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ABSTRACT

A microprocessor-based system design course at the chip level

is needed to complement a presently available microcomputer interface

course based on the TM 990/U89 microcomputer board. Projects in the

microprocessor-based system are needed for the course. Using the

TI 990/12 model 20 minicomputer facility and the AMPL (Advanced Micro

processor Prototype Laboratory) development system, six design

projects are implemented and recommended for the course. Twd of

these projects are designed to familiarize the students with the AMPL

development system. Each of the other four are microprocessor-ba sed

system projects that can be completed in a quarter's time. One of the

microprocessor-based system projects is used as an example in the

thesis to illustrate the design procedures using the AMPL development

These six projects should provide an interesting laboratorysystem.

for the microprocessor-based system design course.
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CHAPTER I

INTRODUCTION

The microprocessor is a relatively new digital device which has

revolutionized modern digital system design techniques,

introduction of the first 4-bit microprocessor, the 4004, by the Intel

Since the

Corporation thirteen years ago, hundreds of varieties of micro

processors have appeared on the market ranging from 4-bits to 32-bits.

The reasons for the rapid development are based in miniaturization

Since microprocessors are miniature computer

CPUs, they have made computer technology available in many different

Some of the applications included point of

and simplicity of usage.

areas of applications,

sale terminals, traffic controllers, intelligent terminals, and auto-

No math or physics background is

Design concepts are relatively

mobile fuel injection controllers.

required to use microprocessors,

simple and can be learned easily by hobbyists and engineers alike, in

Indeed the microprocessors have arrived likeall fields of endeavor.

a tidal wave and changed the lives of many as one microprocessor

educator has described [1].

To keep pace with this rapidly expanding field, an advanced

microprocessor-based system design course at UTK is required. Thi s

course will be a continuation of a presently taught microcomputer

The aim of this thesis is to examine the trend of microcourse.

processor education, to develop hands-on microprocessor-based system

design projects and to investigate how an AMPL development system can

1
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The goal of this coursebe used by the students in their projects,

is to teach students microprocessor-based system design at the chip

This skill will increase theirlevel using an in-circuit emulator,

technical confidence and will enable them to design digital systems

using the microprocessors like any other ICs with which they are

familiar.



CHAPTER II

MICROPROCESSOR EDUCATION

Microprocessor Education in U. S.

The educational demand caused by the rapid development in the

microprocessor is carried out in direct and indirect approaches,

indirect approach educates the general public through product

The direct approach, teaching

through lectures and laboratories, is carried out by three main

schools, industry, and hobbyist organizations.

An

advertisement and product usage.

educational groups:

Because of the low price of today's personal computers, hobbyist

organizations are proliferating in the country,

provide substantial microprocessor education through exchange of

These organizations

information between hobbyists as well as providing basic microprocessor

Most of these are oriented towardcourses to a variety of age groups.

A large number of these hobbyist

are high school students who will eventually continue their interests

in microcomputers when they enter colleges.

high-level programming languages.

The development of these

hobbyist organizations and the courses that they offer is in its

infancy.

sophistication.

In the near future these courses will increase in number and

They will become one of the fundamental microprocessor

educational tools for both the general public and the young computer

scientists [1].

Another major driving force behind the microprocessor education

is that of industry which realizes that many future products will be

3



4

Two major strategies are employed by industriesmicroprocessor-based.

to carry out the educational objectives,

house learning center as employed by Texas Instruments,

approach, the industry develops its own books, laboratories, video-

One of them is through an in-

In this

The other educational strategy is totapes, and course lay-out.

develop its own course and hire consultants to teach the course.

In either strategy, industry aims itsIntel employs this strategy,

microprocessor education at working engineers and the courses deal

only with its own microprocessor-based products [1].

Finally, a majority of microprocessor education is carried

Initially, the microprocessorout in colleges and universities,

courses were taught in graduate classes in electrical engineering

Hands-on laboratories were few because microprocessor-departments .

As microprocessor development rapidlybased systems were expensive,

progressed and the products became cheaper, the universities began

to incorporate microprocessor courses in the undergraduate curriculum.

Some electrical engineering departments simply added the courses to

Others required the courses of all students.the list of electives.

while others required the courses of students in the computer options

only. Still others modified existing classes in digital logic to

incorporate microprocessor education.

In 1977 a survey showed most of the courses offered were still

at the introductory level. A single microprocessor was taught in most

electrical engineering departments. The most widely used processor

was the 8080, followed by the 6800 and the 6502. Software and hardware
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Hands-on laboratory experiences were widelywere equally emphasized.

Most of the projects for the courses were inspired bypracticed.

Availability of microprocessor systems to theindustrial problems.

Each year the number of studentsstudents increased at a rapid rate.

taking the courses increased at a rate of 40% to 80%. Nevertheless,

few universities had timesharing facilities for students to edit and

assemble programs [2].

A survey three years later shows that over 95% of all electrical

engineering departments, approximately 250 of them, offered micro

processor courses. Among the departments that offered microprocessor

courses only about 3% lacked a hands-on laboratory. However, all of

these departments expected to offer laboratory experiences in the near

future. Eighty-five percent of the departments indicated that a

majority of their students had a working knowledge of microprocessors.

On the average, two courses had significant content on the subject of

Each department offered an average of 50.4 fifty-microprocessors .

minute lectures and 17.4 three-hour laboratory sessions. Approximately

50% of all the departments were expected to increase either under

graduate or graduate microprocessor lecture and laboratory hours [3].

Future of Microprocessor Education

Even though much change has occurred in the past few years in

microprocessor education, the changes are expected to continue in the

future at a slower rate. One of these changes may be courses in

various aspects of microprocessor-based system and interface design.

Another change may be better microprocessor development systems
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Courses in microprocessor-available to colleges and universities,

based system design at the component level will become more common.

As the microprocessor industry reaches maturity, the courses and the

The support from industry will be

prevalent among all colleges and universities [3].

Another major change that is expected as the density of the

integrated circuit reaches limits is the shift toward multiprocessor

textbooks will be standardized.

Courses in this area must be developed. Many colleges anddesign.

universities already have included the topic of multiprocessor sys-

However, few have a hands-onterns in their microprocessor courses.

Hands-on experi-laboratory in the design of multiprocessor systems.

ence in this area will increase as the multiprocessor-based system

design technique reaches maturity and the development system can be

purchased at a reasonable price.

Regardless of the future development in microprocessor, industry

support will remain critical to the success of microprocessor educa-

Industries must remember that colleges and universities are

providing the foundation for the microprocessor engineers and

tion.

scientists of the future.



CHAPTER III

CURRENT MICROPROCESSOR EDUCATION AT UTK

Microcomputer Facility at UTK

The microprocessor course at UTK is organized around the use

Only one logic design course in combinationalof microcomputer board.

and sequential circuits is a prerequisite to the microprocessor course.

This course has used several different microcomputers. Initially the

6502 microcomputer board was used. There were only 4 units available

in the laboratory for students to perform their assigned projects.

Later the Motorola 6800 microcomputer board was used. The number of

the microcomputer boards was also limited, so that the students had

to do all their projects in the laboratory.

In the summer of 1981 Texas Instruments made a generous

donation of 20 TMS 990/U89 microcomputer boards to UTK. With this

large number of microcomputer boards available, students are able to

check-out the microcomputer boards at the beginning of each quarter

and return them at the end of the quarter,

have immediate hands-on experience with the microcomputer to experi-

This allows students to

ment with what they have learned in the class lecture as well as

providing a more flexible work schedule.

In addition to these microcomputer boards, a central time

sharing facility based around the TI990/12 Model 20 minicomputer

The minicomputer which supports multi-user and

multi-task operations has 512-kilobytes of main memory and two disk

became available.

7
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Eleven video display terminals, adrives each with 80-megabyte.

150 cps printer, and a 300 1ines-per-minute printer provide the I/O

interface to the students for program development. An AMPL develop

ment system with in-circuit emulation capability supports

microprocessor-based system development. In addition the AMPL allows

an assembled program to be loaded into a cassette for loading into

the students' microcomputer boards. The detailed instructions on the

use of the time-sharing facility are not covered in the lecture, but

they are contained in three tutorials handed out in the class. Other

tutorials on high-level language program development and the AMPL are

available in the system for printout if the students are interested.

The laboratory instructor is given the responsibility of operating

and helping students in using the facility as well as checking-off

completed projects.

The central time-sharing facility has greatly enhanced the

productivity of the students. The students no longer need to waste

time assembling their programs by hand or by using the assembler on

the kit. More time can be spent on learning to write and debug an

assembly language program. Program debugging is accomplished through

the monitor program in the kit. Some of the debugging features and

techniques are setting breakpoints, examining and modifying memory

and registers, single stepping, and direct reading and writing to

the computer I/O ports. When students have encountered difficulties

in debugging their programs, the laboratory assistant can help them

locate the problem by using the AMPL development system. This allows
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the students to compare the debugging features of the kit and the AMPL.

The AMPL development system is not fully utilized in the first course,

but will be utilized extensively in the next microprocessor course.

Microprocessor Course Description

The present microprocessor course is project-oriented,

of ten projects are available for the course, five of which are chosen

A total

These five projects representby the instructor for implementation.

85% of the total grade. The flow charts and strategy of implementation

of the other five projects are required but not the physical implemen

tation. Depending upon the instructor, quizzes may or may not be

More sophisticated aspects of the course such as interfacinggiven.

A/Ds, D/As, and USART that are not covered in the projects are given

Homework, quizzes, and flow charts organized into anas homework.

engineering notebook represent the other 15% of the course grade.

The course is offered as both the undergraduate and graduate

levels. The undergraduate course meets two times a week for 10

weeks a quarter. Each class session is 75 minutes. The graduate

course meets one time each week for 2.5 hours. A typical undergraduate

microprocessor course schedule is shown in Table 3.1. On the first

day of the class, the course schedule, project specifications, home

work assignments, and course grading policy are handed out.

are assigned early so that students have time to think ahead on

Projects

choosing and developing algorithms.

Projects chosen for the course vary from one quarter to another.

Only five typical projects will be discussed. A typical first project
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Microprocessor course schedule at DTK.Table 3.1.

Session

Activity CommentNo. Date

6/16/R Introduction to Course1

2 6/21/T Programming Model, Instruction
Set, Addressing Modes

3 6/23/R Memory Map, I/O Initialization
Switch to LED Example

4 6/28/T Programming Examples Software
Delays, Debouncing Switches

5 6/30/R Interfacing Loudspeaker Example

6 7/5/T Interrupts Context Switching

7 7/7/R Linear Address Selection

8 7/12/T Software Subroutines Project 11

9 7/14/R SMA

10 7/19/T Priority Interrupt Encoding Project

11 7/21/R Homework

12 7/26/T Homework Project

13 7/28/R Peripheral Support Devices

14 8/2/T Microprocessor-based System
Development

15 8/4/R Editing on a Development System

16 8/9/T Debugging on a Development System Project

17 8/11/R Real-Time Applications

18 8/16/T Signature Analysis

19/20 8/18/R Survey of Other Microprocessors Project

Engineering
Notebook
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is binary to BCD conversion, which is designed to familiarize the

students with assembly language, I/O programming techniques, and the

Eight toggle switches representinguse of an on-board display unit,

an 8-bit binary number is input and converted into BCD. Both the HEX

and BCD conversions are displayed on the computer board.

A second project is typically a combinational and sequential

This project reinforces the skills acquired in the

A combinational and a sequential circuit designed and

circuit tester.

first project.

Combi nationalconstructed in a previous logic design class are used.

logic such as signed-magnitude to two's complement is tested by the

Outputs from the circuit are compared in a table tomicrocomputer.

the expected values. If any output from the circuit is incorrect.

A sequential circuitthe microcomputer displays BAD, otherwise GOOD.

such as an octal up-down counter is tested in a similar manner.

A third project is the stopwatch which teaches the use of the

on-board interval timer and the interrupt handling procedures of the

microcomputer. Two push buttons are required, one for start and stop

and the other for freeze and reset. In this project the students

also learn push button debouncing techniques.

The fourth project is a musical one.

the students are asked to play a musical scale as well as a song of

Using the microcomputer

their choice. The tempo of the song should be easily changed. The

specification also requires that provision be made to enter another

composition easily during the project check-off.

interface circuit for the external speaker is required.

In addition an

Both the
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This is a funinterval timer and the software approach are allowed.

project. Being able to program a microcomputer to play a song gives

the student a feeling of accomplishment.

The fifth project, a ping-pong game, is a great challenge.

Only a few students usually complete all aspects of the project.

Several external devices must be interfaced to the microcomputer.

These devices include 8 LEDs to indicate the position of the ball,

two push buttons as paddles for two players, four rocker switches

for speed setting and an external speaker for fanfare and a winning

song for each player. Constant display of the score on the computer

board is required. Being able to coordinate all these activities

in a program is a complex task. Using software and hardware trade

off design techniques, the complexity of the software can be greatly

reduced if an external clock and a counter are used to advance the

ball. Overall this project serves nicely to conclude a first course

in the design of microprocessor-based systems.



CHAPTER IV

AMPL DEVELOPMENT LABORATORY

Development System Concept

For a few years after microprocessors appeared on the market,

microprocessor-based system engineers had only a few crude sets of

These tools included oscillo-tools for developing their system.

scopes, digital probes, voltmeters, logic-timing analyzers, logic-

Because these tools providedstate analyzers, and software simulators,

an inadequate means for controlling and monitoring the activities of

a microprocessor-based system, microprocessor system design was a long.

At that time a logic analyzer wastedious, and complicated process,

the only tool capable of capturing a long string of logic states from

a system under test.

Then the microprocessor analyzer appeared on the market,

analyzer was functionally the same as a logic analyzer except that it

had the added capability of displaying captured data in mnemonic form

so that the data could be easily interpreted by a designer,

capability alleviated the tedious aspect of design work,

the microprocessor analyzer was still a passive debugging device lack

ing the capability to provide a needed stimulus and control for a

microprocessor-based system [6,7].

and hardware development was difficult not to mention the almost

impossible task of software/hardware integration.

This

This

However,

With only these tools, software

13



14

About eight years ago, the concept of in-circuit emulation was

This concept as shown in Figure 4.1 involves replacingconceived.

the microprocessor in the system under development, i.e., the proto

type system or target system, with a mimic of the microprocessor that

can be easily controlled externally [8].

and monitoring capability of the microprocessor-based system.

An emulator can be implemented by random logic or a

This provided total control

The ideal emulator is pin-to-microprocessor-substituting approach.

pin and functionally compatible to that of the substituted micro-

Because of this, the random logic approach is more diffi-processor.

cult to achieve [9]. The other approach is to replace the prototype

microprocessor with the same microprocessor that has control logic

built around it. The control logic provides an external means for

single stepping, setting breakpoints, memory and register examina

tion and modification, etc.

In addition, an emulator provides program tracing capability.

Emulators are often hardwired to trace the address bus, data bus, and

certain memory and I/O control lines of the microprocessor. Hardwired

tracing eliminates the need to set up test points, a process which is

tedious and prone to errors. However, hardwired tracing has the dis

advantage of not being able to monitor test points other than those

mentioned above. Therefore a logic analyzer is still an indispensable

piece of equipment in a microprocessor development laboratory. Some

manufacturers realize this and integrate logic analyzers into their

emulators as a complete development system package. The AMPL
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development system offered by the Texas Instrument Corporation

provides such an integrated logic analyzer, to be discussed later.

In addition to microprocessor substitution, an emulator often

provides other resource substitutions such as memory, I/O ports, and

This is also shown in Figure 4.1, Resource sub-a system clock,

stitutions provide several functions to enhance the development

For the first time, microprocessor-based system design doesprocess.

not need to begin with memory and I/O design based on estimates,

which often require modifications during the design process.

The substitute memory on the emulator can be used as though it

To simulate the final memory con-resides in the prototype system.

figuration, the user can designate certain segments of the emulator

memory to be write-protected in order to simulate ROM, while leaving

This memory-mapping capability greatly

reduces program modification time as compared to the old design

other segments as RAM.

method where a program resides in the EPROM of the prototype system

Clock substitution allows a designer toduring a debugging process,

select the emulator clock for use by the prototype hardware,

allows system clock design to be carried out concurrently with other

This

prototype hardware design, which reduces the development time. I/O

substitution provides similar advantages. The user can easily add

or modify I/O ports during a development process,

then be postponed until the final design stage [10].

I/O design can

Resource substitution also provides a unique method for

isolating faults. Since substitute resources are known to work
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properly, any fault which occurs can be assumed to come from software

When faults areor hardware outside these substitute resources.

corrected, prototype hardware replaces substitute resources. If any

fault occurs after the switch, then the fault is isolated to the

replaced prototype hardware. This fault isolation technique simpli

fies the debugging task.

The emulator, substitute resources, and trace module constitute

three of five essential components of a complete development system.

Two other essential components are the program development and EPROM

The program development facility is made up

of a file management utility, a text editor, an assembler, a compiler.

These program development tools are the "work

Therefore their capabilities

programming facilities.

a linker, and a loader.

horses" behind every development project,

and adaptability are essential for a smooth and efficient development

process.

Since the program development tools are often available through

existing minicomputer and microcomputer systems, an emulator is often

integrated into an existing computer as a peripheral device,

user is interfaced to an emulator through the existing operating

The

system and I/O devices such as video displays and TTY terminals,

type of development laboratory is very economical, because the exist-

This

ing facility is better utilized and less additional training is

required. In addition, a laboratory of this type is usually more

flexible because two separate processors are utilized,

processor has the role of managing mass storage devices (such as disks

The host
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and tapes), controlling video display terminals, and setting up the

The emulator processor's sole task is to mimic the proto

type microprocessor as directed by the user through the host

This dedicated function allows real-time emulation.

emulator.

processor.

A microprocessor development laboratory may be classified into

a universal or a dedicated development laboratory, according to the

expandability of the system to other microprocessor families. A

universal development laboratory can support various microprocessors

of different manufacturers by simply exchanging one emulator for

A universal developmentanother with the proper microprocessor in it.

laboratory is often designed to support multi-users. This means that

several microprocessor products can be developed concurrently by

adding more emulator work stations to the host system. Another

advantage of a universal development laboratory is that it will not

become obsolete when new microprocessors are introduced into the

market.

On the other hand, a dedicated development laboratory can only

support one microprocessor or one family of microprocessors. A

dedicated development laboratory may or may not support multi-users.

Initially a universal development laboratory costs more than a dedi

cated development laboratory, but on a per station basis a universal

development laboratory is a better choice for a long term product

development effort [11].

The last essential tool for a complete microprocessor

development laboratory is a EPROM programmer. Memory substitution
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eliminates the need of a EPROM programmer until the completion of a

project, at which time the debugged application program object code

is loaded into the EPROM programmer through I/O interfaces.

EPROM programmer then programs the object code into EPROM devices.

After the EPROM devices are installed in the prototype system, the

emulator can be disconnected from the prototype hardware for stand-

The EPROM programmer also serves as a tool for

The

alone operation,

program modification after the project is completed.

AMPL Development Laboratory Hardware Configuration

The AMPL development laboratory to be used in the

microprocessor-based system design course is a dedicated multi-user

minicomputer-based development system. Figure 4.2 provides an over

view of the AMPL development laboratory hardware configuration. The

development laboratory is composed of the five major hardware com

ponents discussed earlier: A time-sharing host system, an emulator

module, a trace module, substitute memory, and a EPROM programmer.

