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ABSTRACT

The economic advantages associated with large scale
integration of semi-conductor electronic devices have
introduced opportunities for wide-spread application of
microprocessor computer systeas. It is essential that
Computer Science students be familiar with microprocessor
organization and capabilities, and be able to design and
implement softwvare systens for microprocessor
application. This thesis describes efforts made by the
author to provide microprocessor tools which wmight

enhance the learning experience of a student by allowing

pragmatic, hands-on exercises in a user-friendly
environment. Two major achievements were accomplished
during this work. The first area of effort was to

install a cross-assembler for a microprocessor source
lanquage. This cross-assembler was installed on the
Lehigh DECSYSTEN-20 computer. Since most students would
probably have prior exposure to the DEC-20 before
undertaking a w@microprocessor course, the learnimg curve
for using the cross—assembler is expected to be
minimized. The second major achievement was to design
and implement a communications 1interface between a
microprocessor computer and the DECSYSTEN-20 for the

purpose of providing an 1interactive capability from a



terminal attached to the microprocessor. The interface is
designed to work in two modes. In a purely interactive
node, all key entries are passed through the
microprocessor to the DEC-20 and all communication from
the DEC-20 is output to the terminal. When the
microprocessor 1is not in the interactive mode but the
communications 1link is established, the user may request
microprocessor object files to be transmitted from the
DEC-20 to the microprocessor at which point the
sicroprocessor software 1loads the user prograams into
random access storage (RAM). The user programs may then
be requested +to run via terminal input. A number of
service routines are also available wvithin the

microprocessor software to facilitate ease of use.



INTRODUCTION

.

This thesis describes an 1integrated complement of
computer hardware and software which was configured to
provide a microprocessor development system for student
use. A major objective was tc use existing facilities
and software vhere possible and to supplement and modify
these facilities as necessary for the ephancement of a
user-friendly environment. The work proceeded in two
major phases. During the first phase, it was necessary
to select a microprocessor which would be appropriate for
such a project. The Intel 8080-8085 microprocessor wvas
chosen as a result of two major considerations. First,
the Intel 8080 has received wide acceptance within the
user community. On this basis, knowledge of the 8080
would be w@more wuniversally applicable than any other
potential candidate. Secondly, 1in order to provide a
development facility, a cross-assembler for the selected
microprocessor source lanquage was required. Lehigh had
previoasly acquired a cross—assembler for the 1Intel
8080-8085 Assembly Llanguage, and had the assembler
installed on the Control Data Corporatioa (CDC) 6300

computer system. Selection of the 8080 then precluded



the need for purchasing any additional cross-assembler

softvare.

Once the Intel 8080 had been identified as the target
microprocessor for the development system, the first
phase of the project continued with the installation of
the cross-assemnbler on the DECSYSTEM-20 computer and the

establishment of procedures for its use.

The second phase of the project was initiated with the
identification of an Intel 8080-8085 based single board
computer which would provide exercising hardware for user
programs. Requisites for the ccmputer included adequate
on-board programmable read only memory (PROM), adequate
random access memory (RAM) and a minimum of two serial
input-output ports. The 1Intel iSBC 544 Intelligent
Communications Controller Board was chosen as the most
cost-effective altetnative which met the above
requireaents. Executive softwvare installed on the Intel
544 computer includes a repertoire of user utilities and
service routines as well as a communications interface to
the DECSYSTEN-20 computer system. A description of the

microprocessor development system hardwvare and softwvare



characteristics and a discussion

presented in the following sections.

of

system

use

is



HARDWARE DESCRIPTION

The hardvare configuration required for the
microprocessor development system consists of four key
elements, namely the DECSYSTEN-20 coamputer systen
including attached peripherals, the TIntel 1iSBC 544
Communications Controller Single Board Computer with
power supplies, a terminal device capable of interfacing
to the 1Intel S44 board, and a modem which is compatible
with those attached to the DECSYSTEHM-20. A description
of each element and the functional role it performs
withirn the <context of the nmicroprocessor development

system follows.

DECSYSTEN-20 FUNCTIONAL AND HARDWARE DESCRIPTION

The DECSYSTEM_20 serves as the host hardvare for
microprocessor source code preparation and assembly.

