(G113 LENKURT

DEMODULATOR

SEPTEMBER/OCTOBER 1978

MICROPROCESSORS
IN

TEI.EGOMMUNICATIONS




Over the past decade Large Scale and Very Large Scale Inte-
grated Circuit technology has evolved so rapidly it is revolu-
tionary. The advances equal or surpass the transistor advances
of the late 1940’s. LSI makes it possible to put a very large
number of electronic circuit elements onto a single chip.

Using this technology, the entire central processing unit of a
computer can be mounted on a single chip called a micro-
processor. The microprocessor is able to perform the same
functions as larger CPU’s. One such chip, the Intel 8085, is a
rectangle 0.222 inches long, and 0.164 inches wide. It has
6,200 transistors and can execute 770,000 instructions per

second.

Microprocessors are rapidly finding uses in telecommunications
equipment. Their low-cost, high-reliability and ability to proc-
ess large amounts of information make them ideal for moni
toring and control, remote diagnostic and switching applications.

FEhe February, 1977 issuc of
the  Demoduator  deseribed
microprocessors as a part ol a com-
puter. This Sept/Oct 1978 issue dis-
cusses the use of microprocessors in
telecommunications equipment. These
uses may be divided into two cate-
gories; One where the microprocessor
is considered as a component and the
other where it is considered as a
system. Table | lists some of the
distinetions  between  the two  cate-
gories. The categories and distinetions
are  general statements which  have
been formulated to aid our discussion.
Specific applications may be a mis ture
of both categories.
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From the component viewpoint,
the designer sces the microprocessor as
a Large Scale Integrated (LS1) circuit.
e deseribes his device as a black hox
with inputs, outputs and a timing
diagram. The end product of his design
effort is a hardware component capa-
ble of performing the functions for
which it is intended. The primary
lactors he considers in selecting a
microprocessor for his application are
function, time and cost. The possibili-
ty of using his deviee for other applica-
tions is seldom a consideration.

In these component applications
the “software” is olten referred to as
“firmware”. [t is generally stored in a



read only memory (ROM) component.
Onee in ROM, software is considered
fixed. Changes are held to a minimunu.

From the system viewpoint, the
designer sees the microproeessor as a
data processor. e describes his device
in computer and software terms. His
end product is largely software. His
choice of microprocessors is limited to
reduce the requirements for high cost
development systems and training.

The software for the system ap-
proach is designed to be flexible and
easily changed to meet system needs.
It is usually stored in Random Access
Memory (RAM). This is read/write
memory which can be altered by the
designer or end user. It is often stored
on magnetic tape or dises.

Noise and errors are problems en-
countered in both products. Systems
designers handle these problems by a
software “Frror Exit” module or a
hardware interrupt that periodically

forces a return to an executive mod-
ale. In this type of project, memory is
cheap and design time is expensive.

Exceutive modules are high-level
software that provide timing, sched-
uling, input/output signals, interrupt
handling and similar functions. An
interrupt Is an external event that
controls the microprocessor. When an
interrupt oceurs, the microprocessor
interrupts its normal routine to handle
the interrupt request.

The component designer must han-
dle noise and errors by careful pro-
gramming. The memory and external
hardware at his disposal are limited.
They must be used efficiently. kExtra
design time is easily justified il it
results in fewer parts and lower cost of
the end product. As shown in Table 1,
the logic component design is general-
Iv a one man effort whercas the data
processor  design s usually accom-
plished by a team.

LOGIC COMPONENT VIEWPOINT

DATA PROCESSOR VIEWPOINT

IMPLEMENTATION MICROPROCESSOR CONSIDERED AS  MICROPROCESSOR CONSIDERED AS
CONSIDERATIONS A COMPONENT A SYSTEM

1/0 PINS CONSIDERED SEPARATELY  WORD ORIENTED 1/O

(BUS ARCHITECTURE)

COMPONENT SELECTION BASEDON  LARGE INVESTMENT IN A FEW

SYSTEM NEEDS COMMON DEVICES

LARGE VOLUME PRODUCTS SMALL VOLUME PRODUCTS

ONE MAN DESIGN TEAM/GROUP DESIGN
PROGRAMMING RESOURCE EFFICIENT STRUCTURED PROGRAMMING
CONSIDERATIONS PROGRAMMING

LOW LEVEL LANGUAGE HIGH LEVEL LANGUAGE

LOGIC DESIGN DATA MANIPULATION

BIT ORIENTED WORD ORIENTED

FIXED FLEXIBLE

NOISE & ERRORS HANDLED BY NOISE & ERRORS HANDLED BY

PROGRAMMING METHODS SEPARATE MODULE OR EXTERNAL

HARDWARE

HARDWARE/SOFTWARE HARDWARE INTENSIVE

SOFTWARE INTENSIVE

CONSIDEHATIONS HARDWARE/SOFTWARE HARDWARE/SOFTWARE
INTERACTIVE SEPARATE
HARDWARE/SOFTWARE TRADEOFF  HARDWARE/SOFTWARE TRADE-OFF
DECISIONS MADE DURING DECISIONS MADE DURING PLANNING
IMPLEMENTATION

MAN/MACHINE MINIMAL SUBSTANTIAL

INTERACTION

Table 1. Comparison Component Vs System
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Before proceeding with our discus-
sion, let’s deline the processor lan-
guages which are used. These languages
range from the object code for a
specific processor to high level lan-
guages  which may be common to
MAny processors.

