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Dans cet article sont &tudiés 1l'architecture
et le mode d'opération d'un systéme combiné
pour la commutation des voix et des données.
Ce systéme de commutation utilise le prin =~
cipe de commutation temporel.

Deux types de réseaux de connexion sont
utilisés:

Pour la voix un réseau de connexion PCM,
pour les données un réseau de connexion
d'enveloppes en SOUS-Canaux.

La structure de cbntrole de systéme est
characterisée par des processeurs dé -~
centralisés. Ils contrdlent les concen -
trateurs, les commutateurs et l'unité de
signalisation. Ces prccesseurs sont
contrbles eux-mdmes par un processeur de
commutation.

Sont présentés ici le domaine dfapplcation,
le concept, l'architecture et le mode
d'operation.

“to be presented at
~the ISS'79 Paris

The architecture and operating mode of &
combined switching system for the switching
of telephone connections (voice) and data
connections (line switching principle) is
presented.

This switching system uses time division
techniques., For voice a PCHM switching array
and for data a special data switching array
is provided. Data switching makes use of

yenvelopes and subchannel multiplexing.
The control structure of the system is

characterized by decentralized intelligence.
Various microprocessors control ghe con -
centrators, the switching arrays and the
signalling unit. A common switching pro -
cessor supervises the decentralized pro -
cessors and performs some central functions.

The special field of application, the
concept, the architecture and operating
mode of the system are outlined in the
paper.




i, Introduction

Networks for digital communication (telex as well as
other data-networks for line and/or packet switching)
are growing rapidly. Nevertheless, the total number

" of subscribers in these networks will remain small
compared with the very large number of telephone sub-
scribers (e.g. 140 million telephone stations and
500 000 data stations in europe).

In this paper a local switching system is presented
which combines the function of a PCM telephone
switching exchange and a data (line) switching ex-
change.

Chapter 2 outlines under which conditions such a
combined telephone and data exchange could be econo-
mic. Furthermore, the demands to such an exchange
are discussed. Chapter 3 covers the concept of this
switching exchange and Chapter 4 deals in detail
with its architecture and operating mode.

A list of abbreviations, used within this paper can
be found in Fig.3.

2. The Combined Telephone and Data Exchange

2.1 General Remarks

The telex network and many other line and/or packet
switching networks have altogether up to some
millicns of subscribers. Besides these subscribers
a large number of telephone subscribers has modems
and performs world wide data communications with
bit rates up to 4.8 kbps via telephone channels,
It cannot be predicted to which extent this modem-
data traffic changes over to the upgrowing specific
data networks,In many cases it seems, however, to be
desirable to offer also the opportunity of having
access to (one or more) pure data networks and their
manifold facilities to those modem-subscribers.
This aim can, however, lead to problems if regions
with low data traffic densities are considered where
the installation of a particular data network, line
and/or packet switching, is uneconomic.
With regard to these problems this paper presents an
" economic solution for a combined switching exchange
for telephone and data traffic.

2,2 Demands to a Combined Telephone and Data Exchange

The following listing outlines the demands to be
fulfilled by a combined switching system:

-.Connections of analog and /or digital telephone
- stations
- Use of modems by telephone subscribers for data
communication via speech channels, analog and
digital ones
-~ Possibility for data subscribers without modems
to use DCE's and signalling procedures according
to CCITT X.20, X.21
- Possibility for data traffic with modems to run
" through the telephone switching array and then
to be "crossconnected" to the data switching
array and vice versa.
.= Telephone subscriber signalling according to
. international standards.
=~ Pogsibility for data subscribers of the exchange
using DCE's to be connected directly for calls
among themselves; the same holds for telephone
subscribers
~ Establishment of outgoing and /or incoming
connections to and from other exchanges either
to data nodes or data exchanges,resp., as well
28 to telephone exchanges, The system serves there-
fore as an entry point for the telephone as
well as for one or more data networks
= For switching and transmission PCM techniques
are applied. <

