bits of data, B8-bit registers, etc. In all cases, definition of a bit

remaing the same.

ADDRESS SPACE

The concept of an address space is very useful in uanderstanding micro-
computer systems. The term ''address sgpace' refers to the total set of
addresses which the microprocessor can generate. For example, 1f a processor

had only 4 address lines, it could generate the addresses 0 - 15 (binary 0000
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to binary 1ll1l1). This would not be adequate for any microcomputer operation
and, consequently, the typical processor has between 12 and 16 address lines.
Since each line can assume a value of 0 or 1, these devices can usually
address from 4,096 to 65,5)6 separate addresses. Flgure 1-2 contains a
plctorial representation of the address space avallable in a typical 8-bit
microcomputer with 16 address lines. In addition to the general address space,

this figure introduce the PAGE concept discussed below.

THE ADDRESS PAGE

The concept of a PAGE in memory is very important in 8-bit microcomputer
systems. The internal organization of an 8-bit processor 1is around 8-bit
registers, 8-bit parallel data paths, etc. Most arithmetic operations, logic
operations, etc. take place on 8 bits of data at a time. Similarly, the 16-bit
counter which determines which instruction is beling executed 1is actually
divided into two 8-bit busses. One contains bits Q0 - 7 (low-order address
bits), and the other contains bits 8 to 15 (high-order address bits). With
this in mind, one can think of the address space shown In Figure 1-2 as
consisting of 256 blocks, each consisting of 256 specific address locatlions.
Each of these blocks is referred to as a "PAGE" of memory. The high-order
8-bits of the address (ADH) therefore indicate in which page the address is

located, and the low-order 8 bits (ADL) indicate a specific address on that
page.

The first page in memory (ADH = 00) 1is referred to as page 0. The
next-high-order page (ADH = 0l) 1is referred to as page 1, etc.

l.1.4 System Components

The block diagram in Figure 1-1 shows the basic components which comprise
all microcomputer systems. Each block in the diagram may consist of one or
more integrated circuits and, in fact, several functions may be combined into

single chips. However, the basic operation of each remains the same.

CLOCK GENERATOR

The clock generator produces a continuous waveform which is normally
used to control all signal transitions within the system. It acts as the
"heart' of the system. In the typical microcomputer system the address bus

will change during one half of the clock cycle, and the data will be
1-6
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transferred during the second half. In addition to interpreting the address,
data and control lines, the processor and support chips must also examine the

system clock to know when to put cut data or when to latch in data generated

by another device.

PROGRAM MEMQRY

The program memory stores the¢-sequence of instructions which comprise
the system program. Like any memory, this unit puts a pattern of 1's and 0's
on the data bus in response to the address on the address bus input. Each
unique address selects a set of 8 binary bits and places these data on the
data bus. Note that it does not matter where the address is generated or
where the data are used; the memory simply obeys the rule that, given an

address, it will put the corresponding B bits of data on the data bus.

A unique characteristic of most microprocessor-based systems 1is that
the program is usually stored in Read-Only Memories {ROMs). The data are

stored in a fixed pattern of bits in the memory. Figure 1-3 shows a section

of a semiconductor ROM.

Since the data are stored in the physical configuration of the device,

the data will not be lost when power i{s disconnected from the chip. In addi-
tion, it is necessary only to insert the device into its socket to provide the
system program. The term "Read-Only Memory"” refers to the fact that, in
system operation, it is impossible for the processor to cause data to be
stored in the device. The processor can '"'READ" the data stored in the device
during the manufacturing process. "READING" a memory involves the simple
process of supplying an address to the device to obtain the corresponding

8 bits of data ou the data bus.

DATA MEMORY

For temporary storage of input data, the results ot arithmetic
operations, etc., the microcomputer uses a Read/Write Memory, commonly re-
ferred to as a RAM (Random-Access Memory). The processor can store data in
the RAM (called "WRITING" the RAM), or it can read back the data ft has

stored. As 1n the ROM, each address corresponds to eight memory cells.
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dowever, in a RAM the data must be placed into the memory by the processor

and are stored in cross-coupled latches. Turning off the power to a RAM will
cause the loss of all data stored there, and the data are said to be ''volatile."
Data in a ROM are not lost when power is disconnected from the device and the

stored data are referred to as "non-volatile".