Language Definitions

Object Code — Also known as
“machine language”, Object code lan-
guage is expressed in binary digits. It
makes the most efficient use of com-
puter resources. llowever, program-
ming in object code is a lime con-
suming process. I is so slow and
tedious that it is rarely used for
programming today.

Assembly Language — Assembly
language is a fundamental program-
ming language devised for program-
ming convenicnce. It substitutes mne-
monic (memory aiding) abbreviations
for binary coded compuler instruc-
tions. An individual abbreviation is
assigned Lo each computer instruction.

Programs written in assembly lan-
guage must be converted into machine
language so the computer can execute
the instructions. The conversion is
accomplished by a program called an
assembler. Generally, a particular as-
sembly language is written for, and
only able to run on, one type of
microprocessor or computer. Assem-
bly language is computer instruction
oriented.

High Level Languages — High Level
Languages are the easicst to use. They
are closest 1o ordinary english and, in
contrast to assembly language, are
writlen in terms of the problem to be
solved instead of in compuler instruc-
tions. Just as assembly languages re-
quire assembler programs to translate
the mnemonics into machine language,
higher level languages require a com-
piler or interpreter to translate the
high level program into object code.

However, high level languages may be
used on any compuler providing it has
a compiler or interpreter for the lan-
guage used. Examples of high level
languages used with microcomputers,
are: BASIC, PL/M, Pascal, COBOL and
FORTRAN.

Programs written so they can be
rcad by humans are called Source
Programs. Programs wrillen in ma-
chine language are called Objeet Pro-
grams.

Since higher level languages are
easier to use and have broader applica-
tion than assembly languages, the
question arises; Why use assembly lan-
guage al all? The answer lies in the
efficient use of computer resources.
The object program resulting from an
assembler translating an assembly lan-
guage source program is much shorter
than the object program resulting f[rom
a compiler translating a high level
language source program.

In fact some machines do not have
sufficient memory to use high level
languages. Even if the computer has
sufficient memory, the object code
resulting from high level language may
tahe longer Lo execute than the object
code resulting from assembly language.
This can be an important factor in
applications where specd is important.
llowever, it should be noted that some
of the newer high level language com-
pilers, Pascal for example, do produce
elficient object codes. These compilers
can be “oul programmed” only by
experienced programmers.

Returning to our discussion of the
two design concepts, when the micro-
processor is considered as a compo-
nent, assembly language will probably
be used for programming. High level
language will probably be used for
programming the microprocessor
based system.

Figure | shows the steps a designer
might use to design a microprocessor




component. Figure 2 shows the steps
for designing a microprocessor based
system. The following paragraphs dis-
cuss each figure in turn and compare
the two.

Referring to Figure 1, the logic
diagram at the left is a schematic
representation of a function to be
performed by the microprocessor. The
function might be to examine the
status of a number of remote alarms
and provide an indication if an alarm
exists.

The next block represents a series
of source statements written in assem-
bly language to form a source pro-
gram, The mnenomic STRT T means
start the timer. The next three steps
are used to set a bit. The statement
INA, P2 means to get the information
at port 2 and store it in the accumula-
tor. The third statement ORL A #0211
means OR the contents of the accumu-
lator with bit pattern 02tl. This is the
llexadecimal representation of the bi-
nary number 00000010.

The 1| in the second bit of this
nmumber assures that the output of the
OR gate will be a 1 in that position,
regardless of the other input. In other
words the second bit at the OR gate
outputis set to I.

The next instruction tells the mi-
croprocessor to jump to the next
function. As previously stated, the
assembly language souree code is trans-
lated into a machine language object
program to operate the microproces-
sor. An object program is shown in the
next block of Figure I. There is a
direct relationship between each state-
ment in an assembly language program
and its resnlting object program. llach
assembly language line has a corre-
sponding object language line. This
bears out the statement that assembly
language is computer oriented. The
source program is a step by step set of
instructions for the computer.

When the designer has produced
and tested a satisfactory object pro-
gram, he records it and sends the
record to the manufacturer. Frequent-
ly, the recording disc is supplied by
the manufacturer.