These demands are met by the combined switching
system belng presented,
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FIG, 1: BASIC STRUCTURE OF THE COMBINED SWITCHING
SYSTEM FOR VOICE AND DATA

3. The éoncegt

The basic structure of the combined switching system
for voice and data is shown in Fig. 1 . Data and
telephone subscribers ave connected to ccmmon remote
concentrators. The concentrators perform concentration
for telephone subscribers,and only multiplexing for
data subscribers with DCE's. Subscribers situated
closely to the exchange can also be connected to a
corresponding local concentrator within the exchange.
Both types of concentrators are connected with one

or more PCM 30/32 highways to the PCM switching arxray
(PSA). A certain number of time slots between the
concentrators and the PCM switching array becomes
resexrved for data traffic. Each of these reserved tele~
phone channels provides 64 kbps for data connections.
Most of all data connections work with bit rates
between 600 and 4800 bps. To make efficient use of
these reserved 64 kbps channels subchannel multi-
plexing techniques according to CCITT X.51 are

applied / 1./, These PCM time slots for data

traffic are permanently switched through the PCM
switching array and then connected to a special data
switching array (DSA). This DSA is designed for so-
called envelope switching (8+2) according to CCITT
X.51.

In / 2 / a detailed discussion of the problem can be
found whether to use (6+2) or (8+2) envelopes.
Interoffice signalling will be done by means of an
interoffice signalling unit with common channel sig-
nalling system No. 7.

Each functional unit has 1its own microptoceésbr
control.

The common switching unit performs some control and
supervisory functions for the whole system.

‘Fig. 2 shows the variocus types of traffic flowing

through the PSA and DSE. At the PSA PCM 30/32 systems

terminate from the following directions:

- PCM systems from other telephone or combined
switching exchanges (P1) carrying telephone and/or
data traffic

- PCH systems from remote (P2) and local (P3) con-
centrators carrying telephone and data traffic

- PCM systems from the DSA carrying only data traffic
(P4). Subchannels are used for data connectlons
between data subscribers with DCE's.

- For socalled cross-connecticns between data sub~
scribers with modems and data subscribers with DCE's

- the converter modules (CM) are necessary to convert
roden signalling and transmission techniques to
those of the DCE's and vice versa (F5).

At the data switching array (DSA) the PCM highwayz (HW)
to and from the PSA (D4, D5) terminate, as well as the
64 kbpg multiplex lines from and to other distant data
switching exchanges (D1). -



-3

Iss8'79

i

" 3¥00ITD IaqIIOSqNS SUoUdSTSL

o8k

abeis swry &

ITun Buysseooxzg buyrTeubys n4s
ISUURDS NOS

FoxsTdTITRN ToUURYDqRS WIS
A0ZRIJUIDUOD Ij0oWdy o8

Aexxy BUTYOITMS WOd ¥Sd

sd

xosssaddng 319 Huipped

Keaxy Butyolmg ebeis-¢ E

ae3a88UL 379 ButppRd

,  waasidg butaevxadp

ISTToIUC) sng Axomey

sng KAIouey

JOJRIJUSOUOD TeOOT

ITun BuyiTeubis soTFyoxsiul
soezIelur PutTivubrs 801IFOISIUTL
IT€ ITQIYUL

yo3Ias soedg A”V

I

=

d
O

QEW

jat
isI

S

g

I

I

susudtnby TRUTEISZ, wuma.

