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SYLLABUS

CROSS-BAR SPACE SWITCH
1. A cross-bar exchange, although having central controllers,
has no stored program.

2. An incoming call activates a dial tone marker which
connects to the line to a register
3. The register stores the dialled digits and hands them to
the completing marker according to a pre-wired criteria.
4. The completing marker connects the calling line to the
dialled number or outgoing trunk
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5. Upon completing the connection, the completing marker
hands over the function of monitoring the connection
and billing to the trunk circuits.
6. Intra-office trunks (IOTs) monitor and generate billing
pulses for intra-exchange calls.
7. Out-going Trunks (OGTs) monitor and generate billing
pulses for inter-exchange calls.
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BLOCK DIAGRAM OF A COMMON CONTROL SPACE - CROSSBAR

Line Unit
Used to detect subscriber
telephone status

Register Finder
Used to locate a free
digit receiver

Register Senders
Used to code digital
switching and for
transmission to other
exchanges.

Charging Circuit
Used to generate bills to
subscribers
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2-4 WIRE CONVERSION (1)
In analogue exchanges, it is necessary to
convert from two-wire transmission to fourwire transmission in order to:
(a) Have duplex operation over radio
transmission links, transmission radios will
always have different receive and transmit
frequencies.
(b) Interface with digital transmission systems
which must have separate incoming and
outgoing data streams
(c) Interface with fibre optic communication
links that have different optical communication
channels for transmit and receive.
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2-4 WIRE CONVERSION (2)
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TYPICAL 2-WIRE TO 4-WIRE CONVERTER CIRCUIT

Signal from 2-wire
trunk s coupled to
the 4-wire circuit
Mismatch of impedance
Results in the incoming signal being
Retransmitted (echo)
Incoming Signal
Is coupled to
The 2-wire exchange trunk

ECHO IN COMMUNICATION SYSTEMS
The effect of an impedance mismatch is to cause an echo, the power level of which is
related to the degree of mismatch.

ECHOS IN SATELLITE COMMUNICATION SYSTEMS
2×36,000×103
3×108

Satellite Delay, Td =
= 0.24 seconds
36,000 kms

36,000 kms

10,000 Kms

ECHO CANCELLORS
• Echoes has significant effect on voice quality and are usually
controlled through echo-cancellers

Echo Canceller
Compares Tx and Rx and
removes any traces of Tx in
RX
Hybrid
Converts 4-wire
circuit to 2-wire

STORED PROGRAM CONTROL EXCHANGES
1. Modern digital computers use the stored program
concept.
2. A program or a set of instructions to the computer is
stored in its memory and the instructions are executed
automatically one by one by the controller (processor).
3. Carrying out the exchange control functions through
programs stored in the memory of a computer led to the
name stored program control (SPC) exchange.
4. A consequence of program control is the full-scale
automation of exchange functions and the introduction
of a variety of new services to users including:

(a) Common channel signalling (CCS),
(b) Centralised maintenance
(c) Automatic fault diagnosis,
(d) Interactive human-machine interface

ELECTRONIC SWITCHING SYSTEMS
1. The first electronic exchange (No. 1 ESS)was introduced by AT&T in 1965 in New Jersey, USA.
2. Since then there was rapid innovation in leading to the current generation of digital switching
exchanges.
3. The early generation of electronic switches were of two categories:
(i) Stored program control with electromechanical switching
(ii) Stored program control with electronic switching

Beginning
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Stored Program Control
Basically a computer used to:
1) Monitor the status of the
subscribers,
2) Receive dialled digits,
3) Close the correct contacts to
establish a connection between the
calling line and the called subscriber
4) Monitor the call when established,
5) Disconnect/tear down the call
6) Bill

CATEGORIES OF STORED PROGRAM EXCHANGES
1. There are basically two approaches to organising stored program
control, i.e
a) Centralised, and
b) Distributed.
2. Early electronic switching systems (ESS) developed during the
period 1970-75 almost invariably used centralised control.
3. Although many present day exchange designs continue to use
centralised SPC, the advent of low cost powerful microprocessors
and very large scale integration (VILSI) chips has made distributed
SPC more popular.

ADVANTAGES OF SPC
1. Easy to maintain: The status of the exchange can be observed from
the centralized maintenance console and corrective action taken.
2. Less power consumption: electronic devices consume less energy
than electromechanical
3. Lower cost: Modern computer devices are much cheaper than
electromechanical.
4. Increased availability through the use of redundant systems.

CENTRALISED CONTROL
• Centralised control exchanges have all the control
equipment is replaced by a single processor.
• The processor must be capable of processing over
100 calls per second, depending on the load on the
system, and simultaneously performing many other
ancillary tasks.

ORGANIZATION OF CENTRALIZED SPC SWITCH
Subscriber lines are scanned
Continuously and any change in
Status is reported to the
processor

Signals including
Tone message/voice
announcements, set-up
and
tear down signals are
send
to the line circuits

Maintenance staff
can interrogate and
Fix problems in the
Exchange.

The Memory stores
Stores the status of all
Active connections

Secondary Storage stores:
Call records
Billing records
Subscriber records (Active/Inactive)

DISTRIBUTED SPC
In distributed SPC, the exchange functions are shared between many processors in the exchange.
A processor may perform any of the following functions:
a) Event monitoring
b) Call processing
c) Charging
d) Maintenance, etc.

DUAL PROCESSOR SPC
Most electronic switching systems, using centralised control, use only a
two-processor configuration.
Dual processor architecture may be configured to operate in one of
three modes:
1. Standby mode
2. Synchronous duplex mode
3. Load sharing mode.

STANDBY MODE
1. In stand-by mode, one processor is active and the other is
on standby, both hardware and software wise.