The manufacturer uses the record-
ing to fabricate a metal mask like the
one shown in Figure 1. This mask
serves as a Kind of template. It is
placed over a micro-chip substrate and
the program is “burned” into the chip
to produce the ROM. This kind of
ROM is sometimes called a PROM.
The “P” stands for prograinmable. The
PROM is a component part of the
microprocessor and is enclosed in the
same plug-in package.

It is truc that some PROM’s are
optically-erasable  with ultra violet
light. However, the erasure is non-
selective. The entire program must be
crased and a new one inserted if
changes are to be made. Given the
cconomics and logistics of the tele-
communications industry - this is not
a feasible procedure once the units are
in the field. Therefore, once a program
is in PROM it is fixed for all practical
purposes. An erasable PROM is called
an EPRONL

Microprocessor Based System
Referring to Figure 2, the first
design step is to formulate the system
requirements and express them in the
form of a hierarchy chart similar to
the one at the left of the figure. This
type of chart is frequently used in
“top down” program design. Lach
block represents a major subsystem
which can be represented by its own
hierarchy chart. It the subsystem is
fairly elaborate, some of its assemblies
may have their own charts. If all these
charts are put together to form onc
large chart, the uppermost blocks will
be an abstract representation of the
system. As we read down through the
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HIERARCHY CHART

SOURCE STATEMENTS
ASSEMBLY LANGUAGE

STRT T
IN A, P2
ORL A, =02H
OUTL P2, A
JMP SSTF
DEC A

SOURCE STATEMENTS
HIGH LEVEL LANGUAGE PL/M

NEW DO WHILE TRUE
CODES
MOD KEYBOARD = Cl
_r_l_ e {F MESSAGE 1 {1}
L "ie 1 THEN CO =
MESSAGE,
CODE CODE I HEAD pe
CTR DSPLY e DSPLY
MOD MOD M MOD DO; CO = LF
T
10 mop | | 10 mop

chart the blocks become miore specific.

The second block in Tigure 2 is a
series of statements written in PL/L
This is a high level language devised by
Intel  Corporation especially  for its
microcomputers. The language’s simi-
larity to ordinary English is evident in
the diagram. The 11, THEN, LLSE
statements are frequently encountered
in high level languages. In our example
the statementz means: 1 there is a
message at | THIEN process it L3I
(f a message is nol presenl) process
the instruction at address 1LF.

The next bloek in the figure is the
{familiar objeet program. One fact that

is not apparent from the [igure is that
several lines of ohject code may result
from a single high level language
source program instruction, in contrast
to assembly language source programs
code instruction
assembly

where one object
resalts Trom code
imstruction.

Once the ()ijcl progran: has been
established, it is recorded on tape or
disc and is read inta the microproces-
sor’s read-wrile, random aecess memo-
ey (RAM) as required. Changes, addi-
tions or corrections ta the program are
relatively casv in contrast to the fived
programs in ROM.

one
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Figure 1. Design Steps

Wicroprocessor as a Component.

OBJECT CODE PROCESSOR SYSTEM
MACHINE LANGUAGE
101010101 INPUT  —— cPU OUTPUT
111010100
010101010
¢ ' 001100110 j—
SR MEMORY

IPigure 2. Design Sieps

Glten the design of a particular
both ap-
s de-

is a minture of

The

system
proaches.
signed trom the data processor view-

master system
point while some of the subsystems
are designed  from  the component
viewpomt. Sometimes the design ap-
proach used is a matter of engineering
A hardware oriented engi-

preference,
neer will use the component approach
while an EDP oricnted engineer will
prefer the data processor approach.
he  data method
could be used inall cases but the
component approach is limited.

Now that we

processor  design

have diseussed two

-~

Wicroprocessor Bused Syvstem.

design conceepts and the differences
hetween thenn, let’s consider an exam-
ple of each type.

Component Example

The first example s a component
type svstem used to provide alarm and
control functions for a PCN channel
bank. The microprocessor and
ciated cirenitry are mounted on a card

RESTS R

which plugs into a terminal shelf.
Figure 3 is a partial block diagram of
the system.

The alarm and control unit, in the
the the
remote

monitors

and

center of

operation

ligure,

of the loedl
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Figure 3. Monitoring, Alurm, and Control Unit Characteristics

Hardware

intensive, Devices chosen by system needs, Bit oriented input/output pins
considered separately, Maximum number of drivers and sensors that cen be used is

dependent on input pin count.

common equipment and  the local
power supply. An alarm condition in
any of this equipment will initiate the
trunk make busy (TVIB) sequence. The
TMB busies out all channel units dur-
ing a system alarm.