A0ES900xg BUTUYDITAS eieq

IFADITS ASJTIDECNS eqeq

Kexxy BuTUyo3lTAS BIRG

IsaTe09y 31DTAQ

NIoM3eN Buriexjusouod TestTbra

. susmdTnby *wISl JIINOITS wied
C3TUN PUTTTRUBTS I03RIZUSOUOD
Z0889003g DBUTYDITMS uowmo)d

Azomey TOoxXUCH
sInpor Lxomol (eIUST
SINPOR B IDAUOD WO

WOO

gaTpuey 3dniIeojur Mo0TD HID
L90RIIIJUL sng JeAIUSD  TED
XDTTOIJUOD sng TeIIU3D DED

snug TeI3usd g0
Io3RIBUSY BULL Asng LI
JO03RIBUDH BUOL IBTIPNY HIVY

SNOILVIATYEdV 40 ISIT

CNIHOLIAS WOd

SN AYOW3W @31¥311dne

TEREY

. H‘mmmukoam
ONIHOLINS NOMHOD

Sng WULKNI) @I

a%lu g
m»oJma
wgmk”
cﬁ@&«h

b e e

. LIND SNITIVNOIS 301d44083IN1

193

e

m ¥05$3504d
ONTHILINS V1va
S3OHVHIX3
v1iva
¥3H10,
0L

T

m
o

mwww«itmOmmuu
A mo»qz.zuuguuu

O S N
T04INOD HOLVHLINIINGD-IL0WTY

i e | o Lsémt
_ to] toLms-L =
Qe

m / ] s | sqm
2 5]
mé - )

0i

~

LINN ONIHJLINS Yiva

¥0SS3004d
YOIV INIDNOD

HALSXS ONIHOLIMS TVOOT
JANTEAOD FHL 40 HANLDFIIHOYY £

SYIBIUISANS VIVY

@ S¥IQIUISANS

@ 3NOHAIT3L

JAYIS-H0SS32044
YOLYYINIONOD | SUIATYISENS Yiva
: - " SACNOYHONASY
QHY SNONOYHIHAS

9y
1% 1038
m.l e e s e s e e 3WIL
20SS3I08d
“m AYHHY INTHDLINS Wid m m EL m
“ | : L YOLVYLNIINGD WIOT
. o e /e wd| L b
St ¥8 N _ :
] SHOLVEINIONDD |+
[ woud | °
. — Yiva QNY 30104 ¥04
&/0E W | —— 26108 WO
| |- AVYHY ORIHILIMS
ST T0 ) P—————— i <
~HIOM0D 26/08 Wd ¥1¥0 HOY4 |
Ul ANV ONIHOLIAS WOd ! ¢
e i s i e et e o ZE/08 W4 o
/0t W ~ LINR ONIHOLIMS Wod - : . , : . :
SIINVHIXI o . $39MVHIX3
3INOHAIT2L YIRIO . 3INOHITAL H3HLO moz<10xw

oL

WO¥3

SY3IGTYISENS
3NOHd33L

YIXIWILIN Vi
QNV YOLVHINIONGD
JId4V¥l INOHdI3L




PCH SWITCHING
ARRAY

i

DATA" SWITCHING
ARRAY

D1t )’O;

OTHER  commd P g .Y/ y—
chsmm FROM SWITCHiNG  FROM
i o
NGES
T0
Tt ——{P2 P2 i
o mouloy  py|
CONCENTRATOR DATA HIGHWAY
ey Py D4 D 4! f-et
‘&uﬁ —— -
L5 Py [cm} D5~ DS’/

*'PIG, 2: PRINCIPAL WAY OF ESTABLISHING CONNECTIONS
THROUGH THE SWITCHING ARRAYS

The principal way of establishing paths through the
switching system for internal as well as external
telephone and data connections is drawn in Fig. 2.

Some examples are given:

CASE 1: Internal connection between two telephone
subscribers via the PCM switching array, e.g. con-
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nection from input P2 of the PSA to output P3' and
vice versa P3~p2'.

CASE 2: Internal connection between two data sub=
scribers via the data switching array DSa, e.qg.
‘permanent connection P2-P4' (PSA), then D4-D4'
permanent connection P4-P2' and vice versa.
CASE 3: Internal data cross cornection between a
telephone subscriber using a modem and a data subscriber
using a DCE,e.g. P3~P5' to the converter module CM,
D5-D4', then permanent connection P4-P3';and vice

versa, permanent connection P3-B4', D4-D5', way to

the converter module P5-P3'.