These five functional components are integrated to provide an

extremely flexible and easy to use development system. The emulator

board, memory expansion board, trace module, and EPROM programmer

each plug into a standard CRU slot of the host TI 990 computer. The

AMPL supports multi-development stations so that several different

microprocessor-based systems can be developed concurrently. For each

additional station, an emulator and a buffer board are required. A

memory expansion board and trace module are optional.
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The AMPL supports two types of emulator boards, the 9900/9980

and the 9940. The 9900/9980 emulator board contains trace and break

point logic as well as 8K bytes of substitute memory. An optional

board of 56K bytes of memory expansion is available to increase the

substitute memory capacity to 64K bytes. The emulator board also

has a 256 word by 20-bit wide trace buffer. The trace buffer on the

emulator board is hardwired to trace the address bus and some memory

control lines of the emulator processor for monitoring memory activi

ties such as memory read, memory write, and instruction acquisition

of the processor.

The 9900/9980 emulator board supports development of the

TMS 9900, TMS 9900-40,following microprocessor-based systems;

In order to develop each micro-TMS 9980A, TMS 9981, and SBP 9900A.

Each buffer boardprocessor type a unique buffer board is required,

contains a microprocessor that is to be emulated and buffer circuits

for the microprocessor, as well as a substitute clock,

board provides the address bus, the data bus and control lines to the

emulator board through two flat ribbon cables. A target connector

The buffer

from the buffer board connects directly into a prototype system for

in-circuit emulation.

A 256 word by 20-bit wide of trace buffer is also available on

When the trace module is in stand-alone mode, itthe trace module.

functions like a logic analyzer with twenty data channels which can

be connected to various TTL test points on the prototype hardware

However, the tracethrough the data probes shown in Figure 4.2.
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module may also be hardwired to the emulator module in order to trace

the data bus and to control the processor activities,

can be connected through the control and data cable shown in

The two modules

A control cable allows the two modules to operate syn-Figure 4.2.

chronously. When the data cable is connected between the two modules.

the trace module is hardwired to trace the activities of the data bus.

If connected differently, the data probes can provide selective

monitoring of up to 20 TTL test points on the prototype hardware in

synchronization with the emulator module. There are six different

operational modes for the two modules, which will be discussed later

[13].

AMPL Development Laboratory Command Structure

A microprocessor development effort is generally separated

into two categories, program development and software and hardware

Program development is carried out in the system command

mode, while software and hardware testing is implemented in the AMPL

testing.

command mode. The AMPL supports multi-user operations in both modes.

In the system command mode the program development commands

manage and control the devices that are grouped as the host time

sharing facility in Figure 4.2.

four groups, as shown in Figure 4.3(A).

composed of file management commands.

These commands are classified into

The first command group is

They allow an operator to

create, delete, and list directories, and to create, delete, append,

show, and print files [14]. The second group of commands provide

an operator a means to create and modify programs stored on a disk.
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The third command group is composed of the assembler and linker

An assembler assembles a source program and produces ancommands.

The object file, which contains onlyobject file and a list file.

machine code, can later be loaded into the emulator for debugging

The list file contains both the source program and theand testing.

Linker commands allow a largedeassembled machine code and addresses.

program to be divided into modules and assembled separately. After

each module is separately tested, they can be linked together into

This feature allows the modular approach to soft-one large program,

ware design which is absolutely essential for a large development

effort.

The final command group is composed of the EPROM utility

These commands are not used until the final phase of a

During this time the working version of the applica-

commands.

design process.

tion object file is programmed into the EPROM devices and placed into

the prototype system for the final verification. Some EPROM pro-

READ, SHOW, CHNG, PROG, and VRFY [17].grammer commands are:

The AMPL command mode is entered from system command mode by

the AMPLDX command. In this mode there are three general classes of

commands as shown in Figure 4.3(B).

the host system utility commands,

cation link between the two sets of hardware, the host time-sharing

facility, and the development system hardware, as shown in Figure 4.2.

An assembled object file is loaded into the target memory through

The target memory here refers to either the

The first class of commands are

These commands serve as a communi-

the command, LOAD.
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emulator memory, prototype memory, or both, depending on how the user

configures it.

A comparison between the target memory content and an object

file on a disk is done by the VRFY command. This command is useful

at the end of a debugging session,

that is done during debugging can be displayed at the user's terminal

Any modification and patching

by the VRFY command. The displayed differences or any display on the

user's terminal while in the AMPL command mode can be duplicated to

a user designated file on a disk or to an output device such as a

printer by using the utility command, LIST. This uti1ity command is

extremely useful when a hard copy of a traced program is desired or

when a large amount of program modification is done during a debugging

session.

Before exiting the AMPL command mode any segment of the target

memory can be saved for later use in a file on the disk using the DUMP

The memory content saved using the DUMP command is in an

object file form and can be reloaded into the target memory using the

command.

LOAD command. There are several other input/output utility commands

such as OPEN, CLSE, DPLY, REW, etc that allow the user to open,

close, or direct the AMPL output to a device or file,

utility command, EXIT, allows a user to leave the AMPL command mode

and to return to the system command mode [13,18,19].

The second group of commands in the AMPL command mode is the

primitive AMPL commands shown in Figure 4.3(B).

called primitive commands because they are the lowest level commands

• i

Finally, the

These commands are
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They provide direct control statements forin the AMPL command mode.

In addition, a set of expression-the emulator and the trace modules.

evaluation commands are also included for use in data reduction and

All these primitive AMPL commands can be used interactivelyanalysis.

A user-defined command isor as statements in a user-defined command.

a higher level of command which is written in the AMPL programming

Both user-defined commands and the AMPL programminglanguage.

language will be discussed later.

AMPL has a very rich set of arithmetic and logical expression

Three types of symbols and variables are valid for

They are system variables, user-defined

evaluations.

expression-eval uations.

variables, and load module symbols. System variables will be dis

cussed later. Load module symbols are symbols loaded into the AMPL

The word "symbol" will refer to all threeusing the LOAD command.

types of symbols from now on.

Only integer values are allowed in an expression. Output of

an expression can be in the following display formats: binary, octal.

decimal, hexadecimal, or ASCII. Variable arrays of one or two dimen

sions are also available. Some examples of interactive expression

evaluations are shown in Figure 4.4.

assembling are also provided.

One-line assembling and dis-

The next group of primitive commands is composed of memory

display and modification commands. These primitive commands provide

the user an easy access to the target memory whenever the emulation is

halted. Display and modification of the target memory can be done one
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Expressions Comments

? 10+4/2*3-4: DH
12 >000C

? A=12; B=3

..Display in decimal and hex

..User-defined variables

? A OR B: B50

<01111 1000017

? "AB"

>4142

? ARRAY DATA(2,256)

..in 5 binary digits and octal

..ASCII evaluation

..Define & initialize array to 0

..Set element(1,50) to >FF? DATAd ,50)=>FF

? #M0V R0,R1#
>C040

? >C040: I

MOV R0,R1

..One-line assembling & disassembling

.."I" stands for instruction

Figure 4.4. Interactive expression evaluation.

?" is the AMPL prompt mark.
.." is a comment mark.

>" is hex.

is binary.
"!" is octal,

means display in.

II <^ll
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location at a time or as a sequence of locations while in display/

Symbols can be used to specify memory locations. Themodify mode,

target memory content can be displayed or entered in all display

formats in addition to a mnemonic instruction format with or without

symbolic arguments. Some of the target memory display and modify

capabilities are shown in Figure 4.5.

The AMPL also provides simple display and modify commands for

a program counter (PC), a workspace pointer (WP), a status register

All display formats mentioned above apply(ST), and registers (Rn).

here [13,18,19].

Status Display and Modify Comments

? PC=>300; @PC
>02E0

? ST; WP; RO
ST = >C200 WP = >0100 RO

. . Set PC and display content of >300

. . Display ST, WP, RO
= >0100

Direct interaction between the operator and the emulator and

trace module is provided through the primitive commands of the two

modules shown in Figure 4.3(B).

module can be classified into three groups:

The primitive commands for each

setup, execution, and

These primitive commands take the form of function

A list of these primitive commands

interrogation.

calls with keyword parameters,

and their syntax is included in Appendix A.

The host processor receives primitive commands for the emulator

From the parameters of theand the trace modules from the operator.

setup primitive commands the host processor programs the hardware on

the emulator and the trace module as though they were peripheral

After the emulator and the trace modules are set up, thedevices.
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Memory Display and Modify Comments

? @>500=#CLR R12#

? @>500: I

CLR R12

..Modify a memory location

..Display a memory location

..Modify a sequence of locations

..While in display/modify mode
? #DEC R2#

?

? >334?:HJ

>0334 / >04C5 CLR R5

>0334 / >0602 DEC

>0336 / >0201 LI

R2

R1,>0500 ? #JNE MUSIC. DELAY#

>0336 / >16FE JNE
>0338 / >0202 LI

MUSIC. DELAY

R2,>0600 ? •

? . is a terminator

..Display a range of locations? >334 TO >336?:HI

>0334 / >0602 DEC

>0336 / >16FE JNE

R2

MAIN. DELAY

Figure 4.5. Memory display and modify.

@" means content of.
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operator can start running two modules using execution primitive

These primitive commands allow the operator to stop or

At any time the operator can interrogate the

commands.

start the two modules.

running status of the two modules through the host processor by the

interrogation commands. Traced data are also displayed using the

interrogation primitive commands.

There are four primitive setup commands for the emulator

module and its memory. These are EINT, MMAP, ETRC, and EBRK. An

emulator module must be initialized by EINT primitive command before

it can be accessed for use. An EINT command has three parameters.

The first parameter specifies the name of the emulator module to be

initialized and the second parameter specifies the emulator or the

prototype clock that is to be used for the emulation. Emulation

means running the emulator processor. The third parameter allows the

operator to initialize the emulator and the trace module simultaneously.

The trace module also has its own initialization command, TINT,

ever the effect of initializing the two modules separately using EINT

and TINT is different from initializing the two modules together using

The effects of the initialization process on the operation of

How-

EINT.

the two modules will be discussed in greater detail in the next

chapter,

once, unless a different operation mode is desired.

In any case, the initialization process is to be done only

An example of

the EINT command for initializing both modules using the emulator

clock is:

? EINT("EM01M,'TMOl')
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The next emulator primitive command, MMAP, selects whether the

prototype or the emulator memory is to be used as the target memory.

A 128-byte block is the increment of the memory mapping,

lator memory can be designated as write-protected using this command.

The emu-

This specifies that the substituted memory is to emulate ROM. Below

is an example of MMAP that specifies that the emulator memory ranging

from >400 to >7FE is to be mapped into the target memory with write

protection:

? MMAP("W",>400,>7FE)

Two emulator primitive commands, ETRC and EBRK, set up trace

conditions and breakpoints,

memory access type and memory range.

A trace condition is based on specified

Two types of breakpoints are

available: the trace completion breakpoint and the address break-

point. The syntax for ETRC and EBRK primitive commands is shown in

Appendix A. A detailed discussion of these commands is included in

the next chapter.

Two primitive execution commands, ERUN and EHLT, for starting

and stopping the emulation, respectively,

for either primitive command.

No parameter is required

? ERUN

? EHLT

EHLT = 0000

. .Emulator halted

..Emulator's status code returned

Primitive interrogation commands for the emulator consist of

five system variables. The values of these variables can be examined
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One of these variables indicates the statusbut cannot be changed,

of the emulator (syntax is in Appendix A);

.,3 indicates emulator processor

. .is running idle

? EST

EST = >0003

Four other system variables are associated with the emulator

These variables are used for accessing the contents oftrace buffer.

the trace buffer. The oldest sample traced during the last trace

operation is pointed to by the variable ETBO, while the most recent is

pointed to by the variable ETBN. Any integer between the values

assigned to the ETBO and ETBN variables at the end of a trace

operation can be used as an index to access the contents of the trace

buffer. This index value is the parameter for the remaining two

The emulator trace buffer can be thought as

ETBH(N) contains the

most significant 4 bits of each traced datum while ETB(N) contains the

variables, ETBH and ETB.

consisting of two arrays, ETBH(N) and ETB(N).

least significant 16 bits of each traced datum. Since the emulator

is hardwired to trace the address bus and some memory control lines,

ETB{N) contains the traced address while ETBH(N) contains the bus

status during the trace operation. The command shown below displays

the oldest and the newest emulator trace buffer contents [13,19].

? ETBH(ETB0):B4; ETB(ETBO); ETBH(ETBN):B4; ETB(ETBN)
ETBH= <0010 ETB = >31E8 ETBH= <0110 ETB = >0146

These primitive display commands are very tedious to use. A

simpler and more eloquent way of processing and displaying the traced

data by using the AMPL programming language will be discussed later.
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Trace module primitive commands can also be classified into

The setup groupsetup, execution and interrogation.three groups;

consists of four primitive commands.

TINT, initializes the trace module, and requires only one parameter.

The initialization command.

As mentioned previously, more than onethe trace module unit name.

trace or emulator module can be installed in the system, so the

primitive command below would initialize the second trace module.

? TINT('TM02")

Before the trace module is set to run, there are three primitive

commands that can preset the conditions upon which the data presented

on the data lines of the trace module are to be stored as well as

These setup primitive commands are TTRC, TEVT, andwhen to halt.

TBRK. A glitch monitoring mode can also be specified by these

primitive commands. The syntax for the three primitive commands is

shown in Appendix A. A detailed discussion of these primitive com

mands is included in the next chapter.

The trace module primitive execution commands are TRUN and

THLT. They are functionally identical to the counterparts for the

emulator, so no example will be given here.

Seven trace module interrogation primitive commands are

available. They are all system variables, five of which are

functionally the same as the ones for the emulator modules. The TST

system variable indicates the status of the trace module, such as

event occurred, trace buffer full, and trace module running. The TTB,
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TTBH, TTBN, and TTBO system variables for the trace module are

functionally identical to the ETB, ETBH, ETBN, ETBO commands. In

addition to these five, two other system variables, TNCE and TNC,

are available for examining the number of events that have occurred.

Each variable contains a 16 bit value. Together, they form a 32 bit

TNC contains the least significant 16 bits of theevent counter.

events counted while TNCE contains the most significant 16 bits

[13,19].

? TST

TST = >0004

? TNCE:D; TNE:D
TNCE = >0000

..Event occurred; trace module halted

..10 events have occurred

TNE = >000A

The next level of commands is the user-defined commands, which

can be composed of the host system utility commands, primitive AMPL

commands, and previously defined user commands,

are written in the AMPL programming language, and must be in the form

User-defined commands

of either procedures or functions. Each of the commands has a unique

Procedures or functions must be installed by the COPY or RSTRname.

command before they can be used as user-defined commands,

other hand, all other types of commands (shown in Figure 4.3(B),

p. 23) are always available for use in the AMPL command mode without

On the

installation.

After functions and procedures are installed as user-defined

commands, they can be called by another procedure or function to

form even higher level commands. A function differs from a procedure

in that it returns a value whereas procedure does not. Therefore a
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function can also be used as a variable in an AMPL expression. When

a procedure or function is called, the commands within it are

executed in the order directed by the AMPL program control statements.

These control statements include IF, THEN, ELSE, FOR, REPEAT, WHILE,

Control statements of these types make AMPL a

In fact, the AMPL programming

language is a special Pascal-like control programming language based

on ALGOL 60, which is a popular international programming language.

Programs written in the AMPL programming language are easy to under

stand and maintain.

BEGIN, and CASE.

structured programming language.

In addition to procedures and functions, the AMPL programming

language allows a user to define a FORM for each procedure or function

A FORM is a tool by which the program interacts with the

user by displaying messages, menus, and prompting the user for

Arguments obtained by a FORM are assigned to separate

local variables labeled ARG(n) and used by the procedure or the

function with which the FORM is associated,

local variables other than ARG{n).

Local variables may be made available to other procedures

or functions by assigning them to global variables, which are user-

defined variables [13,19].

created.

arguments.

Users are allowed to use

These local variables are labeled

LOC(n).

While in the AMPL command mode, there is a simple cursor

oriented AMPL editor that does not have all the capabilities of the

system editor. This editor is provided primarily for user to create

and modify procedures and functions without the need to exit the AMPL

command mode.
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User-defined commands and edit buffers are main memory resident.

Users are required to specify the memory requirement when they enter

the AMPL command mode. When more memory space is required than was

initially specified, the AMPL provides four utility commands for

deleting edit buffers, user-defined commands, and symbol tables in

order to make memory available for other uses,

deletes an edit buffer; the DELE command deletes one or more user-

defined commands; the CLR command clears all user-defined commands

as well as load module symbol table and user symbol table; MDEL command

is used to delete all load module symbols. A load module symbol

table contains all labels and symbols defined in an assembly program

that is loaded into the AMPL using the LOAD command. A user symbol

The DBUF command

table contains user-defined command names and user-defined variables.

The load module symbol table and the user symbol table can be dis

played by the MSYM and USYM command, respectively.

The procedures and functions created in an edit buffer can be

saved in a disk file or installed as user-defined commands by using

the AMPL utility commands shown in Figure 4.3(B), p. 23.

of an edit buffer containing procedures and functions are stored in a

The contents

specified disk file by the KEEP utility command,

command installs procedures and functions in an edit buffer or a disk

The COPY utility

file as user-defined commands. Two other useful AMPL utility commands

are SAVE and RSTR (restore). The SAVE utility command stores all

user-defined commands that are presently installed into a specified

These user-defined commands can be reinstalled during the

next AMPL session by the RSTR utility command [13,19].

disk file.
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User-defined commands provided by TI are called AMPL library

commands, and must be installed by the COPY command before they can

They fit the general needs of users so that the AMPLbe used.

development laboratory can be learned quickly and used more

On the other hand, each user can define his own com-efficiently.

mands that will be most useful to him. These high level commands

can be modified from time to time and used over and over again.

The AMPL library commands can be classified into four groups.

The first group is the emulator library commands,

organize all of the emulator primitive commands discussed earlier

These commands

into a set of easier-to-use interactive commands. For example.

instead of having to remember the syntax for the ETRC primitive

command, a user can issue the TRACE command, an emulator library

command, and the following prompt menu will be displayed on the user's

terminal.

? ETRC(IAQX,50,>400,>600)
? TRACE

. .Equivalent to

..TRACE command

EMULATOR/TRACE MODULE TRACE PARAMETERS;

TRACE QUALIFIER(MA,MR,MW,IAQ,IAQX)
TRACE C0UNT(l-255,0-INFINITE)
LOW BOUNDARY OF TRACE RANGE

HIGH BOUNDARY OF TRACE RANGE

= lAQX
= 50

= >400

= >600

The same is true for the EBRK primitive command,

command is provided for listing a short description for each of the

emulator library commands as shown in Figure 4.6.

Among these library commands, the display command, DT, is one

of the most useful,

Even a HELP

This command allows the data stored in the
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? HELP

EMULATOR COMMANDS - —

ADDRESS TRACE PARAMETERS:

TRACE - SET ADDRESS TRACE PARAMETERS(ETRC).

BREAKPOINT PARAMETERS:

BP - SET BREAKPOINT PARAMETERS(EBRK).

CONTROL:

RUN[(PC[,WP])] - EXECUTE ERUN.
HALT -

INIT -

EXECUTE EHLT.

INITIALIZE EMULATOR, LOAD AN OBJECT FILE AT
SPECIFIED ADDRESS

SINGLE INSTRUCTION EXECUTION.SIE[(#0] -

STATUS:

- DISPLAY EMU STATUS(EST,ETYP,ECLK,EMEM).
DT[(FIRST[,LAST])] - DISPLAY THE ADDRESS TRACE BUFFER.
STAT

Figure 4.6. Help command.
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emulator trace buffer to be displayed in a precise and easy-to-analyze

The IP indicates an external interrupt requestformat shown below.

