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L M Ericsson's first stored-program-controlled AKE system was described in 
Ericsson Review No. 3, 1968'- -. This system has to a large extent been further 
developed, resulting in the present transit exchange system AKE 132. Several 
changes have been made in the data processing equipment of the system, one 
being the introduction of a multiprocessor system APZ 130, which has been 
further developed into system APZ 150 presented in this article. 

The article describes how AKE 132 fulfils its function as transit exchange in 
a complex transit network. On grounds of space the fundamental concepts of 
stored-program-control are not dealt with. 

Modern Requirements 
The requirements placed on automatic telephone exchange systems have 

become increasingly stringent during the past years. One of the strictest require
ments, which is directly connected with the rapid development of telephony, is 
that an exchange shall be extendable during its lifetime to many times its initial 
size. At the same time it must be capable of incorporating a number of functional 
changes in order to be able to offer new services and for its linking into an 
increasingly integrated world telephone network. During the automatization 
stage of trunk traffic the transit exchanges, with their central positioning in the 
networks, have been particularly affected by these flexibility requirements, as 
the growth of traffic through them is exceptionally great and they must be able 
to link together telephone networks of often varying age and design. 

Another requirement is that the operational and maintenance methods must 
be rationalized and the aids designed in such a way that the increasingly exten
sive and complex telephone networks can be served with reasonable resourses. 

The AKE 13 system was specially developed to meet these requirements when 
used as national, international and intercontinental transit exchange. Through 
the use of stored program control (SPC) the entire system has acquired the 
flexibility required of transit exchanges today and in the future. 

Basic Structure of the System 
The AKE 13 system uses an electromechanical 4-wire switching network, 

employing code switches. The control is achieved through a data processing 
system constructed on the modular principle, the capacity of which is dimen
sioned according to the requirements. High reliability is ensured through syn
chronous duplication of the control equipment. 

The system, the hardware structure of which is shown schematically in fig. U 
consists of: 

The switching equipment APT 131 consisting of switching network with as
sociated switching devices and including their programs and corresponding data. 
The structure of the switching equipment is described in the following sections 
and some examples will be given of standard functions. The examples represent 
only a selection of the functions which the system may comprise. Since its intro-
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duction much design work has been done, which has made it possible to use 
it in the most varying contexts. 

The data processing equipment APZ 150, consisting of the hardware of the 
control system, processors, stores, transfer control unit to switching equipment, 
and the necessary operating system and maintenance programs. The subsystem 
for test and operation, TO, and the input and output subsystems, I/O, with, for 
example, typewriters and tape stations, also form part of the data processing 
equipment. 

The extension facilities of the data processing equipment have been achieved 
through a multiprocessor arrangement with up to eight synchronously duplicated 
processors, each pair with its internal program store. Via a multiplexor network 
the processors interwork with data stores, transfer control units and a common 
program store. 

The data processing equipment APZ 150 is the result of further development 
of earlier control systems made possible, among other things, by the rapid 
development of components that has taken place and by the operational ex
perience collected from a number of stored-program-controlled exchanges in 
service. 

Switching Equipment APT 131 

Hardware 
The hardware consists of switching stages, junction circuits, signalling devices 

and operating circuits. 

Electric typewriter 

Paper tape reader 

Paper tape punch 

Magnetic tape 

Modem 

Fig. 1 

Hardware block schematic 

FIR Incoming junct ion circuit 
FUR Outgoing junct ion circuit 
KM Code receiver 
KS Code sender 
GI Incoming switching stage 
GU Outgoing switching stage 
ODU Operation and decoding unit 
VMR Switch operating unit 
TO Test and operation 
I/O Input output 
DPB Data processing block 
CP Central processor 
PSI Internal program store 
PSC Common program store 
DSB Data store block 
TCB Transfer control block 
TOG Test and operation group 
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Fig. 2 
Grouping plan, 600-group, -l-wire 

Switching Stages 
The main requirements placed on the switching stages in the transit system 

AKE 13 are that they must accommodate large numbers of inputs and outputs 
with high input load. This has been achieved by building up two-stage code 
switch groups of 600 inlets, 800 A links and 1640 B links. The grouping plan is 
shown in fig. 2. There is also an alternative grouping with 800 inlets. 

An exchange is made up of a number of incoming and outgoing switching 
groups interconnected via the B links as illustrated in figures 3a and 3b. The 
maximum capacity of the grouping arrangement is around 30,000 inlets and 
30,000 outlets. The switching stages can also be made two-way. 

The requirement of high input load was placed in order to permit free in
sertion of lines irrespective of the load on individual lines and to allow for heavy 
overload and to provide insensivity to unequal traffic loading. 

Junction and Signalling Equipment 
The junction and signalling devices consist of printed circuit boards for in

coming, outgoing and two-way junctions, code senders and code receivers for 
different register signalling systems, cord circuits, operator position circuits for 
different operator functions, and miscellaneous equipments, e.g. tone senders. 

Fig. 4 exemplifies the engineering of an AKE exchange. The two-way junc
tions circuits are connected both the incoming and outgoing stages. As already 
mentioned these junction circuits may also be connected to two-way switching 
stages. For register signalling of DC type, e.g. decadic pulsing and 500 selector 
signalling, the scanning and sending of the signals is done directly in the junction 
circuits, and code receivers and code senders are normally not used. 

Fig. 3 
Interconnection of incoming and outgoing 
snitching stages 
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In this context certain testing equipment, tone generators and instruments for 
transmission measurements etc. should be mentioned. 

Operating Circuits 
Relays with strict timing requirements are directly controlled from transistor-

driven reed relays. Other relays are controlled via decoding units, ODU. Through 
the encoding procedure a large number of relays can be controlled from a small 
number of inlets. ODU is chiefly built up of electronics. 

In the same way the switch operation is encoded and the signals are decoded 
in the switch operating sets, VMR. The VMR sets consist chiefly of normal 
telephone relays. 

Traffic Capacity 
To illustrate the traffic properties of the AKE grouping arrangement the 

traffic capacity is defined as the lowest of the following three: 

— The traffic per group selector unit which, with uniformly distributed traffic, 
gives an internal congestion of 0.5 %o-

— The average load per group selector unit obtained when one unit is loaded 
with 20 % more traffic than each of the others and which, for the overloaded 
unit, gives an internal congestion of 2 °/oo. 

— The traffic per group selector unit which, with uniformly distributed traffic 
increased by 20 °/o, gives an internal congestion of 5 %o. 

In all cases the internal congestion is calculated towards a route comprising 
20 circuits and with route congestion of 1 °/o. 

Fig. 4 

AKE 132 Trunking diagram. Example of 
equipment for exchange with national and 
international traffic 

FDR-T-F Two-way international junction 
circuit, R2 

FIR-T-F Incoming international junction 
circuit, R2 

FUR-T-F Outgoing international junction 
circuit, R2 

KM-R2 Code receiver, international sig
nalling, R2 

KS-R2 Code sender, international sig
nalling, R2 

ES Echo suppressor 
FIR-TV-Y Incoming national junction cir

cuit 
FUR-TV-Y Outgoing national junction cir

cuit 
KM-MFP Code receiver, pulsed MF code 
KS-MFP Code sender, pulsed MF code 
FIR-ZL-Hl Incoming local junction circuit 

MFC signalling, metering 
FURL-HI Outgoing local junction circuit 

MFC signalling 
KM-MFC Code receiver, compelled MFC 
KS-MFC Code sender, compelled MFC 
FIR-ZL-H2 Incoming local junction circuit 

Decadic signalling. Metering 
FUR-L-H2 Outgoing local junction circuit 

Decadic signalling 
SNOR-U Operator's cord circuit for in

coming international traffic + 
code 12 calls 

OPR-U Operator's position circuit, in
ternational positions 

SNOR-C TSP cord circuit for outgoing 
traffic, national and interna
tional 

OPR-C Operator's position circuit TSP 
(Manual assistance) 

TS Tone sender 
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For most applications the parameters provide adequate margins, which illus
trates the service quality of the system. A calculation made for four different 
sizes of exchange shows the traffic capacity illustrated in fig. 5. 

The traffic properties of the grouping are manifestly extremely good. With 
the selected parameters the overload requirement is the controlling factor, and 
up to about thirty 600-groups the grouping is practically free from internal 
congestion. For the largest sizes of exchanges the permissible input load de
creases slightly. 

The ability to stand up to a high input load paired with full availability, ex
pansion and the reselection function, guarantees a system which is easy to 
handle and which with wide tolerance will accept variations in traffic conditions 
without need for extensive rejumpering. 

