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—Application of Microprocessors to Communication System

Abstract

The use of a Microprocessor and PROM memories in an Electronic Loop Switching System has

been described. The use provides telephone service for up to 128 subscriber lines using 32 trunks

with increased reliability, maintenance capabilities, and flexibility, Date Communication between

the central office terminal and the remote terminal is by FSK at 1-KHz rates over an idle trunk.

Software functions and traffic handling capabilities are also described.

1. Introduction

The line concentrator of telephone systemS
.consists of two terminals, the central office and
remote terminals, and utilizes outside plant cable
facilities more eff ciently.

Early line concentrators with an entire electro
-mechanical system are physically large, mechan-
ically complex and difficult to maintain due to
the absense of a self-diagnostic capability.

The next generation of concentrators utilized a
digital system to control an electromechanical
switching network. This increased reliability and
allowed certain maintenance features. The size
was dramatically reduced, but the control by a
minicomputer is not practical.

Microprocessors consisting of a few Large Scale
Integrated(LSI) circuits and performing the basic
functions of a central processing unit, input,
output and arithematic operations, are a new and
efficiant cool to control the switching network
of the concentrator. The microprocessor, with
digital control circuits, greatly reduces the num-
ber of components and in turn increases reliabi-
lity. They are programmed to detect, diagnose
or analize system faults and to display any trou-
ble utilizing a trouble code. Therefore, it is hig-
hly efficient in achieving substantial maintenance
features although terminals are seperated by a

distance of several miles.

*Lynch Communication Systems, Inc in Reno, Nevada,
U.S.A. Senior Design Engineer

Nevertheless, there is a disadventage associated
with the use of microprocessors for a system des-
ign. They require the designer to learn how to
write machine language programs in addition to
performing hardware design. The advantages
offered by microprocessors and their use with
switching systems will be described in the follo-

wing sections.
. Electronic Subscriber Switching
System

Figure 1 shows an electronic subscriber switc-
ning system currently under development by
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Lynch Communication Systems, Inc.

Current
design utilizes two Intel 8008-1 microprocessors.
The system provides the use of 128 subscriber
lines at a remote terminal using a maximum of 32
trunks without modifications to a central office.
Physical cable pairs or existing current carrier
channels can be used as trunks between termin-
als. Automatic Number Identification (ANI)
equipment and billing systems may still be used
without any other additional equipment. T.R.
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Application of Microprocessors to Communication System

and C-leads of subscriber lines at a central office
terminal are directly connected to Main Distrib-
ution Frame (MDF).

The system can handle up to eight intra-call
remote connections allowing as many as eight
called parties to be connected to eight calling
parties without using the trunks between two
terminals, This feature, which improves traffic
handling capability, provides for bverification of
busy lines. Verification of an intra-call can be
performed at a central office because the trunks
of calling parties are connected to the frame of
the central office. The switching network of
the system is a two stage latching relay switch-

ing matrix providing 64 links as shown on Fig-
ure 2.
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FIG2 64 LINKS OF SWITCHING SYSTEM.

. Data Communication

It is very important for any split system to get

2 great reliability in date communication. The
transmitter and receiver is a half-duplex system
using Frequency Shift Keying (FSK)
with a 1-KHz bit rates.

signaling
The parallel digital
format is converted to serial sinusoidal frequen-
cies: 1200Hz for mark and 2200Hz for space.

The message format is composed of a 4-milli-
second start pulse followed by 24 1-millisecond
bit time slots:16 bits for data information and an
8-bit error correcting word. The message is
ioaded in 8-bit bytes to a transmitter and recei-
ver which contains an LSI chip known as UART,
“Universal Asynchronous Receiver Transmitter.”
This circuit automatically inserts necessary
start, stop and parity bits, It also performs fra-
ming and parity checks, thus relieving the mic-
roprocessor of this task when a message from a
sending terminal has been received.

The error correcting word is used to detect
errors consisting of more than one bit of inform-
ation. The complete received message is retrans-
mitted back to the sending terminal where it is
(t:ompared bit by bit with the ;nessage originally
ransmitted. If two messages do not match, the
segr-ldingterminal will - retransmit the message.
If the failure to sucessfully transmit a message
continues with three [attempts, a trouble code
will be displayed and reselection of another
trunk for data communication is achieved. This
can be done because the terminals are in const-
ant communication over an idle trunk.