A READ or WRITE indicates that a read or write operationis pending,

has been executed to the corresponding address, respectively.

? DT

CURRENT VALUE

LWPI >0300
INDEX IP ADDRESS /

>0320

>0322

IP >0324

>0326

>0318

-4

READ-3

R12,>043CLI-2

READ-1

WRITE0

Another very useful command provided in the emulator/trace

module library commands is the single step command, SIE.

allows single or multiple execution of instructions,

instruction has been executed various processor status conditions as

well as the instruction executed are displayed [16,18,19].

This command

After each

? SIE(3)
STEP PC

1 >0014 >0800 >C000

2 >0018 >0800 >C000

3 >001C >0800 >C000

NEXT >0020 >0800 >C000

INSTRUCTION

R1,>0060

WRITE ADDRESS

WRITE @>0802 LI

WRITE @>0440 MOV R1,@HIST0.+>03A0
WRITE @>0818 LI

WP ST

R12,>0020

MOV R12,@HIST0.+>0380

The trace module library commands are the second group of AMPL

library commands provided by TI. These commands are written to

simplify the use of the trace module primitive commands. They are

One unique display commandsimilar to the ones discussed previously.

provided is the LOGIC command, which displays the stored data in a

timing diagram format shown in Figure 4.7.



? LOGIC

LOGIC ANALYZER DISPLAY:

FIRST SAMPLE TO DISPLAY

FIRST BIT TO DISPLAY

LAST BIT TO DISPLAY

SCALE FACTOR(POS: MARKS/SAMPLE
NEG: SAMPLES/MARK)

= TTBO

= 0

= 7

= 1

TRACE BIT * AMPL LOGIC STATE ANALYZER * INDEX -252 TO -192 EMU BIT

0

1 lAQ
DBIN2

EMU CMP3

4 0

15

26

7 3

Figure 4.7, Timing diagram display.
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Another nice feature that is often provided on a logic state

analyzer is the ability to store a set of traced data for comparison

This feature is available throughto another set of traced data,

two of the library commands, TSAVE and TVERFY [16,18,19].

..Store the traced data

..Compare and list any difference
? TSAVE

? TVERFY

DIFFERENCE

>0 >86FF

>0 >0003

>4 >0300

>0 >0100

>2 >0001

CURRENT BUFFERCOMPARE BUFFER

37 >2 >8600 -63 >2 >00FF
54 >2 >2401 -46 >2 >2402
63 >6 >0100 -37 >2 >0200
64 >0 >0200 -36 >0 >0300
70 >2 >2402 -30 >0 >2403

The third group of AMPL library commands is called the

emulator/trace module library commands. The emulator and trace

modules should be connected in the emulator controlled internal data

the control and the data cables between theinterlocked mode, i.e

two modules are interconnected and the two modules are initialized

• J

The TRACEtogether, so that a meaningful result can be obtained,

command in this group sets up both the TTRC and ETRC primitive

commands to specify a trace condition and a trace completion break-

The BP and BPA library commands combine thepoint in both modules.

EBRK, TEVT, and TBRK primitive commands in order to set up an

address breakpoint in the emulator and an event/delay breakpoint in

The combined use of the TRACE, BP, and BPA commands

provides a rather comprehensive coverage of all possible breakpoints.

These breakpoints are

based on the bit pattern occurring in the address and the data buses

the trace module.

which will be discussed in the next chapter.
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as well as the instruction acquisition and the memory read and write

The example below shows a detailed trace of the data

and the address buses during a program execution [18-20].

control lines.

? DT(-6)
INDEX IP EBRK ADDR DATA INTERPRETATION

>0332 >0080 MOV RO, R2
>0300 >00FF

>0304 >0003

>0304 >00FF

>0334 >0602 DEO R2

>0304 >00FF

>0304 >00FE

-6

-5 READ >00FF

READ >0003

WRITE >00FF

-4

-3

-2

-1 READ >00FF

WRITE >00FE0

Finally, there are AMPL utility library commands which

supplement the user-defined commands and the primitive commands.

Their functions are to reduce the tediousness involved in the

development work as well as to enhance the overall capabilities of

For example, one of these commands is FNDWRD, findthe system.

word, which searches a specified range of memory for a given word.

Another one is SETMEN which initializes a given range of memory to

The TIMER command can measure and display

the execution time of the emulator by using the trace module event

counters TNE and TNCE.

any specific 16-bit value.

The SNAP command will execute a given pro

gram until a specified breakpoint is encountered, at which time the

status of the processor and the contents of the registers are dis-

The program execution is automatically restarted after the

This process continues until the user terminates the

examination by hitting the CMD key on the keyboard,

instruction simulation commands are also provided to simulate the

BLWP, RTWP, BL, RT, and XOP instructions while the emulator is halted.

played.

display.

A set of
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This concludes the overview of all the commands that are

available to the users of the AMPL development laboratory [19,20],



CHAPTER V

ADVANCED APPLICATIONS OF THE AMPL

DEVELOPMENT LABORATORY

Six Different Operational Modes of the Emulator
and the Trace Modules

The AMPL development laboratory provides a user with six

different operating modes for using the emulator and the trace

These six modes can be classified into three groups

software debugging, hardware trouble shoot-

A classification of these

modules [19].

according to their uses:

ing, and software/hardware integration.

modes is shown in Table 5.1.

Emulator stand-alone and trace module stand-alone are the two

The other four modes are based on variationsbasic modes of operation,

of the data and control cable connections as well as the initialization

Once the two basic modes of operation

are well understood, the other modes of operation can be learned with

Therefore the discussion of these operational modes

methods of the two basic modes.

few difficulties.

will begin with the two basic ones and then extend to the other.

In the emulator stand-alone mode, memory control lines are

recorded in the most significant 4 bits of the trace buffer,

least significant 16 bits store addresses.

The

Table 5.2 shows the con

tents of the emulator trace buffer.

The address trace condition, the trace completion breakpoint,

and the address breakpoint are specified by the primitive commands.

45
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Emulator and trace module operational modes.Table 5.1.

No.Operational Mode NamesClasses

1emulator stand-alone modeSoftware

Debug

emulator control/internal data interlocked mode 3
soft/
hard

i nte-

gra-
tion

emulator control/internal data independent mode 4

emulator control/external data interlocked mode 5

6emulator control/external data independent mode

hardware

trouble

shoot

2trace module stand-alone mode

MeaningMode Name

data and control cables not connected
control cable connected

data cable connected

data probes used
modules initialized together
modules initialized separately

stand-alone

emulator control

internal data

external data

interlocked

independent
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Table 5.2. Emulator trace buffer content.

Array
Variable Emulator Trace Buffer ContentBuffer Bits

DO (MSb) INT (interrupt request)

lAQ (instruction acquisition)D1

ETBH

DBIN (read/write)D2

not usedD3

D4-D19(LSb)ETB A0-A15

ETRC and EBRK, shown in Figure 5.1(A), or the library commands, TRACE

The ETRC and the TRACE are the same command, which definesand BP.

Thisthe address trace condition and trace completion breakpoint,

the memory access types, theprimitive command has four parameters:

trace count, and the address trace range both upper and lower bounds

as shown in Figure 5.1(B). The memory access type and address trace

range together define the address trace condition. The first parameter

specifies the memory access types: MA, lAQ, and lAQX. MA refers to

all memory accesses within the specified trace range. lAQ refers to

all instruction acquisitions within the specified trace range and

lAQX refers to all memory accesses for instructions within the

The trace range is specified in the third and

A trace completion breakpoint is specified by the

specified trace range,

fourth parameters,

second parameter, which allows a user to specify the number of

This numberaddress to be traced before the trace module is halted.

Zero disables the trace completioncan have any value from 0 to 255.
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EMULATOR

BOARD

HOST BUFFER

BOARDSYSTEM P4 ]•
P3 ]

DATA TARGET

CONNECTORCABLE

CONNECTOR
CONTROL

CABLE

CONNECTOR PROTOTYPE HARDWARE

(PH)

No connection on the data and the control cableConnections

0
EINTCEMOl' ,t)Initialization INIT

1

Trace Condition/

Trace Completion
Breakpoint

Address

Breakpoints

ETRC TRACE

EBRK BP

wi th
Provide stimulus to PH

PH

Usage
without

Verify program execution sequencePH

(A) Setup and usage.

Figure 5.1. Emulator stand-alone mode.
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ETRC TRACE COMPLETION BREAKPOINT
HARDWIRED C

y LOGICTO r

ADDRESS BUS &

lAQ.DBIN

HALT
EMULATOR <
PROCESSOR

EMULATIONI
EBRK

LOGIC
ADDRESS BREAKPOINT

lAQ

MA

ETRC( [,LOW[,HIGH]]])OFF
lAQX

r MA
lAQ

EBRK( [.ADDRESS.ADDRESS])
MR

Memory Cycle ETBH Value Bit value

Memory Access(MA) 0. 1. 4. 5. 6. 7 DBIN=0 or 1

Instruction

Acquisition!lAQ) 6. 7 IAQ=1

Memory Read(MR) 4. 5. 6. 7 DBIN=1

Memory Write(MW) 0. 1 DBIN=0

(B) Operation diagram and command format.

Figure 5.1. (continued)
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To specify an address trace condition of all memorybreakpoint,

accesses within the address range of >400 and >7FE, the operator

This primitive command also specifies aenters the command below.

trace completion breakpoint that halts the emulator after the trace

buffer is full, 255 traced addresses.

? ETRC(MA,255,>400,>7FE)

The EBRK and BP are the same commands which specifies one or

Up to three parameters can be specified.

The second and third parameters specify address breakpoints while

the first parameter specifies memory access types:

(memory read), MW (memory write) for the address breakpoints.

two address breakpoints.

MA, lAQ, MR

The

example below specifies two address breakpoints which are any memory

write to either register Rll or R12.

? EBRK(MW,R12,R11)

One advantage of the emulator-stand alone mode is that it frees

the trace module for hardware trouble shooting by the hardware design

group on another terminal. Since no data bus activity is traced, the

user must stop the emulation process more frequently in order to

verify the proper contents of the memory and registers.

Operation of the trace module stand-alone mode is similar to a

logic analyzer, which can be used to trouble shoot any digital system.

For trouble shooting the microprocessor prototype hardware, an exter-

These stimulus can be provided by thenal stimulus is essential.

target connector of the buffer module.
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The logic analyzer inputs twenty external data lines, four

clock qualifying lines, one clock line, and one event line to the

trace modules as shown in Figure 5.2 (A), (B). Only the logic states

The other linesof the data lines are stored in the trace buffer.

provide trace enable signals and external event signals.

Several primitive commands, TTRC, TEVT, and TBRK or library

commands, TRACE and EVENT, are available for set up trace conditions.

trace completion breakpoints, and event/delay breakpoints. The TTRC

or TRACE command specifies the trace condition. This is done using

the four clock qualifying lines specified in the first parameter of

the TTRC primitive command as either positive or negative enabling

or "don't cares. The syntax for the TTRC primitive command is shown

in Figure 5.2(B). Data are clocked into the trace buffer only when

a clock pulse occurs while the qualifiers match the specified con

dition as shown in the timing diagram of Figure 5.2(C). Either the

internal 10 MHZ clock or the external clock from the data probe can

be selected by the first parameter of the TTRC primitive command. A

TTRC command can also be used to turn ON or OFF a glitch-latchin g mode

provided for DO to D3. Glitches as narrow as 10 nsecs can be detected.

A timing diagram for the glitch-latching mode is shown in

Figure 5.2(D) [21].

The trace completion and event/delay breakpoint can be

specified to halt the trace module. A trace completion breakpoint is

specified by the trace count parameter of the TTRC command as shown

in Figure 5.2(B). The trace count can be any number between 0 and
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HOST TRACE

MODULESYSTEM
4

P4

P3 g PROBE

ANY DIGITAL HARDWARE

Connection Data probe to PH test points

Initialization TINTCTMOl ■) INIT

Trace Condition/
Trace Completion
Breakpoint

TTRC TRACE

Event/Delay
Breakpoint TEVT, TBRK EVENT

with

Data

Probes
For any digital hardware trouble shooting

Usage
with

Data

Cable Monitor data bus activities
to

Emulator

(A) Setup and usage.

Figure 5.2. Trace module stand-alone mode.



53

1 P4

DATA I TRACE

PROBE I MODULE
TRACE COMPLETION BREAKPOINTTTRC

CLK

^ LOGICQO
Q1

QUALIFIED DATA

EVT . TEVT
^ LOGIC

Q2
Q3

HALT
DO ii

TRACINGFROM D1

D2TEST
EVENTVALIDPOINTS D3

D4 TBRK

LOGIC
EVENT/DELAY BREAKPOINT

^ D19

EVT

JCOUNT I ON
TTRC( INT[^QO][^Q1][^Q2][^Q3]l [. [. ]])

OFF OFF

OFF

TEVT( ^[^DO][^Dl][^D2][-D3]^ [.PATTERN[.MASK]])
EXT

COUNT

0PP^7 [.INV][+EDGE]])TBRK(
OFF

(B) Operation diagram and command format.

Figure 5.2. (continued)
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CLOCK

QUALIFIERS

-(Q0.7Q3)

I

I

CLK

TRACE

SAMPLE

ENABLE

TRACE I

SAMPLE 1

II

42 3

(C) Trace condition.

I I I I I I I I I I I I I I I

n/ s

TSE U

INPUT DATA

TRACE DATA

I

INPUT
t

TRACE

I I
I

i
n

INPUT

TRACE

I I I
I

I
I

h\INPUT I4- +

TRACE

I ' I
I

INPUT

nTRACE

I I I I II i I I I)

(D) Glitch mode timing diagram.

Figure 5.2. (continued)
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EVENT

TSE

DEFAULT

1 2 3 4 5 EVENT COUNT

INV

2 EVENT COUNT

/V /\

EDGE

EVENT COUNT

INV+EDGE

2 EVENT COUNT

(E) Event counting manners.

Figure 5.2. (continued)
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255. ZERO or OFF disables the trace completion breakpoint. The

example below specifies the use of the internal clock with -Q1, +Q2,

and +Q3 as the clock qualifier. A trace count of 20 is specified and

the glitch-latching mode is enabled.

? TTRC(INT-Q1+Q2+Q3,20,0N)

The primitive commands TEVT, TBRK, or library command EVENT

specify event/delay breakpoint. TEVT defines an event and TBRK speci

fies the manner in which the events are counted as well as how many

events are to be counted before halting the trace module,

command allows any pattern of 20-bit data to be specified as an event.

The TEVT

Any of the 20 bit can be specified as "don't care using a mask

specification. Instead of defining an event through matching, the

user has the option of specifying the external event line on the probe

to be used for event counting. The event count can be any number

between 0 and >FFFF as specified by the TBRK command. ZERO or OFF

disables the event/delay breakpoint.

Events can be counted in four different manners as specified

by the TBRK primitive command. They can be counted by each clock

cycle while the event line is valid or invalid. Alternatively they

can be counted only on the transition edge of an event becoming a

non-event or vice versa. Figure 5.2(E) illustrates the four different

methods for counting events.

The delay count is the number of data points to be traced

after the last event has occurred. This parameter allows data



57

collection to be centered about the delay count specification. Any

number between 0 and 255 can be specified as the delay count,

satisfying both the event and the delay count specification of the

TBRK command, the trace module is halted.

After

The TEVT primitive command

depicted below specifies an event as +D2 and =D3 with DO and D1 as

don't cares. Bit pattern field is specified as >AA on the least

significant byte with the most significant byte as "don't care."

TBRK primitive command specifies an event count of 200 with a delay

of 50 traced sampled

The

? TEVT(+D2-D3,>AA,>FF)

? TBRK(200,50)

The trace module stand-alone mode is useful in any logic design

However the clock source must be properly chosen,

must be properly interpreted according to the timing diagram shown in

Figure 5.2 (C), (D), (E).

work. Data traced

This may not be easy for some cases. For

example, to properly interpret glitches on D0-D3, one may have to

connect these lines to other non-glitch monitoring lines D4-D19.

The next operational mode to be discussed is the emulator

control/internal data interlocked mode. As the name implies, the

two modules are interconnected by the control and the data cables and

the two modules are initialized together. The control cable provides

synchronized tracing between the two modules while data to the trace

module are provided by the emulator as shown in Figure 5.3(A).
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EMULATOR

BOARD
BUFFER

BOARDP4 )

P3 J=THOST TARGET

CONNECTORSYSTEM
DATA CABLE

TRACE

MODULE P4

CONTROL CABLE
P3 PROTOTYPE HARDWARE

(PH)

Connections Both data and control cable are connected

EINTCEMOl ■ ,1,'TMOr)Initialization INIT
0

Trace Condition/

Trace Completion
Breakpoint

ETRC, TTRC TRACE

Event/Delay
Breakpoint EBRK, TEVT, TBRK BP, BPA

with

PH Software simulation

Usage
without Hardware/software integration

(Initial hardware fault detection)PH

(A) Setup and usage.

Figure 5,3. Emulator control/internal data interlocked mode.
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HARDWIRED

TO
TRACE COMPLETION BREAKPOINTADDRESS BUS&

lAO. DBIN

ETRCEMULATOR

PROCESSOR LOGIC

P3/^CONTROL CABLE
P4P4

EMULATOR i DATA i TRACE

BOARD I CABLE , MODULE
TRACE SAMPLE ENABLE

^ TTRC TRACE
IXI COMPLETION

BREAKPOINT

(TSE HALT
CLKCLK

EMULATIONQO
Q1lAQ

QUALIFIED DATAQ2DBIN

Q3ETRC

LOGIC D3
TEVT

DOGND LOGIC
D1lAQ

^ D2DBIN EVENTVALID
D3EBRK

LOGIC
TBRKD4DO

LOGIC

EVENT/DELAY BREAKPOINT^ ^ D19D15

EBRK

^ EVTLOGIC

(1) The TEVT logic receives only data that has been qualified by

the TTRC logic.

(2) Tracing of a sample in the emulator occurs only when a sample
is traced in the trace module.

(3) The TEVT logic may recognize either an external breakpoint as

defined by satisfaction of the EBRK command or an internal
event from qualified data.

(4) When emulator trace completion, trace module trace completion,

or event/delay breakpoint occurs, emulation and tracing in both

devices are halted after executing the current instruction.

(B) Operation diagram and specifications.

Figure 5.3. (continued)
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By using the specification below the trace module and the

emulator module can be set to trace only memory write to register RO.

? ETRC(MA,R0,R0)

? TTRC(-Q2,Q3,255) ..Q3=ETRC LOGIC; -Q2=MW

The resulting trace from the above specification is very useful

for verifying the correct write pattern to register RO. This trace

specification was not available in either stand-alone mode. Greater

flexibility is due to the fact that whenever Q3 is specified as quali

fier in the TTRC command, the ETRC trace qualifying logic capability

is also available to the trace module. In addition, no data are

stored in the trace buffer of the emulator module until it is enabled

by the TTRC logic through control cable P3 as shown in Figure 5.3(B).

The breakpoint capability is also expanded in a similar manner

by combining the use of the three primitive commands:

This breakpoint is in effect whenever D3 is specified in

For example, the following command specifies that

emulation should halt after the first interrupt level has occurred

sixty times with a delay of 120 sampled data points.

EBRK, TEVT,

and TBRK.

the TEVT command.

? EBRK(MA,>0004)

? TEVT(D3)

? TBRK(60,120)

..INTERRUPT 1 VECTOR AT >0004

..03 = EBRK LOGIC

The next operational mode to be discussed is the emulator

control/internal data independent mode. The setup for this operational
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mode is the same as the previous one except that the two modules are

Figure 5.4(B) showsinitialized separately as shown in Figure 5.4(A).