The maximum traffic capacity of the switching stages is around 25,000 er
langs. The number of circuits which can be connected depends, of course, also 
on the mean holding time and the complexity level, and in this case the capacity 
of the control system is the decisive factor. This capacity is exemplified in fig. 6 
which, for two typical exchanges, shows the number of inlets, FIR, per data 
processing block, DPB, as function of mean holding time at an input load of 
0.75 erlang/FIR. 

Curve A in the diagram corresponds to a complex exchange from the data 
processing aspect, which is characterized by a large number of signalling sys
tems, operator functions and complicated traffic cases. Curve B corresponds to 
a simpler exchange characterized by a moderate number of signalling systems, 
no operator functions and not too complicated types of traffic. Naturally, for 
individual exchanges large deviations from these typical cases may occur. 

The complex typical exchange (curve A) will, with eight processors, have a 
maximum capacity of about 22,000 inlets, FIR, at 180 seconds mean holding 
time. At the same mean holding time the typical exchange represented by curve 
B will have a maximum capacity of about 30,000 FIR, the capacity being de
termined in this case by the switching network. In these examples it is understood 
that the number of outlets, FUR, is equally large, i.e. in the latter case 30.011(1 
FIR plus 30,000 FUR. 

Fig. 6 
Capacity of control system 

Division into Blocks 
The control of the hardware is provided by the switching equipment software 

in the form of programs and data stored in the data processing equipment. 

The functions in the switching equipment have been divided into a number 
of blocks with strictly defined interfaces. Each such block may contain both 
hardware and software. The general system specification for a transit exchange 
covers all blocks for the basic form of the system and specifies the interworking 
between them. The specification may, however, be modified by selecting one of 
the available alternatives or by designing entirely new blocks. Fig. 7 shows the 
block diagram for traffic handling. 

Between the blocks in APT 131 there are the following forms of communica
tion: 

— Interworking via physical wiring. 

— Interworking via program. When work has started in a block which requires 
action from another block, the work must be transferred to the latter. This 
is done by a program in the first block calling, i.e. making a jump to, a pro
gram in the latter block. 

38 F R t r w n t s i B F V I F . W No. 2,1973 



— Interworking via data. All writing and reading of data belonging to another 
block means interworking via data. This is done, for example, when, in 
order to execute a function, it is necessary to place data in such a way that 
further action can be taken by another block at a later time. 

In the block diagram (fig. 7) the fully drawn lines mark interworking both via 
hardware, i.e. physical wiring, and via program and/or data. The dotted lines 
mark interworking solely via program and/or data. By way of example of a 
block may be mentioned SEL (Selection), the main functions of which are 
device and path selection. On, for example, an outgoing call from the home 
exchange SEL selects an outgoing circuit in the relevant route and finds a path 
through the switching network. SEL also interconnects physically FIR and FUR. 
The SEL block thus contains: 

— Programs for selection of device and selection of path through the switching 
network 

— Hardware of the switching network. 

— Data for the switching network in the form both of arrangement and inter
connection of the switching stages, and of the momentary states (occupation, 
setting and blocking) of the switches. 

The block diagram with description provides a clear picture of the APT func
tions. Apart from the hardware belonging to the blocks the diagram shows the 
program and data stored in APZ 150 which are used for control of the switching 
equipment. 

Telephony Functions 
Switching Functions 

The very satisfactory traffic properties of the AKE system have been achieved 
through using SPC techniques for the optimum utilization of the switch grouping 
arrangements. 

The most common type of connection, from FIR to FUR, consists in principle 
of three connection phases. 

1. On a call on a incoming line, FIR, a code receiver KM is connected to it 
through two switching stages. 

2. After reception of numerical information a free circuit is selected in the 
chosen route. This selection is, however, combined with two conditions, 
namely that there is a free path from the incoming to the selected circuit and 
that there is a free code sender with a free path from it to the selected out
going circuit. In this phase the path between FIR and FUR is reserved (in the 
data store) and connection takes place only between KS and FUR. KS sends 
digits forward. 
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3. After transmission of a sufficient number of digits the connection of the 
reserved route is set up through four stages from FIR to FUR and at the same 
time KM and KS are released. 

The procedure is illustrated in fig. 8. 

In register signalling systems with end-to-end signalling, such as MFC, the 
second condition in phase two is eliminated and through-connection to FUR 
takes place as soon as sufficient digital information has been received. 

With integrated line and register signalling, for example decadic pulsing, on 
the incoming junction circuit, scanning of the digital pulses takes place directly 
in FIR and KM is not connected. 

The selection of an outgoing circuit takes place in two steps. First a free circuit 
is selected and then a check is made that there is a free path from the inlet. 
If there is no free path, reselection takes place by choosing a free circuit in 
another outgoing group. Through the principle of reselection the very low in
ternal congestion already referred to has been achieved in an economical manner. 

The system also offers individual selection, i.e. the connection from an inlet 
to a specific outlet. This function is used, among other purposes, for test calls 
and for certain operator connections when it is desired to connect to a given 
operator's position ("leave word"). 

Digit Analysis and Alternative Routing 
Strict requirements are placed today on the ability of transit exchanges to 

analyse the numerical information received. This is well provided for in the 
AKE 13 system. 

The analysis block AND shown in the block diagram (fig. 7) carries out suc
cessive analysis of received digits, primarily in order to determine from them 
the outgoing route desired. A number of other analyses, however, may be re
quired, e. g. calculation of tariff class (often a combination analysis which also 
uses data concerning the origin of the call), investigation of traffic class, calcula
tion of number length and other information necessary for the setting up and 
supervision of the call. The route analysis also comprises the determination of 
one or more alternative routes, and the order in which they are to be used. 

Fig. 8 
Routing through the switching stages 
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In some networks in which the signalling system allows, redirection of calls 
is required. This implies that a call which encounters congestion further ahead 
in the network is cleared and a new attempt is made over another route. This 
facility, of course, makes use of additional analysis capacity in the system and 
of the ability to store data concerning the selected path. 

Analysis data are stored in electrically changeable memories. This is one of 
the great advantages of the AKE 13 system. The operational staff can add to or 
alter the analysis data of the exchange from a typewriter or magnetic tape. See 
also Operational and Maintenance Functions. 

Signalling 
In the design of the AKE 13 system attention has been paid to the large 

number of signalling systems which exist today and the fact that many may exist 
simultaneously in the same exchange. This is especially the case in international 
and intercontinental exchanges. 

Register signalling of MF type (e.g. MFC, MFP, CCITT No. 5 etc.) is nor
mally handled through the use of code receivers KM. For link-by-link signalling 
and all forms of signal translation, code senders KS are used in addition. The 
interworking between KM and KS, i.e. the interchange of digits and code signals, 
always takes place on a program basis without any direct physical connection. 

For each type of signalling system one group of code receivers and one group 
of code senders is required, which are connected as link routes in the B stages. 
The signalling devices contain tone circuits and associated connecting circuits. 
To a large extent the logical power is provided by the software of the KM and 
KS blocks. The dimensioning of the KM and KS groups is done with the aid 
of simple graphs. 

Decadic signalling, as already mentioned, is handled directly in the junction 
circuit. Line signals are also received and transmitted in the junction circuit, but 
all transfer through the exchange is performed via programs. There is thus no 
electrical signalling through the switching network. The adaptation of the ex
change to different signalling systems and to signalling between them thus takes 
place through programs in the corresponding blocks as well as through the 
simple hardware of the junction circuits. 

The junction circuits contain receiving and sending relays. Signal reception is 
done by testing a relay contact and signal sending by operation of a sender relay 
in the test and operating equipment TO. Fig. 9 shows an example of a simple 
junction circuit. 

Fig. 9 
Example of circuit diagram, junction circuit 
FIR/FUR-T-4 
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The 4-wire junction circuit exemplified can be used as an outgoing or an in
coming junction circuit. Testing of received signals is done in this case directlj 
in the terminal equipment. The signalling relay F l is operated directly from an 
operating point in TO. 

In certain transmission systems, especially PCM, it is possible to locate both 
test and operating circuits directly in the terminal equipment of the transmission 
system, so that no separate junction circuits are required. 

The AKE 13 system is also suited for connection of routes with common 
channel signalling of type CCITT No. 6. In this case the modems of the sig
nalling channels are connected directly to equipment in the test and operating 
equipment TO (fig. 10). 

A detailed account of signalling with CCITT system No. 6 was presented in 
Ericsson Review No. 4, 1972s. AKE 13 fulfils the requirements of CCITT's 
specification for signalling system No. 6. 