CASE 4: External telephone connection, e.g. P2-P1° "

and vice versa P1-P2°'.

CASE_5: External data connection to a data sub-

scriber connected to a distant data switching exchange
‘within a data switching network, e.g. permanent
connection P2-P4', D4~D1';and vice versa D1-D4' and
permanent connection P4-P2',

(DsSA),

The system can also support those telephone sub-
scribers who sometimes also want to perform data
connections using DCE's. For this case, a prefix

has to be dialled using the telephone set, that
causes the switching system to switch the subscriber
line from a telephone subscriber circuit (TSC) to a
data subscriber circuit (DSC) to enable data
connections using DCE's. Of course a similar switch
over has to be performed in the subscriber station.

" 4. Design of Architecture and Operating Mode

Fig. 3 shows the architecture of the switching system.
It is built by 7 different modules:
- The remote concentrator RC
- = The remote concentrator control RCC
= The local concentrator LC
= The PCM (voice) switching array PSA
- The data switching unit DSU
- The interoffice signalling unit ISU
- The common switching unit )
In the following subchapters these units will be
described in detail.

4.1 The Concentrator and its Control Complex

Fig. 4 shows the structure of the remote concen-
trator RC. Telephone subscribers are connected to
telephone subscriber circuits{TSC),which perform all
functionsg known as BORSHT, i.e.: Battery, Over-
voltage, Ringing, Signalling, Hybrid, Testing.

Each TSC has a three bit memory which can be tested,
set and reset by the scanner(SCN).Bit 1 represents
the state of the subscriber line, bit 2 indicates whe-
ther a change inthe subscriber state has already been
processed by the system or not, bit 3 indicates,
whether the subscriber is connected to ringing tone
("called") or not.

S ———

FIG, 4: THE REMOTE CONCENTRATOR

The scanner rejects all call attempts (change of the
subscriber state indicated by bit 1 becoming L) if a
special socalled inhibit bit IB is set. This bit is
set if it is not possible to serve further call
attempts due to the lack of idle PCM channels or digit
receivers. This is a part of the overload protection
mechanism. -

As called subscribers are already connected to a PCM
channel, their change of the subscriber state (off
hook , also indicated by bit 1 becoming L ) has to
be processed by the SCN in any case.

Each TSC is connected to a hybrid that separates the
incoming speech direction from the outgoing one.
This is obviously necessary because PCM transmission
works always four wire equivalent. Therefore, the
DCN, Fig.5, can be divided into two parts, one

for each speech direction.

That speech direction outgoing from the hybrid to
the PCM switching array will be discussed first.

The hybrid is connected to an analog-to-digital
converter (individual A/D converters will be
economic in the near future).
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The coded 8 bit samples are buffered in a serial to
parallel converter. Up tc N=512 converters, equivalent
to 512 subscribers, can be connected to the 8 bit
parallel outgoing HW having 512 time slots at least.
The subscribers are allocated to a certain time slot
permanently, that means, each subscriber has its
"own" time slot on the outgoing highway. These N
time slots have to form a frame with a period of

125 psec, equal to that of the PCM transmission system.,
The connection between the outgoing HW and the

PCH transmission system leads over a time stage

(time slot interchange TSI) having 30/32 cells with
8 bits each. The TSI is controlled by the control
memory (COM). The COM is read cyclically in accordance
with the time slot counter of the HW. The stored
information determines whether the 8 bits on the

HW have to be transmitted into the TSI and if, in
which of its storage places. The.TSI is read cycli-
cally too, in accordance with the time slot counter
of the PCM system. The unit as a whole is therefore
a concentration stage with full access for e.g.

512 subscribers to e.g. 30 or 60 channels.

The function of the lower half of the DCN for the
incoming speech direction is equivalent to the

upper half, just described.

The- incoming 8 bit samples are written cyclically
“into the TSI and read out to the incoming HW under
the control of the same COM; a subscriber has iden-
tical numbered time slots on both HWS. The samples
are transmitted to a P/S converter, pass through

the D/A converter and the analog information is
transmitted to the subscriber via the hybrid.