This mode differs from the previous

mode in that halt tracing in both devices does not necessarily halt

the operation of this setup.

emulation. However, halting emulation will halt tracing in both

Since data to the trace module are supplied by thedevices as wel1.

emulator through the data cable, this mode provides a similar wide

In addition, the trace buffer of therange of tracing capability.

trace module can be displayed while the emulator is running. This

feature is useful when it is undesirable to stop the emulation process

during a debugging session,

channel connecting to a disk drive.

Two other modes of operation to be discussed deal with hardware

An example for this emulation is that DMA

trouble shooting. One is emulator control/external data interlocked

mode. The connection for this mode of operation is shown in

Figure 5.5(A). A control cable allows the trace module to have direct

control of the tracing in the emulator module,

are directed by the clock and the clock qualifying lines from the

Selection of these lines is important for obtaining mean-

All tracing activities

prototype.

ingful results.

Lines DO to D3 have glitch-latching capability that is important

for detecting noise spikes as well as glitches resulting from race con

ditions . These types of hardware faults are usually intermittent and

extremely difficult to locate by any other means,

provided by this mode of operation is that activities external to

Another feature
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EMULATOR

BOARD
BUFFER

BOARDP4 )

P3
HOST TARGET

CONNECTORSYSTEM
DATA CABLE

TRACE

MODULE P4

CONTROL CABLE
P3 PROTOTYPE HARDWARE

(PH)

Connection Both data and control cables are connected

1
Initialization EINTCEMOl' ■) TINTCTMOl ■)

0

Trace Condition/

Trace Completion
Breakpoint

ETRC, TTRC TRACE

Address Breakpoint EBRK BP, BPA

Event/Del ay
Breakpoint EBRK, TEVT, TBRK BP, BPA

Usage Hardware/software integration; Trace data
bus activities without halt emulation

(A) Setup and usage.

Figure 5.4. Emulator control/internal data independent mode.
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\1 EBRK
/ LOGIC

ADDRESS BREAKPOINT

HARDWIRED

ADDRESS BUS

& lAQ, DBIN

TO HALT

EMULATOR

PROCESSOR

EMULATION

ETRC

y]_LOGI£j TRACE COMPLETION BREAKPOINT
P3 CONTROL CABLE

TRACE SAMPLE ENABLE(TSE)

P4 P4

EMULATOR

BOARD
DATA I TRACE
CABLE MODULE

TRACE COMPLETION BREAKPOINTTTRC
CLK CLK

LOGIC
QO

lAQ Q1
DBIN Q2 QUALIFIED DATA
ETRC Q3
LOGIC

D3 ^ TEVT
^ LOGIC

HALT
GND DO

lAQ D1 TRACING IN

BOTH DEVICESDBIN D2

EBRK D3 VALID EVENT

LOGIC

DO D4
TBRK

LOGIC
D15 D19 EVENT/DELAY BREAKPOINT
EBRK

EVTLOGIC

(1) The TEVT logic receives only data that has been qualified by
the TTRC logic.

(2) Tracing of a sample in the emulator occurs only when a sample
is traced in the trace module.

(3) The TEVT logic may recognize either an external breakpoint as
defined by satisfaction of the EBRK command or an internal
event from qualified data.

(4) Tracing in both devices is halted when a breakpoint in the

trace module occurs.

(5) An emulator breakpoint will halt emulation at the end of the

currently executing instruction, at which point tracing in

both devices also halts.

(B) Operation diagram and specifications.

Figure 5.4. (continued)
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EMULATOR

BOARD
BUFFER

BOARDP4

P3 t
TARGET

CONNECTOR
HOST

CONTROL CABLE
SYSTEM

TRACE

MODULE
DATA

]=P4
PROBE

P3
PROTOTYPE HARDWARE

(PH)

Connections Control cable connected;
Data probe to test points

EINTCEMOl ' ,°,'TM01 ■)Initialization

Trace Condition/
Trace Completion
Breakpoint

ETRC, TTRC

Event/Delay
Breakpoint TEVT, TBRK

Usage Hardware trouble shooting;
Noise spike and race condition detection

(A) Setup and usage.

Figure 5.5. Emulator control/external data interlocked mode.
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HARDWIRED

ADDRESS BUS &

lAQ. DBIN

TO ETRC TRACE COMPLETION BREAKPOINT

IEMULATOR

PROCESSOR

LOGIC

P3 ^tONTROL CABLE
P4

TRACE SAMPLE ENABLE

N ^ (TSE)
TRACE

MODULE

DATA

PROBE
TTRC TRACE HALT

^ LOGIC COMPLETION
—n—'breakpoint

CLK EMULATION

QO
Q1

QUALIFIED DATA
Q2

3^
> Q3

EVT TEVT

DO LOGIC
FROM D1

TEST D2 VALID EVENT
POINTS D3

T—^ D4 TBRK

LOGIC
EVENT/DELAY BREAKPOINT^ D19

EVT

(1) The TEVT logic receives only data that has been qualified by
the TTRC logic.

(2) Tracing of a sample in the emulator occurs only when a sample
is traced in the trace module.

(3) The TEVT logic may recognize either an external event via the

EVENT data probe or an internal event from qualified data.

(4) When emulator trace completion, trace module trace completion,
or event/delay breakpoint occurs, emulation and tracing in both

devices are halted after executing the current instruction.

(B) Operation diagram and specifications.

Figure 5.5. (continued)
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the processor can be directly related to the processor activities

traced in the emulator module. This requires that the CLK line on

the data probe be connected to the memory cycle clock.

The emulator control/external data independent mode is

connected in the same way as the previous mode except that the modules

are initialized separately as depicted in Figure 5.6(A). This dis

ables the trace module from halting the emulation when a breakpoint

This operational mode is very similar to that of the twooccurs.

modules operating in the stand-alone mode. The difference is that

the trace module is connected to the emulator module through the

control cable. This allows the trace module to direct the tracing

in the emulator module. Additionally, the emulator can halt the

trace module through emulator trace completion and address

breakpoints.

By initializing each module separately, the trace module is

allowed to start and stop tracing without affecting the running of

This has the advantage of never needing to halt the

emulator during a debugging session,

mode, this mode is used in both hardware trouble-shooting and

software/hardware integration.

the emulator.

Like the other external data

Figure 5.7 summarizes the uses of the various operational

modes and depicts how they fit into the overall microprocessor-b ased

system debugging process. The emulator stand-alone mode is included

in hardware diagnostic testing to provide a stimulus to the prototype

Software/hardware integration is usually the mosthardware.
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EMULATOR

BOARD
BUFFER

BOARDP4

P3
, TARGET
CONNECTOR

HOST
CONTROL CABLE

SYSTEM

TRACE

MODULE
DATA

]:=P4
PROBE

P3
PROTOTYPE HARDWARE

(PH)

Connections Control cable connected;
Data probe to test points

0
EiNT( 'EMOi'Initialization

1

Trace Condition/

Trace Completion
Breakpoint

ETRC, TTRC

Event/Delay
Breakpoint EBRK, TEVT, TBRK

Hardware trouble shoot without halt emulation;
Noise spike and race condition detection;

Usage

(A) Setup and usage.

Figure 5.6. Emulator control/external data independent mode.
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EBRK ADDRESS BREAKPOINT

LOGICHARDWIRED ^
TO ADDRESS BUS

EMULATOR ^ & lAQ, DBIN
PROCESSOR

HALT

EMULATION

ETRC

' LOGIC TRACE COMPLETION BREAKPOINT

>3 tCONTROL CABLE

DATA I TRACE TRACE SAMPLE ENABLE(TSE)
PROBE i MODULE

I P4

TRACE COMPLETION BREAKPOINTTTRC
CLK

LOGIC
QO
Q1

QUALIFIED DATA
Q2
Q3

HALT TRACING
EVT TEVT

DO
LOGIC IN BOTH DEVICES

FROM D1

TEST D2
VALID DATA

POINTS D3

^ D4 TBRK

LOGIC
EVENT/DELAY BREAKPOINT

^ D19

EVT

(1) The TEVT logic receives only data that has been qualified by
the TTRC logic.

(2) Tracing of an sample in the emulator occurs only when a sample
is traced in the trace module.

(3) The TEVT logic may recognize either an external event via the

EVENT data probe or an internal event from qualified data.

(4) Tracing in both devices is halted when a breakpoint in the trace

module occurs.

(5) An emulator breakpoint will halt emulation at the end of the

currently executing instruction, at which point tracing in both

devices also halts.

(B) Operation diagram and specifications.

Figure 5.6. (continued)
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HARDWARE SOFTWARE

SOFTWARE DESIGN

& ASSEMBLE

HARDWARE DESIGN

& CONSTRUCTION

£ ' /

SOFTWARE TEST

& SIMULATION

WITHOUT PH

MODE 1, 3, 4

HARDWARE

DIAGNOSTIC TEST

MODE 1, 2 , 5, 6

HARDWARE/SOFTWARE INTEGRATION

N f

INITIAL HARDWARE

OR SOFTWARE FAULT

DETECTION MODE 3, 4

N f\ /

HARDWARE FAULT

ISOLATION & CORRECTION

MODE 5, 6

SOFTWARE FAULT

ISOLATION & CORRECTION

MODE 3, 4

N '

FINAL CHECK OFF

MODE 4, 6

Figure 5.7. Microprocessor-based system debugging process.
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difficult debugging phase. To reduce the time spent during this

integration phase, it is essential that the software and the hardware

are verified independently before integration,

phase employs mode 4 and 6, because in these modes the trace module

The final check-off

can be stopped without halting the emulation.

Automated Memory Test Using AMPL

The AMPL development laboratory is made extremely flexible

through the use of the AMPL language as previously demonstrated in

the discussion of the library commands. There are other applications

of the AMPL development laboratory such as automated testing and

real-time software simulation. These two examples are good starting

projects for the students of the new microprocessor course. They

provide a better insight to the use of the AMPL development laboratory

and, in particular, to the concept of in-circuit emulation.

A first example is the automatic memory test. Specifications

of this project are described in Project No. 1 of Appendix B. The

actual design of the specified memory system described in Appendix B

is delayed until Chapter VI. A solution for implementing this memory

test is provided in Appendix C.

The purpose of this memory test is to provide a quick and as

thorough a memory test as possible. A list of all faulty locations

and faulty bits within a specified range of memory is generated by

this test. The list is displayed on the user's VDT.

is also available from a printer.

A hard copy
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Three types of tests are conducted. They are the dead cell

test, the data path test, and the 50 msec refresh test [18], In the

dead cell test all memory locations within a specified range are

cleared to >0000 and tested for their proper contents. Then all

memory locations are set to >FFFF and examined. These tests are

sometimes called the write-al1-zeroes test and the write-al1-ones

The purpose of the dead cell test is to check if all bits with-test.

in the memory range can be set to zeroes and ones.

Each bit in the memory is tested individually in the data path

test for the possibility that it is shorted to another bit. The test

is implemented by writing >8000 to all memory locations and the

Then the input data, >8000, is shifted right one bit,

>4000, and is written to all memory locations and tested again,

process continues until the one is shifted out of the least signifi

cant bit position of the memory word.

results tested.

The

This is sometimes called a

walking-one test. Using the same algorithm, a walking-zero test is

performed, The test data are >7FFF, >BFFF, >DFFF, etc.

The 50 msec refresh test verifies memory retention. Initially

There is a 50 msec delay

between the memory write and the following memory read to verify the

retention of the memory,

>5555 and delayed 50 msec before verifying again.

To accomplish this memory test, an AMPL program is required.

The first task of the program is to prompt the user for a memory

This is done by using FORM associated with a

all memory locations are written with >AAAA.

Then all memory locations are written with

range to be tested.
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procedure discussed earlier. Of course, the entire memory test can

be done simply by using an AMPL program alone. However the complete

memory test is very time consuming and involves 36 write and read

operations to every memory location within the specified memory

To speed up the memory test, the test should be generatedrange.

using assembly language routine as much as possible. In fact the

result shows that the assembly language test routine executes four

times faster than the AMPL test program. Nevertheless, the complete

testing cannot be accomplished using an assembly language routine

alone, because the routine itself resides in the target memory to be

tested. The memory locations occupied by the assembly language routine

must be tested first before the routine can be loaded for testing

the rest of the specified memory range. To accomplish this, the AMPL

test program is executed by the host processor to verify a portion of

memory the first >100 locations to be occupied by the assembly

language routine. The rest of the specified memory range is tested

by the emulator processor itself.

The assembly language routine shown in Appendix C has several

idle instructions located at various locations in the program. When

a particular test condition has occurred, the emulator processor is

trapped by a unique idle instruction. After detecting that the

emulator is idling, the host processor takes the appropriate action

depending on where the idle instruction is.

displaying test messages, restarting the emulator processor to

execute the rest of the test routine, and, finally, halting the

These actions involve
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emulator processor upon completion of the test. The test messages

include test types, test values passed, test values failed, failed

memory locations, expected values, actual values, and error bits.

These messages are displayed on the user's terminal as well as listed

to a user's file for a hard copy printout if needed.

The memory test discussed above is very useful in verifying

Any bad memory location onthe correct operation of a RAM memory.

the target memory can be pinpointed and the use of that location is

avoided. On the other hand, a EPROM device can only be verified by

the proper contents of its memory. This is easily done with the

VRFY command, in which the contents of a PROM device is verified

against an object file on a disk. Usually a EPROM device is verified

during a EPROM programming session.

Real-Time Software Simulation

A second example on the advanced application of the AMPL

development laboratory is real-time software simulation. This is a

good project for the students before any microprocessor-based system

design project is assigned. By using the simulation program of this

project, the students can easily and accurately test their software

independent of any prototype hardware,

working correctly before integration with the prototype hardware

Knowing that the software is

greatly reduces the difficulty of the software/hardware integration

phase. This defines a good design practice, especially for a novice

designer. The specification of this project is included in

Appendix B, Project No. 2, and a solution is provided in Appendix C.
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There are various solutions to this simulation project

depending on the required accuracy of the simulation,

running and the tracing of a program on the emulator can be con-

But it lacks the capability to simu-

I/O inputs and interrupts are

Of course the

sidered as software simulation.

late I/O inputs and interrupts.

essential because they affect the execution and the final result of

I/O output does not affect the execution of a program,a program,

but is required for verifying correct operation of a program,

fore, the ability to examine the I/O outputs must be provided for a

There-

complete software simulation.

The following discussion is based on the software simulation

design provided in Appendix C. The emulator and the trace modules

need to be connected in the emulator controlled/internal data inter

locked mode. After the simulation program is installed by the COPY

or RSTR utility command, issuing a CSAP command allows the user to

enter the simulation mode. The host processor prompts the user for

a trace count and a trace range as well as the next expected encounter

of an input instruction, STCR or TB. These parameters are used to set

up the TTRC, TBRK, TEVT, ETRC, and EBRK primitive commands for the

trace and the emulator modules. Because the TEVT command can specify

only one data pattern for matching, the emulator can recognize only

one specified input instruction, but not both. After the user returns

the prompts, the simulation program starts the emulator and the trace

modules.

When the two modules are halted by the specified input

instruction, the host processor examines the input instruction and
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prompts the user for an appropriate number of input bits. The input

bits are loaded into the target memory location as specified by the

input instruction. Before the host processor restarts the two

modules, it prompts the user for another trace count, trace range and

next expected input instruction. On the other hand, when the trace

count specification is satisfied, the two modules are also halted.

Again the host processor prompts the user for the next trace specifi

cation. The simulation can be aborted anytime for examining the

traced data by hitting a CMD key on the keyboard.

In fact, I/O inputs to a program are simulated by halting the

emulator processor on every input instruction encountered. This

allows the user a means to direct the execution of a program. I/O

outputs and program execution can be traced for verification.

I/O simulation certainly is not real-time, but it is very flexible.

This

Any I/D operation that requires real-time simulation can be

done by substituting the I/O instructions with XOP instructions,

each XOP instruction an input or output table is provided,

values in the input table are set by the user while the output table

This technique

For

The

is examined by the user for program verification,

is demonstrated in Figure 5.8.

All the XOPs can use the same workspace where R12 is a

dedicated scratch-pad register and each of the RO to RIO is a dedicated

pointer to an I/O table for either the STCR or the LDCR instruction.

Before a simulation is started, the XOP vectors as well as I/O table

This technique is very close to

However the setup requirements for each

pointers are set to proper values.

real-time simulation.
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XOP ROUTINEI/O INSTR. REPLACED XOP

ANDI R15,>DFFFTBZ XOP 14
RTWP

ORI R15,>2000XOP 15TBO

RTWP

MOV R13, R12
MOVB *R0+,10(R12)

RO,ITABOE+l
JNE INOEND

R2JTABOE

STCR R5,8 XOP 0

Cl

LI

INOEND RTWP

MOV R13, R12

MOV 14(R12),*R1 +
R1 ,OTABlE+2

JNE OTIEND

R1 ,0TAB1E

LDCR R7,10 XOP 1

Cl

LI

OTIEND RTWP

OUTPUT TABLEINPUT TABLE

OTABlBITABOB

(R1 PTR.)(RO PTR.)

OTABlEITABOE

Figure 5.8. Real-time simulation by substitution.
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simulation may be cumbersome and error prone for a program that

The setup can be done by a user-definedcontains many I/O operations,

command written specially for simulation of a particular software

This command can be used over and over again with littleroutine.

or no modification for initialization before each simulation.

Interrupt simulation is simpler than I/O simulation and is an

Based on the solution given in Appendix C, an

The INTR

extremely useful tool.

interrupt is simulated by a user-defined command, INTR.

command prompts the user for an interrupt level,

emulation and compares the requested interrupt level with the inter-

Then it halts the

If the requested interrupt level isrupt mask of the processor,

greater than the interrupt mask, no interrupt is simulated and the

interrupt failed message is displayed on the user's terminal along

Otherwise, the host processorwith the status register value,

initiates a context switch and restarts the emulator and the trace

The interrupt service routine is executed as if an interrupt

One discrepancy of this interrupt simulation is

modules.

has been generated,

that the interrupt mask of an external I/O device, such as the TMS

However a simulation of this type is helpful

in isolating possible faults and in verifying the correct operation

of an interrupt routine.

9901, is not checked.



CHAPTER VI

MICROPROCESSOR-BASED SYSTEM DESIGN EXAMPLE

The intent of this chapter is to actually design a

microprocessor-based system to illustrate the design process involved

Various salient features of theusing the AMPL development system.

AMPL development system discussed earlier will be used to show how

they can simplify a microprocessor-based system design. The project

chosen for this example is the histogram analyzer. Two other projects

have been designed and tested and found suitable for the class

These two projects are the system alarm clock and piano

The specifications and components used are

projects,

keyboard synthesizer.

included in Appendix B.

Design Process Overview

Figure 6.1 depicts the various design phases for a

microprocessor-based system. The first phase is the project specifi

cation, which terminates with the hardware system block diagram and

the software system flow chart preparation. Then the hardware and the

software are divided into functional modules that can be designed and

tested sequentially. Development of the hardware and the software

are carried out concurrently starting with the most basic module such

as the system clock and the power-up circuit. Each module should be

tested independently whenever possible. This modular design approach

helps to isolate faults. Both software and hardware are verified
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Various operationalindependently before the integration phase,

modes of the in-circuit emulation are used as discussed earlier.

Software is verified by simulation and hardware is tested by specially

written short diagnostic routines,

without assurance that the two are functional can be very frustrating.