Active Processor

Standby Processor

2. The standby processor is brought online only when the
active processor fails.

3. The active processor copies the status of the system
periodically into a secondary storage.
4. When a switchover occurs, the standby processor loads the
most recent update of the system status from the secondary
storage and continues the operation.
5. As a result, only the calls which changed status between the
last update and the failure of the active processor are
lost/disturbed.

Secondary Storage contains the
connection status, e.g. subscribers and
trunks are busy or free, which of the
paths are connected through the
switching network etc.

SYNCHRONOUS DUPLEX MODE SPC EXCHANGE
1. In synchronous duplex mode of operation, hardware coupling is provided
between the two processors which execute the same set of instructions and
compare the results continuously.
2. If a mismatch occurs, the faulty processor is identified and taken out of service
within a few milliseconds.
3. When the system is operating normally, the two processors have the same data in
their memories at all times and simultaneously receive all information from the
exchange environment.

Processor
Runs normal process software
and checkout software when C
detects a fault. One processor
controls exchange and synch.

4. If a fault is detected by the comparator, the two processors P1 and P2 are
decoupled and a check-out program is run independently on each of the
machines to determine which one is faulty.
5. The check-out program runs without disturbing the call processing which is
suspended temporarily.
6. When a processor is taken out of service on account of a failure or for
maintenance, the other processor operates independently.
7. When a faulty processor is repaired and brought into service, the memory
contents of the active processor are copied into its memory before it is
synchronized with the active processor and then the comparator is enabled.

Comparator
Detects faults
on P1 and P1

Memory
Normally,
information in
M1 is same as
M2

LOAD SHARING SPC EXCHANGE
In load sharing operation, an incoming call is assigned randomly or
in a predetermined order to one of the processors which then
handles the call right through completion.
Thus, both the processors are active simultaneously and share the
load and the resources dynamically.

Processors
Handle calls simultaneously
but share load and
resources dynamically.

Exclusion Device
Checks the health of the exchange
Usually implemented in software

REMOTE OPERATION & MAITENANCE
• New connections
• Disconnections
• Human support services
Operations
Department

• Statistics
• Performance
• Network visualization

• Billing information
• Planning Data
Finance
Department

Planning
Department

• Fault detection
• Fault diagnosis
Maintenance
Department

O&M
Computer
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………………
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AVAILABILITY OF SINGLE TELEPHONE EXCHANGE
1.

2.
3.

One of the main purposes of redundant configuration is to increase the overall availability of
the system.
A telephone exchange must show more or less a continuous availability over a period of
perhaps 30 or 40 years.
The availability, A, of a single processor system is given by:

𝐴=
Where
MTBF = Mean Time Before Failure
MTTR = Mean Time to Repair
Unavailability, U, is given by:
U = 1 –A
𝑀𝑇𝐵𝐹
= 1 − 𝑀𝑇𝐵𝐹+𝑀𝑇𝑇𝑅
𝑀𝑇𝑇𝑅
𝑀𝑇𝑇𝑅

= 𝑀𝑇𝐵𝐹

If MTBF >> MTTR then
𝑀𝑇𝑇𝑅
U = 𝑀𝑇𝐵𝐹

𝑀𝑇𝐵𝐹
𝑀𝑇𝐵𝐹 + 𝑀𝑇𝑇𝑅

MTBF

MTTR
t

AVAILABILITY OF DOUBLE PROCESSOR TELEPHONE EXCHANGE(1)
• A dual processor system is said to have failed when the second processor
fails when the 1st one is undergoing repair, i.e fails during the MTTR for
single processor.
• The meantime before failure is given by:
𝑀𝑇𝐵𝐹𝐷 =

𝑀𝑇𝐵𝐹 2
2𝑀𝑇𝑇𝑅

• The availability AD is therefore
AD =
=

𝑀𝑇𝐵𝐹𝐷
𝑀𝑇𝐵𝐹𝐷 +𝑀𝑇𝑇𝑅

=

(𝑀𝑇𝐵𝐹)2
𝑀𝑇𝐵𝐹 2 +2𝑀𝑇𝑇𝑅 2

𝑀𝑇𝐵𝐹 2 /(2𝑀𝑇𝑇𝑅)
[ 𝑀𝑇𝐵𝐹 2 /(2𝑀𝑇𝑇𝑅)]+𝑀𝑇𝑇𝑅

AVAILABILITY OF DOUBLE PROCESSOR TELEPHONE EXCHANGE(2)
Unavailability, UD is therefore
UD = 1 – AD

=1=

(𝑀𝑇𝐵𝐹)2
𝑀𝑇𝐵𝐹 2 +2𝑀𝑇𝑇𝑅 2

2𝑀𝑇𝑇𝑅 2
𝑀𝑇𝐵𝐹 2 +2𝑀𝑇𝑇𝑅 2

If MTBF ≫ 𝑀𝑇𝑇𝑅, 𝑡ℎ𝑒𝑛
UD =

2𝑀𝑇𝑇𝑅 2
𝑀𝑇𝐵𝐹 2

WORKED EXAMPLE
Given MTBF of 2,000 hours and MTTR of 4 hours, calculate the unavailability in 30 years for
(a) a single
(b) dual processor systems.
SOLUTION

(a) Single Processor, Unavailability, U =

𝑀𝑇𝑇𝑅
𝑀𝑇𝐵𝐹

=

4
2,000

= 0.002

or 525 hours in 30 years.
(b) Double processor, Unavailability, UD =
or 2.1 hours in 30 years.

2𝑀𝑇𝑇𝑅2
𝑀𝑇𝐵𝐹 2

=

2×16
4×106

= 8 × 10−6