If two PCM highways per concentrator are necessary !
in order to keep the blocking probability low and/or
for reasons of safety, two more TSI and a further COM
have to be provided. Their connection to the EWs and
their function is the same as described above.

hnother task of the concentrator is digit receiving.
This is performed by the digit receiver unit (DR)
that is connected to the outgoing HW. This unit con-
sists of a group of digit receivers that can be con-
_nected to any of the 512 time slots of the HW.
"Connection is done by the concentrator processor.
The MFC coded dialled digits are converted by the
recelvers into binary coded digits and transmitted
to the concentrator processor - SLAVE for further
processing.

The busy tone generator (BTG) is able to insert busy
tone, in a digital form, to each time slot

of the ircoming HW, to supply the connected sub-
scribers. This is controlled by the concentrator
processcr , too. The busy tone insertion is one of
the autonomous functions of the concentrator,
described below.

Data subscribers (DTE) using interface protocols
according to CCITT X.20 or X.21 are connected via
DCE's to data subscriber circuits DSC (Fig.4).

The DSC's perform for synchronous data subscribers
(X.21) bit- and envelope synchronisation . For
asynchronous data subscribers {X.20) asynchronous
to synchronous conversion, ITA No.2 to ITA No.5
conversion and signalling procedure adaption is
performed.

The subchannel multiplexer 8CM works according to
CCITT X.51 with 80 subchannels per time slot, each
with a bit rate of 600/750 bps . Each subchannel
is dedicated for the use of socalled{8+2)envelopes,
where 8 information bits {one ITA No.5 character) are
preceded by a status and a framing bit. These
subchannels are allocated permanently to DSC's. The
number of subchannels per DSC depends on the bit
rete e.g, for 6C0/750 bps one subschannel, for
2400/3000 bps four subchannels.In contrast to
the telephone subscribers notraffi¢ concentration.
is performed for data subscribers, they are only
multiplexed by the SCM.

The remote concentrator is controlled by & "con-
centrator processor SLAVE" which itself is remote~
controlled by the “concentrator processor-MASTER"

Iss'79 -5~

within the exchange. Part one of this double pro-
cessor configuration, denoted as SLAVE is a micro-

.processor control that performs all standard and

routine functions like

- scanning

-~ connecting and disconnecting devices

- collecting and transmitting of digits etc.

Microprocessor two of this configuration denoted as
MASTER, ist located within the exchange and
connected with the SLAVE via the concentrator sig-
nalling units (CSU) and time slot 16 of the PCM
transmission system between RC and PSA.

Each MASTER~SLAVE pair is responsible for one con~

‘centrator and performs autonomously a certain part

of the switching functions for telephone connections.

The following functions are stand alone functions of

the MASTER:

~ Allocation of PCM channels and digit receivers to
calliﬁg subscribers, path search in the digital
concentrator network and providing of dial tone
for the calling subscriber.

‘= Digit pre-interpretation with respeét to the

facilities, the internal or external calls and to
the assembling of digits to digit blocks as far
as possible. This facilitates the digit trans-
lation within the common switching processor (CSP).

~ Disconnecting of ringing tone if the called sub-
scriber goes off hook

- Disconnecting of dial tone after the calling sub-
scriber has dialled the first digit

~ Clearing of connections for calling subscribers,
e.g. release of the DCN, disconnection of the DR,
disconnection of audible tones

- Setting the inhibit bit IB if all PCM channels
and/or all digit receivers are busy.

The following functions of the MASTER are activated

by commands of the CSP:

- Connect through the DCN for called subscribers,
this includes connection of ringing tone and set-
ting of bit No.3 in the TSC memory

- Release of connections for called subscribers

~ Connect and disconnect busy and ringing tone

- Switch over a subscriber line from TSC to DSC.