In an AKE 13 exchange the echo suppressors are connected either on a per
manent basis in the associated junction circuit or are provided in the form of a 
pool from which they are connected as required via the switching stages. An 
example of the latter procedure is indicated in fig. 4. 

Charging 
For pulse charging a transit exchange must for certain calls calculate the tariff 

and send the corresponding metering pulses backward from the incoming junc
tion circuit. This function is carried out by the CHA block. Tariff determination 
takes place in the analysis block AND which registers the tariff in the data 
record of the FIR block. CHA then interworks with COR and FIR for determina
tion of the sending frequency for the metering pulses. The transmission function 
lies in the FIR block. The function is performed entirely in software and is used 
both for national and international charging. Automatic switching between day
time and nighttime rate is provided when necessary. 

Fig. 10 
AKE 132. Connection of circuits and signal
ling channel for CCITT signalling system 
no. 6 
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Toll-ticketing, i.e. automatic printing of call tickets, can be used as an alterna
tive to pulse charging or in supplementation of the latter procedure, for instance 
solely for certain international traffic or for traffic from certain subscribers. 

In toll-ticketing the information for every call is stored in a data store as long 
as the call lasts. The basic information consists of the calling subscriber's num
ber, called number and time of receipt of answering signal. At the end of the 
conversation the time is noted and the duration of the call is calculated. These 
data are transferred to a magnetic tape recorder. The toll ticketing functions can 
also be used for settlement of accounts between administrations, as they provide 
very detailed data. Normally, however, separate and simpler programs are used 
for settlements both for national and international traffic. 

Manual Services 
Many different arrangements can be provided for operator-handled calls. This 

is done chiefly through software procedures, while the hardware need only be 
varied marginally. 

The following forms of manual operation are the most usual (see trunking 
diagram, fig. 4). 

— Non-delay working at cordless positions. The call is connected to a free 
SNOR and OPR. The digits keyed by the operator are received in KM and 
the call is then completed in the normal way. The complete connection is 
thus established through eight stages. If a free SNOR is not encountered, the 
FIR call can be placed in a queue. Queuing and selection of calls from the 
queue are done entirely in software. The duplicate inlets from SNOR in 
GIA marked in the trunking diagram are used for the reestablishment pro
cedure when the operator is to set up a call both to calling and called parties. 

— Manual assistance working at traffic service positions, TSP, implies that the 
caller dials the called party's number in the same way as for fully automatic 
calls. The number is, however, preceded by a traffic class digit to indicate 
a call requiring assistance, for instance a person-to-person call. The connec
tion is established via SNOR and eight switching stages, but the operator is 
connected to the circuit only for a brief moment after the answer, e.g. to 
check start of charging or to enter a credit card number. After the operator's 
work is completed, the switching stages are reset to a prereserved route 
through only four stages and SNOR is released. Manual assistance is used 
also for calls to be charged to the called party and for credit card calls. 
For both forms of manual service the operators' positions may be equipped 
with visual display units. 

Outgoing international calls are also handled by means of one of the aforesaid 
procedures, the number dialled by the subscriber being used to direct the call 
to the correct SNOR group. Certain incoming international calls also require 
the assistance of an operator. In this case as well the connection is set up to SNOR 
and OPR after reception of an operator signal. 
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Data Processing System APZ 150 
The data processing system APZ 150 was specially developed for telephony 

applications and consists of hardware in the form of synchronously duplicated 
data processing units in a multiprocessor arrangement, test and operation sub
system, input and output subsystem, and software in the form of the operating 
system programs and data. 

APZ 150 is a further development of the APZ 130 system, resulting in larger 
data processing capacity (Fig. 6). This has been achieved through the use of 
integrated circuits and semiconductor stores and through the addition of an 
autonomous scanner which relieves the load on the central processors. 

The maximum memory capacity for programs and data has been increased 
in order to permit more effective use of the large data processing capacity. 
A program store, common to all central processors, has also been introduced 
for programs with low usage. 

Apart from the synchronous duplication the requirements of high reliability 
have been met through the integration of advanced hardware and software 
functions in the system. Programs and data can be easily replaced, for example 
in conjunction with extension of the plant. 

The modular structure of the system permits economic extensions both as 
regards functions and size. 

System Organization 
The data processing equipment (Fig. 11) consists of 1—8 data processing 

blocks, DPB, each containing: 

— central processors, CP 

— internal program store, PSI 

— data store block, DSB 

— transfer control block, TCB 

The functions of the plant can be freely allotted to different DPB, each 
handling either certain functions for all types of connection (functional division) 
or all functions for the part of the exchange to be served by each DPB (section
ing). The latter procedure is normally used, as a minimum alteration of already 
installed equipment is then required even in the case of major extensions. 

The test and operation subsystem, TO, is divided in the same way as the data 
processing equipment and connects the transfer control block within the re
spective data processing block to the switching equipment. 

Variable and fixed exchange data relating to a part of the system controlled 
by a given data processing block are stored in the latter's memory. The central 
processors work chiefly within their respective data processing blocks. As, in a 
multiprocessor system, a connection may affect several parts of the system, the 
various data processing blocks interwork in such a way that all central processors 
write and read in one another's data stores and transfer control blocks. This 
interwork takes place via an electronic congestion-free switching network known 
as a multiplexor. 
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Within each data processing block the internal program store PSI is perma
nently connected to the central processor. The common program store, PSC, is 
accessed via the multiplexor. 

To meet the high requirements of reliability placed on a large transit exchange, 
all central processors, program stores, data stores and transfer control blocks 
consist of two synchronously working units (Fig. 12). This implies that up to 
half of the data processing equipment can be taken out of service without affect
ing the function or traffic capacity of the system. If required, one or more entire 
data processing blocks in a multiprocessor system can also be taken out of serv
ice, in which case, however, the traffic handling capacity of the system is corre
spondingly reduced. 

Central Processor 
A central processor consists of two central processing units, CPU, and a 

supervisory unit SVU. The latter contains circuits for comparison between 
synchronously operating parts of the system and logic for initiation and super
vision of various measures in conjunction with malfunction signals. 

The central processing unit with its machine instruction list is especially de
signed for telephone exchange applications. This means that fairly simple logic 
and arithmetic operations can effectively be carried out on large quantities of 
data in real time by a multiprocessor system. The central processing unit consists 
of a microprogrammed control unit, an arithmetic unit, a set of process registers 
and a preservation store for a number of priority levels. 

Fig. 11 

Hardware block diagram 

CP Central processor (duplicated) 
DPB Data processing block 
DSB Data store block (duplicated) 
MU Multiplexor (duplicated) 
PSC Common program store (duplicated) 
PSI Internal program store (duplicated) 
TCB Transfer control block (duplicated) 
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With the aid of the interrupt signals and priority level logic described below. 
the time of the central processor is so assigned that more urgent tasks are carried 
out before less urgent (fig. 13). 

— Clock interrupt signals, periodically generated by an independently working 
real time clock. These interrupt signals are used by the monitor program of 
the operating system for administration of ordinary exchange functions. 

— Scanner interrupt signals, are used for initiation of measures when the scan
ner in the transfer control block detects changes of state. 

— External interrupt signals, are used for autonomously operating input and 
output devices for ordering of service. 

— Malfunction interrupt signals, are generated by SVU on discovery of mal
function. 

— Level lowering signal, initiated by the monitor program of the operating 
system when work on a priority level has been completed and interrupted 
work at lower levels is to be resumed. 

One or more priority levels correspond to each of the above interrupt signals. 
When an interrupt signal requires working at a higher priority level the informa
tion in the process registers is preserved in the preservation store. At the next 
lowering of level, therfore, an interrupted program continues where it was 
interrupted. 

Program and Data Stores 
As already mentioned all stores are duplicated on grounds of reliability. They 

are identical and consist of dynamic MOS stores of 20-bit word length. Two 
of the bits are check bits. Each type of store can be extended up to 256 K words 
(K = 1024). The extension module is 16 K, so that the degree of extension can 
be adapted to individual requirements. The store cycle time is 0.8 //S. 

Fig. 12 

Duplication in data processing block 

CPU Central processing unit 
D M ! Data store block 
DSU Data store unit 
CP Central processor 
PSC Common program store 
I'Sl Internal program store 
PSU-C Common program store unit 
PSU-1 Internal program store unit 
SVU Supervisory unit 
TCB Transfer control block 
TCU Transfer control unit 
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Transfer Control Block, TCB 
The transfer control block contains connection circuits to the bus system be

tween data processing, test and operation subsystems, and an autonomously 
working scanner. The task of the latter is to discover changes of state in the 
switching equipment. For this purpose use is made of an image store in the 
scanner for test points. The scanning of a series of test points with similar func
tion is initiated by the central processor in the respective data processing block, 
after which the processor can perform other tasks during the scanning. When a 
change of state is discovered the scanning is interrupted, after which action ad
vice from the central processor is requested by means of an interrupt signal. 