With redundancy of checking by the micropr-
ocessor and retransmission, combined with alter-
nate selection of trunks, greater increased relia-

bility in data communication, is obtained.
IV. Intel 8008—1

Integrated Circuit (IC) technology developed
in early 1950's has made dramatic advances. For
digital and analog systems, this technology has
proven to be particularly appropriate for manu-
facturing circuit elements such as gates, flip-
flops, multiplexers, latchers and operational ampl-
ifiers. A digital computer can be implemented

with a few IC chips. Therefore, minicomputers
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have produced a revolution in design and test of
systems,

Finally, this technology has expanded to make
microprocessors exihibit even greater revolution
in the use of digital processing.

Three kinds of microprocessors contain either
4-bit, 8-bit, or 16-bit parallel central processing
units. The choise of the Intel 8008-1 is made on
the basis of speed, programming flexibility and
size, The microprocessor can excute non-memory
referencing instructions in 12.5 microseconds.
The programming flexibility of microprocessor-
are more suitable for complex control functions
required by a switching system. The 8-bit micr-
oprocessor is most appropriate to the application
because it will rapidly control a 128 line subsc-
riber loop switching system with speed and has
facilities for forming the 8-bit data messages
that must be transmitted back and forth betwe-
en two terminals. Figure 3 shows the block diag-
ram of the 8008-1. The 8008-1 is a single chip,
(CPU) consisting

accumulator, two

8-bit Central Processing Unit
of six registers, one 8-bit
temporary registers (one to develope four discr-

ete flag: and the other for benary arithematic
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operations), two dynamic memories(a push down

stack address and a scratch pad), and I/0 buffer.
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programming of the 8008-1, consists of 48 instr-

instruction set language
uctions including manipulation, binary arithema-
These

instructions are well explained in the 8008 8-bit

tic operations and call to subroutines,
Parallel Central Processor Unit, Users Manual.
The normal program flow of the microproces-
sor is interrupted by the interrupt control. The
state of the processor at any time in the
instruction cycle is indicated by S0,S1,S2 and
SYNC as shown on Figure 4. A machine cycle,
consisting of five timing states Ty, T,, T3, T, and
Ts controls the CPU state transitions. These are
illustrated on Figure 5. The processor is driven
by a two phase nonoverlapping clock. The two

clock periods are required for each state of the
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Application of Microprocessors to Communication System

processor. A SYNC signal is generated by the
processor is the signal devided two of P2 shown
on Figure 4.

V. Common Control Unit

The hardware of each of the common contro]
units at each terminal is identical, although the
software is slightly different. The common
control is consist of six modules; they are the
CPU, input port, output port, memory, mainte-
nance routine, and keyboard-display modules as

shown on Figure 6.
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A. CPU Module
The CPU contains the

required to decode the status of the processor,

8008-1 logic circuits

address registers and an 8-bit data bus. To pre-
vent the possibility of component malfunction
causing a closed loop in the computer program,
a hardware timer is incorporated in the CPU
module. When a time out occurs, the interrupt
command generated by the CPU forces the pro-
gram counter to the program address routine
which clears and restarts the system. Also, the
trouble codes will appear on the display module.

B. Memory Module

The memory modulz contains two 4K-Read
Only Memories (ROM), eight 9K-Programmable
(PROM) and eight 1K-

Random Access Memories(RAM) as shown on

Read Only Memories

Figure 7. All program is stored in ROM and
PROM. RAM is used as

pad station to excute programs and store trouble

a temporary scratch

Fi5 7 Memiry Matule

codes. It is an advantage to use PROM memories
because a program can be erased by ultraviolet
light and reloaded by a designer. The processor
with PROM memories increases the flexibility of
a system.
C. Output Port Module
The output port module, which consists 16
four-bit latch chips, sequentially controls the
switching unit and the data communication to
programs. C-MOS chips are used for noise imm-
unity. Data selector chips are incorperated to
Select individual output ports under programming
control.
D. Input Port Module
All information to the CPU from the data
communication network, the line scanning output,
the detection outputs of loop current and intra-
calling, malfunctions, and diagncstic results, are
collected by this module. Data selectors are
incorporated to select individual input ports under
programming control.
E. Maintenance Module
The maintenance module monitors the output
from the CPU,and verifies that the proper com-
mands are transmitted to the remainder of the
system. This module also controls routine chec-
king regularly.
F. Display Module
Fig re 8 shows the display module. The display
module located at the front of the system, con-
sists of a four digit hexidecimal Light Emitted
Diode(LED) display. This unit is used to display
the traffic data, the trouble codes,and monitoring
information whichever is requested to display by

a keyboard punching. A trouble dictionary wil
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be prepared for maintenance personnel.
VI. Software

The system has encugh flexibility to interface
with all types of central offices throughout the
world, The programming capability of a micro-
processor and PROM memories provides this
flexibilily. The software of the system has six
major segments: system initialization, data com-
munication between two terminals, call process-
ing, diagnostics, fault recovery, and system
monitoring.