The MASTER has an own memory for temporary data
and the program. It has access via the central

bus interface (CBI) and the central bus (CB) to the
common switching processor and via the central bus
controller (CBC) and memory bus to the central
memory modules (CCM). The CCM hold all relevant
informations concerning the state of subscribers
and connections, subscriber related data etc.

The structure of the local concentrator is similar
to that of the remote concentrator. The two parts
of-the concentrator control, MASTER + SLAVE, are
combined to the concentrator processor (CP).

4,2, The PCM Switching Array

The PCM 30/32 systems to and from the concentrators
carry both-way traffic in the four-wire transmissicn
mode. Connections between all subscriber-HW's must
be possible, even internal ones, from and to the
same HW. From this follows a switching array whose
principle is shown in Fig,7. The incoming speech
direction of all HW's terminate on one side of the
switching array,without regard to their traffic
direction. Consequently, all outgoing speech direc~
tions start from the other side,

For one four-wire connection one has to switch both
speech directions from the left to the right hand
side through the same switching array.

o 5
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Ahothqr criterion for the design of the switching
array is the desired maximum number of PCM 30/32 sys.
that have to be connected to. The exchange has a
maximum of 16 concentrators, each having one or two
HW's leading to the switching array. An adequate
number of highways from and to other exchanges has
to be connected to the switching array too. Therefore
about 64 PCM 30/32 systems as a maximum have to be
provided.
The dimensioning of the network can now be done under
the condition that the POINT-to~POINT LOSS (PPL)
should, for instance, be less than lo/oo for a pre-
scribed carried traffic per inlet of 0.8 Erl.
The costs for the whole switching array should
naturally be as small as possible. This leads to
the 5 stage structure SSTSS shown in Fig.7. Its
calcvlated PPL for the prescribed traffic per inlet
and for the lst attempt is 0.1 /oo and the costs are
the lowest among all suitable systems of the type
STS, TST, TSST, TSSST, STSSTS and TSSSST ( under the
assumption of a cost ratio 5:1 between the costs per
gate and per storage bit, peripheral costs included).
The switching array is controlled by a switching array
® processor, responsible for conjugated path seaxching
and switching,

A blockwise extension of the switching array from
e.g. 8 to the maximum of 64 HW's is easily possible,
Fig..7.

Another two arrays are discussed in the Annex. In
particular a five stage array is shown having a three
stage core, which is exactly nonblocking. This allows
an elegant path searching algorithm by means of a ®
multiprocessor configuration.

The way how such low cost systems can be designed
and how their probability of loss can be calculated
/4/, will be published in a paper to be pre- .
sented at the 9th International Teletraffic Congress
1979, Spain.

4.3 The Data Switching Unit

The data switching unit (Fig.8) performs functions
‘for data connections similar to those of the con-

‘centrators and the PCM switching array for téele -

phone subscribers.

The novel features of this new unit are:

- One stage non-blocking time switch for sub-
channels with (8+2) envelopes .
Tha switching capacity amounts to 4800 sub-
channels (600 bps + 150 envelope bit/s each),
equal to an overall bit rate of 3.6 Mbps and a
maxinum of 4800 simultaneous connections (n case
of 600 bps each).

-~ Common subscriler signalling processing unit for
up to 4800 connections working according to a time
sharing principle, for detecting and preprocessing
call requests, clear requests and signalling,

= Microprocessor control for establishing ccnnections

=~ Interface between microprocessor and common
switching processor.,
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FIG, 8: THE DATA SWITCHING UNIT

According to these points, the unit can be subdivided
into three parts:

~ The data switching array (DSA)

-~ The signalling processing unit (SPU)

- The data switching processor (DSP).

The following tasks are performed:

- Detection of call requests; sending of "proceed to
select” signal to the subscriber,providing of
digit receivers.The transmission of call requests
from the SPU to the DSP can be blocked by means of
an inhibit bit, similar to the strategy within the
concentrator. This is a part of the overload pro-
tection mechanism. Also the number of data sub~
scribers, that are allowed to be simultaneously
in the selection phase can be restricted.