"WRITING" data into a RAM takes place when the Write-Enable signal goes
to the write state. At this time the data on the data bus will be stored
into the eight memory cells corresponding to the address on the address bus.

The processor can READ this same data by supplying the proper address and
keeping the Write-Enable line in the Read state.

INPUT/OUTPUT DEVICES

The Input/Output Devices are the circuits which interface the printer,
keyboard, displays, etc. to the processor. These allow the processor to read
data from the keyboard, to test the state of sensors and switches, and to

display or to print the results of internal operations.
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No matter where data are generated, they must be, in the form of 1's and
O's before the processor can work with them. Similarly, actions to be inftjiated
by the processor must be triggered by 1's and 0's transferred by the processor

to a set of output lines.

The transfer of data from the processor to an output device is usually
accomplished by "WRITING" the data out in much the same manner as the pro-
cessor writes data into RAM. Each set of 8 input or output lines (referred
to as "PORT") is given an address, and the processor simply writes data to
that address. For each “1" written out to the peripheral port an output 1is

set high, and for each "0" the corresponding output is set low.

Although the basic concept of peripheral control 1is simple, the actual
fmplementation of these interfaces can involve many sophisticated techniques
designed to allow the processor to maximize its ability to control peripherals
and perform internal operations concurrently, These techniques are discussed

in detail in Section 3.

THE MICROPROCESSOR

At first glance it may seem strange to discuss the support chips

in the microprocessor-based system before mentioning the processor. llowever,
this approach 1is necessitated by the fact that most of the inputs and cutputs
on the processor are aimed at properly controlling the support chips and

peripheral devices discussed above.

The address bus, the bidirectional data bus and the Write~-Enable line
allow the progessor to exercise direct control over the rest of the system.
The address bus puts out addresses to control the source or destination of
data transfers. These addresses are derived from various sources within the
processor. During the fetch of instructions from program memory, the
addresses are usually derived from a counter which controls execution of
sequential instructions. Addresses for data transfers between the processor
and RAM are usually derived directly from the program or are calculated from

the data in the program and data in internal registers.
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The bidirectional data bus serves as a path for tranaferring data into

and out of the processors. The direction of the data tranafer is determined

by the Write-Enable line.

Another special function found in modern microcomputer systems 1is the
interrupt. Thie function allows the peripheral devices to directly affect the
operation of the processor. When the interrupt signal is generated, the
processor usually completea its current ingtruction and then, under program
control, will respond to the interrupt. The importance of this function is
that ft allowa the processor to execute the system program without requiring
the system program to monitor the status of the peripheral device. The

software which handles the eperation of each peripheral will be executed only
when required.

1.2 INTRODUCTION TO THE R6500 MICROCOMPUTER SYSTEM

The Rockwell R6500 microcomputer ayatem consists of the 40-pin R6512,
microprocessor; the 40-pin R6502 microprocessor, which has clock drivers on-
chip; and eight 28-pin processors, the R6503 through R6507 and R&513 through
R6515. Each of these devices is aimed at a specific range of applications.

Therefore, it is important to develop an understanding of the capabilities of

each and the differences between them.

The R6512 has application in existing M6B00 systems where conversion to
the R6500 system is to be performed. This processor requires the full high-
level two-phaee clocks of the M6800 system. The R6502 is expected to find
application in all new designs which require a full 16-bit address bus.
However, in the small cost-sensitive system, the 28-pin processors can

represent a savings both in processor cost and in printed circuit board area.

1.2.1 The Microprocessors

The R6502 should be uvsed in all new designs which require the capa-
bility of the 40-pin processors. The clock drivers can be driven with a

single TTL level square wave or with the internal oscillator. The frequency of
operation of the internal oscillator can be set by attaching an R-C combination
to the chip and, if the clock stability 1s required, by attaching a crystal
between the oscillator and ground. This feature totally eliminates the

problems encountered in geanerating MC6800-type clock signals.
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The R6502 provides a full 16-bit address bus, 8-bit bidirectional data
bus, and two interrupts. In addition, the R6502 provides a sync signal which

indicates those cycles in which the processor i{s fetching an operation code

from program mwemory.

Eight 28-pin versions of the processor are available. They differ in

the number of address lines and the clock generation methods required, the

number of interrupts provided. Having all three options available allows the

designer to tailor his processor to his particular application.