The alarm and control unit also
actuates electronic exchange, audible
and visual alarms. An alarm cutoff
(ACO) switch is provided to silence
the audible alarm. When the ACO
switeh is actuated, the system may be
held in the TMB state by a TMB hold

switch. This 1s useful for trouble-
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shooting purposes. Operating the ACO
also enables a loop test funetion which
loops the terminal onto itself for
alignment and testing. The alarm and
control unit also accepts a loop pulse
request and, if the terminal is looped,
provides a loop pulse for looped line
testing.

The easiest way to explain the
microprocessor operation is by an ex-
ample. Let’s look at the operation of
the power and local alarms. The assem-
bly language program lor these alarms
is:



Assembly

Language

Meaning

INA, PO

ANLA,
#COH

ORL A, R2

MOV R2, A

MOV A, R2

ANL A,
#3011

Input to the accumula-
tor the contents of port
Zero.

AND logic the accumu-
lator with the hexadeci-
mal number @CO. This
step masks off all but
the fifth and sixth bits
which are the locations
of the local and power
alarms respectively.

OR logic the contents
of the accumulator
with the contents of
register 2. A register is a
place  where data s
stored.

Move the contents of
the accumulator to reg-
ister 2.

Time interval while
computer is looking at
other inputs.

Move contents of R2 to
the accumulator.

AND logic the contents
of the accumulator
with the hexadecimal
number 30. This step
ANDY’s the contents of
the accumulator against
a number which pro-
vides a binary | in the
5th and Oth digits. If
the accumulator also
has a | in cither of
these positions  there
will be a | output-alarm
condition.

Assembly

Language Meaning

JNZ SDLY Jump if ANL A
#3015 not zero to

command SDLY.

Steps if ANL A, #30 1l

1S Z€ro.

SOLY MOV
Y, #7AL

Move to register @ the
hexadecimal nnmber
7A. (01 LD 1010 binary)
This sets a 10 second
delay connt and system
alarm.

Note that what we have done could be
represented in logic circuitry by an OR
gate. The local and power alarms are
elfectively OR’d and if either one is in
an alarm (logic 1) state, a 10 second
time delay is started and 2.5 seconds
later, a system alarm is indicated.

At the end of the 10 second delay,
the microprocessor starts a 5 second
delay and looks at the alarm status. If
the alarm has cleared and does not
recur during the 5 second interval, the
system is returned to normal. I the
alarm has not clearced or recurs during
the 5 seconds — the 5 second counter
is reset. In other words, the minimum
time for an alarm to clear is 15
seconds. Figure 4 is a timing diagram
for the circuit.

One important thing to note about
the component system is; there is very
little interaction hetween man and the
system. Aside from the toggle switches
which may be used to silence the
aundible alarm and initiate certain test
sequences, the operation is completely
automatic.

This is in marked contrast to the
interactive system we will discuss next.
In fact, most microprocessor based
systems provide a great deal of this
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Fgure 4. Component Tining Diagram.

interaction  even  though  the  man-
machine interface is difficult to design
and expensive to implement.

Microprocessor Based System

Figure 5 ix a block diagram of a
monitoring  and control  system
(MACS) used  for supervision of a
digital radio system. In contrast to the
first example where the microcom-
puter is mounted on a single board,
the MACS uses several plug-in units
which are housed in an auxiliary shelf.
The keyboard and displays are mount-
ed on the shell’s front panel (see
Figure 6).

The front panel amd plug-in wnits
are interconnected by a DBus. In this
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case Bus means high speed electrical
paths interconnecting the units lorm-
ing the basic computer. A Bus usually
provides paralle! paths for trunsmitling
information, whereas the interconnec-
tion between the computer and re-
mote peripheral devices, and between
the computer and  communications
equipment, is transmitted serially.

In the United States. the interface
connection  between  data  terminal
{computer) equipment and data com-
munications equipment is nsually gov-
erned by ELA Standard RS 232C,
although this will eventually be re-
placed with RS 422 and RS 423. In
other United Nations countries, the
interconnections are governed by vari-
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Figure 6. Display Panel.
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ous CCITT recommendations in-

cluding V24, V28 and V35.

Network Limits

Returning to our discussion of
MACS, the digital radio network being
monitored may have up to 30 stations
consisting of terminals, repeater and
drop and insert sites. The number of
drop and insert “T’s” is limited to 7,
in this application.

Features at Each Location
The MAC system periodically mnoni-

tors and stores the state of each
individual alarm, summary alarm,
front panel switch guard and protec-
tion relay in both the digital process-
ing and radio equipment. At each site,
60 alarm points are monitored for
cach duplex channel. Also, at each site
the MACS monitors and stores the
statc of 32 external station points
selected by the user. The choice of
major or minor alarm designations, for
these points, is also selected by the
user at the time of installation.

The system is capable of monitor-
ing all the alarms and relays states of:
a) A single unprotected duplex digital

radio channel.

b) Two |:l protected duplex digital
radio channels with or without
space diversily.