- Detection of selection signals (digits)

- Detection of clear request

- Sending of signal "incoming call" to a subscriber
caused by a command of the SSP

- Switching of subchannels caused by a command of
the SSP. .

The incoming 64 kbit/s PCM channels used for data
traffic are linked via a padding bitsuppressor and
a serial to parallel converter to the multiplexing
stage of the DSA. The output of this multiplexing
stage, i.e. the central highway is supervised to
detect envelopes with status bit set (signalling
envelopes) by the envelope decoder. The contents of
the signalling envelope is decoded and transmitted
to the decision logic together with that contents
of the status memory belonging to the subscriber.
The status memory contains information about the
status of each subscriber, e.g. ready, call request.
The decision logic decides what to do with the sig-
nalling envelope and hands it over to the data
switching processor if necessary. A detailed des~
cription of this unit can be found in /3/.

4.4 The Intergffice Signalling Unit (Fiq.3)

Common channel signalling will be used for telephone
as well as data connections. The basic signalling
functions are done by the signalling processor.

The interoffice signalling interfaces (ISI) perform
time consuming and time critical standard functions
of the signalling system, e.g. parity bit generation
and testing.

It is intended to use the new CCITT common channel
signalling system No.7.

4.5 The Comron Switching Unit

The central dnd common part of the switching system
is the common switching unit (FigJ3 ). It consists of

-~ the central bus system (CB) with its bus control (CBC)

~ the duplicated common switching processor (CSP)
= the memory bus (MB) with the memory bus control (MBG)
and the central memory mod(les (CHMM).



The central bus transfers the main control information.

Three modes of operation have to be distinguished
which are listedin order of their priority:

- Peripheral unit recovery mode {failure mode)

~ Clocked information transfer mode normal
- Memory access mode for peripheral units mode

In case of failures, thenormal operation mode of the
bus ig blocked for a certain time and a permanent
channel is switched between the faulty unit and the
CSP or the central memory modules, respectively,

to check and recover the unit. In the normal oper-
ation mode, information transfer between the periph-
eral units, i.e. concentrators, PCM switching array,
data switching unit, interoffice signalling unit is
done according to a clocked modeof operation. At each
¢lock pulse (typical 10 msec) one message and one
command can betransferred between each peripheral
unit’ and the switching support processor.

The CBC connects also the peripheral units

according to a FIFO strategy to the memory bus if a
memory access is requested.

The two common switching processors are working in
a special mode of the socalled active stand by
mode. The C3P No.0O performs normally some common
switching functions, specified later on. The other
‘processor, CSP No.l performs standard routine test
functions and man machine communication. In case of
a failure of the active processor No: 0, a switch
over is performed to the processor No. 1.

Both processors have access to the necessary soft-
ware being resident in the common memory modules.

In case of system overload a special form of load
sharing is performed by both processors. Processor
No, O has access to the peripheral devices and per—
forms switching functions. Processor No. 1 performs
all time consuming functions which do not require
access to the peripheral devices, like charging /
billing, digit translation etc. The communication
between the processors is, in this case, done in
the same way as between the CSP and a peripheral
device, namely clocked via the CB.

The central memory modules serve first as the working
storage for the two CSP's. Program and data of the
common switching processors are stored here. Both
processors use in the normal case different memory
bus systems and different memory mcdules to avoid
access problems.

Secondly they serve as memories for common data.

One of the modules contains all data used by the
peripheral units and the CSP, e.g. data about

- busy PCM channels

- busy digit receivers etc.

Another module contains queues for data transfer

from the CSP No O via the central bus to and from the
peripheral devices and to and from CSP No 1.

All relevant data are stored in two modules for
safety reasons,

The main functions of the CSp are

~ to store and handle subscriber related data

- to perform digit translation

- to perform time supervision

- to supervise connections

-"to perform all special facilities and special
operating modes

- to perform charging/billing

- to process interoffice connections .