The mnmulti-user interactive aspects of the DECSYSTEN-20

* See references, Page 33 .
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(1) * makes it particularly suitable £for a large
population of users, thus avoiding a common problem of
system access frequently encountered with single user
microprocessor development systens.

The complement of hardwvare which coaprises the

DECSYSTEM~-20 includes:

o DEC 2040 Central processor unit, 256K 36 bit wvords
o Line printer, 230 lines per minute

o Tape drive, 9-track, 800(NRZI) & 1600(PB) densitiy
o Disk drives (2), 1004 characters each

o Terminal ports (48), 1200 and 110,300 baud

Microprocessor source code preparation is performed
using the DECSYSTEM-20 text editor. The interactive
features available on the DECSYSTEM-20 afford the
conveniences of editing ease and file storage and
management to the user. The Intel 8080-8085
cross-assembler is also resideont on the DEC-20. The
preparation of an error-free nmicroprocessor progran
would typically involve several iterations of source
code editing and assembly to produce an object file
which 1is capable of being loaded into and exercised on

the microprocessor hardwvare.



INTEL ISBC Su4 INTELLIGENT COMMUNICATIONS CONTROLLER

BOABRD FUNCTIONAL AND HARDWARE DESCRIPTION

The iSBC 544 Intelligent Communicatiocns Controller {2)*
is a member of the Intel 1line of single board
coamputers. It is capable of operating as an
intelligent slave within a distributed processing
network but in this project was configured and used as
a stand-alone master comnmanicating with the
DECSYSTEM~20 via a 300 baud modem over a dial-up phone
line. The processor on the iSBC 544 board is an 8085a
CPU. Also included on the 548 board is 16K bytes of
dynamic random access menmnory, 8K tytes of programmable
read-only memory, 4 serial synchronous/asynchronous
input/output ports, and 1 parallel input/output port.
Baud rates, data formats, and interrupt priorities are
individually selectable for each port on the board.
Other features available on the 1iSBC 544 include
programmable interval timers and a programmable

interrupt controller.

* See references, Page 33 .



The iSBC 544 is designed to interface with the standard
Intel backplane, comnmonly referred to as the multibus.
The 544 <can operate without the backplane, howvever,
provided power requirements of +5v, +12v, and -12v are

available.

TERMINAL EQUIPMENT FUNCTIONAL AND HARDWARE DESCRIPTION

The terminal equipment which attaches to the iSBC 544
computer must conform in spirit to the EIA RS232
standarad. Many terminals are available which would be
suitable for wuse, 1including both <CRT and printing
varieties, The terminal equipment used durimg the
development of this project wvas a Texas Instruuenis
Silent 700 series device. The interface to the iSBC 544
vas operated at 300 baud, 1 stop bit, parity disabled,
8 bit character transfer. If a particular terminal
device could not support these parameters, however, the
interface characteristics could easily be modified in
software to handle any conflicts. The transfer rate of
300 baud was retained to prevent the thermal printer of

the terminal from being overdriven. If a CRT or faster



printing terminal had been implemented as the systen

console, the taud rate could have been increased.

The terminal provides input/output capability for user
data entry and display to both the iSBC 544 angd,
provided communications are established, to the DEC-20.
The description of available user entered commands are

presented in subsequent sections of this document.

MODEM DEVICE FUNCTIONAL AND HARDWARE DESCRIPTION

The wmodem equipment required for the microprocessor
development system owpust be compatible with those
attached to the DECSYSTEM-20. During the course of
this project, all conmaunications to the DEC-20 was
performed over dial-up 1lines at 300 baud. This
comﬁunications medium was chosen in order to preclude
any delay which might have resulted from awaiting
permission to attach the iSBC 544 to the DBEC-20 via a
dedicated 1line over a short haul modem. This later
configuration ‘vould be more desirable should the

microprocessor development system be put to heavy use.

10



The systenm wvould be fully compatible with this
enhancement and would allow large data transfer to

proceed at 1200 baud.

The moden used for the development work was
manufactured by Digicom Data Products. It is a 300
baud acoustically coupled data set, with an EIA RS232
interface for connection to the iSBC Sui computer. The
modem operates at 115 ¥V AC power. An indicator light
on the modem signals vhen the carrier from the DEC-20
is detected as valid. A second indicator light can be
observed to detect data transmission 1in either

direction on the communications line.