Multiplexor 
With the aid of the multiplexor each central processor can read and write in 

DSB or TCB. For each DSB and TCB there is a duplicated multipexor channel 
consisting of an electronic gate network. Each such channel has up to eight 
duplicated inlets (one per CP) and a duplicated outlet (to DSB and to TCB re
spectively). 

When the central processor is to access a data store block, it sends corre
sponding addresses to all multiplexor channels, whereupon the relevant channel 
opens the gates to the corresponding DSB. after which the exchange of informa
tion between CP and DSB can take place. For test or operation in the switching 
equipment TCB is called instead. 

Test and Operation Subsystem, TO 
The circuits in the switching equipment the states of which must be known by 

the system programs are interconnected with test point matrices in the test and 
operation subsystem. Information concerning relevant changes of state is ob
tained by scanning of these matrices. 

Fig. 13 
Interrupt system 
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In the same way the circuits in the switching equipment, the states of which are 
controlled by the system programs, are connected to operation point matrices. 
These circuits are operated by transmission of control orders by the program 
to the relevant operation points. 

Test point matrices and operation point matrices are placed in special racks 
directly adjoining the switching equipment. A number of such racks form a test 
and operation group TOG (fig. 14), which is connected via a bus cable system 
to a transfer control block TCB. Several test and operation groups can be con
nected to each transfer control block. The number of test and operation points 
is adapted to present requirements. 

Through conversion tables in the scanner stores, test and operation point 
words of 16 points can be freely allotted to logic addresses. This reduces waste 
in the matrices and facilitates rearrangements for extension purposes. 

Input and Output Subsystem 
For communication with the system the operational staff uses input and out

put devices in the form of: 

— electric typewriters (TW) 

— paper tape readers (TRI 

— paper tape punches (TP) 

— visual displays (VD) 

— magnetic tape handlers (MTH) 

connected as shown in fig. 15. 

The equipment is designed to be placed in the AKE exchange control room 
or in different operational centres. Electric typewriters and visual displays can 
also be connected via modem. 

The requirement of data transfer capacity of the input and output subsystem 
is limited even in the case of a large quantity of input and output devices. On the 
other hand high requirements are placed on reliability. Alarm and malfunction 
printouts to typewriters and visual displays must not be lost, the output of charg
ing data on paper or magnetic tape equipments must not contain errors. Com
mands must be checked in respect of authority and plausibility so that serious 
errors are not caused by incorrect operations. 

Operating System 
The following program functions are included in the operative system for 

APZ 150: 

Job monitor, administers the execution of other programs at correct priority 
level and at correct time. 

Input and output programs, handle all interworking between the system input 
and output devices and other programs. 

Maintenance programs, deal with all maintenance functions for the data pro
cessing equipment. The programs comprise functions for systematic service 
supervision, tracing and blocking of a faulty unit on receipt of a malfunction 
signal, reorganization of the system in the case of malfunction, diagnosis of 
faulty units, and reconnection of a unit after repair. 

Loading programs, used for loading of fixed and movable programs and data. 
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Functional change programs, permit change of programs and data without 
disturbance of operation in conjunction with change of functions or extension 
of an exchange. 

Test system programs, used for testing of programs in conjunction with de
sign, installation or fault tracing. 

Installation testing programs, used for installation testing of data processing 
hardware. 

The program volume of the operating system in a normal AKE 132 ex
change is altogether about 120 K words, about half of which are stored in an 
external memory. Of the total program volume the maintenance programs ac
count for about 80 K words (K = 1024). 

Reliability Aspects 
Very high reliability requirements are placed on transit exchanges owing to 

their central position in the network. For APZ 150 this implies that, even in the 
case of malfunction of hardware or software, it must perform its control of 
functions with only negligible or no disturbance of the service. 

Thanks to the earlier described synchronous duplication principle and through 
systematic supervision with the aid both of hardware and software functions, a 
hardware malfunction caused, for example, by a faulty component can be quick
ly detected and the faulty unit can be isolated. Occasional hardware malfunc
tions do not affect the ordinary service. Normally, furthermore, several simul
taneous hardware malfunctions can occur without disturbance of the service. 
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Even after careful tests of the exchange programs before they are put into 
service, minor design faults may remain. These faults can be quickly discovered 
and remedied through extensive supervision in the form of software and hard
ware functions. Normally such measures disturb only an occasional call or a 
small group of calls. In some cases, however, more radical action must be taken 
and the system must be restarted. This is done by restoring the variable data 
of the data stores to normal, after which the program execution is started again 
from a restart point. The latter measures have a negligible effect on the func
tioning of the exchange, as they take little time and established connections are 
not disturbed. 

To keep the system in operation even if a complex fault situation should arise, 
there is an automatic restart function for the whole system. In this case de
stroyed program and data store contents are reloaded with the contents from 
other stores or from the external store so that all stores are set to normal state. 
The service is then resumed from a restart point. 

For high reliability it is, of course, also necessary to minimize the duration 
of faulty states. When a fault arises, therefore, the operational staff are given 
detailed and easily interpreted malfunction printouts to assist in the continued 
fault tracing. The system also incorporates advanced aids for diagnosis of faults 
in hardware or software. 

Program System 
Apart from the operating system referred to above, the total program volume 

required per data processing block consists also of about 35 K words for traffic-
handling and about 60 K words for telephony operation and maintenance. The 
program volume, however, varies according to the required functions in an ex
change. 

The structure of the program system is designed for the minimum possible 
processor load and memory requirement and to permit rational management in 
planning, design, installation and service. 

Program Structure 
As already noted, the programs are inserted at different priority levels. Within 

each level the following hierachical division of the programs is adopted: 

Supervisory programs, with the task of administering the running of the cor
rect program at the correct time. These programs consist of job monitor pro
grams in the operating system. 

Index programs, are executed periodically with the object of scanning, for 
example, groups of devices in the switching equipment in respect of changes of 
state which require further action. The earlier described autonomous scanner is 
used for discovery of such changes of state. Change of state in data store records 
is one of the signalling methods between different programs. 

Task programs, carry out tasks ordered by the index programs. Correct task 
programs are selected by index programs depending on the state information 
stored in the data store record concerned. 

Subroutines, consist of common program sequences. 
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Data Structure 
Both fixed and variable data are organized in files consisting of a variable 

number of similar records. One record, for example, is associated with each of 
the devices within a given group of devices. All records for the group of devices 
form a file for that group. 

The format for different types of records has been extensively standardized. 
This permits flexible interworking between different program functions. 

Different tree and list structures are used for permanent or temporary linking 
together of records within the same or different files. An example of this is the 
analysis tree for traffic routing and idle lists for selection of device. 

Block Structure 
Programs and files are combined into blocks of functions with well defined 

interfaces. Where necessary, hardware units, such as groups of devices, are also 
associated with these blocks of functions. 

The form of the relations between different blocks has been earlier exem
plified in the description of the block diagram for traffic handling in APT 131. 
The same principles are used in the operating system. 

For interworking between programs and/or data records associated with dif
ferent blocks a series of standardized macroinstructions has been produced. 
These are of functional type, such as "call signal", "send next digit". In this way 
a new signalling system, for example, can be easily incorporated in the system 
by addition of a new signalling block without affecting the system in other re
spects. The interworking between incoming and outgoing signalling systems is 
then handled in a standard manner by the coordination block COR referred to 
under Switching Equipment. 

This arrangement provides flexible units with well defined characteristics 
which, through their design, are independent of the size and function of the 
particular exchange. Another gain is that all AKE 13 exchanges can for the most 
part have standardized software and only to a small extent need have programs 
adapted to the individual exchange. 

Standardized Subroutines 
Frequently recurring measures in the programs are given the form of stand

ardized subroutines. They consist of sequences of instructions which are placed 
in a similar manner in each of the programs in which they are used or in one 
position in the program store. In the latter case they are called in by means of 
jump instructions. The subroutines have a functional character, e.g. "initiate 
printout on typewriter according to specification", "start time supervision at 
specified time", etc. 

The subroutines are defined by means of macroinstructions. Through a choice 
of parameters they are given different characteristics in the programs. 

Through use of the subroutines the necessary program volume as well as the 
design work for new functions can be limited. 
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Programming 
A large number of aids has been developed for design and planning of the 

program system for AKE 13. 

Programming Language 
An assembler language based on symbolic codes is used for programming. 