The following special operating modes are possible

- possibility of waiting if PCM systems to and from
the concentrators are blocked

- gutomatic recall in case of subscriber busy

- overload control strategy including special ab -
solute priority for a restricted number of
important subscribers in case of catastrophic
events.

The software structure of the CSP can be charac-
terized by the use of functional blocks (FB) for
clearly defined functions. They can be linked
according to the task to be performed. The FB's are
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FIGe 9: SIMPLIFIED SOFTWARE STRUCTURE OF
THE COMMON SWITCHING PROCESSOR

selected by the monitor on its related priority level
(MOL) using decision tables. The MOL is activated

by the supervisor and the interrupt handler of the
operating system. Fig. 9 shows the simplified
structure. The interrupt input handler processes all
interrupts in the system, e.g. the supervisor call
(SVC) and the clock interrupt of the CBC for clocked
information transfer.

&s an example, the processing of a message from a

‘peripheral device is described.

The CBC fills all messages from peripheral devices
and from the CSP No. 1 into the input buffer (IPB),
see Fig,10, within an CMM and transfers all commands
from the output buffer (OPB) to the devices.

The clock interrupt handler (CIH) examines all

messages in the IPB and decides which monitor is

responsible for the different kinds of messages.
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FIG. 10: STRUCTURE OF THE PROCESSING OF MESSAGES
BY THE COMMON SWITCHING PROCESSOR



The supervisor activates the MOL according to its
priority. The MOL on priority level 7 is responsible
for the. switching functions (MOL7). It decodes the
message and activates the appropriate FB using a
decision table. If the task to be performed requires
another FB, a command is written into the internal
queue which is served with priority to activate an -
other FB.

This concept allows functions to be performed by
means of software (FB) within the CSP or by periph-
eral units, just by changing internal commands to
external commands.

Another advantage of this software concept is that
further software functions can easily be implemented
and added, C

i
S5, Conclusion

The combined local switching system for voice and
data was designed for local areas, where separate
data exchanges are uneconomic. It is part of the
telephone network. Furthermore it has data links to
and from one or more data networks.

Separate switching arrays for telephone and data en-
able local telephone as well as data connections.
Data subscribers of the telephone network (having mo-
dems ) c¢an be crossconnected to data subscriber using
DCE's as well as to the linked data networks and vice
vVersa.

The system is controlled by decentralized processing
units and a common switching processor.

The presented local switching system is under
development (hardware as well as software) as a-
laboratory model at the Institute of Switching
and Data Technics {University of Stuttgart).

Investigations on the traffic performence of the
decentralized and the common control units are
under way.
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" Annex
1) Switching, Array TSSST

Another example for a possible 5-stage structure is
drawn in Fig.li. It is a TS8SST configuration having
the same traffic capacity and grade of service like
the SSTSS structure.

Depending on the cost ratio gate-price/bit-price it
will be slightly cheaper or more expensive than the
switching array shown in Fig,7.
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FIG. }1: FIVE STAGE TSSgT SWITCHING ARRAY

2) S=-stage Switching Array with a Nonblocking
3-stage Core

In the SSTSS switching array according to Fig. 7,

a 5-stage path search algorithm is necessary. 1f the
internal 3-stage block is extended such that it be -
comes a CLOS system that is strictly nonblocking,
one can apply a more efficient path search algorithm,
Fig.12. Each internal 3~stage block gets a block
switching processor of its own, only responsible for
switching paths through this block. The 5-stage
path search algorithm can now bhe divided into two
‘parts.

In the first part two idle paths from the two inlets
to an internal block and from this block to the
corresponding two outlets have to be found. This
corresponds to a three stage path search algorithm.
The second part of path-searching and connecting-
through within the internal - full access - block
is done autonomously by the block switching pro -
Cessor.

The costs for the whole switching array increase,
however, as the different block processors work in
parallel the path-searching becomes faster.
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FIG. 12: FIVE STAGE SSTSS ARRAY WITH A'
NONBILOCKING 'THREE STAGE CORE