11



SOFTWARE DESCRIPTION

Two major software coampcnents are included as componeats
of the microprocessor development system. The first of
these 1s the Intel 8080-8085 Assembly Language
cross-assembler (3)* . The cross-assesbler is desigred
to be hosted on any general-purpose digital computer with
sufficient memory and an integer size of 30 bits or more.
The cross-assembler was developed by Intel and dubbed
MAC80. The source language of the assembler is ANSI
Standard FORTRAN (1966), and therefore 1is gquite
transportable to most machines with a minimum number of
required changes, usually only arising froa iaput and
output peculiarities. The assembler 1is designed to
transform Intel Assembly Language (4)* sSource prograas
into ASCII code hexidecimal machine language object

modules.

The second software comrponent is the Microprocessor
Development Executive. This program provides the

supervisory control 1logic for the iSBC 584 computer.

* See references, Page 33 .
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This executive was cloned from another executive, RAUX
{(S5)* , which was designed by Gary D. Crouse {6)* of the
Bethlehenm Steel Corporation Research Department.
Significant modifications vere made to the interrupt
structure of RMUX to incorporate interrupt driven input
and output from the system console and the DEC-20
interface. Also included in the executive is the DEC-20
communications logic and numerous user service routines
which can be invoked both by user programs and from the
system console. A discussion of these two softwvare

components follows.

MAC80 CROSS—-ASSESBLER FUNCTIONAL DESCRIPTION

The NAC80 Macro Assembler (3) * translates a symbolic
representation of 8080-8085 microcomputer instructions
and data into a form which 1is an ASCII code
representation of the machine instructions executable
by the 8080 or 8085 microcomputer. The input to the

MACS80 cross-assenbler is in the form of macro

* See references, Page 33 .
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definitions, instruction mneumonics, and symbolic
definitions and references. The output is in object
code form, including starting memory location, byte

count, hexidecimal machine code, and checksum.

MAC80 Cross-assembler General Characteristics

The MACB0 cross-assembler (3)* 1is a stand-alone
projram designed to be hosted on most gemeral purpose
digital computer systems. It can be rum in a batch
mode or interactively. A source file contaiaing
Intel 8080-8085 Assembly lanqguage (4)* statements
must be prepared prior to invoking the
cross—assembler. During execution, the
cross-assenbler produces a 1listing file containing
the source statements and the resulting generated
hexidecimal machine code. Error messages are
annotated on the 1listing to identify those source
statements which have been flagged by the

cross-assemnbler. A symbolic reference list may be

* See references, Page 33 .
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optionally appended to the 1listing file. Also
generated during execution is an object code file.
The object code file is in a form suitable for

loading into the 8080-8085 based microcompouter.

The MAC80 cross-assembler is written ip ANSI Standard
PORTRAN IV, so that it might éasily be transported
from one host computer to another. In sone
instances, speed of execution was sacrificed to neet
the above feature. Close examinpation of the source
code may identify potential areas for speed
improvement if required. A symbol table within MACS80
is dimensioned to 1000 integer words, with each
symbol reqguiring tvo words. This table can expanded,
memory permitting, by a wminor programming change
within MAC80, should the need arise. Source listings
of HMAC80 in both machine readable and printed fornm
are available from the Computing and Information

Science Department.

15



MAC80 Input-Qutput File Descriptions

Pive files are referenced during the execution of the
MACS80 cross-assenbler. These files 1include the
interactive terminal interface, the source assembler
code file, the object code output file, the listing
output file, and the MACB80 environment coantrol file.
A description of the content and format of each of

the files is presented in the following sections.

MAC80 Interactive Terminal File Description

—

The MACS80 Interactive Terminal file preseants
real-time status of the assembly process to the
user. When the execution of MAC80 is envoked by
user entry of the run command, the user is assured
of execution commencement by receipt of the MACS80
version banaer and "BEGIN" gmessage. At the
comapletion of HMAC80 execution, a sumnmary errcor
count 1is presented to the user together with an
"EIXIT" message. The Interactive Terminal file is
defined as logical wunit S5 within the MACBO0

cross-asseuabler progran.