The R6504 and R6507 provide a total of 13 address pins and can, therefore,

address a full BK bytes In its memory space. The R6504 provides only one
interrupt request input, IRQ; the R6507 provides a RDY input instead of IRQ.
The non-maskable interrupt (NMl) is not included in the pinouts of this device.

The R6503 and R6505 provide one less address line. In the R65013 the
missing address line is replaced with a second interrupt input, NMI, and in
the R6505 it 1is replaced by the RDY signal. All other functions on these

processors are the same. The details of each of the pins are discussed in

the following sections.

The operation of the various busses, control signals, etc. is identical

on all R650X products, with all processors obeying the system specitications

discussed in Section 1.2.2.

The R6513 is the slave {(clocks driven in) version of the R6503, the
R6514 is the slave version of the R6504, and the R6515 1is the slave version

of the R6505.

1.2.2 PBus Structure

The R6500 microcomputer system {3 organized around two primary bdbusses.
Each bus consists of a ser of parallel paths which can be used to transafer
binary information between the devices in a system. The first bus, known as
the ADDRESS BUS, 1is used to transfer the address generated by the processor

to the address inputs of the memory and peripheral interface devices. The

processor is the only source of addresses in a normal system, so this bus is
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referred to as “unidirectional.” The address bus consists of 16 lines on the
R6502 and R6512, allowing those processors to access (READ or WRITE) up to

a total of 65,636 memory words, registers, etc. In the R650] through R6507
and R6512 through R6515 the address bus contains fewer lines; therefore, they
operate with a smaller "address space.” This is discussed in detail in
Section 1.1.3.

The data bus in the R6500 microcomputer system consists of an 8-bit
bidirectional data path. These lines transfer data from the processor to
the selected memory word, etc. during a WRITE operation and from memory
inta the processcr during a READ coperation. All data and all instructions
are transmitted on the data bus.

The direction of the data transfers is controlled by the READ/WRITE
(R/W) line on the processor. This line performs the Write Enable function
described in Section l.l1.4. As long as the R/W line is high (> 2.4V DC),
all data transfers will take place from memory to the processor (READ opera-
tion). This line will go low only when the processor is going to WRITE
data out to memory.

As in most microcomputer systems, thé timing of all data transfers
is controllied by the system clock. The clock itself is actually two
non-overlapping square waves. This two-phase clock system can best be
thought of as two alternating positive-going pulses. This text will refer
to the clocks as "Phase 1" and “Phase 2." A '"Phase 1" clock pulse is the
positive pulse during which the address lines change, and a "Phase 2"
clock pulse is the positive pulse during which the data 1s transferred.

The timing of the signals on the Address Bus, Data Bus, and R/W line 1s
shown in Figures 1-4 through 1-7. All signal transitions are specified
with respect to the Phagse 1 and Phase 2 clock signals. In particular, the
sddress lines and the R/W line will stabilize during Phase 1, and all

data transfers will take place during Phase 2.

The specific timing specifications for operating at a 1l-MHz clock
rate are also given in Figure 1-4. Note that the sequence of operations
will be the same for all processors. However, these timing specifications

will change for devices which are specified to operate faster than 1.0 MHz.
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The address is guaranteed to be stable 300 ns after the leading edge of
Phase 1, and the data must be stable 100 ns before the trailing edge of
Phase 2. At 1.0-MHz operation, this allows the memory devices approximately
575 ns to make data avallable on the data bus. Although there are many
factors which determine the actual data and address generated within the
system, it is important to keep in mind that the basic operation shown in
Figures 1-5, 1-6 and 1-7 does not change. These figures specify the system

bus discipline which applies to all R6500 processors and support chips.

1.2.3 Interrupt Structure

Through the generation of processor interrupt signals, the peri-
pheral devices (printers, keyboards, etc.) can request service from the
processor. Although this technique (s relatively simple in concept, the
proper generation and control of interrupts is one of the wmost important
problems which the designer will face. Total system capability can be
greatly expanded if the processor 1s required to execute the peripheral
goftware only when it is absolutely necessary. This is the goal of a well-
planned interrupt structure. The interrupt structure is very much a sys-
tems sophistication problem since the entire system which must pro-
perly respond to the interrupt inputs. In fact, the actual signals to
which the system must respond are usually applied to the inputs of a peri-
pheral interface device. In this device, the‘interrupts are enabled, dis-
abled and latched until the interrupt is processed. The peripheral inter-
face device generates signals which meet the requirements of the processor
interrupt inputs.