¢) Four scparate but parallel duplex
digital radio channels without space
diversity receivers.

A four duplex channel system with 30

sites has 60x4+32=272 alarms per site.

Multiplying 272 times 30 we find that

VMIACS monitors the statns of 8,160

alarm points in the digital system and

at the sites.

Remote Communications

The individual stations send their
stored information on a polled basis.
One terminal MACS is designated as
the synchronizing master and gener-

12

ates all network polling signals re-
quired to communicate with each site.
A polling signal is a request to transmit
data.

The total time to complete one full
networh polling cycle is less than 4
seconds. Provisions are incorporated in
the MACS to provide an alarm at all
terminal units, if the remote communi-
cations system looses synchronization.

Up to six MACS terminal units may
be designated as Comnmand Origina-
tors. These units are able to originate
any of the manual action commands
listed in Table 2. All remote MACS
units in the network are able to
respond individually to the commands.
The response time to a command cycle
is also less than 4 seconds.

Jach MACS site has four relays to
control external station equipment.
These relays are remotely controlled
from the Command Originators.

A software counter is provided at
each site for each radio channel, to
count the number of major/minor
alarms at each site in each digital radio
path. The count is reported along with
the station status during each polling
interval. Manual commands may be
used to interrogate or reset a specific
counter. Counter valies are rcportcd
and displayed on terminal MACS front
panels. The bit error rate (BER) is also
determined for each channel at each
site and reported during each polling
cycle. The BER can also be displayed,
on the front panel, by a keyboard
commangd.

Each MACS unit has four digital
outputs which can select any of 16
analog voltages at any site. The volt-
ages are mcasured and transmitted
over a compatible digital orderwire
circuit, when the digital radio is
equipped with such an orderwire sys-
tem. The voltage to be measured is
sclected at any one of the command
originating terminals. The mcasure-



ACTION COMMANDS, EXECUTED BY

CONMMAND ORIGNATORS

1) Enable External Control Point:
Enables one of the four external relays at
the specified site in the external equipment
channel. The index entry, 1-4, specifies the

relay.
2) Enable Protective Substitution Switchag:

Enables p 9
for channels 1A-28 (index=1) or channels
3A-48 (index=2) at the specified site.
Enable Analog Voltage Reporting:

Enables one of 15 analog voltage reporting
channels at the specified site. The indux
quantity determines which channel is
enabled.

Enable Equipment (On Line):

A request to switch the specified piece of
equipment on line at the specified site and
channel. The index quantity specifies the
particular piece of equipment. Valid chan-
nol ontries are 1A, 2A . . . 48,

Disable External Control Point:
Disables one of the four external relays at
the specifiod site in the external equipmant
channel. The index entry, 1-4, specities
the relay.

Disable Protective Substitution Switching:
Disables protective substitution switching
for channels 1A.28 (index=1) or channels
3A-48 (index=2) at the specified site.
Disable Analog Voltage Reporting:
Disables annlog voltage reporting from the
specified site.

3)

a)

5)

6)

7

Table 2. MACS Keyboard Command List

ment and transmission continues until
it is cleared by a new request or a
reset. Provision are made to ensure
that simultancous measurements are
not requested.

Although manual commands which
generate  external requests  (action
commands) must be originated by the
Command Originator, every terminal
MACS has the ability to execute in-
quiry types of manual keyboard com-
mands which access the internal stos-
age. This fact emphasizes the man-
machine interaction that is a character-
istic of data processor type systems.
The next several paragraphs provide a
detailed deseription of the interaction
between the MACS and a technician.
The discussion is referenced to Figure
6 and Table 2.
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8) Reset Alarm Counter:
Resets the value of the alarm counter of
the spacified site and channel to zero.
Valid channel entries ore 1A, 2A . .. 4B,
Reset MACS:

Causes a reset of the MACS system at the
specified site.

INQUIRY COMMANDS EXECUTED AT ANY
TERMINAL

i1 Display Equipment (Status):

Displays the status of the specified piece of
equipment, either on or off line. The com-
mand entry must contain an index between
18 1o spacify the piece of equipment and a
signal channel number 1A, 2A .. . 4B.
Display Status Point:

Displays state of a status point at a speci:
fied site and channel, true/false, on/off,
open/closed or norm/off norm. A status
paint is a binary signal that does not cause
an alarm regardless of state. An index
value between 1-8 must be entered.

Display Alarm Counter:
Displays a ber representing the
value of the alarm counter for a specified
site and channel. The displayed value will
be continuously updated until another
command is entered or the CLR or AUTO
Kkeys are depressed. Channel entries may

be: 1A, 1B, 2A ... 48B.

Display Bit Error Rate:

Displays a number representing the current
bit error rate at a specified site and channel.
Valid channel entries are 1A, 1B, 2A ., . 48.