Programs written in this language are fed into the programming system APS. 
which translates them into computer code adapted to APZ 150. The program
ming language also contains advanced facilities for definition and use of macro-
instructions. A few applications of this have been described earlier. A far ad
vanced use of the standardized macroinstructions has resulted in the gradual 
development of a function-oriented program language of higher order. 

For testing of programs the program language contains an extensive set of 
test directives with which the programming language can simulate the data pro
cessing equipment in an exchange. In this way new programs are quickly and 
effectively tested before being installed in an AKE 132 system-testing or cus
tomer plant. 

The programming system also includes an extensive set of instructions for 
planning and assignment of programs and data for AKE 132 exchanges, among 
which directives for program and data outputs and for control of library files 
in which the standardized software is stored. 

Programming System 
The programming system APS offers the means of effective handling of the 

design, testing and planning of the software. APS is adapted to the IBM 370 
series but is to a large extent computer-independent since the greater part of it is 
written in Fortran. The system can therefore be easily converted for use in other 
types of computers. In total the system comprises about 150.000 Fortran state
ments. 

The system can be run either in a local computer installation or via a terminal. 
The latter procedure is used by some of LM Ericsson's European subsidiaries 
which, via a terminal, use an IBM 370 system at LM Ericsson in Stockholm. 

Operation and Maintenance Functions 
Functionally it is particularly within the administrative field, i.e. operation 

and maintenance, that the AKE 132 system offers a series of new and important 
facilities concerning both the exchanges and the associated networks. These 
functions are essentially realized in the software by exploiting fully the flexibility 
and considerable logic capacity offered by SPC technique. 

Communication between Operational Staff and Exchange 
Most of the communication between operational staff and exchange takes 

place via typewriters and paper and magnetic tape equipment. These are placed 
in a control room or in different maintenance centres, e.g. international main
tenance centres, IMC. The form of these equipments has been touched upon 
earlier. In addition control panels with controls and indicators are included in 
the test desks. 

FRir^SONJ RFVTFW No. 2, 1973 52 



A special command language comprising several hundred commands has been 
developed for commands to be given to the system via typewriters and paper 
and magnetic tape equipment. Printouts and output of information to paper and 
magnetic tape equipment are made in special language consisting of a large 
number of different types of messages. 

A Iteration of Exchange Data 
The daily operation in a transit exchange involves constant alterations of 

traffic routing data, transfer of circuits between different routes etc. Special 
programs which assign or alter exchange parameters stored in the memory, 
therefore, form part of the system. The programs are so designed that desired 
alterations are expressed in terms easily understood by the operational staff and 
with built-in plausibility checks, so that the permissible range of variation for 
the exchange is not exceeded. The programs are naturally designed so that, when 
alterations are put into effect, they do not disturb normal service. 

Service Supervision 
The service supervision has a double task. In the first place one obtains a check 

of quality, since indications are presented of when and to what extent disturb
ances occur, and in the second place data are received for fault tracing by in
dicating the cause of the disturbance. 

Examples of service suprvision functions are: 

— Fault ratio counting, which implies that if the number of disturbances for, 
for example, a given route or exchange function per period or per number 
of calls exceeds a predetermined limit, an alarm is issued and a printout of 
the situation is presented. 

— Fuse supervision for the entire APT 131. Fuses exist for groups of racks, 
individual racks and devices, and the state of the fuses is tested periodically. 
The blowing of a fuse is signalled, if required, also by printout. 

— Congestion supervision, which is normally arranged per route. The number 
of calls to the route and the number of times calls fail owing to congestion are 
recorded on counters. If during a given period the number of lost calls ex
ceeds a predetermined value, a printout is presented. 

Among interesting and important properties of the AKE system the traffic 
load supervision and control should be noted. These functions provide a guar
antee that the exchange retains the highest possible traffic handling capacity in 
an overload situation, while at the same time preventing the spread of a local 
overload to other parts of the network. 

The maintenance staff can at any time request typewriter printout of the state 
of a route with data of all engaged devices and the reasons for their occupation, 
i.e. traffic, local or remote blocking. 

Supplementary Tests 
In supplementation of the ordinary tests which are automatically carried out 

in the system there are the following test facilities among others: 

Traffic route testing, which is important for continuous evaluation of the serv
ice quality of the exchange. It gives a picture of the situation actually encoun-
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tered by traffic in a network. The necessary test program is stored in the control 
equipment. 

Circuit and switch testers are used, when required, for cyclical testing of code 
receivers, code senders and switching network. 

Traffic observation permits supervision of individual connections, e.g. in 
conjunction with setting up of a new traffic route. Apart from printouts of call 
data, connection for monitoring of the call may take place via the B links. 

Fault Tracing in Switching Equipment 
Several means exist for testing of devices and tracing of faults in switching 

equipment after a fault indication. The most important is the test desk, on which 
the operator can set up test connections or a connection to an optional device 
connected to the switching network. Relays and switches are operated on special 
commands from the operator. Speaking and listening equipment or measuring 
instruments can be connected to the test desk. 

In conjunction with the setting up of test connections there is a valuable fault 
tracing aid through which a printout of all devices and switches used on a con
nection is obtained. 

For study and checking of the signalling functions, both of junction circuits 
and code receivers and code senders, use is made of a signal and state recorder 
function integrated in the system. When setting up a test connection, the recorder 
will, for example, print out the signal sending and signal receiving functions for 
the devices used in the connection. 

Fault Tracing in the Data Processing Equipment 
It is, of course, very important that a state of malfunction in the data process

ing equipment should be as brief as possible. The operational staff therefore 
receives detailed and easily interpreted printouts as basis for fault tracing. The 
system also includes advanced means for diagnosis of malfunction in hardware 
and software. 

Statistics 
The data received during service observation of the exchange can be recorded 

statistically at the same time as fault prevention measures are immediately taken. 
This creates a basis for the long-term planning of maintenance. 

These statistics are supplemented by traffic measurements, for which AKE 13 
offers very extensive facilities. The complete traffic measurement programs, 
which also include measurement of community of interest and of load distribu
tion, provide the best means for accurate traffic measurement in and super
vision of a complex network with alternative routing. 

Construction Practice and Power Supply 
The characteristic components of the system are code switches, electronic 

components and miniature relays mounted on printed circuit boards, and a 
small number of telephone relay sets. 

The switch racks are of BDB type. The code switches are made up in sets for 
plugging into a rack. The relay sets for switch operation, VMR, are placed on 
the same rack. The racks are connected to the exchange cabling through multi-
jack connectors. 
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Fig. 16 (left) 
International transit exchange AKE 132 for 
4800 incoming and 4800 outgoing lines. Con
trol and processor room 

Fig. 17 (right) 
International transit exchange AKE 132 for 
4800 incoming and 4800 outgoing lines-
Snitching equipment 

Most of the switching devices, FIR, FUR, KM and KS, are mounted on print
ed circuit boards. The boards are placed on shelves which plug into the BDH 
rack in the same way as relay sets. In certain cases, on grounds of standardiza
tion or production technique, the switching devices are given the form of normal 
BCH relay sets. 

For the test and operation equipment TO a special type of rack has been de
veloped in view of the large quantity of wiring required. On these racks, denoted 
BDE, are inserted units for 1-4 shelves. The exchange cabling is connected di
rectly to these units. The racks are single-sided. 

For the data processing equipment a special BDH type of shelves with double 
board depth is used. Part of the wiring in APZ 150 has the form of front cabling. 
i.e. connection is effected with plugs directly to the front edges of the printed 
circuit boards. 

The rack height is 2900 mm. 

The central power equipment is of normal type with rectifiers and batteries 
for 48 V. The distribution uses a new principle, with individual conductors for 
each rack. 

The racks contain DC/DC converters for generation of the voltages for the 
electronics. In these -48 V DC is chopped and then transformed and rectified. 
Pulse width regulation is employed. 

In the switching equipment 5 V is used in ODU and 12 V for operation of 
relays. In the data processing equipment + 5 V is used, for instance, for the 
circuits, while the semiconductor stores use 16 and 19 V. 

An example of a layout for an AKE 132 exchange is shown in figs. 16-17. 
The space requirement is considerably less than for a corresponding crossbar 
switch exchange of conventional type. 
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Installation, Testing and Functional Changes 
The installation of an AKE 13 exchange is simpler than that of a conventional 

crossbar switch exchange, since the AKE exchange has fewer racks and the 
wiring work is easier. Installation staff with a knowledge of conventional in
stallation work need not be retrained for installation of AKE 132. Thanks to the 
plug and jack principle the exchange cables can be laid, formed and connected 
to their plugs before the racks are delivered, with the exception of the racks for 
the test and operation equipment. 