16



MAC80 Source Assembly Lanquage Code Pile

Description

The MACB0 source file <contains the 8080-8085
Assembly Lanquage source statements vhich are to be
compiled by the cross-assembler. The source file
is defiped as 1logical unit 20 within the MACS80
progras, and is refereaced as file fORZO.DAT within
the DECSYSTEM-20 environment. The source file must
be c¢reated using the DECSYSTEM-20 editor prior to
envoking the MACB80 cross—assembler. Each line of
the file contains a single source code statement,
vith each statement being either an assemblable
statement or a comment statement. The fields of an
assemblable statement are free format with a fixed
order of occurrance.

The ordering of fields, which must be adhered to,

is as follows:

1. Label (optional)

2. Operation code

3. Operand(s)

g, Comments (optional)

The label field is terminated with a colon.

Coaments commence vvith a semi-colon. All fields

17



are delimited with either omne or more blanks, a
colon, or a seami-colon. A comment statement is one
wvhich a semi-colon appears as the first non-blank

character.

MAC80 Listing File Description

The M®MAC80 Listing file 1is created during MAC80
execution and 1is formatted with standard coatrol
characters to Le output to a printer device. The
listing file is written to logical device 21 which
corresponds to file FOR21.DAT in the DECSYSTEN-20
environment.

The listing file format is fixed and contains the

following information:

Assemrbler error code

Program location counter value
Nesting level for IFP-ENDIF and macros
Generated object code

Macro expansion flag

Source assembly statement

QOO 0OQ O
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MAC80 Object File Description

The MACB0 Object file is created during execution
and is written to logical device 22, or FOR22.DAT
within the DEC-20 system. The format of the object
file is user selectable wvia control switch input to
MAC80. However, for the microprocessor development
system purposes, the hexidecimal object code format
is required. I this format, the records are an
ASCII representation of program @emory with
additional fields for start of record indicator,
starting address, byte count, and checksun.

The format layout is as follows:

COLUAN {S) DESCRIPTION

Colon start of record indicator

b

2- 3 Hexidecimal record length

8 -7 Hexidecimal memory address

8 -9 Record type (not implemented)
10 - N-1(¥) Data

N - Re&1(x) Checksunm

* N = 10 + (2 x record length)
The record length is the count of actual data bytes
in the record. The checksum is the negative of the
sum of all 8-bit bytes in the record, evaluated
modulo 256, The sum of all bytes in the record,

including the checksum should be zero.

19



MAC80 EBnvironment Control Pile Description

The MAC80 Epvironment Control file is read from
logical device 23 during the initializationm phase
of cross—assembler execution. The file is
referenced as FOR23.DAT in the DEC-20 systea.
Control commands are used to specify
charactersitics of the source input file and to
select available options on the type and extent of
assembler output files. In addition to the control
commands read from this file, control commands may
be imbedded in the source file for dynanmic
respecification.

Selectable options include the fcllowing:

Object file format

Assembler internals dump selection
Listing page ejection

Input device selection

Input source format definition
Macro definition listing

Output device selection

Output suppression

CQoO0O0OLOQOooO

For a more detailed description of function and use

for the control commands available with HNAC80

* See references, Page 33 .
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please reference the External Reference
Specification (3)* prepared by Intel, which has
been filed with the Computing and Information

Science Department.

MAC80 Assembler Error Processing Description

Brrors detected 1in the source code during MAC80
execution are flagged with a single letter error
indication on the output listing. If multiple errors
exist on the same line of source code, only the first
error is indicated. The assembler pecforms
fundamental recovery vhen errors are encountered, bj
replacing defective expressions with one or more
bytes of zeros. A complete list of error codes can
be found in the Extermal Reference Specification (3) *
prepared by 1Intel, wvhich has been filed with the

Computing and Information Science Department.