A. The system initialization

When the system is being powered up for the
first time, all hard-ware and the tables of the
. system are cleared. Then, the data communicat-
ion will be established. The initialization deter-
mines the configuration of the system by inter-
rogation of the switching network for unequip-
ped circuit modules and will update system
tables to reflect the hard-ware configuration,
The initialization performed by a restoral at one
terminal, also makes the terminal refresh the
software status tables of the system at the other
terminal. In this manner, one terminal may lose
power and automatically recover without causing
the loss of any call in process.

B. Data Communication

This software is responsible for the forming
and processing of messages between two termin-
als. When a received message for comparison is
not matched with a transmitted data, this soft-
ware sends signals to indicate trouble code

handled by diagnostic software. Also, the signals
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control call processing software to lock out the
trunk until it is repaired.

C. Call Processing

The call processing software scans the lines

or connection or disconnection requests. It also
scans idle trunks for intra-call detection, and
controls the path selection through the network
switching. The various status tables of the sys-
tem are refreshed and uptaed by this software.
Also, it scans called party trunk for intra-call
detection and disconnection. The connection and
disconnection of intra-calls at a remote terminal
is function of this software .

D. Diagnostics

When any trouble occurs, diagnostics isolates
the fault, formats a trouble code, and places it
in a queue for subsequent display. Also, it cont-
rols major alarm and minor alarm for mainten-
ance personnel.

E. Fault Recovery

Fault recovery permits reconfiguration and
recovery from a detected fault. It restores
normal operational functions and reroutes fault
conditions. Also, this software indicates to the
subroutine program for refreshing tables.

F. System Monitor

The System monitor software formats messages
from the other modules for display. It also for-
mats the inputs from the key board and places
them in queues for use by the appropriate
module. This software monitors the trunk usage
including total trunk usage, the number of bloc-
king calls, and percentage intra-call for traffic
study.

Each major software unit is made up of a
number of subroutines which are shared among
various softmodules. The capability of detecting,
analyzing and reroutining around a fault, drast-
jcally reduces the possibility that a single fault

will affect subscriber service, .

VI. Traffic Handling Capacity

The traffic handling capability of the system
S a function of a number of trunks to the cen-

tral office and subscriber line access of these
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trunks. The capability depends on the percentage

of intra-calling traffic as shown on Figure 9. The
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£ TERMINAL
minimum traffic handling capacity is 4.5 CCS/
LINE at .01 blocking rate with a full access, full
availiability switching system of 128 lines to 32
trunks as a function of the percent intra-calling.

However, the capacity increases with an increased

percentage of intra-calling by the addition of
the intra-call switching at the remote terminal
as shown on Figure 10.
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The traffic handling capacity on Figures 9
and 10 is calculated by the method of Poisson
distribution. The Poisson distribution method of
determining bl~cking versus applied load assumes
that the applied load probability statistics have a
Poisson distrubution. If we take the case of 100
9 intra-calling, we still assume that the applied
load has a Poisson distribution, but the absolute
number of trunks available to the handling of
the load must now be considered to be one half
the physical number since one trunk is never
sufficient to complete a connection or handle

.any load., Two trunks are always needed in any

pairing to complete a call. The above idea has
been advanced and put in practice by Bell Telep-

hone Laboratories.

VI. Future

many as 128
If the

subscriber lines at a remote excution were split

The system can handle as
subscriber lines with up to 32 trunks.
(in other words, two remote terminals are used
with one central office terminal),the use of the
software would greatly increase such that the
speed of the 8008-1 is not sufficient. In
case the Intel 8080 and
circuit could be used to achieve this application.

such a

some additional digital

The 8080 can excute nonmemory reference inst-

ructions in a time as short as one microsecond.
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