Q)

2]

3)

Front Panel Description

Figure 6 is a sketch of the MACS
terminal front panel. The panel con-
sists of a keyboard for entering com-
mands, a 16 character alphanumeric
display for displaying messages to the
operator, a 4 character numeric dis-
play for site and channel information
and 3 LED indicators to display the
alarm type.

The keyboard is divided into two
functional groupings, command entry
and alarm display. The sixth column
of keys is double purpose since it is
used for both functions.

The displays are the primary output
devices of the system. The 4 character
display is divided into two - 2 charac-
ter fields: sitc number and channel. A
field is a group of characters which are



read as a unit. When in the command
entry mode, this display shows the site
and channel to which the command is
being directed. When in the alarm
display mode this display shows the
site and channel of the alarm being
examined.

Internally there are three registers
that mayv be outputted, one at a time,
to the 16 character alphanumeric dis-
play. They are the command entry
register, the alarm equipment register
and the result register.

The command entry register is a 16
character register that contains the
muemonices for the entered command
type, qualifier and index. This register
is also used for displaying prompting
messages during command entry. The
first seven character positions consti-
tnte the command field and contain
the command type mnemonic, the
next seven positions mahke up the
qualifier field and contain the com-
mand qualifier mnemonic. The last
two positions are the index ficld and
contain the index number.

The alarm equipment register is a
16 character register used to contain
the equipment name and individual
alarm name of the alarm being dis-
played (in the alarm display mode).
The first eight characters are oceupied
by the equipment name and the last
eight by the alarm name.

The result register is a 16 character
register used to display the result of a
command execntion.

Command Entry Procedure
Commands are entered and exe-
cuted using the first six columns of
keys (left Lo right) shown in Figure 6.
A prompting technique is nsed to lead
the operator through the command
entry procedure, step by step.
1) To enter a new command, depress
the NEW CMND key. This will clear

any previous entries in the com-
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2)

4)

mand entry register and flash the
prompting message “SCROLL” in
character positions 1-0 of the 16
character display. Scrolling is ac-
complished by repetitive depres-
sions of the SCRL4 or SCRLy keys.
Repetitive depression of these keys
will cause the entire command list
to be displayed, one command at a
time, in the [lirst seven character
positions ol the display. The two
scrolling keys cause the list of
commands to be sequenced in op-
posite directions.

When the desired command is pres-
ent in the display simply depress
the ENTR key to choose this com-
mand and terminate entry into the
command field. Immediately the
prompting message “‘SCROLL” will
be flashed in character positions
9-14 of the display. This prompts
the nser to enter the qualifier part
of the commaud next. This is done
by repetitive depressions of the
SCRIL. keys. Only those qualificrs
that are valid with the displayed
command will be shown. When the
desired  qualifier is present the
LENTR key is depressed to choose
the displayed qualifier and termi-
nate entry into this field. Immedi-
ately the prompting message “?7”
will be flashed in character posi-
tions 15-16 of the display.

The flashing message “?7” indicates
that entry mto the index field is
now reguired. This is accomplished
by a one or two digit numeric
entry. When the desired index num-
ber is present in the display the
operator depresses the ENTR key
to choose the index and complete
the command entry.

If there is no site/CHINL entry
displayed in the four digit readout
the operator will be prompted to
enter a site number by two flashing
question marks in the site field.



Entry into this field is by a one or
two digit numeric entry. When the
site number is correct the operator
depresses ENTR.

5) The user is now prompted to make
entries into the channel field by
two flashing question marks in the
CIlINL field. Entry is the same as
site. number and terminated with
the ENTR key.

0) After the channel entry is complete
both displays will be static, signal-
ing the operator that the command
entry is complete and may be exe-
cuted.

7) Exeention is initiated by depressing
the EXCT key. Inquiry commands
(sce Table 2) will be executed
immediately and the result  dis-
played in the 16 character display.

8) If the command is an action type,
execution is not immediate. The
message “CONFIRM COMMAND”
appears in the display. The operator
may re-examine the command by
depressing the ALT DSPY key (tog-
gles display between command en-
try register and result register).
When he is convinced of the cor-
reetness of the entered command,
he accomplishes final execntion by
depressing the CNFM key. This will
causes command execution and any
results to be displayed.

The above describes the normal com-
mand entry procedure. Exceptions and
extensions arc described below.
1) If a mistake is made during com-
mand entry, depress the NEW
CMND key to clear all previous
entries into the command entry
register and start over. The mes-
sage “SCROLL” will be flashing in
the display. If a site and channel
are displaved they will not be
affected.