* See references, Page 33 .
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MICROPROCESSOR DEVELOPHMENT EXECUTIVE PUNCTIONAL

DESCRIPTION

The Microprocessor Development Executive wvas developed
from another Intel 8030 based executive, R®0X, which
wvas designed by Gary D. Crouse of the Bethlehem Steel
Corporation Reasearch Department. RNMUX (5)* is a real
time multitasking executive 1intended for control
appiications. Many of the real time aspects of the
executive were stripped out since they were not
required for the microprocessor developmegt systen.
The executive was transformed frcm a time driven
system, wvhere the primary system stimulus was a 50
millisecond clock interrupt, to an event driven systen
responding to intetrupts'from the system console device
and the DECSYSTEM-20 input-output port. The executive
acts as a monitor of user activities, and provides
console communication between the user and the DEC-20,
the executive dJdebug facilities, and user developed

programs. The executive 1includes logic to support a

communications interface with the DECSYSTEN-20
computer. This interface permits two modes of
coamuanicatioa. In the 1interactive mode, all key

22



entries from the users console are passed through the
microprocessor and sent directly to the DEC-20. Since
the DEC-20 supports half-duplex communication, the
entered keys are echoed back to the microprocessor.
Upon receipt of input from the DEC-20, the executive
examines semaphores and, after verifying inﬁeractive
mode, displays the received data omn the system console
device. The second mode of communications with the
DECSYSTEM-20 1is the download mode. This mode permits
the user to request that microprocessor prograas
resident in the DEC-20 in object code format be loaded
into the user area of the microprocessor memory for
subsequePt execution. Logic included in the executive
iﬁsues a request to the DEC-20 for the user specified
file, and loads the code into the microprocessor memory

as it is received froam the DEC-20.

A repertoire of system console commands is included in
the executive program. These commands enhance the debug
environment by permitting the user to modify and
selectively execute portions of a downloaded program.
Also included 1in the executive is a group of common
service routine for perforaming utility functions. The

-

common service routines can be referenced from user

23



programs. Descriptions of the system console commands
and the common service routines available within the
Microprocessor Development Executive are presented in
the following sections. Source listings of the
executive in both machine readable and printed form are
available from the Conmputing and Information Science

Department,

System Console Commands Description

System console commands wmay be entered from the
system console vhenever no solicited input requests
(input requested from a user progran) are
outstanding. A single prompt character, ">",
indicates that @no solicited input is active. Input
completion is signaled by a carriage return. Entered
commands are directed to specific routines within the
executive where parameters are verjified f;r
correctness. Erroneous input results in the display
of a question mark at the console and the function is
terainated. Command parameters are delimited by

commas and blanks.

24



The command repertoire is presented in the followving
list. A document defining command syntax is

available from the Computing and Information Science

Department.
o Abort the currently executing user task
o Begin executioa from specified address
o Begin execuntion with breakpoint installed
2 Display memory contents
o Fill memory with hexidecimal data
o Move memory contents
o Single step execution
o] Inspect and change memory location({(s)
o Examine and change registers
o Download a program from the DEC-20

Common _Service Routines Description

The MNicroprocessor Development Executive contains a
group of user callable common service routines which
provide utility functions. These routines offer
frequently used conversion facilities as well as a
software input-outpuat interface to the systen
console. The ccmmon service routines may be
referenced in user source programs through use of the
assembler BQU statement to define the routine

absoluie address. Parameter descriptions amd absolute

25



location addresses for the set of common service
routines is available from the Computing and
Information Science Department.

The types of utilities available are:

¥rite contents of HL register pair to console
Convert ASCIY hexidecimal to binary value
Convert BCD digits to binary
Compare HL register pair to DE register pair
Move a number of bytes in memory
Write an ASCII string to the conscle

with or without soliciting input
Convert binary to ASCII character

0OQ000O00O

Q
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A TYPICAL SCENERIO OF MICROPROCESSOR_PROGRAM DEVELOPMENT

The following scenerio describes a norral procedure for
developing mnmicroprocessor code using the #icroprocessor
Development System. The scenerio assumes that a design
for the program has been coampleted and that a first draft
of the assembly language code has been completed and is

available for reference.