Installation testing of the hardware is done first, and then of the software. 

From the hardware aspect the switching and data processing equipments are 
tested separately. This is done in all cases chiefly by means of special installation 
testing programs executed by the data processing equipment of the exchange. 

The operating system of the data processing equipment is standardized and 
the correctness of this software is further verified in conjunction with other tests. 
The data processing maintenance system and the switching programs are check
ed by means of simulation of faults and by test connections. The operational and 
maintenance functions of the switching equipment are then checked by testing all 
functions. 

In order that the exchange may be finally tested under conditions which corre
spond as closely as possible to actual operation, a peak traffic test, a combined 
test of different parts of the system and a simulated operational test are finally 
made. 

Functional changes must be continuously introduced in a telephone exchange, 
as noted earlier. 

The daily alterations of, for example, traffic routing are carried out by means 
of special commands and programs as earlier described. As a result of the syn
chronous duplication, the system restart function and special programs, the en
tire exchange program and/or all exchange data can be replaced at one time with
out disturbance of ordinary operation (fig. 18). 

On such an occasion a command separates the system into two mutually in
dependent sides. One side continues to handle the existing exchange program, 

Fig. 18 

Simplified sketch of the process for a func
tional change 
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while the other side is loaded with a new program, at the same time as the old 
program is held in readiness for return to it if necessary. A command is then 
given which results in changeover of the sides, whereupon the necessary ex
change and temporary data for connections in progress are transferred to the side 
with the new program. In the event of a fault caused by a programming error 
the system returns automatically to the old program. When the new exchange 
program has been found to function satisfactorily, it is transferred to the side with 
the old program, after which both sides are restored to parallel operation. A 
similar procedure is used when new hardware units are to be added to the system. 

Summary 
System AK.E 132 is designed for national, international and intercontinental 

transit exchanges with complicated signalling systems, complex operator func
tions and a large final capacity. 

The system is insensitive to temporary traffic fluctuations, which in combina
tion with very advanced operational and maintenance facilities greatly simplifies 
and rationalizes operations. 

From the network point of view the AK.E 132 is an important operational aid 
as it can carry out, for example, traffic measurements of community of interest, 
supervision of all connected circuits and maintain continuous overload checks 
in the central points of the national and international networks. 

The data processing system is build up on a modular principle with up to eight 
synchronously duplicated processors, which allows flexible adaptation to the 
required application and size of exchange. 

High reliability is guaranteed by duplication of central processing units in the 
data processing equipment combined with effective supervisory, fault tracing 
and fault rectifying routines. 

Far reaching standardization has been achieved through division of the 
programs into functional blocks with strict interfaces, and the individual 
programs for a given application are limited to a minimum. 

The programming system APS constitutes a rational aid which permits the 
design of programs through the use of well established commercial computers. 
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On October 29, 1971, a new LM Ericsson AKE 131 transit exchange was 
placed in regular traffic in Rotterdam and the exchange was officially opened 
on December 22 of the same year. 

The exchange, called Rotterdam DC II, functions as district centre. It is the 
first stored-program-controlled (SPC) transit centre in commercial operation 
in the world and also the first SPC exchange controlled by several interworking 
processors in a so-called multiprocessor system. 

The operation of this exchange has naturally been followed with great interest 
in the world of telephony and the results and experience hitherto are presented 
in this article. 

Fig. 1 
The data processing unit of AKE 131, Rot
terdam 

System Survey 
The AKE 131 system delivered to Rotterdam consists of a switching equip

ment APT 130 and a data processing equipment APZ 130 (fig. 1). A block 
schematic of the entire system is shown in fig. 2. 

The switching equipment contains 

— link-connected selector stages dimensioned for high input load, whereby 
the lines can be connected to optional inlets. As the system has very low 
internal congestion and offers reselection. it is insensitive for instance to 
temporary traffic fluctuations. 

— repeaters and signalling devices such as junction line equipments, code send
ers and receivers for different register signalling systems, tone senders etc. 

— operating circuits, for selector stages and relay racks, which, through a coding 
procedure, allow a large number of operational functions to be performed 
with a small number of signals. 

The switching equipment is made up of code switches, telephone relays assem
bled into relay sets, printed-board-mounted reed relays and electronic compo
nents. 

The data processing equipment contains 

- processors, the number of which can be varied between one and eight accord
ing to the load. They work in a multiprocessor arrangement, which implies 
that, via a multiplexor, they interwork with one another, with data stores 
and with transfer units. The latter control the switching equipment. High 
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reliability is ensured through synchronous duplication of control equipment. 
Owing to this duplication computer errors can be quickly discovered and 
eliminated and program and exchange data can be changed without disturb
ance of the service. 

— input and output devices in the form of typewriters, tape readers, tape pun
ches, tape recorders with associated operative and maintenance programs. 

The hardware of the data processing equipment is made up of semiconductors, 
mounted on printed circuit boards, and of ferrite core stores. 

The programmes, which by definition belong to the switching and data pro
cessing equipments, are organized in functional blocks with well organized inter-
working. The blocks are also independent of the particular system configuration, 
i. e. the number of processors connected, the size of the switching equipment etc. 

Facts about Rotterdam DC II 
As a background to the following account a few data will be presented con

cerning Rotterdam DC II and the network in which it operates. 

The Telephone Network 
From the traffic engineering point of view the Netherlands telephone network 

is divided into 22 districts (fig. 3). Each district is divided into 10 sectors, each 
consisting of at most 10 local exchange areas. All district exchanges are inter
connected via a mesh-shaped network. 

Functions of the Exchange in the Network 
The Rotterdam AKE 131 exchange functions together with an existing ARM 

exchange as district centre and as a transit point for automatic international 
traffic (fig. 4). 

Fig. 2 

Block schematic of AKE 131 

SE Switching equipment 
EE External units 
IO Input and output units 
TO Test and operating units 
TR Transfer unit 
PG Processor group 
TC Transfer control 
DP Data processing equipment 
PRO Processor 
MG Multiplexor group 
DS Data store 
CPU Central processing unit 
DSB Data store block 
EIR Incoming junction circuit 
EUR Outgoing junction circuit 
GI Incoming selector stage 
GU Outgoing selector stage 
KM Code receiver 
KS Code sender 
PSU Programme store unit 
RMR Relay operating unit 
SVU Supervisory unit 
TCB Transfer control block 
VMR Switch operating unit 

EE 
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Capacity 
At the time of its cut-over Rotterdam DC II was equipped for 2.400 incoming 

and 2.400 outgoing lines. The data processing equipment comprises two pro
cessors and the necessary data stores. The exchange building also houses an 
international maintenance centre and a control room with, among other equip
ment, input and output devices for communication with the data processing 
equipment. 

Traffic Routing and Signalling 
The trunking diagram will be seen from fig. 5. The following types of sig

nalling occur on the connected lines: 

— decadic pulsing 

— MFC signalling 

— AGF signalling (a signalling system for interworking with L M Ericsson ex
changes of type AGF) 

— 2VF signalling (CCITT system No. 4) 

The selector stages of the speech network consist of one-way groups of 600 
inlets with expansion facility through two substages to altogether 1640 outlets 
which are used for links to other groups and for common signalling devices. 

A connection from an incoming to an outgoing line is set up through four 
substages. Calls to devices with high call intensity and short occupation time, 
such as code senders and receivers, are set up through two substages. 

Accommodation 
One floor of a new building (fig. 6) is reserved for Rotterdam DC II. Switching 

equipment, data processing equipment and control room equipment are set up in 
separate rooms. 

Expansion 
Rotterdam DC II will be successively expanded from 2,400 to 12,000 incoming 

and outgoing lines. 

Fig. 3 (left) 
Districts of the Netherlands telephone net
work 

Fig. 4 (right) 

Principal traffic routes for AKE 131 

a District centre 
g| International centre 

and district centre 

The first extension of 1,200 lines was completed at the beginning of 1973 
and the next extension of 3,600 lines and an additional processor will follow by 
the end of the year. 
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Fig. 5 

11 unking diagram for A K E 131 

2-wire MFC lines 
4-wire MFC and DP lines 
4-wire international MFC and 
DP lines 
4-wire international 2VF lines 
2-wire MFC and DP lines 
2-wire AGF lines 
4-wire MFC and DP lines 
4-wire international MFC and 
DP lines 
4-wire international 2VF lines 
2-wire special service lines 
Lines for assistance operator 
Lines to announcing machine 
Code sender for MFC traffic 
Code receiver for MFC traffic 
Tone sender for 2nd ring tone 
and busy tone 
Automatic transmission equipment 
(Master and Slave) 
Circuit tester 
Test desk in control room 
Equipment for generation of test 
traffic 
International maintenance centre 
Manual transmission measurement 
equipment 
Line to DCI for remote control 
of IMC 
Line to DCI for remote control 
of MTE 
Traffic observation equipment 

Operational Experience 
The cut-over of Rotterdam DC II was preceded by extensive design work 

and laboratory tests. The first year of operation in Rotterdam has yielded much 
valuable experience which will benefit the entire AKE family and has confirmed 
that the system possesses excellent traffic and maintenance properties. 