Finally the software is burned into a EPROM device and the micro

processor is placed into the prototype microprocessor socket for the

stand-alone prototype operation.

Software/hardware integration

Project Definition

Defining the project is the initial and most crucial step in

Usually a project is only roughly defined

A designer needs to refine the

the whole design process.

when it is in the conceptual stage.

project definition. To do so, he may need to do research as to the

The next step is defining afunctional purpose of the project.

boundary specification which set a limit to the complexity of the task

by defining the capabilities and limitations of the system.

For the histogram analyzer project, the definition and boundary

specifications are stated in Appendix B, Project No. 3, and restated

For a more difficult project the specification can

state a required minimum sampling speed and provision for selecting

input sampling rate,

complicate the design example, the specification in Appendix B is

used.

in Table 6.1.

Since the above additions would unnecessarily
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Definition of a histogram analyzer:

A device that samples an input signal and plots a graph of the

frequency of occurrences of all possible sample values.

Table 6.1. Boundary specifications of the analyzer.

SpecificationBoundary

Input 0 to 5 volts

maximum no. of samples without
overflow

No. of

Samples

plot 256 dots on an oscilloscopeOutput

ability to examine the value of any
particular data point on the scope

Other Display
Features

Front Panel Design

The next step is the front panel design. A front panel should

be as simple as possible so that the system functions can be easily

understood and operated by the user. Yet it should satisfy all of

the boundary specifications,

fewer toggle switches, etc.

A good design of the front panel uses

Each I/O device on the front panel

should be clearly labeled and its function well defined.

The front panel design at this stage is usually not the final

version and will undergo modification as the design progresses. A

designer should provide flexibility in the front panel design so that

it can be modified easily. In addition, the designer should from time

to time review the front panel design to see that it remains the best

implementation.
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Figure 6.2 shows the front panel of the histogram analyzer.

The functions of the devices on the front panel are tabulated in

A histogram/sample display switch is an extra feature not

The reason for the implementa-

Table 6.2.

required by the project specification,

tion is explained later.

Hardware Block Diagram and System Flow Chart

After the front panel is designed, a hardware block diagram.

a system flow chart, and component selections should be the next

The three processes are closely interrelated and

However, a block diagram and a system

design step,

usually occur simultaneously.

flow chart is discussed first.

For a complex project, it is necessary to construct a general

system block diagram showing the major hardware functions,

general system block diagram, more detail system block diagrams are

Then the detailed hardware design is completed based on

In a simple project, the detail hardware

From this

constructed.

the system block diagrams,

design is completed directly from the general system block diagram,

which is the case for the histogram analyzer project.

Each block is labeled with a name that accurately describes

The block name is often derived from the name of theits function.

In addition, the major componentmajor component within the block.

Each block's inputs and outputs should also

The number of lines in each

numbers can be included.

be labeled with their functional names.

data, address, and control bus should be indicated if it is known.

Figure 6.3 shows the general system block diagram for the histogram
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HISTOGRAM ANALYZER

SCOPE

OUTPUT

INPUT

SIGNAL

SCROLL SAMPLE DISPLAY^ODE

X(g)
Y

HISTOGRAM DISPLAY MODE

z(g)
RESETSAMPLE

GND

GND

Figure 6.2 Histogram analyzer front panel.
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Functions of the front panel devices.Table 6.2.

FunctionsButton Names

This is a power-up reset button,
pushed, the histogram buffer is initialized to
zero and the scope displays 256 data points at
zero value.

When it isRESET

Every time the sample button is pushed, the A/D
samples 256 values and tabulates them in the
histogram buffer. These values are accumulated
over the previous values.

The function of this button is similar to the

delay function on an oscilloscope. Whenever it
is pushed the displayed data points on the scope
are shifted to the left by 20 data points. For
example, initially all of the 256 points are
displayed on the scope. The first data point
represents 0 volts. After the first push on the
scroll button, the scope displays only 236 data
points. The first data point displayed is the
20th data point, which represents the sample
voltage of 20 x 5 volts / 256 = .39 volts, in
the histogram buffer. A scroll function enables
a user to examine any specified point on an
oscilloscope.

Display selection between a digitized signal and
its histogram is provided by this toggle switch.
This switch enables the analyzer to function as a
simple digital scope as well as a histogram
analyzer.

SAMPLE

SCROLL

HISTOGRAM/
SAMPLE

(added
feature)
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analyzer. The major interconnections between these blocks are shown

and labeled. In addition, all front panel features are included in

the block diagram.

The flow chart structure affects the readability of a program

as well as providing for easy debugging. A traditional flow charting

method is not used here, since it easily leads to unstructured pro

gramming, which is very difficult to debug. Rather, a structured

flow charting technique is used. This technique restricts unorderly

branching so that only top-down program flow is allowed.

A general system flow chart defines the general software

algorithm used (i.e., no details are included). Figure 6.4 shows the

general system flow chart for the histogram analyzer. The main

routine initializes the system and then stays in an infinite display

loop until either the sample interrupt or the scroll interrupt occurs.

The main routine can display either the previously sampled data in a

sample buffer or the data in a histogram buffer, depending on the

setting of the histogram/sample switch. A sampling interrupt service

routine performs 256 A/D conversions on the analog input signal and

stores them in the sample buffer. Then the histogram conversion sub

routine is called to tabulate the sampled data into the histogram

The scroll interrupt service routine modifies the display

buffer starting address, so that the display of either buffers can

begin at a predefined location, 20 samples apart.

Each of the two buffers, the sample buffer and the histogram

buffer.

buffer, stores 256 bytes of data. Even though only a histogram



87MAIN ROUTINE

SYSTEM INITIALIZATION

FETCH DISPLAY DATA

OUTPUT TO D/A

TURN ON SCOPE INTENSITY

TURN OFF SCOPE INTENSITYDO

TILL

ALL DATA POINTS ARE DISPLAYED

IF IN SAMPLE DISPLAY MODE

ELSETHEN

SET DISPLAY POINTER

TO HISTOGRAM BUFFER

SET DISPLAY POINTER

TO SAMPLE BUFFER

RESET SCOPE DISPLAY BEAM TO LEFTMOST POSITIONDO

TILL

INIFINITE DISPLAY LOOP

SAMPLE SERVICE ROUTINE

INITIALIZE A/D AND POINTERS

SAMPLE BUFFER NOT FULLDO

WHILE

START A/D CONVERSION

WAIT TILL CONVERSION COMPLETE

INPUT CONVERTED DATA

CALL HISTOGRAM CONVERSION SUBROUTINE

RESET INTERRUPT ENABLE FLIP-FLOP

RETURN TO CALLER

General system flow chart.Figure 6.4.
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SCROLL SERVICE ROUTINE

INCREMENT DISPLAY BUFFER START ADDRESS BY 20

IF LAST SCROLL

THEN ELSE

RESET THE BUFFER

START ADDRESS V

RETURN TO CALLER

HISTOGRAM CONVERSION SUBROUTINE

INITIALIZE POINTERS

INCREMENT THE CORRESPONDING CONTENT OF HISTOGRAM
TILL BUFFER IF THE CONTENT IS NOT FULL(>FF)

DO

ALL SAMPLE BUFFER CONTENTS ARE CONVERTED

RETURN TO CALLER

Figure 6.4. (continued)
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buffer is required from the specification of the project, adding a

sample buffer allows the analyzer to display the digitized signal as

This added feature extends the analyticwell as the histogram,

capability of the analyzer with a slight increase in hardware, a

two-position toggle switch, and 256 bytes of RAM, and software,

this reason the histogram/sample display switch is added on the front

For

panel.

Major Component Selections

The availability of the AMPL development system is the single

criteria for selecting TMS 9980 microprocessor for this project.

Once a microprocessor is selected, the microprocessor supporting

devices to be used are usually fixed to devices for that family.

Adapting a typical external clock rate of 8 MHZ for the

TMS 9980, the system clock frequency is 2 MHZ. A CY 8.000 MHZ

crystal is used. Five hundred twelve bytes of EPROM and IK bytes of

RAM would be enough for this project. Since IK byte memory components

are more available on the market than the smaller size memory com

ponents, a IK byte EPROM and a IK byte RAM will be used. This allows

extra memory for possible unforeseen difficulties and design

expansion.

The actual memory component selection will depend on the timing

constraint imposed by the microprocessor, the system clock rate, and

If the TMS 4045 (RAM) and TMS 2708 (EPROM) are used.the bus loading.

the microprocessor can run at a system clock rate up to 3 MHZ without

any timing conflict or requiring any wait states [6]. The bus
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loading is minimal for this project, since only the microprocessor is

connected to the data bus, and the microprocessor and two IMS 9901s

are connected to the address bus.

The next major hardware components to be selected are peripheral

Since the project specifies that 256 uniqueperipheral devices,

sample points are to be displayed on an oscilloscope, 8-bit resolution

A National Semiconductor ADC 0804 A/D con-A/D and D/A are needed,

verter is chosen because it can be purchased at most electronic

The conversion time is 100 microseconds, which allows a maxi-stores.

mum 5 KHZ input signal using the sampling theorem. The ADC 0804

inputs and outputs are TTL compatible and use single 5 volt supply.

Interfacing it to the TMS 9980 can easily be implemented with one

TMS 9901. The differential analog voltage input increases the

common-mode rejection thus reducing noise input. 8-bit resolution

can be obtained over any desired analog input voltage range through

a special voltage reference input.

Analog Device AD 7522JN, a 10-bit D/A converter, is chosen for

this project. Only 8 bits will be implemented in this project. The

10-bit capability allows system expansion in the future. Using 8 or

10 bits, the analyzer can accumulate up to 256 or 1024 samples,

respectively, for each discretely sampled voltage. The histogram

obtained using a 10-bit is closer to the ideal histogram than the

result obtained by the 8-bit. Input data can be loaded in parallel

or in serial mode. The AD 7522JN can also be easily interfaced to

any microprocessor. Two power supply voltages, +5V and +15V, are



91

Since a +15 volt supply is needed anyway for operating op-

amps in oscilloscope interfacing circuits, the extra power supply

requirement is not a drawback here.

It would be impractical to use another microprocessor system

needed.

interface adapter, because the IMS 9980 microprocessor uses a rather

unique serial I/O interface technique, communication register unit

The TMS 9901 is a programmable system interface adapter(CRU).

which has an interval timer, priority controller, and 16 parallel

The timer may be required to time the

The interrupt controller can be

programmable I/O lines,

operation of the A/D or the D/A.

used to prioritize the three interrupt push buttons on the front

Other I/O interfaces can be implemented through the propanel .

grammable I/O lines.

Interfacing the AD 7522JN and the ADC 0804 to the TMS 9980

requires two TMS 9901s, which provide 32 I/O lines. Among the 32 I/O

lines, 8 lines are needed to input the data from the ADC 0804.

Another 8 lines are needed to output the data to the AD 7522JN.

Several other I/O lines are required to control the two converters.

The remaining I/O lines are needed to drive the oscilloscope inter

facing circuits and to clear the interrupt flip-flops. Multiplexing

the I/O lines could reduce the number of TMS 9901 required to only

one, but would unnecessarily complicate both hardware and software

In addition, it would make the system extremely difficult todesign,

modify.

Another design approach that should be considered here is

incorporating the use of a direct memory access (DMA) TMS 9911. This
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approach would need only one TMS 9901. The hardware for the DMA

approach would be little more complicated than the approach using

two TMS 9901s, but the sampling speed of the analyzer would not

necessarily be higher using DMA than the two TMS 9901s approach.

The reason is that the microprocessor can execute several instructions

during the conversion time of 100 microseconds. Therefore the

ADC 0804 can operate at its maximum conversion speed using the two

TMS 9901s approach as well as the DMA approach. For the above

reasons, the approach using two TMS 9901s is adapted for this

project. Table 6.3 lists the major components selected.

Table 6.3. Major component selections for the analyzer.

Major Components

TMS 9980

Description

microprocessor

Quantity

1

TMS 9901 programmable parallel
I/O device

2

ADC 0804 A/D converter 1

AD 7522JN D/A converter 1

TMS 2708 IK X 8 EPROM 1

TMS 4045 IK X 4 RAM 2

CY8.000 8.000 MHZ crystal 1

At this point the general concept and design approach to the

The next step in design as shown in

Figure 6.1 (p. 79) is to divide the hardware and the software into

project is established.
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In Table 6.4 is listed the order of hardware modules to bemodules.

Software is developed in the order presented indesigned and tested.

Figure 6.4.

Order of hardware modules to be designed.Table 6.4.

1. System clock and power-up circuit (CY8.000 MHZ)

2. System memory (TMS 4045 & TMS 2708)

3. System interfacing devices (TMS 9901)

4. I/O devices and interfaces (ADC 0804, AD 7522JN, & scope
interfaces)

Design and Test System Clock and Power-Up Circuit

For the analyzer project, the emulator clock of 10 MHZ may

cause timing problems in software and hardware since the final proto-

This is especially true if thetype circuit uses an 8 MHZ clock.

prototype system uses the timer provided in the TMS 9901 as a timing

A clock circuit is usually available from the manufacturer's

microprocessor application notes or other reference books and can be

The external clock circuit used for this

source.

constructed easily,

analyzer project is shown in Figure 6.5 and can always be confirmed

by measurement [23]. If the clock is operating properly, the emula

tor should be able to initialize with the external clock connected to

the CKIN pin of the target connect.

? EINT('EM0r,0) ..Initialize with external clock
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74LS00
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.047uf
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+5V o

Figure 6.5. External clock circuit.

The power-up and reset circuit are implemented using a simple

capacitor charging circuit shown in Figure 6.6. When the power is

initially applied to the analyzer, the RC circuit holds the two

TMS 9901s and the microprocessor in the reset state until the capaci

tor has time to charge above the threshold of the TTL logic one state

(2.0 volts). This takes about 0.5 second for the circuit shown. By

this time the power supply voltages should have reached their final

+5V

O

lOOK

> RSTl OF TMS 9901
I

RESET _
BUTTON I

lOuf

t

Figure 6.6. Power-up and reset circuit.
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From location >0000 and >0002 the microprocessor fetches thevalues.

reset vector and starts to execute the reset routine. The reset

routine is also executed whenever the reset button is active. The

output of the power-up circuit can be temporarily connected to INTO,

INTI, and INT2 of the target connector for testing purpose,

the TMS 9901s are connected to the microprocessor, the output of the

power-up circuit is connected to the rest pin, -RSTl, of the TMS 9901.

To test the power-up circuit, a simple program shown below is

loaded to the emulator memory. No breakpoint nor trace condition is

needed. The two modules are set up in the emulator control/internal

data interlocked mode and the PC is set to the first IDLE instruction

in the main program. Then the reset button is pushed. The traced

data should verify the context switching of the reset interrupt.

After

COMMENTCONTENTADDRESS

>0400

>0200

>0000

>0002

>0100

>0102

>0200

reset vector

main programIDLE

IDLE

reset routineRTWP

Design and Test Prototype Memory

Even though designing a prototype memory is not necessary as

the next designing step, it will be carried out first, since the

memory size and configuration of the project is not likely to change.

The memory address decoding circuit is designed first,

are considered in designing a memory address decoder,

criteria is meeting the timing requirements of the TMS 9980 and the

One should never select more than one device to

Two criteria

One of these

memory devices.
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drive the bus, simultaneously. The TMS 9980 microprocessor memory

read and write timing signals are shown in Figures 6.7 and 6.8,

respectively [22]. Inputs to the decoder are -MEMEN, DBIN, -WE, and

A0-A13 from the microprocessor. Outputs from the decoder to the

-WE from the microprocessor is connectedmemory are -CS and -WE.

directly to the -WE of the memory,

(low) until -WE is active (low) in a memory write cycle to avoid a

-CS should not become active

data bus driving conflict.

The other criteria in designing a memory address decoder is

the flexibility for future memory expansion. A decoder can be

designed using minimum hardware to meet specification without any

provision for future expansion. However, for the purpose of illus

tration, the analyzer memory system is designed for easy modifica

tion. Figure 6.9 shows one possible design that meets timing and

expandability criteria. The first IK bytes, >0000 to >03FF, is for

an EPROM device and the second IK bytes, >0400 to >07FF, is for an

RAM device. The design allows expansion up to 8K bytes in increments

of IK bytes with minimum hardware required.

EPROM or RAM expansion, only one additional OR gate is required.

Two tests, the memory control timing test and the bad memory

cell test, are needed to verify that the memory system is functional.

The memory control timing test is implemented using the trace module

The data

For each IK bytes of

in the emulator control/external data interlocked mode.

probe connections and trace specification with glitch-latching mode

turned on are shown in Figure 6.10(A).
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TMS 9980 memory write timing.Figure 6.7.
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TRACE SPECIFICATIONMEMORY CONTROL LINETRACE PROBES

TTRC(0FF,255.0N)CKINCLK

-ME.MENDO

DBIND1

-WED2

-CSD3

DO - D7D4 - Dll

A6 - A13D12 - D19

(A) Memory read/write timing test setup

Memory read/write timing test.Figure 6.10.
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LOGIC ANALYZER DISPLAY:

FIRST SAMPLE TO DISPLAY

FIRST BIT TO DISPLAY

LAST BIT TO DISPLAY

SCALE FACTOR(POS: MARKS/SAMPLE
NEG: SAMPLES/MARK)

= -195

= 0

= 19

= 1

EMU BITINDEX -195 TO >135* AMPL LOGIC STATE ANALYZER *TRACE BIT

0 lAQ
1 DBIN

2 - : EMU CMP
3 0

4 1

5 2

6 3

7 4

8 5

9 6

10 7

11 8

12 9
13 10

14 11

15 12

16 13

17 14

18 15

19

FETCH —>

JMP INSTRUCTION
WRITE —X—

TO >04FE
<—READ —>

CONTENT OF

>04FE

<—

(B) Memory read/write timing diagram

Figure 6.10. (continued)
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The instructions traced are:

InstructionsAddress

CLR @>4FE>0400

JMP >0400>0404

A portion of the traced data is displayed in a timing

diagram format in Figure 6.10(B).

cycle are labeled,

operations.

diagram of Figures 6.7 and 6.8.

The next test to be conducted is the bad memory cell test.

This test was discussed in the previous chapter,

is verified to function correctly, the RAM on the prototype is

However the memory locations from

Two read cycles and one write

Each memory word is accessed by two separate byte

No timing conflict exists when compared with the timing

After the memory

selected as the target memory.

0 to >3FF are still mapped into the emulator memory as write-protected

This allows the program to be modified easily.simulated ROM.

System Interfacing Devices Design and Test

The decoder for TMS 9901 is designed and tested first. Then

the interrupt push buttons and debounce circuits are interfaced to

Finally the I/O and the interruptthe processor through the TMS 9901 .

tests are conducted to verify that these circuits function correctly.

The decoder for TMS 9901 is simpler to design than the memory

The functions of theseThese are no -WE and DBIN lines.decoder.

lines are provided by the CRD lines: CRUIN, CRUOUT, and CRUCLK. For

a CRU operation, the address lines AO and A1 must be low and the
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-MEMEN line must be inactive (high),

connected to chip selects of the decoder as shown in Figure 6.11.

In this design only two additional 7500 gates are needed for each

Up to eight IMS 9901s can be added to the system.

This means that up to four histogram analyzer channels can be imple-

Buffers are needed to avoid overloading the microprocessor's

AO, A1, and the -MEMEN lines

are

TMS 9901 added.

mented.

bus lines for such an expansion.

A short diagnostic routine shown in Figure 6.12 checks the

If an error occurs, the processor is trapped by the IDLE

The result of the test can be checked by the status of

I/O ports.

instruction.

the emulator.