SOUBRCE CODE ENTRY AND ASSEMBLY

The user must enter the prepared source code into the
DECSYSTEN-20 computer. For this purpose, the user logs
on to the DEC-20 from any convenient terwminal, It is
usually advantageous to be connected to a 1200 baud
port for this step of the development. After logging
on to the DEC-20, the user envokes the editor for the
purpose of creating a file containing the source code.
The suggested file name for the source code is
POR20.DAT . This name may be subsequently changed but

injtially, FOR20.DAT will be more convenient since it

27



is the defaalt input file referenced by the MACBO
Cross-assembler. After the source code has been
entered, the file should be saved by specifying the
unnunbered option, EU, wvhen exiting the editor. After
file creation 1is complete, the user eavokes the MACS80
assembler by 1issuing a "RUON MACB0X" command. The
cross-assenabler will respond with the MAC80 version
banner and a "BEGIN" signal. When assembly is
complete, the number of assembly errors and "EXIT"

prompt 1is presented at the termimal. If errors are

present, the source code should be edited and
reassembled, until all source errors have been
eliminated. Once the assembly is error-free, a hard

copy of the assembly listing, file FOR22.DAT should be
printed. At this point, the user has completed initial
object file preparation, and may log off from the
terminal and proceed to the Intel iSBC 544 system for

program testing and debug.

28



LOGGING ON THE DECSYSTEY-20 FRQM THE ISBC S44 COMPUTER

Once an error free object file has been prepared on the
DECSYSTEM-20, the wuser must move to the 1SBC 544
computer in order to exercise the mwmicroprocessor
program. The HNicroprocessor Development Executive,
resident in PROM memory in the 1iSBC 544, goes through
an initialization process following powver-up of the
computer. The systemr console and the acoustic moden
must be attached to the 1SBC 544 on serial input/output
ports 0 and 1, respectively. A message acknowledging
system initailization vill be presented on the systen
console following initialization. The user must now
dial up to the DEC-20 system in order for the
comnmunications link to be established. After verifying
the carrier tone is present in the telephone headset,
the user should place the headset into the modenm
cradle. Imnediately after placing the phone in the
mnoden, the user must alter the executive
comaunicatioans raode to interactive. This is
accomplished by entering a "CNTL X" from the system
console. Once interactive nmode 1is established, a

carriage return entry initiates a transmission to the

29



DZC-20 which results 1in the 1log-an proampt to be
returned. The log—-on procedure at this point is
identical to that at any terminal, and successful
completion of the 1log-on sequence establishes the
communications Session. All interactive DEC-20
commands are supported from the system console when in

this mode.

LOADING THE OBJECT PROGRAM INTO THE ISBC 544 COMPUTER

Once the communications session with the DECSYSTEA-20
has been established, the user may exit the interactive
mode agaimn by entering a "CNTL X" from the system
console. This entering and leaving the interactive
node may be performed any number of times during a
commaunications session. Upon leaving the interactive
mode, normal executive console commands are again
available, including the LDAD command which perforas
the downloading of w®microprocessor object code. By
entering the command, "L, ,POR21" , the user will
initiate the program download from the object file

FOB21.DAT resident on the DEC-20 and cause the progranm
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to be =stored into the wusers area of random access
memory. Completion of the program download is signaled
at the system console by the T™DOWNLOAD COMPLETE"®

message.

EXECUTING AND DEBUGING THE DOWNLOADED PROGRAM

After downloading the program into the users random
access wmewmory, the program may be inspected by use of
system console commands. After verifying that the
program appears correct, the "GO" command wmay be
envoked to transfer control to the downloaded program.
Breakpoints may be specified along with the mgo®
conmand to trace program execution and the execution
may be performed in single instruction steps with
register inspection and memory inspection available
after each step. If an instructionvis detected to be
in error, the code may be modified in memory aad
reexecuted. Modifications to the program should be
noted on the hard copy of the program listiang to permit

subsequent source code correction on the DEC-20.

31



BEESTABLISHMENT OF INTERACTIVE MODE

Once all detectable errors have been identified, the
user may return to the interactive mode and make
corrections to the source assembly language file. If
the corrections are minor in nature and the user wishes
to edit and recompile the source file via the
Microprocessor Develorment Systen communications
interface, this may be done. If extensive errors are
identified and the wuser wishes to terminate the
interactive session, this is also possible. The user
must reenter the interactive mode via "CNTL X" entry.
At this point the 1logoff or editor facilities are

available, and the user may continue with the

developnent procedure.
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