S

There are two interrupt input lines to the microprocessor, IRQ

(Interrupt Request) and NMI {(Non-Maskable Interrupt).

Since the requirements of the two interrupt inputs differ, they will
be discussed separately below. The response of the processor to these in-

puts is very similar, however, after the interrupt is recognized. For this
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reason, the internal operation of the processor during interrupt servicing
is discussed in the detafiled analysis of the processor chip. The present
section of the manual concentrates on the system-level considerations which

are required to assure proper operation of the interrupt structure.

APPLICATIONS FOR INTERRUPTS

One of the most important tasks facing the microcomputer system
designer is the determination of those signals which will cause processor
interrupts and those operations which will take place in response to the
interrupts. A detailed discussion of these considerations is included in
Section 3 of the manual; however, a few examples of Interrupt-driven opera-
tiona will be presented here to help the designer develop an understanding

for why this technique is used extenaively in microcomputer systems.

Example I —- A Fully-Decoded Keyboard
The problem of data entry is solved in many systems by a keyboard.

In small systems, the interpretation of the binary code assoclated with
each key can be determined by the processor. However, in large data ter-
minals, the keyboard usually includes an encoder which generates the unique
code corresponding to each key. When a key is closed, the corresponding
code 13 placed on the output pins and a strobe signal is generated to indi-
cate that a key has been pressed.

The keyboard represents a perfect candidate for interrupt-
driven operation. The interrupts occur relatively iInfrequently and the
operation to be performed 1s relatively simple. The keyboard strobe line
is connected directly to an interrupt Input on a peripheral interface de-
vice, Each time a strobe signal is generated, an interrupt occurs, the
processor reads the data on the peripheral port into memory, analyzes these
data, and then returns to the program that was in process. If no keys are
pressed, the processor spends no time at all in servicing the keyboard.

Without the interrupts, the processor would have to read the
keyboard data into memory periodically in order to detect an active key.
This operation would be performed about every 50 to 1U0 ms, In addition
to detecting an active key, the processor must make sure that each separate

activation of a key Is detected once and only once. (This i1s discussed

later in this section.} This software 1is much more complex than the

1-18



simple interrupt routine. Another drawback of non-interrupt processing is
that the processor 1is required to spend a periodic portion of its time on the
keyboard. In many systems, this is not a problem, but in large terminals,
etc., the time spent checking for keyboard strobes could be better spent 1in
other operations. The designer must, therefore, ask himself if the system
under development {s such that the processor can perform the keyboard strobe

checking function while still completing its other tasks.

Example 2 -~ A Scanned Display

Although time is a major factor in determining the necessity of
interrupts, the interrupt technique can also be extremely useful when per-
forming parallel operations. A prime example of this can be found in a
system which contains a digital display and/or printer.

A digital display is usually “scanned” in such a way that each
digit is driven for a short period of time in sequence. The entire display
18 scanned at a rate faster than the eye can detect. However, it should be
noted here that the display requires scan-related attention from the pro-
cessor at fixed intervals. 1t is very difficult for the processor to cal-
culate repetitive time intervals while it is performing its normal system
program routines. The processor would much prefer to run the system pro-
gram without consideration for the display time intervals -- only executing
the display software only when it is required.

A solution to the above problem is the generation of proceasor
interrupts at fixed intervals, employing an external counter or clock. Each
time an interrupt occurs, the data for the next digit in the display are
placed on an output port. The processor then returns to the program it
had been executing.

Both of the operations described above represent solutions to
system problems, Events which happen very infrequentliy, and events which
must be performed in parallel with other events or in parallel with the
main system program, should be seriously considered as candidates for inter- .
rupts. Additional considerations are described in bSection 3 of this manual;
however, it is important to note here that the typical system may have
several sources of interrupts, each with its own timing and each with its

own set of operations which must be performed in response to the interrupts.
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INTERRUPT PRIORITIZING

After a careful analysis of the total system and a determination
of all the sources of interrupts, the designer oust ask himself, "What hap-
pens if more than one interrupt source requires attention at one time?"” A
priority level must be established between the various interrupt sources.

Which ones must be taken care of within a very short period? Which ones
can be put off for a while? This prioritizing and the <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>