If the input and the output are not equal, hardware trouble

shooting is required. The development system is set up in emulator

control/external data interlocked or independent mode. The trace

module data probe's clock line is connected to CRUCLK and a qualifier

line is connected to -CE. D0-D19 are connected to suspected faulty

data and control lines. The same diagnostic routine is executed.

By inspecting the traced data, any unexpected value requires further

analysis until the fault is detected. With this test setup the

traced data for AO, A1, and A2 should always be low and -MEMEN should

always be in the inactive (high) state. For an input operation the

test setup would require the external clock line be connected to -03

and the qualifier line be connected to -CE.

Each interrupt debounding circuit uses two D flipflops. Once

an interrupt button is depressed, the corresponding interrupt line
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I/O and interrupt design.Figure 6.11.
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CLR RO

LI R12,>20
OUTPUT LDCR RO, 0

STCR R1, 0
C RO, R1
JNE ERROR

INC RO

JMP OUTPUT

ERROR TRAPERROR IDLE

I/O diagnostic routine for the TMS 9901.Figure 6.12.

This ensuresis pulled low and stays low until software resets it.

proper service of an interrupt.

A digital probe would be most appropriate for trouble shooting

However the trace module can be used to provide a

timing diagram shown in Figure 6.13 (B) (C).

is used to generate clock pulses for the CLK line of the data probes.

the debouncer.

The following routine

CLKPLS SBO 0

LI R1,>8
LOOP DEC R1

JNE LOOP

JMP CLKPLS

GENERATE PERIOD OF 134 USEC

Figure 6.11 shows the debounce circuit while the data probe

connections and trace specifications are shown below,

of the trace specifications in Figure 6/13(A) captures the moment when

the button is pushed and the second set of the trace specification

Before the interrupt

The first set

captures the moment when the button is released.

button is depressed the trace and the emulator modules are set to

running mode.



TRACE SPECIFICATIONSDEBOUNCER LINESDATA PROBES

TTRC(EXT,0,ON)
TEVT(EXT)
TBRKd ,250.+EDGE)

CRUCLK of TMS 9980CLK

EVT -PR

DO -PR

-CLRD1

TTRC(EXT,0,0N)
TEVT(EXT)
TBRKd ,230,-EDGE)

D2 -Q

D3 Q

(A) Debounce circuit timing test setup

Debounce circuit test.Figure 6.13.
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LOGIC ANALYZER DISPLAY:

FIRST SAMPLE TO DISPLAY

FIRST BIT TO DISPLAY

LAST BIT TO DISPLAY

SCALE FACTOR(POS: MARKS/SAMPLE
NEG; SAMPLES/MARK)

= TTBO

= 0

= 7

= 1

EMU BIT* AMPL LOGIC STATE ANALYZER * INDEX -5 TO 55TRACE BIT
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lAQ1
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EMU CMP

2

3

(B) Timing diagram when button pushed

EMU BIT* AMPL LOGIC STATE ANALYZER * INDEX -35 TO 25TRACE BIT

0

lAQ1

DBIN2

EMU CMP3

(C) Timing diagram when button released

Figure 6.13. (continued)
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Finally a complete hardware and software test of both the

interrupt and the I/O ports is accomplished using the diagnostic

Before running the test, the corres-routine shown in Figure 6.14.

ponding I/O lines of the two IMS 9901s are connected together,

main test routine sets up the interrupt vectors, enables the inter-

The

rupt, and then waits for an interrupt. The function of the interrupt

routine is to output all possible data through a TMS 9901 and input

this data back through the other TMS 9901. A comparison is made

between each output and input. Any discrepancy between the data

causes the microprocessor to trap in an idle instruction within the

interrupt routine. If the test is successful, the microprocessor

returns to the main routine and waits for the next interrupt. The

result of the test can be checked by identifying the location of the

PC.

I/O Devices and Interfacing Design and Test

The next design task is to interface the A/D, the D/A, and the

An ADC 0804 has four con-oscilloscope to the microcomputer system.

The -CS line is tied low totrol lines, -CS, -RD, -WR, and -INTR.

-WR, -INTR, and -RD are tied to P8, P9, and PIOenable the device.

of the A/D's TMS 9901, respectively, as shown in Figure 6.15.

A transition from low to high on the write enable line, -WR,

starts the A/D. Upon completion of the conversion, the interrupt

The -INTR stays low

Pulling -RD (the read enable line)

request line, -INTR, is pulled low by the A/D.

until the converted data are read.
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ID 'lOTEST'
AORG >400

START LWPI >500

RO, >520

RO, @>4
RO, @>8
RO, SAMPBT
RO, @>6
RO, SCRLBT
RO, @>A

LI

LOAD INTERRUPT VECTORSMOV

MOV

LI

MOV

LI

MOV

CLR R12

RESET INTERRUPT FFSBZ 29

SBO 29

4SBO

SBO 5 ENABLE INTERRUPT

LIMI 3

WAIT IDLE

JMP WAIT WAIT FOR INTERRUPT
***************** INTERRUPT ROUTINE

SAMPBT LI R2,>20
R3,>60
SCRLBT+8

R2,>60
R3,>20

PO OF D/A's TMS 9901
PO OF A/D's TMS 9901LI

JMP

SCRLBT LI

LI

CLR R12

INIT. D/A's TMS 9901 I/O PINSSBO 0

SBZ 15

LI R12,>60
INIT. A/D's TMS 9901 I/O PINSSBO 0

15SBZ

CLR RO INIT. COUNTER & R12

LOOP MOV R2,R12
LDCR R0,0
MOV R3,R12

OUTPUT 16 BITS

STCR R1,0 INPUT THE SAME 16 BITS

COMPARE IF SAME

NOT SAME, ERROR
GET NEXT OUTPUT

CONTINUE

C R0,R1
ERRORONE

INC RO

ONE LOOP

CLR R12

SBZ 29 RESET INTERRUPT FF

29SBO

RTWP

ERROR IDLE ERROR TRAP

Figure 6.14. Interrupts and I/O ports diagnostic routine.
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While -RD is low, the output is enabled. Thehigh resets -INTR.

converted data are read and stored by the microprocessor.

The D/A converter, an AD 7522JN, provides several external

control lines but only three lines, LSB, HSB, and LDAC, are essential

The LSB and the HSB are data strobes and areto this application.

tied together so that all 10 data bits are strobed into the A/D's

The LDAC, aninput buffer on the positive transition of the strobe.

output update line, loads the output register and updates the analog

output after 0.5 microsecond. All other control lines are tied low.

The LDTR and the SPC lines are tied low for selecting unipolar

operation and parallel mode, respectively. The two least significant

inputs, DBO and DBl, are tied low since only 8 out of 10 bits are

Zero offset and gain adjustments are implemented by

adjusting R1 and R2 according to the manufacturer's specification

used here.

sheet. Since the output of the D/A is 0 to -5 volt for the unipolar

operation, a unity gain inverting op-amp is used to interface the

D/A to the scope.

The oscilloscope selected for this project is a Telequipment

Oscilloscope D61, which has a Z input for controlling the intensity.

This allows an external circuit to plot points on the scope by

intensifying the display beam only at the desired screen positions.

Applying 1OV or OV to the Z input intensities or blanks the display

beam, respectively. A simple noninverting op-amp circuit with a gain

of 3 interfaces a TTL signal from the TMS 9901 output line to the

scope's Z input.
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The horizontal trigger input to the oscilloscope is driven by

When all of the 256 data points arean I/O line from a T flip-flop,

output, the I/O line toggles the T flip-flop. This resets the hori

zontal position of the oscilloscope beam and prepares for the next

display cycle.

The diagnostic routines for the A/D and the D/A are shown in

A known DC voltage is connected to the A/D analog

With the AMPL set in the emulator control/internal data inter-

Figure 6.16.

input.

locked mode, the routine is single stepped using the SIE library

command and content of RO is examined for the correct value. Using

The oscilloscopethe same single step procedure the D/A is tested,

is used to check for the correct output voltage.

The last two circuits to be checked are the scope's intensity

Outputting I's and O's to PIO and Plland trigger input interfaces,

of D/A's TMS 9901 and measuring the output voltage of the circuits

provide sufficient tests for the interface circuits.

System Software Design

A detailed software flow chart is developed concurrently with

the hardware development. Symbols are used where the hardware I/O

and memory signals are still undefined. These symbols are assigned

temporary values by using the assembler directive, EQU. When the

hardware signals are defined, the symbols are assigned the correct

values.
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A/D diagnostic routine

INIT LI R12,>60
SBO 10

START SBZ 8

SBO 8

SET CRU TO PO OF A/D's TMS 9901
DISABLE ADC OUTPUT

START A/D CONVERSION

LOOP TB 9 WAIT TILL CONVERSION COMPLETE

JEQ LOOP
SBZ 10

STCR R0,8
SBO 10

ENABLE A/D OUTPUT
INPUT CONVERTED DATA

DISABLE A/D OUTPUT

D/A diagnostic routine

DACTST LI SET CRU TO PO OF D/A’s TMS 9901
OUTPUT 8 BITS

STROB DATA INTO D/A

R12,>20
LDCR R0,8
SBO 8

SBZ 8

SBO 9

SBO 10

SBZ 10

SBZ 9

UPDATE D/A OUTPUT
TURN ON CRT INTENSITY

TURN OFF CRT INTENSITY

DISABLE OUTPUT

Figure 6.16. A/D and D/A diagnostic routines.
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A detailed flow chart and program for the analyzer project is

Each step in the flow chart corresponds toincluded in Appendix C.

assembly language instructions.

Structured programming reduces debugging time by 50% over the

Considering the time required totraditional unstructured approach.

debug a program often exceeds the time to write the program, 50% saving

In addition, the timein time at the debugging stage is significant,

required to write a structured program is reduced significantly as

one becomes more familiar with the structured approach. An

unstructured program is difficult to follow even with modest

complexity.

After each software routine is written, it is run and verified

using the tracing capability of the emulator or the simulation

If the hardware requiredmethods discussed in the previous chapter,

for testing the routine is ready, the routine can serve to verify

In such cases the outputs from the routine and

inputs received from the hardware would provide useful diagnostic

information for detecting faults,

works correctly with the prototype hardware, the final software and

the hardware as well.

By verifying that each routine

hardware integration phase is simplified.

Software and Hardware Integration Phase

The software and hardware integration phase is the process for

bringing together the hardware and software to obtain an intended

This is an extremely difficult step if the hardware wasfunction.

not designed and tested modularly. The difficulty arises from the
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fact that the two untested systems are working simultaneously. Most

likely several hardware and software errors occur simultaneously

making it extremely difficult to identify and isolate errors even

Having hardware and software verifiedwith a development system.

before the integration process greatly reduces unnecessary frustra-

Even then, the chancetion and complexity in the integration phase,

of a successful integration on the first trial is almost zero.

Therefore the software should be tested modularly with the prototype

hardware. This testing process isolates possible fault areas and

simplifies the debugging process.

The first program module to be tested is usually the main

After the program is loadedroutine and its associated subroutines.

into the emulator memory and the write-protect is set up, the program

counter is set to the entry point, >14. Program flow is checked

first by setting the emulator and trace modules in emulator control/

internal data interlocked or independent mode and setting the trace

completion breakpoint for 255 samples. Before running the emulator.

loop counts in the program should be reduced, so that the resulting

trace is not filled with unnecessary data from the loop executions.

By examining the program in Appendix C, four instructions need to be

modified as listed in Table 6.5.

Several traces are usually required to completely trace a

program flow. After the program flow is verified to be correct, the

trace completion breakpoint is removed and the PC is reset. The

program is executed in a free running mode. Oscilloscope should
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display three data points at zero volt,

debugged before proceeding further,

lated by analyzing the conditions under which errors occur,

example, if the scope is properly adjusted but no display results,

the software may not be outputting a signal to the intensity control

Any errors should be

Possible fault sources are iso-

For

i nput (f the scope.

Loop count modifications.Table 6.5.

Modified ContentAddress Original Content

>6FD>56 >600

>5FD>6A >500

>6FD>F8 >500

>106 >500 >5FD

To test the interrupt service routine related to the sample

function, the loop count located at address >B8 is set to >5FD. The

analog input voltage is adjusted to a known value and the sample/

histogram display switch is set to sample mode. Program execution

is initiated and the sample interrupt button is depressed to initiate

the sampling process,

sampled values.

The sample buffer is examined for the actual

A linearity error may cause the sampled values to be

off by a bit. Setting the sample/histogram display switch to histo

gram mode should display the histogram of the three sampled voltages.

The histogram should consist of a single data point if no linearity

error is present.
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Testing of the scroll interrupt service routine is simpler

since no I/O operation is involved,

be debugged through tracing with the AMPL in the emulator control/

internal data interlocked or independent mode.

Any error in the routine can

However, before the

scroll routine can be tested, the previously modified loop counts

should be set to their original values.

After the software/hardware integration phase is verified,

the software is programmed into an EPROM device using the EPROM

The EPROM is installed and mapped into the targetprogrammer.

With the emulator still connected to the prototype hardware.memory.

the analyzer is tested again. Upon proper verification, the target

connector is unplugged from the prototype system and the TMS 9980

microprocessor is plugged into the microprocessor socket for proto

type stand-alone operation. The analyzer should run the first time.

If the analyzer fails to run, the power supplies to the microprocessor

should be checked, since while in the in-circuit emulation mode the

emulator processor uses its own power supplies and is not connected

to the prototype power supplies. A high at the HOLD and the READY

lines should also be checked. since the emulator has internal pull-

up resistors at these pins and the prototype system may not have the

resistors connected. Another possible cause of failure to run at

this stage is that different clock speeds are used in the in-circuit

emulation and the stand-alone operation,

clock is used throughout this example, a failure due to different

clock speeds is ruled out.

Since the 8 MHZ prototype
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The histogram analyzer is tested with a generator connected

DC, square, triangular, and sawtooth waveforms are

Figure 6,17(B) shows an input sine

to its input.

used for testing the analyzer.

wave that was sampled at a frequency of 6 KHZ.

sine wave is shown in Figure 6,17(A),

The histogram of the

As more samples are accumulated

the histogram does converges toward the ideal shape.
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Histogram analyzer results.Figure 6.17.



CHAPTER VII

CONCLUSION

Due to the fact that a large percentage of today's digital

systems are based around microprocessors, the skill to use them like

any other ICs is becoming essential for the digital major electrical

Therefore a microprocessor-based system designengineering students,

course is essential as a continuation to the presently available

In addition, during the preparation ofmicrocomputer class at UTK.

this thesis many students in the microcomputer class have expressed

their interests in learning to build microprocessor-based systems at

chip level.

The AMPL development laboratory made available by the TI is a

very powerful tool for developing microprocessor-based systems. A

variety of operating modes allows the designer to configure the

development system for the hardware trouble shooting, the software

debugging, and the hardware/software integration. With a built-in

high level language for user-defined commands, the AMPL has a wide

Some of these applications are demonstratedvariety of applications.

These projects familiarizein the first two projects of this thesis,

the students with the AMPL development system capabilities.

A microprocessor-based system design example is presented to

illustrate the design process involved in using a development system.

This modular design and test approach, which reduces time wasted and

unnecessary frustration in locating faults, should be used as a guide

120
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to design projects. In addition to the first two projects, four

other microprocessor-based system design projects are provided. Any

one of the four projects can be completed in a quarter's time yet

provide sufficient challenge for a good learning experience.

In conclusion, with the TI minicomputer facility already

available, a microprocessor-based system design course and the exist

ing microcomputer course can provide a complete microprocessor

education for the students at UTK.
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APPENDIX A

EMULATOR AND TRACE MODULE PRIMITIVE COMMAND SYNTAX
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APPENDIX B

MICROPROCESSOR-BASED SYSTEM DESIGN

PROJECT SPECIFICATIONS



PROJECT #1 : MEMORY TEST

Design and test a microprocessor memory system for the TMS 9980

The memory system should be easily expandable in

One IK byte of the memory is to be ROM

(TMS 2708) and another IK byte of the memory is to be RAM (TMS 4045).

The memory system is to be tested under control of the AMPL

a dead cell

Microprocessor.

increments of IK bytes.

Three types of test are required;development system,

test, a data path test, and a 50 msec refresh test,

memory test can be implemented using only the AMPL language, it will

Even though the

not be permitted here, since an excessive amount of time is required

for any significant amount of memory to be tested. An assembly

language memory test routine should be written to supplement the AMPL

procedure to reduce the memory test time. The AMPL memory test pro

cedure should prompt the user for the starting and the ending memory

addresses to be tested. The portion of memory where the assembly

language memory test routine will reside should be first tested by

the AMPL memory test procedure. The memory test should complete

without any further intervention from the operator. Results of the

memory test should be displayed on the terminal as well as listed to

a file for printout purpose. The result should be labeled according

to the type of memory test. Memory test value passed as well as

failed should be included in the result. Beside each bad memory

location, display the input value, the expected value, and the bits

that are bad.
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The following parts are provided for this project:

QuantityDescriptionParts

1TMS 9980 microprocessor

1TMS 2708 IK X 8 EPROM

IK X 4 RAM 2TMS 4045



131

PROJECT #2: ASSEMBLY PROGRAM SIMULATION

Write an assembly language simulation program using the AMPL

language. The purpose of this project is to check the functionality

of software easily and independently of any prototype hardware.

Since only the inputs and the interrupts affect the flow of the soft

ware, the simulation should prompt the user for inputs, when

required, from the terminal and be able to simulate and trace an

interrupt through the terminal. The simulation should allow the user

to specify trace count and trace range of the simulation.

In a subsequent project the simulator is useful for the

An example of the simulation programinitial testing of software,

is available by using the following COPY command.

C0PY(^S$SYSLIB.AMPL$CMD.CSAPO

The use of the simulation program is explained in the CSAP, computer

simulated assembly program, tutorial.
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PROJECT #3: HISTOGRAM ANALYZER

Using the tested memory of Project No. 1, design a TMS 9980

based histogram analyzer. The input to the histogram analyzer is a

signal from 0 to +5 volts. Output of the histogram analyzer is

plotted on an oscilloscope. The voltages and the frequency of

occurrences of the corresponding voltage are plotted on the horizontal

and the vertical axes, respectively. The graph will consist of 256

dots. Each dot represents a possible discrete sampled voltage and

its amplitude is proportional to the number of times that voltage was

Since the accuracy of a histogram is proportional to thesampled,

total number of samples taken, the analyzer should provide an accumu

lative result of the maximum possible samples without overflowing.

Also the analyzer should provide a means for locating and examining

The following parts are provided for thisany particular data point.

project:

QuantityParts Description

1TMS 9980 microprocessor

2TMS 9901 programmable parallel I/O device

1TMS 2708 IK X 8 EPROM

2TMS 4045 IK X 4 RAM

1ADC 0804 A/D converter

1AD 7522JN D/A converter

1CY 8.000 8.000 MHZ crystal
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PROJECT #4: DMA HISTOGRAM ANALYZER

The followingImplement Project No. 3 using a DMA controller,

parts are provided for this project:

Quanti tyDescriptionParts

1TMS 9980 microprocessor

programmable parallel I/O device 2TMS 9901

1DMA controllerTMS 9911

1TMS 2708 IK X 8 EPROM

2IK X 4 RAMTMS 4045

1ADC 0804 A/D converter

1AD 7522JN D/A converter

18.000 MHZ crystalCY 8.000
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PROJECT #5: SYSTEM ALARM CLOCK

Using the tested memory of Project No. 1 design a TMS 9980

based computer system that interfaces with a data terminal through

the EIA RS232 standard port. A monitor program should be written

to accept and interpret a command string of variable length. The

system command repertory should be easily expandable to include new

commands and to modify the old ones. Since the system clock command

is a very basic command that exits in most computer systems', a

system clock with the alarm feature should be implemented in this

project. The computer should keep track of the time after it has

been turned on. The system clock time should be easily reset. When

an invalid command string or value is entered, an error message

The following alarm capabilities should beshould be displayed.

provided:

The alarm can be turned on or off.1.