If an error is made in site or

channel entry depress NEW SITIG

and both ficlds will be cleared.
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Two (lashing question marks will
appear in the site field and site and
channels can be re-entered. The
command entry register is unal-
fected.
If a new command is entered when
a site and channel number from a
previous entry arc displayed, the
operator will not be prompted to
enter a new site and channel.
If a new site and channel are
entered when a previous command
is displayed, the operator will not
be promptcd to enter a new coin-
mand.
As described before, il a new
command is entered with no previ-
ous site/CHNL displayed, the op-
erator will be prompted to enter
site and channel information.
It a new site and channel number
are entered with no previous com-
mand displayed the operator will
be prompted to enter a new com-
mand.
The ALT DSPY key simply toggles
the display between the result
register and the command entry
register.  Repetitive depressions
cause the display to alternate back
and forth between the two.
Depression of the AUTO key will
cause the system Lo revert back to
the automatic alarm reporting
mode and will also clear the com-
mand entry register and the com-
mand site and channel number.
The CLR key will clear the com-
mand entry register and command
site/channel number and result in
“SCROLL” flashing in the display.
10) Not all commands require an in-
dex entry. In these cases the oper-
ator will not be prompted to make
this entry.

3)

+)

0)

8)

9)

Displaying Alarms
Alarms are displayed using the last
two columns of keys (left to right) in



Figure 6. During normal operation the
MACS is left in the automatic alarm
reporting mode by depressing the
AUTO key. In this mode, the display
is blank unless an alarin exists some-
where within the system. If alarms
exist, the highest priority alarm will
automatically be reported on the front
panel, the appropriate alarm type indi-
cator (LED) will be illuminated and
the appropriate office alarm actuators
will be activated.

If only a single alarm exists it is, be
definition, the highest priority alarm,
so it will be outputted to the display.
If more than one alarm exists simulta-
neously, then the highest priority is
determined by the following rules:

1) All major alarms have higher priori-
ty than minor alarms.

2) Within an alarm group, major or
minor, lower site numbers have
higher priority than higher site
numbers.

3) Within a site the common equip-
ment has highest priority followed
by the signal channels with lowest
numeric channels having highest
priority. Finally, the external
equipment channel has the lowest
priority.

4) Within a chanuel the priority of
cach equipment group is deter-
mined by its proximity to the
receiver. The closest equipment has
highest priority.

5) Within an equipment group each
individual alarm priority is based
upon its proximity to the receive
side of that piece of equipment.
Alarms closest to the receive side
have highest priority.

Whenever multiple alarms exist, the
multiple indicator will be illuminated
and the leading digits of the ficld
containing multiple alarms will flash
on and off. If the user wishes to view
the non-displayed alarms, he can use

the four field keys labeled SITE,
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CHNL, EQPM and ALARM in con-

junction with the SCRLY and SCRLy

keys to sequence through all active
alarms.

I) By depressing SITE followed by
either of the SCRL keys, the next
highest or next lowest priority site
in alarm will be displayed. The
highest priority alarm within the
new site will always be shown with
the new site number. The SCRI.
keys may be used repetitively to
sequence through all sites in alarm.
When the end of the list is reached
the display will “wrap around™ to
the other end of the list.

2) By depressing CHNL followed by
repetitive depressions of the SCRL
keys one can sequence through the
channels in alarm at a give site (the
one displayed in the site licld when
CIINL was depressed). The order of
sequencing is again by priority. The
action is essentially equivalent to
that discussed in 1 above except
that the SCRL keys operate on the
channel field instead of the site
field.

3) By depressing EQPM followed by
repetitive depressions ol the SCRI,
keys one can sequence through the
equipment groups in alurm within a
given site and channel (those dis-
played in the site and channel fields
when EQPM is depressed).

4) By depressing ALARM followed by
repetitive depressions of the SCRI.
keys one can sequence through the
individual alarms at a given site,
channel and equipment group.

The foregoing describes the method
of sequencing through the alarms that
may be present within the monitored
system. Any ol the four field Keys,
SITE, CHNL, EQPM, ALRM may be
depressed at any time to enable the
SCRL keys for sequencing in that
ficld. The field keys need not be

depressed in the order shown above.



The AUTO key may be depressed at
any time. This will return the system
to the automatic reporting mode and
the highest priority alarm will again be
displayed.

The MACS we have been discussing
is a low-evel, data-gathering system.
The microprocessor collects far more
information than can be shown on the
small front panel display unit provided
at every terminal.

The system is designed to be up-
graded by adding a CRT terminal to
display the status of alarm points in
plain language, when this is necessary.
Permanent records then can be made
by a high speed printer. A keyboard
will be provided to enter software
diagnostic routines into the system.
Greater storage capacity can then be
provided at each site so that long term
records of each alarm occurrence
would be available. These features will
greatly assist in trouble shooting and
maintaining large digital radio systems.

The reason most of these features
are included only as options is largely
cconomic. Large scale integration has
madc computational and data process-
ing power available at a very low cost.
However, peripheral devices like high
speed printers etc. are quite expensive.
Also, the cost of software relative to
hardware continues to grow.