Service Quality 
From the subscribers' point of view the chief property of a telephone exchange 

is its service quality in various respects. 

The traffic in the entire Rotterdam district is continuously supervised by a 
large number of traffic route testers (TRT), Rotterdam DC II being included in 
the test program. The tests show that the number of unsuccessful calls during 
the whole of 1972 owing to technical faults in DC II is around 1 per mille. 

Fig. 6 

The exchange building in Rotterdam 

The transmission characteristics of the exchange have been measured during 
the period and proved to be within the limits recommended by CCITT. 

As the AKE 131 system is very exact as regards signalling time measurement, 
it has been possible, by observation of the traffic via DC II, to discover faults 
in interworking exchanges which had earlier been difficult to trace (fig. 7). 

The traffic handling capacity has also been measured and the correctness of 
earlier traffic calculations and simulations, both for the switching and data 
processing equipments, has been verified. 

Component Properties 
The frequency of component failures for each part of the system is shown 

per rack and year in table 1. This is an essential parameter for deciding on the 
necessary maintenance effort. It must also be noted that the number of racks 
in an AKE 13 exchange is only half of that required in a conventional exchange 
of the same size. 
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Table 1 

Frequency of component failures 

* 0.00027 failures per vertical and annum 

The tabulated values confirm the very good component properties of the 
AKE system, not least as regards the code switch. 

Programs and Change of Programs 
In conjunction with the design and testing of programs for AKE 131 in 

Rotterdam and subsequent AKE exchanges, the necessary tools and working 
routines for all parts of the system have been successively extended. Changes 
during the design and installation phase could therefore be quickly incorporated 
in the programs. 

Since the cut-over, certain changes of program have been made, due to 
some extent to a change in the original functional requirements. These changes 
have mainly related to improvements of function. Owing to the synchronous 
duplication of the processors all changes could be easily introduced during 
service. 

In order to be able to introduce new functions and to prepare for extension 
of the exchange, and in conjunction therewith to finally rectify earlier weak 
points, a new edition of the exchange program was introduced with excellent 
result during January 1973. 

Fig. 7 

AKE 131 produces exact print-outs of weak
nesses in its own and in intenvorking ex
changes 

Operational and Maintenance Measures 
Operational and maintenance measures in AKE 131 with associated network 

are initiated from eight typewriter terminals with the aid of some 150 commands 
(fig. 8). Examples of some such functions are traffic measurements, transmission 
measurements, changes of routing etc. 

As more experience has been gained, the exchange has in due course been 
further touched up and the manuals for the operational staff have been succes
sively improved. 

System Restart and System Stop 
At the cut-over of a new complex system certain disturbances in conjunction 

with the introduction of regular traffic and increase of the traffic load are un
avoidable. The disturbances which have arisen, however, have been quickly eli
minated thanks to effective cooperation between the Netherlands PTT and L M 
Ericsson. 

During the spring of 1972, for example, certain disturbances started in the 
form of increased system restarts and stops. The disturbances were most frequent 
in conjunction with alteration work, as is usual after cut-over of a new telephone 
system. 

The object of system restart is briefly illustrated below. In order to avoid 
locking of the system the marker in a crossbar system is time-released if a faun 
occurs in. for example, a special switching operation. 
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Fig. 8 

Control room showing, among other equip
ment, typewriter terminal for commands 

In a SPC system certain types of errors in programs and data might corre
spondingly cause locking of the system. To prevent this from happening a system 
restart occurs automatically. The system is thereby placed in a restart condition 
and can thereafter handle traffic again. Connections in progress are not disturbed 
thereby. The exchange staff can also set up system restart, e. g. in conjunction 
with fault tracing. The restart facility gives the system a satisfactory self-healing 
capacity and at the same time the traffic disturbances in this context are reduced 
to a minimum. 

During the first months the number of system restarts increased on the in
troduction of new types of traffic and new lines. The causes of restart have been 
successively eliminated and their number has continuously diminished to a satis
factory level (fig. 9). 

The system stops that have occurred with manually initiated restart have in 
most cases been due to a combination of several factors, e. g. imperfections in 
the maintenance system of the data processing equipment combined with in
correct manual operation owing to incomplete manuals for the operating staff. 
The necessary action was taken at all points so that the cause of the system stops 
could be eliminated (fie. 10). 

Fig. 9 (left) 

Traffic growth and number of system restarts 
during 1972 

The piles indicate the daily (8 a. m.—8 p. m.) 
average of automatic system restarts and of sys
tem restarts commanded by the staff during fault 
tracing. (Major alteration work was in progress 
during March.) 

Fig. 10 (right) 

Traffic growth and number of system stops 
during 1972 

The piles indicate the number of service stops 
per month (8 a. m.—8 p. m.l. (Major alterations 
were in progress during March.) 

Summary 
Rotterdam DC II has extremely advanced functions and in two respects is a 

pioneer in the world, namely as SPC transit centre and as multiprocessor-con
trolled exchange. 

The new exchange has a very good service quality and the number of unsuc
cessful calls due to technical failures during 1972 was around 1 per mille. The 
excellent component properties are illustrated particularly by the fact that the 
code switch had only 0.00027 failures per vertical and year. Since the system 
works so exactly, furthermore, failures difficult to detect in interworking ex
changes have been traced. 

Since the processors work in parallel it has been easy to introduce changes 
of program and an entirely new program was introduced without disturbance in 
January 1973. 
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The traffic handling capacity has corresponded to earlier calculations and 
simulations and temporary fluctuations of the traffic intensity have been en
tirely absorbed by the system. 

In intimate cooperation between the Netherlands PTT and LM Ericsson 
failures have been analysed and remedied during a run-in period. This, in con
junction with other experience from the operation of the Rotterdam exchange 
hitherto, will be of benefit to all AKE exchanges. 
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New Equipments for FDM Carrier Terminals 
in the M4 Construction Practice 
BORJE RASK, TELEFONAKTIEBOLAGET LM ERICSSON, STOCKHOLM 

UDC 621.395.343: 
621.375(—195.6) 

LME 8421 

LM Ericsson today offers a complete range of f.d.in. (frequency division 
multiplex) equipments for assembling terminals for carrier systems providing 
120, 300, 960, 2 700 and 10 800 telephone circuits. All equipments have been 
engineered in the M4 construction practice. Most of these equipments and the 
M4 design principles have been presented in earlier issues of Ericsson Re
view 1?. Several multiplexing equipments have now been modernized and, in 
various respects, substantially improved. In the following article the author 
gives further details on these modernizations. 

The main objective in developing the new equipment has been to take ad
vantage of the latest achievements in modern electronics with respect to compo
nents and circuit design techniques while retaining the proven mechanical and 
electrical principles of the M4 construction practice. This has resulted in new 
equipment which is fully compatible with earlier M4 equipment and which has: 

— improved performance 

— lower power consumption 

— higher reliability 

— simpler maintenance 

— reduced size and weight. 

The redesigned equipment consists primarily of higher-order multiplex sub
systems, such as a mastergroup translating equipment for assembling basic 
supermastergroups, supermastergroup modulating equipment providing a 900-
channel line group, and supermastergroup translating equipment for assembling 
line groups of 2 700 and 10 800 channels. A new common frequency supply for 
carrier terminals providing up to 2 700 circuits has also been developed. In the 
diagram shown in the following section the redesigned equipments are indicated 
by non-coloured rectangles. 
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Multiplexing Equipments 
Fig. 1 shows the multiplex subsystems of which large-capacity terminals are 

made up. The modulation plans, which are shown in figs. 2 and 3, are in ac
cordance with CCITT recommendations, both Plan 1 and Plan 2 being rep
resented. This means that multiplex terminals can be made up either with or 
without the basic mastergroup occupying the 812-2 044 kHz frequency band 
as a basic block for interconnection. 