2. The alarm time and message should be easily entered.

3. When requested the alarm time and a message is displayed.

4. The alarm should be implemented through the speaker on the

terminal.
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The following parts are provided for this project:

QuantityParts Description

1TMS 9980 microprocessor

1asynchronous communicationTMS 9902

controller

1TMS 2708 IK X 8 EPROM

2TMS 4045 IK X 4 RAM

1SN 75188 line driver

1SN 75189 1ine receiver

18.000 MHZ crystalCY 8.000
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PROJECT #6: PIANO KEYBOARD SYNTHESIZER

The purpose of this project is to implement a piano keyboard

synthesizer on a data terminal. A synthesizer should be capable of

playing five octaves. As long as a key is depressed, a note is

played. When the key is released the note should cease within 0.5

second. Terminal key should be provided if a note is to be terminated

immediately.

A synthesizer should also be able to record and replay the

The current mode of operation (piano, record,

or replay) of the synthesizer should be indicated on the terminal.

The mode of the synthesizer can be altered at anytime by pressing the

designated keys on the terminal,

message should be displayed on the terminal.

music as it is entered.

When the record buffer is full, a
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The following parts are provided for this project:

QuantityParts Description

TMS 9980 1rm croprocessor

programmable parallel 1TMS 9901

I/O device

1TMS 9902 asynchronous communication

controller

1TMS 2708 IK X 8 EPROM

TMS 4045 IK X 4 RAM 2

1SN 75188 line driver

SN 75189 line receiver 1

CY 8.000 8.000 MHZ crystal 1
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MICROPROCESSOR-BASED SYSTEM DESIGN PROJECT SOLUTIONS



AUTOMATED MEMORY TEST PROJECT SOLUTION

..WRITE SPECIFIED TEST CONTENT TO MEMORY RANGEPROC WRITEO, 1)

FOR LOC I=ARG 1 TO AR6 2 BY 2 DO SLOC 1=ARG 3
END

CHECK<3. 2)

LOC 1=0

FOR LOC 2=AR0 1 TO ARG 2 BY 2 DO
IF SLOC 2 NE ARG 3 THEN BEGIN

LOC 1=L0C 1+1

'MEMORY ERROR ADDRESS: ';LOC 2:H;
'EXPECTED: '; ARG 3:Hi

'ACTUAL:'; SLOC 2:H;

'ERROR BIT: 'iSLOC 2 XOR ARG 3:HiNL

PROC

LOC 1 CONTAIN NO. OF ERRORS FOUND
. . CHECH COMPLETE MEMORY RANGE

..IF ERROR OCCUR

END

. . IF TEST PASSED FOR SPECIFIED MEMORY RANGEIF LOC 1 EQ 0

THEN BEGIN

'MEMORY TEST - PASS.VALUE: 'i ARG 3:H
END

. . TEST FAILEDELSE BEGIN

'MEMORY TEST - FAIL

'NUMBER OF ERRORS: 'iLOC 1:D

END

NL

END

AMPLMT<2- 2)

'MEMORY TESTIFIRST >100 LOCATIONS): FROM 'iARG l:Hi'TO
'WRITE ALL ZERO TEST:'iNL

WRITE(ARG 1,ARG 2, 0)

CHECH (ARG 1. ARG 2.0)

'WRITE ALL ONE TEST:'iNL

WRITE(ARG l.ARG 2.>FFFF)

CHECH(ARG l.ARG 2.>FFFF)
'WALHING ONE TEST:'iNL

LOC 1=>8000

FOR LOC 2=0 TO 15 DO BEGIN
WRITE!ARG l.ARG 2.LOC 1)

CHECH(ARG l.ARG 2.LOC 1)

LOC 1 =LOC 1 »1

PROC
'i ARG 2: Hi NL

. . WRITE ZERO'S

..CHECH

. . WRITE ONE'S

..CHECH

. . WALHING ONE'S

END

'WALKING ZERO TEST:'iNL

LOC 1=>7FFF

FOR LOC 2=0 TO 15 DO BEGIN
WRITE(ARG l.ARG 2.LOC 1)

CHECH(ARG l.ARG 2.LOC 1)

LOC 1=L0C lOl

END

'REFRESH >AAAA TEST:'iNL

WRITE(ARG l.ARG 2.>AAAA)

WAIT!1)

CHECH(ARO l.ARG 2. >AAAA)
'REFRESH >5555 TEST: 'iNL

WRITE(ARG l.ARG 2.>5555)

WAITd )

CHECH(ARG l.ARG 2.>5555)

..WALHING ZERO'S

. . REFRESH TESTOAAAA)

. . WAIT FOR 50 MSEC

. . REFRESH TEST 05555)

..WAIT FOR 50 MSEC

END

PROC ALMT(2.0)
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..SKIP TWO SPACENL; NL

'MEMORY TEST(REST OF MEMORY RANGE):
'WRITE ALL ZERO TEST:';NL

RO=ARO 1

RlsARG 2

REPEAT BEGIN

TRUN;

ERUN:

REPEAT NULL

UNTIL EST EQ 3;

MDR=EHLT; • • HALT EMULATOR
PC EQ ARG l->88 OR PC EQ ARG l->76 THEN WAIT(l) ..REFRESH DELAY

IDLE AT TEST COMPLETE
ERROR HAS NOT OCCUR

FROM 'iARG l:Hi 'TO ';ARG 2: Hi NL

..SET STARTING ADDRESS
. . SET END ADDRESS

. . START TRACER AND EMULATOR

. . WAIT TILL EMULATOR IDLE

IF

ELSE IF PC NE ARG l->52
THEN BEGIN IF R2 EQ 0

THEN BEGIN

'MEMORY TEST - PASS, VALUE: 'i R4: Hi NLi

END

ELSE BEGIN

'MEMORY TEST - FAIL

'NUMBER OF ERRORS:

..ERROR HAS OCCUR

'i R2: Di NLi

END

..DISPLAY TYPE OF TEST

..BY CHECKING RETURN ADDRESS

ARG 1->D6::BEGIN 'WRITE ALL ONE TEST: 'iNLi

CASE Rll OF

END

ARG 1->C8::BEGIN 'WALKING ONE TEST: 'iNLi
END

ARG 1->B8::BEGIN

IF R4 EQ 1 THEN BEGIN . . IF THE TEST COMPLETE
'WALKING ZERO TEST:'iNLi

END

END

..IF THE TEST COMPLETEARG 1->A0::BEGIN

IF R4 EQ >FFFE THEN BEGIN
'REFRESH >AAAA TEST:'iNLi

END

END

ARG 1->B4::BEGIN 'REFRESH >5555 TEST:'iNLi
END

END

else if (@R3 XOR R4) NE 0 THEN BEGIN . . IDLE AT ERROR
DOUBLE CHECK IF ERROR REALY OCCUR
VACANT MEMORY LOCATION MAY CAUSE WRONG ERROR DETECT

'MEMORY ERROR ADDRESS: 'iR3:Hi
'EXPECTED: 'i R4: Hi

'ACTUAL:'iSRO:Hi

'ERROR BIT: 'i@R3 XOR R4: Hi NLi
END

ELSE R2=R2-1 . . NO ERROR OCCUR DEC. ERROR COUNT
..REPEAT UNTIL END OF TESTEND UNTIL PC EQ ARG l->70

END

..MEMORY TEST PROCEDURE

PROC MEMTST(2,1)

IF ARG 1 MOD 2 NE 0

THEN ARG 1 =ARG 1

IF ARG 2 MOD 2 NE 0

THEN ARG 2 =ARG 2 - 1

IF ARG 2 -ARG 1 LT 0

THEN 'BOUNDARY SPECIFICATION ERROR'
ELSE BEGIN

LIST( 'LIST. LIST' >i

1 . . SET START ADDRESS TO WORD BOUNDARY

SET END ADDRESS TO WORD BOUNDARY

OPEN A LISTING FILE FOR ERROR MESSAGE
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'MEMORY TEST RANGE; FROM 'iARO 1; Hi'TO ';ARO 2: H; NLi NL; NL

IF ARG 2 -ARG 1 LE >100

THEN AMPLMTCARG 1-ARG 2) ..USE AMPL LANGUAGE TO TEST MEMORY

ELSE BEGIN

LOG 1=ARG 1 +>100;

AMPLMT(ARG l.LOC 1); ..TEST FIRST SIZE WORDS USE AMPL LANGUA

LOAD('OBJ. ALMT', ARG 1);

..SET END ADDRESS FOR AMPLMT PROG

. LOAD ASSEMBLY LANGUAGE

. MEMORY TEST PROGRAM

. SET PG

. SET WP

. SET NEW START ADDRESS

ALMT<ARG 1, ARG 2); ..CALL ASSEMBLY LANGUAGE MEMORY TEST PROG

PC=ARG l+>20;

WP-ARG 1;

ARG 1 =LOC 1 +2;

END

..CLOSE LISTING FILELISTCEOF)

END

END

MEMTST

':MEMORY TEST';

'STARTING ADDRESS'=;

'ENDING ADDRESS'=;

FORM

END
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eWRITEBL

WAIT FOR AMPL TO TIME OUT 50 MSECIDLE

REFSH5 BL SCHECK

END IDLE

*************************************-************-»**************'**********

************************* WRITE SUBROUTINE

***************************************************************************

WRITE MOV RO.R5

NXTWRT MOV R4,*R5+

R5, R1

JLE NXTWRT

*R11

WAIT FOR AMPL TO SHOW TEST MESSAGE

*****************************

R5 IS TEMPORARY COPY OF RO

WRITE TEST CONTENT TO MEMORY RANGE

C

CONTINUE IF NOT END OF MEMORY RANGE

B

****************************CHECK SUBROUTINE************************

RO, R5

R4,*R5+

ERROR

R5, R1

NXTCHK

*R11

R5, R3

CHECK MOV

NXTCHK C CHECK IF THERE IS ERROR OR NOT

JNE

CHECK IF END OF TEST OR NOTENDTST C

JLE

B

ERROR ROUTINE

LOAD MEMORY FAILURE ADDRESS REGISTER
INCREMENT ERROR COUNT

WAIT FOR AMPL TO SHOW ERROR MESSAGE

ERROR MOV

DECT R3

R2INC

IDLER IDLE

JMP ENDTST



144

REAL-TIME SOFTWARE SIMULATION PROJECT SOLUTION

PROC TB(I,0)

ST = ST AND >DFFF

IF ARG 1 NE 0 THEN ST = ST XOR >2000

..SET ST EQ. BIT TO ZERO

.. SET ST EQ. BIT TO ONE

END

FORM TB

TB INSTRUCTION;

'INPUT '='0';

END

FUNC STCR(1,3)

NL

LOC l=(eVALUE2 AND >03C0>/>40

IF LOC 1 NE 0 THEN BEGIN

LOC 2=ARG 1

FOR LOC 3=1 TO 16 DO BEGIN ..DETERMINE NO. OF INPUT BITS INPUT

IF LOC 2 LT 0 THEN BEGIN

LOC 3=16i

ESCAPEi

..DETERMINE NO. OF INPUT BITS REQUIRED

END

LOC 2=L0C 2/2

IF LOC 2 EQ 0 THEN ESCAPE

END

IF LOC 3 GT LOC 1 THEN BEGIN ..ERR IF INPUT BITS IS GT. REQUIRED

'ERROR:

RETURN 1;

PLEASE ENTER ONLY ' LOC 1: D3 ' BITS !';NLi

..RETURN 1 TO INDICATE INCORRECT INPUT DATA

END

END

IF (LOC 1 NE 0) AND (LOC 1 LE 8) THEN . . CORRECT INPUT DATA

eETB(ETBN)=(eETB(ETBN) AND >OOFF) OR (ARG 1 * >0100)

ELSE eETB(ETBN)=ARO 1

. . RETURN 0 TO INDICATE CORRECT INPUT DATARETURN 0

END

FORM STCR

':STCR INSTRUCTION: ';

'INPUT '='0';

END

PROC CSAP(4,3)

IF ARG 1 EQ O THEN BEGIN

LOC 2 = >3400;

LOC 3 = >FCOO;

. . STORE STCR OP CODE

. . STORE STCR OP CODE BIT MASK

END

ELSE BEGIN

LOC 2 = >lF00i

LOC 3 = >FFOO;

. . STORE TB OP CODE

..STORE TB OP CODE BIT MASK

END

..TRACE DATA QUALIFIED BY ETRC

..BREAK ON ONE EVENT COUNT

..SPECIFY EVENT AS STCR OR TB

TTRC(Q3)

TBRK(1)

TEVT(D1,L0C 2. LOC 3)

ETRCdAQX, ARG 2, ARG 3. ARG 4) ..SPECIFY TRACE COUNT S<TRACE BOUNDARY

EBRK(MA)

TRUN

ERUN

REPEAT NULL UNTIL EST XOR 1

IF EST AND 2 THEN BEGIN

. . DISABLE EMULATOR BREAKPOINT

. . START TRACER AND EMULATOR

. . WAIT FDR PROCESSOR HALT OR IDLE

. .PROCESSOR IDLE

'IDLE INSTRUCTION ENCOUNTERED';NL;

'PROCESSOR HALTED';NL;

NL
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MDR=EHLTi

RETURN:

END

ELSE BEGIN

LOC 1=ETBN

WHILE ETBH<LOC 1. lAQ) EQ 0 DO LOC l=LOC 1-1
VALUE2 = ETB(LOC 1)

IF (eVALUE2 AND >FCOO) EQ >3400 THEN BEGIN
, . STCR IS ENCOUNTERED

'STCR INSTRUCTION ENCOUNTERED AT 'VALUE2:H4i NL
'PLEASE ENTER ONLY '(eVALUE2 AND >03C0)/>40:D3 ' BITS'; NL

WHILE STCR DO MDR=0 . . CALL STCR FUNC

..FETCH STCR OR TB FROM BUFFER

NL

. . AND REQUEST INPUT FROM TERMINAL

ELSE IF (eVALUE2 AND >FFOO) EQ >1F00 THEN TB
. . CALL TB PROC TO REQUEST INPUT

END

END

CSAP

END

FORM CSAP

INPUT INSTRUCTION AND TRACE RANGE:
/ .

t

'STCR OR TB INSTRUCTION<STCR=OlTB=1) '='0';
'TRACE COUNT!1-2S5,0=INFINITE) '='0';

'LOW BOUNDARY OF TRACE RANGE '='0';

'HIGH BOUNDARY OF TRACE RANGE '='>FFFF'l
END

PROC INTR(1,12)

MDR=EHLT

IF (ST AND IS) GE ARG 1

THEN BEGIN ..INTERRUPT IS ALLOWED

..SAVE OLD WORKSPACE POINTER

. . NEW WP

. .OLD WP

..OLD PC

. . OLD ST

. . NEW PC

. . NEW PRIORITY

LOC 1 = WP;

WP = e<ARG 1 * 4);

R13 = LOC 1;

R14 = PC;

R15 = ST;

PC = S(ARG 1*4 + 2);

LOC 1 = ARG 1

IF LOC 1 LT 0

THEN LOC 1=0;

ST = (ST AND OFFFO) + LOC 1;

CSAP;

END ELSE BEGIN

'INTERRUP FAILED';NL

ST: EH;

RETURN;

1;

. . PATCH FOR LEVEL ZERO

. . NEW ST

..INTERRUPT SUCCEEDED

. . INTERRUPT FAILED

. . DISPLAY STATUS REGISTER

END

END

FORM INTR

':SIMULATION OF INTERRUPT:';

'INTERRUPT LEVEL'='15';

END
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HISTOGRAM ANALYZER PROJECT SOLUTION

MAIN ROUTINE

SYSTEM INITIALIZATION

SET DISPLAY POINTER TO DBSA

FETCH DISPLAY DATA

OUTPUT TO D/A

TURN ON SCOPE INTENSITY

TURN OFF SCOPE INTENSITY

DO

TILL ALL DATA POINTS ARE DISPLAYED

IF IN SAMPLE DISPLAY MODE

ELSETHEN

SET DISPLAY POINTER

TO HISTOGRAM BUFFER

SET DISPLAY POINTER

TO SAMPLE BUFFER

RESET SCOPE DISPLAY BEAM TO LEFTMOST POSITION

DO

TILL INFINITE DISPLAY LOOP

DBSA = DISPLAY BUFFER START ADDRESS
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SYSTEM INITIALIZATION

INITIALIZE R12 OF SAMPLE ROUTINE TO PO OF A/D TMS 9901

RESET A/D TMS 9901 I/O PINS

INITIALIZE A/D CONVERTER

INITIALIZE R12 OF MAIN ROUTINE TO PO OF D/A TMS 9901

INITIALIZE HISTOGRAM BUFFER

ENABLE INTERRUPT FLIP-FLOP AND MASK

INITIALIZE D/A CONVERTER AND SCOPE

IF IN HISTOGRAM DISPLAY MODE

ELSETHEN

IF DBSA= HBSA IF DBSA=SBSA

ISETHENELSETHEN

CLEAR HISTOGRAM &

SAMPLE BUFFER
CLEAR HISTOGRAM &

SAMPLE BUFFER V

SET DBSA TO SBSA

SET DBEA TO SBEA
SET DBSA TO HBSA

SET DBEA TO HBEA

DBSA = DISPLAY BUFFER START ADDRESS
DBEA = DISPLAY BUFFER END ADDRESS
SBSA = SAMPLE BUFFER START ADDRESS
SBEA = SAMPLE BUFFER END ADDRESS
HBSA = HISTOGRAM BUFFER START ADDRESS
HBEA = HISTOGRAM BUFFER END ADDRESS
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SAMPLE SERVICE ROUTINE

DISABLE ALL INTERRUPT

SET POINTER TO SBSA

START A/D CONVERSION

DO

WHILE SAMPLE BUFFER NOT FULL

WAIT TILL CONVERSION COMPLETE

RESTART A/D CONVERSION

INPUT CONVERTED DATA

CALL HISTOGRAM CONVERSION SUBROUTINE

RESET INTERRUPT FLIP-FLOP

RETURN TO CALLER

SBSA = SAMPLE BUFFER START ADDRESS
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SCROLL SERVICE ROUTINE

INCREMENT DISPLAY BUFFER START ADDRESS BY 20

IF LAST SCROLL

ELSETHEN

RESET THE BUFFER

START ADDRESS

RESET INTERRUPT FLIP-FLOP

RETURN TO CALLER

CLEAR BUFFER SUBROUTINE

SET POINTER TO SBSA

CLEAR THE BUFFER LOCATION

DO

TILL BOTH THE HISTOGRAM AND SAMPLE BUFFERS ARE CLEARED

RETURN TO CALLER

HISTOGRAM CONVERSION SUBROUTINE

SET POINTER TO SBSA

FETCH DATA FROM SAMPLE BUFFER

IF THE CORRESPONDING HISTOGRAM

_ LOCATION IS NOT FULL(255)

ELSETHEN

INCREMENT THE CORRESPONDING LOCATION

OF THE HISTOGRAM BUFFER V

DO

TILL ALL SAMPLE BUFFER CONTENTS ARE CONVERTED

RETURN TO CALLER
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IDT 'HISTQ'

*,*******♦********♦***************************************■»***********

THIS PROGRAM IS WRITTEN FOR TMS 9980 MICROPROCESSOR BASED HISTO-**

GRAM ANALYZER.