Definitions of Computer and
EDP Terms

Just as in any other speciality, the
people involved in designing and man-
ufacturing data processing equipment
and software have developed their own
terminology. Some of these terms are
defined in the following list. The
definitions are not rigorous and the list
is far from complete.

ALPHANUMERIC — Having charac-
ters only. A CRT that is an alpha-
numeric CRT displays only charac-
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ters and cannot draw lines ete. for
graphical pictures. The characters
displayed are usually those speci-
fied by ASCII.

ASCII Acronym for American
Standard Code for Information In-
terchange. Specifies a character set
and the binary representation of
these characters.

ASSEMBLER — Program that trans
lates assembly language to machine
language.

ASSEMBLY LLANGUAGE — Symbolic

codes representing  CPU  instrue-
tions.
BASIC Beginners Al Purpose

Symbolic Iustruction Code. The
most common high level language
for personal computers.

BEAUD — A unit of signaling speed
derived from the duration of the
shortest signaling event. If each
signaling event is cxactly one bit,
then the baud rate is the same as
bits per second.

BINARY — A numbering system based
on powers of 2 (uses only 0’s and
1's).

BIT — One binary digit.

BOOTSTRAP An instruction set
usually in ROM or PROM that is
executed automatically when the
system is turned on, to initialize the
system.

BUS — The very high speed communi-
cation path between the compo-
nents of the computer in the main-
frame.

BYTE — A group of 8 bits. Usually
one byte is used to represent each
character in ASCII code.

COMPILER A program to translate
from higher level language such as
FORTRAN or Pascal to machine
language.

CORE — A type of primary memory
using magnetic cores also used
loosely to mean any primary
memory.



crt Central Processing Unit. The
unit that interprets and executes
the instructions.

CRT Cathode ray tube (TV type
tube).
DOS — Dish Operating System A

sophisticated monitor.

DY NAMIC MEMORY — RAM memo-
ry that has to be refreshed every
few milliseconds to retain its mem-
ory. Usually the refresh is done
with hardware on the memory
board rather than from the CPU.

EDP — Electronic Data Processing.
EPROM — Primary memory that can

be erased by special methods.

FIRMWARE — Program built into the
system (usually in ROM or PROM).

HARD COPY A copy of informa-
tion on paper (as from a printer).

HARDWARE — The physical compo-
nents of the system.

HENIDECIMAL — A numbering sys-
tem based on powers of 16.

G LEVEL LANGUAGE — A pro-
gramming language that is indepen-
dent of the type of CPU so that it
should work on all computers that
can support it. Also known as POL,
Procedure Oriented Language.

INTERFACE — The hardware to con-
trol the flow of information be-
tween a peripheral device (such as a
printer) and the CPU.

1/0) lnpul/oulput of information to
or from the computer.

KR — May mean either 1000 or 1024
(2'%).
MAINFRAME — The box that holds

the CPU, the front panel, the power
supply, and the bus.

MONITOR Iy A CRT that uses
direct video input. 2) The lowest
level system program for controk
ling the computer, used for exam-
ple to load your applications pro-
grams.

OCTAL — A numbering system based
on powers of 8.
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PARALLEL 1/0 Transmission of
more than one bit (usually 8) simul-
tancously with multiple transmis-
sion lines. This type is frequently
used with printers.

PASCAL -~ A high level language.

PL/M — A high level language which
was developed especially for micro-
pr()(,‘(',ss()rs.

POLLING Requesting station to
transmit data.

PROM — ROM that can be filled with
instructions by special methods, af-
ter the device is manufactured.

PROTOCOL — A set of rules for the
formatting and relative timing be-
tween communicating processes.
Also referred to as Control Proce-
dure or Line Discipline.

RAM — Random Access Memory that
can be both written on and read
from.

RANDOM  ACCESS Access  to
stored information by jumping to
an address determined by a system
directory. Random access is faster
than sequential access because one
does not have to sequentially read
all previous data on the unit.

ROM — Read only memory. Memory
with permanent instructions that
cannot be erased. This type is used
for permanent programns, such as
bootstraps, to be used with the
systems. Programming is done dur-
ing manufacture.

SELECTING Requesting another
station to receive data.

SEQUENTIAL ACCESS Access to
data by sequentially reading all data
from the beginning of the unit to
the point of interest.

SKRIAL  Sequential transmission of
bits over a single line rather than
parallel transmission. Most common
type for transmission of informa-
tion to peripherals such as CRT
monitors, slow or medium speed
printers, and communication sys-



tem modems. The RS-232C stand-  STATIC MEMORY Memory  that

ard is the most common serial type. holds its memory as long as power
SOFTWARE — All programs including is on and doesn’t need refreshing
systems or applications programs. like dynamic memory.

— — e
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