(256 SAMPLES) AND STORES THEM IN A SAMPLE BUFFER.
BUFFER THE FREQUENCY OF OCCURANCES OF EACH VOLTAGE IS TABULATED **

IN A HISTOGRAM BUFFER.

0001

0002

0003

0004

0005

0006

0007

0008

0009

0010

0011

0012

0013

0014

0015

0016

0017

0018

0019

0020

0021

0022

0023

0024

0025

0026

0027

0028

0029

0030

0031

0032 0000

0033 0000 0400

0034 0002 0014

0035 0004

0036 0008 0428

0037 000A OOBO

0038 OOOC 0408

0039 OOOE OODE

0040

0041

0042

0043

0044

0045

0046

0047

0048

0049

0050

0051

0052

0053

0054

0055

0056

0057

0058

0059

0060 0010

*«

THE ANALYZER SAMPLES AN ANALOG INPUT VOLTAGE
FROM THIS

**

**
♦♦

»•»

EITHER THE SAMPLE BUFFER OR THE HISTO

GRAM BUFFER CAN BE DISPLAYED ON THE SCOPE BY SETTING A HISTO

GRAM/SAMPLE DISPLAY SWITCH.

**********************************************************************

♦GENERATE SYMBLE TABLE

♦DISPLAY ROUTINE WP«>400

♦SAMPLE ROUTINE WP->420

♦SCROLL ROUTINE WP=>408

♦R12 OF SAMPLE INTP. ROUTINE

♦R12 OF SCROLL INTP. ROUTINE

♦DAC TMS 9901 PO

♦LSB !< HSB OF DAC

♦LDAC OF DAC

♦INTENSITY CONTROL OF SCOPE

♦HORIZONTAL TRIGGER OF SCOPE

♦SAMPLE/HISTOGRAM SWITCH

♦INTERRUPT FLIP-FLOP

♦ADC TMS 9901

♦-WR OF ADC

♦-INTR OF ADC

♦-RD OF ADC

♦SAMPLE BUFFER START ADDRESS

♦SAMPLE BUFFER END ADDRESS

♦HISTO. BUFFER START ADDRESS

♦HISTO. BUFFER END ADDRESS

♦♦
♦♦

♦♦

♦♦

OPTION SYMT

MRWP EQU >400

SAMWP EQU >428

SCLWP EQU >408

SAMR12 EQU SAMWP+24

SCLR12 EQU SCLWP+24

DACPO EQU >20

0400

0428

0408

0440

0420

0020

0008

0009

OOOA

OOOB

OOOC

OOOD

0060

0008

0009

OOOA

0500

0600

0600

0700

8LSB EQU

LDAC EQU

INTSY EQU

HZTRG EQU

9

10

11

12EQUSWl

13INTPFF EQU

ADCPO EQU >60

EQU 8WR

EQU 9INTR

EQU 10RD

>500

>600

>600

>700

SBSA

SBEA

HBSA

HBEA

EQU

EQU

EQU

EQU

AORG >0

DATA MRWP

DATA MR

♦POWER UP VECTOR

♦ (MAIN ROUTINE WP 8< PC)

♦RESERVED FOR TIMER

♦SAMPLE INTP. ROUTINE VECTOR
BSS 4

DATA SAMWP

DATA SAMSR

DATA SCLWP

DATA SCLSR

♦SCROLL INTP. ROUTINE VECTOR

3/23/83 ♦♦♦♦MAIN ROUTINE ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦

I

THE FUNCTION OF THE MAIN ROUTINE IS TO PROVIDE A DISPLAY OF

CONTENTS OF THE SAMPLE BUFFER OR THE HISTOGRAM BUFFER ON AN

OSCILLOSCOPE AS A SERIES OF POINTS.
SWITCH(SW1> DETERMINES WHETHER HISTOGRAM OR SAMPLE BUFFER IS

TO BE DISPLAYED.

R3 CONTAINS DISPLAY POINTER (DSPTR)
R4 CONTAINS DISPLAY BUFFER START ADDRESS (DBSA)
R5 CONTAINS DISPLAY BUFFER END ADDRESS (DBEA)
DISPLAY BUFFER IS CONTAINED WITHIN EITHER HISTO. OR SAM. BUFFER.

THE ROUTINE INITIALIZES THE BUFFERS, ADC, DAC, AND TMS 9901'S.

THEN IT SETS UP R3, R4, AND R5 ACCORDING TO THE POSITION OF

THE SWITCH #1.

BUFFER TO THE DAC, WHICH DRIVES THE SCOPE.
DATA ARE OUTPUTED, SWITCH #1 IS TESTED AGAIN AND R3, R4, AND R5

ARE RESET ACCORDINGLY.

THIS CONTINUES UNTIL AN INTERRUPT OCCURS.

**
«-*

♦*

HISTOGRAM/SAMPLE DISPLAY««

«■*

#•»

**

♦♦

«-*
♦♦

**
«*

•»*
*♦

NEXT THE ROUTINE OUTPUTS THE DATA IN DISPLAY
AFTER ALL BUFFER

«■*
♦♦

*•»

THE ROUTINE RETURNS TO OUTPUT DATA AGAIN.•»*

**
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SYSTEM INITIALIZATION
0061

0062 0014

0063 0014 020C
0016 0060

0064 0018 CSOC
001A 0440

0065 001C IDFO

0066 00IE lEFF

0067 0020 1E08

0068 0022 IDOA

0069 0024 020C
0026 0020

0070 0028 C80C

002A 0420

0071 002C IDFO

0072 002E lEFF

0073 0030 06AO

0032 0104

0074 0034 lEOD

0075 0036 lEFO

0076 0038 1DF4

0077 003A 1DF5

0078 003C IDOD

0079 003E 0300
0040 0003

0080 0042 04C1

0081 0044 3301

0082 0046 IFOC

0083 0048 130A

0084 004A 0284
004C 0600

AORG >14
*INIT. R12 OF SAMPLE ROUT.R12.ADCPOLIMR

*T0 PO OF ADC TMS 9901R12,eSAMR12MOV

♦RESET ADC TMS 9901 I/O PINS-16SBO

-1SBZ
•SET ADC IN HOLD MODE
•DISABLE ADC OUTPUT

• INIT. R12 OF MAIN ROUT. SiSCL

WRSBZ

RDSBO

R12. DACPOLI

•ROUT. TO PO OF DAC TMS 9901

•RESET DAC TMS9901 I/O PINS

R12.aSCLR12MOV

-16SBO

-1SBZ
•INIT. HISTOGRAM BUFFERSHSTCNVBL

•CLEAR INTP. FF

•UNMASK INT4 & INTS
INTPFFSBZ

-16SBZ

-12SBO

-11SBO
•ENABLE INTP. FF

•ENABLE INTERRUPT
INTPFFSBO

LIMI 3

•INIT. DAC AND SCOPECL-R R1

LDCR Rl. 12
•IS SWl IN HISTO. DSP MODE?
• IF SWl IN HISTO. DSP. MODE
•IS DBSA » HBSA ?

TB SWl

IFl UEQ ELSEl

THENl Cl R4. HBSA

.•••••*••••••••••••••••••••••••••
0085 004E

0086 004E 1602 IF5
0087 0050 06A0 THEN5

0052 00F6

0088 0054 0204 FIS
0056 0600

0089 0058 0205
005A 0700

•IF DBSA - HBSA

•CLEAR HISTO. AND SAM. BUF.
JNE FIS

eCLRBUFBL

•SET DBSA TO HBSAR4. HBSALI

•SET DBEA TO HBEAR5, HBEALI

0090 005C

0091 005C 1009

0092 005E 0284 ELSEl
0060 0500

JMP FIl
•IS DBSA » SBSA ?R4. SBSACl

0093 0062

0094 0062 1602
0095 0064 06A0

0066 00F6

0096 0068 0204
006A 0500

0097 006C 0205
006E 0600

•IF DBSA - SBSA

•CLEAR HISTO. AND SAM. BUF.
JNE FI6IF6

aCLRBUFBLTHEN6

•SET DBSA TO SBSAR4. SBSALIFI6

•SET DBEA TO SBEAR5. SBEALI

INIFINITE DISPLAY LOOP
0098

0099 0070 1000

0100 0072 C0C4

0101 0074 3233

0102 0076 1D08

0103 0078 1E08

0104 007A 1D09

0105 007C 1E09

0106 007E IDOA

NOPFIl
•SET DSPTR = DBSA
•OUTPUT TO DAC

• LOAD INPUT REG.

R4. R3

•R3+.8

MOVD0TL2

D0TL3 LDCR

LSBSBO

SBZ LSB

•UPDATE OUTPUTLDAC

LDAC

INTSY

SBO

SBZ
•TURN ON INTENSITYSBO
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•TURN OFF INTENSITY

•END OF DISPLAY?

•NO, CONTINUE DISP.

•DISABLE INTERRUPTS

INTSY

R3, R5

D0TL3

SBZ0107 0080 lEOA

0108 0082 8143

0109 0084 16F7

0110 0086 0300

0088 0000

0111 008A 6103

0112 008C IFOC

0113 008E 1304

0114 0090 0205

0092 0700

0115 0094 A105

0116 0096 1003

0117 0098 0205

009A 0600

0118 009C A105

0119 009E 0300

OOAO 0003

0120 00A2 0202

00A4 0100

0121 00A6 0602

0122 OOAS 16FE

0123 OOAA IDOB

0124 OOAC lEOB

0125 OOAE lOEl

0126

0127

0128

0129

0130

0131

0132

0133

0134 OOBO 0300

00B2 0000

0135 00B4 IDOA

0136

0137 00B6 0202

OOBS 0500

0138 OOBA 1E08

0139 OOBC 1D08

0140 OOBE 0282

OOCO 0600

0141 00C2 1308

0142 00C4 1F09

0143 00C6 13FE

0144 OOC8 1E08

0145 OOCA 1D08

0146 OOCC lEOA

0147 OOCE 3632

0148 OODO IDOA

0149

0150 00D2 10F5

0151 00D4 06AO

00D6 0104

0152 00D8 lEED

0153 OODA IDED

0154 OODC 0380

C

0DTL3 JNE

LIMI 0

•CAL. DIST BETW. DBSA S< DSPTR

•IS SWl IN HISTO. DSP. MODE?

•IF SWl IS IN HISTO. DSP. MODE

•SET DBEA = HBEA

S R3, R4

TB SWl

IF3 JEQ ELSE3

R5, HBEATHEN3 LI

•SET DBSAR5, R4A

UMP FI3

•SET DBEA » SBEAELSE3 LI R5, SBEA

•SET DBSA

•REENABLE THE INTERRUPT

R5, R4A

LIMI 3FI3

LI R2, >100

•BLANK DSP. DELAY LOOPDEC R2DQTL4

0DTL4 JNE D0TL4

HZTRC

HZTRO

D0TL2

•TOGGLE HORTZ. TRIGERSBO

SBZ

•INFINITE DSP. LOOP0DTL2 JMP

3/23/83SAMPLE SERVICE ROUTINE' •••••••

•••••••

IT ACTI-THIS IS BUTTON »2 (INT 4) INTERRUPT SERVICE ROUTINE.

VATES THE ADC TO SAMPLE 256 DATA FROM AN ANALOG INPUT VOLTAGE

AFTER THE SAMPLING IS

• •
••

••

••AND STORES THEM IN THE SAMPLE BUFFER.

COMPLETED. A HISTOGRAM IS TABULATED.

••

••
••

•ADC. MAIN ROUTINESAMSR LIMI 0

•DISABLE OUTPUT & ADC INTP.

•FROM CLEAR ITSELF

•SET POINTER TO SBSA

SBO RD

R2, SBSALI

•START ADC CONVERSIONSBZ WR

SBO WR

•DO WHILE BUFFER NOT FULLR2, SBEADOWHll Cl

JEQ ODWHll

INTR

D0TL12

•WAIT CONVERSION COMPLETED0TL12 TB

0DTL12 JEQ

•START CONVERSION AGAINWRSBZ

SBO WR

•ENABLE ADC OUTPUT

•INPUT FROM ADC

•DISABLE OUTPUT S< ADC INTP.

•FROM CLEAR ITSELF

SBZ RD

STCR •R2+, 8

SBO RD

JMP DOWHll

QHSTCNV •CALL HISTO. CONV. SUBRT.ODWHll BL

•RESET INTP. FF

•(P13 OF DAC TMS 9901)

INTPFF-32

INTPFF-32

SBZ

SBO

RTWP
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**,*,***************************************************»**-»*** ***********0156

0157

0158

0159

0160

0161

0162

0163

0164

0165

0166 OODE 0220

OOEO 0014

0167 00E2 8040

0168 00E4 1105

0169 00E6 0221

OOE8 FFOO

0170 OOEA COOl

0171 OOEC 0221

OOEE 0100

0172 OOFO lEOD

0173 00F2 IDOD

0174 OOF4 0380

0175

0176

0177

0178 00F6 0205

00F8 0500

0179 OOFA 04F5

0180 OOFC 0285

OOFE 0700

0181 0100 16FC

0182 0102 045B

0183

0184

0185

0186

0187

0188

0189

0190 0104 0202

0106 0500

0191 0108 04C3

0192 OlOA 0401

0193 0100 D072

0194 OlOE 0601

0195 0110 DOEl

0112 0600

0196 0114 0283

0116 FFOO

0197 0118 1304

0198 01lA 0223

0110 0100

0199 01 IE 0843

0120 0600

0200 0122 0282

0124 0600

0201 0126 16F1

0202 0128 045B

NO ERRORS,

3/23/83SCROLL SERVICE ROUTINE **********************

**************************************************************************

THIS IS THE INTERRUPT SERVICE ROUTINE FOR BUTTON #3 (INT 5)

THIS ROUTINE SCROLLS THE DISPLAYED DATA ON THE SCOPE TO LEFT AT

INCREMENT OF 20.

SAMPLED DATA.

ARE OVERLAPED, SO RO AND R1 OF THIS ROUTINE ARE R4 AND R5 OF

THE MAIN ROUTINE, RESPECTIVELY.

******************************♦*************************♦******* ****■•'*■*'***

*INC. DBSA BY 20

**
**

**
**

THIS ALLOWS CLOSE UP LOOK AT ANY PARTICULAR

WORKSPACES OF THIS ROUTINE AND THE MAIN ROUTINE

**
**

♦ *

**
**

**

SCLSR AI RO. 20

*IS (DBSA-DBEA) > 0 ?

*IF (DBSA-DBEA) > 0

*CALC. DBSA

C RO, R1

FI21

Rl, ->100

IF21 JLT

THEN21 AI

*SET DBSA

*SET DBEA

Rl. RO

Rl, >100

MOV

AI

*RESET INTP. FF

*<P13 OF DAC TMS 9901)

FI21 SBZ INTPFF

INTPFFSBO

RTWP
.********************

************3/27/83CLEAR BUFFER SUBROUTINE**************

*LOAD SBSACLRBUF LI R5. SBSA

♦CLEAR BOTH BUF.

*(HISTO. S< SAMPLE BUFFERS)

D0TL31 CLR ♦RS*

Cl R5, HBEA

0DTL31 JNE D0TL31

*R11B

3/23/83HISTOGRAM CONVERSION SUBROUTINE *«***************

**************************************************************** **********

THIS SUBROUTINE TABULATES THE HISTOGRAM FROM THE SAMPLE BUFFER.

HISTOGRAM IS TABULATED BY ACCUMULATING UPON PREVIOUS VALUES IN

THE HISTOGRAM BUFFER.

**
**

**

NO OVERFLOW IS ALLOWED. **
**

♦SET POINTER TO SBSAR2, SBSAHSTCNV LI

CLR R3

D0TL42 CLR

MOVB

SWPB

MOVB

Rl

♦FETCH DATA FROM SAM. BUF

♦INTO LSB OF Rl

♦FETCH HISTO. BUF. LOC.

•R2-^, Rl

Rl

eHBSA(Rl), R3

♦CHECK IF THE LOCATION IS FULLR3. >FFOOCl

♦IF HISTO. BUF LPC. IS NOT FULL
♦ INC. THE HISTO. BUF. LOC.

FI42

R3, >100

IF42 JEQ

THEN42 AI

♦PUT BACK INTO HISTO. BUFR3,aHBSACRl)MOVB

♦DO TILL CONVERSION COMPLETEDR2. SBEAFI42 Cl

D0TL42

*R11

0DTL42 JNE

B

NO WARNINGS



♦sv

741} K
ilH- m

twT4 X1/20 j
TMi uau|itBTL

.ga

,i<^

TO SC^T£ i/|iilL II •*m.30

ri a, a \KHOEllO/JJAL TCI6£i?
AO

COL14-12 ^iSVIML O-.u look.
IK

sa PO ■s2K I

BStTW//V
f

A/SW
'He ■= tOM

I16 l//i14 1/<J~x cmSOSA 1
2l

il «.I7,2I

TO scope
■*

iWTfNSITY CONiWt.

Wtlstii

IK
IL/OK fl2.tsv

■wwSWMt OiK

A
U Lu iJ *i

2J-24 K-JI
Tirv -sv HI4T0. PSP £

soo^ l-*i»1 X-BiALs cou

AOlsal^
arf

tir^I
V t>/A

^ ut^ ^ n.
•tx

jovn 7 ^ IBACro scoff

vtRTlCAt iMrt/T'

IkJ *741 Ifll
a■t

24

2f
2S

o»-Pfit._-S£C 2,
-^.1

♦ U|/ -/f^ 17-10

us»/-ic\/

1*7 N?niiv

<g^—(3
;4 6

74tSi» ^
mZIf

sa 1-1 It JitofW6 02AA

4^ >4-1A1
Ai i/pi-lAAfMOH l/(A) AS

A4 i Ai

<3^
iftI4)(i A7 10

XUS 444r ,I
<4 11^1 }

PAM
I

ir'*|

7-17 iii.1/3 II^7
iJ^Irt-l

T/t.l'VH

~P?-M.

AOC 0144 iL

^ »7 Tjn-gg
TAfi 174f

aaszr;^*;.-}*’Vo Fi?p/^ rMi Airo
auooT

CAvCtK

CKi/W

2m. tpAOH
miA. ItUS' S- Cty/OOT

CtxKLK

JT
-£4—1|.
ZZeEMTS

utiKxjWM 4(A) ^
1 2 12

.,ra^J2-I1,1511

-^rlh
It'll

4 ^gt/W ^22
(76W0 //A/C'! 40 I4 /JPAf AO-A)fo.U

&640
10

fgPAf -Bsri^ACiVP

l3
I I

i5,li,

SO-S4
(/n

16
ir 34

1
At

cn

-P^

I



VITA

Seiko Harimoto was born in Taiwan on February 23, 1955.

After completing seven years of Chinese education, he moved with

his family to Okinawa, Japan, where he attended an American Catholic

In August 1972 he came to the United Statesschool for four years,

and graduated in May 1974 from Washington College Academy in

Limestone, Tennessee.

The following September he entered Middle Tennessee State

University. After studying there one year he transferred to The

University of Tennessee, Knoxville, and graduated in December 1978

with a Bachelor of Science degree in Electrical Engineering. Having

accepted a teaching assistantship at UTK in the spring of 1979, he

began study toward his Master's degree in Electrical Engineering.

In the summer of 1981 he went home to Okinawa for two years and

obtained a Japanese citizenship. He returned to UTK in the summer

of 1982 to complete his study for the Master's degree.

155