Since the supermastergroup translating equipment for 60 MHz, i.e. for the 
formation of 10 800-channel line groups, has been described in detail in a recent 
article", the present article deals with the multiplexing equipments for trans
lating basic mastergroups into basic supermastergroups, for converting basic 
supermastergroups into 900-channel line groups and for translating basic super
mastergroups and 15-supergroup assemblies into 2 700-channcl line groups. 
These equipments have certain common characteristics, most of which are new, 
such as: 

The Modulators 
The modulator design uses double-balanced transistor circuits, which provide 

good suppression of both direct leak and carrier leak. Thus very low values are 
obtained for the levels of these leaks as well as those of other interfering fre
quencies within the pass band. This is necessary, for example, in wideband data 
transmission, as stressed by the recent CCITT revision of its Recommendation 
G. 233 § k. 

The Combiners and Separators 
These units combine the different batches of channels into the desired higher-

order assemblies of channels, and vice versa. They use active circuits, i.e. the 
units include amplifiers to reduce transmission losses. The low impedance in 
conjunction with series resistors at the input of the combiner amplifier and at the 
output of the separator amplifier provide good decoupling between the as
sociated mastergroup, supermastergroup or 15-supergroup assembly filters, 
permitting the multiplex subsystems to be partly equipped as desired, without 
the attenuation distortion in the pass bands being appreciably affected. 

Fig. 1 
M u l t i p l e x subsystems of wh i ch m e d i u m - and 
large-capaci ty f . d . m . te rmina ls f o r the f o r 
ma t i on o f 120- to 10 800-channel l ine groups 
are made up 

The upper part of the diagram shows multiplex 
subsystems including a 300-channel mastergroup 
stage, the lower part showing subsystems without 
mastergroup stage. (INon-coloiired blocks denote 
redesigned equipment.) 
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The Station Cable Equalizers 
These units, too, use active circuits. The equalizers serve to compensate for 

slope introduced by the station cabling. Equalization of up to 50 m cable is 
provided. 

The Amplifiers 
The amplifiers have been incorporated in the same apparatus units that con

tain the combiners or separators and the station cable equalizers. A wideband 
design and certain switching facilities permit the same units to be used at 
several places in the new equipments. Thus fewer types of apparatus units are 
needed to make up a complete terminal, which is an advantage from the point 
of view of spares holding. 

Noise 
The fact that all units have been designed using active circuits prevents trans

mission levels falling to too low a value; the lowest level is -37 dBr, giving 
favourable noise characteristics. 

Fig. 2 

Frequency arrangements for terminals using 
mastergroup allocations 

The triangles on the left symbolize basic super
groups (G60G) etc., those on the right line 
frequency bands, e.g. 300-channel line group 
(300 LG), etc. 
Frequencies in kHz 

Fig. 3 

Frequency arrangements for terminals using 
supergroup allocations 
Frequencies in kHz 
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Duplicated Outlets 
All units for batches of 300 or more channels have duplicated outlets follow

ing the cable equalizer. These outlets are mutually decoupled, so that one of 
them can be used, for example, as extra outlet for 

• extension to a test point at a central position in the station, e.g. a distribu
tion frame 

• connection of a recorder 

• automatic switching to standby routes. 

Test Points 
Besides the previously mentioned test points there are easily accessible test 

points for maintenance and fault location purposes. Short-circuit-proof main
tenance test points are provided at all outputs, so that a short circuit will not 
noticeably affect the transmission level in the system and possible poor matching 
at the output will not affect the test level. At all inputs, as well as at certain 
other suitable locations, fault location test points facilitate fault tracing. These 
points, too, are protected against short circuits. 

Phase-locked Oscillators 
Up to the present the technique usually employed for the generation of car

rier frequencies has been based on the use of harmonic generators and fre
quency multipliers supplied from a centralized master oscillator equipment, 
with basic frequencies such as 124 and 440 kHz. 

The disadvantage of this technique is that impurities in the basic frequencies, 
such as superimposed hum and noise, increase in level in the carrier frequencies 
in proportion to the multiplication factor, and are then fed into the transmission 
path via the modulators. 

By using phase-locked oscillators the effect of such disturbances can be 
considerably reduced. In addition, these oscillators are much less sensitive to 
level variations, which facilitates the distribution of basic frequencies. Both 
from the economic and technical points of view, the use of phase-locked oscil
lators provides attractive solutions to system problems. 

The basic operation of the oscillator involves a simple crystal oscillator which 
is tuned to the required carrier frequency and which feeds an appropriate mod
ulator and demodulator via two mutually decoupled outlets. 

To achieve the requisite frequency stability, the oscillator is driven by means 
of a basic frequency as follows: 

The oscillator frequency is divided in a frequency divider such that it obtains 
the nominal value of the basic frequency; the signal thus obtained is then com
pared with the basic frequency in a phase detector. The detector provides a d.c. 
voltage proportional to the phase difference between these two signals. This 
d.c. voltage controls the oscillator continuously, thereby maintaining the correct 
frequency, and thus providing the required frequency stability. A phase-locked 
13 200 kHz oscillator is shown by way of example in fig. 4. 

Individual Pilot Receiver 
Individual pilot receivers are used for supervision and regulation of the 

mastergroup and supermastergroup levels. A more detailed description of them 
will be found below. 

Multiplexing Equipment Design 
The multiplexing equipments for translating three basic mastergroups into 

one basic supermastergroup and three supermastergroups or 15-supergroup 
assemblies into one 2 700-channel line group each occupy one stack of two 
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Fig. 5 
Mastergroup translating shelf stack for the 
formation of a basic supermastergroup 

shelves, the supermastergroup modulating equipment for converting one basic 
supermastergroup into a 900-channel line group occupying a single shelf. The 
various shelf assemblies are shown in figs. 5, 6, 7 and 8. 

Since the various multiplexing equipments are similar in design and differ 
mainly in those sections which are selective, e.g. filters, only one of them is pre
sented in some detail. For this purpose the supermastergroup translating shelf 
stack has been chosen; the relevant modulation plan and block diagram are 
shown in figs. 9 and 10 respectively. 

The 2 700-channel line frequency band is normally assembled by translating 
three basic supermastergroups 8 516-12 388 kHz in accordance with CCITT 
Recommendation G. 332, Plan 1A. In certain applications it may be convenient 
to replace supermastergroup 1 with the basic 15-supergroup assembly 312-4 028 
kHz in accordance with CCITT Recommendation G. 332, Plan IB. The same 
shelf stack can be used for both alternatives after replacement of the apparatus 
units concerned. 

The generation of the carrier frequencies 12 704 and 16 720 kHz uses phase-
locked oscillators. 

Fig. 6 (left) 
Supermastergroup translating shelf stack for 
the formation of a 2 700-channel line group 

Fig. 7 (right) 
Supermastergroup modulating shelf for the 
formation of a 900-channel line group 

In the receive path a pilot receiver for 11 096 kHz is provided at the output of 
each demodulator. Where supermastergroup 1 has been replaced with a basic 
15-supergroup assembly, which includes the 1 552 kHz pilot, this frequency is 
converted into 11 096 kHz by means of a carrier of 12 648 kHz, which is ob
tained from a separate phase-locked oscillator shown at the bottom of the block 
diagram, fig. 10. 

ERICSSON REVIEW No. 2, 1973 69 



Level Supervision and Regulation 

Fig. 8 

Shelf stack for translating three basic 15-
supergroup assemblies into a 2 700-channel 
line group 

To compensate for the level variations which will inevitably occur in carrier 
systems and to simplify maintenance and fault location, equipment for automat
ic level regulation with alarm facilities is provided in the receive paths of all 
basic groups, supergroups, etc. 

In the multiplexing equipments yielding basic groups and supergroups, use is 
made of centralized pilot receivers providing level regulation in steps. This 
equipment has been described in detail in an earlier issue.11 

In the redesigned equipments for the higher modulation stages, however, an 
individual pilot receiver is provided for each basic mastergroup and super-
mastergroup or 15-supergroup assembly, which permits the levels of the re
ceived pilots to be supervised continuously and individually. The need for such 
facilities has arisen since recent discussions have shown that the introduction of 
supermastergroup switching equipment into the network is to be expected in the 
near future. Automatic supermastergroup switching here implies switching to a 
standby route in the event of a fault occurring in the transmission path. In addi
tion, the continuous supervision equipment provides for direct connection of 
recorders for level recording. 

The pilot receiver for a supermastergroup is designed for operation from the 
11 096 kHz pilot frequency (fig. 11). With the aid of a built-in modulator the 
same receiver can be used for basic mastergroups using the 1 552 kHz pilot fre
quency. The modulator is supplied with the 12 648 kHz carrier frequency. The 
equipment for the generation of this frequency is included in the mastergroup 
translating shelf concerned. 

After filtering, amplification and rectification, a d.c. voltage proportional to 
the pilot level is produced in the pilot receiver. This voltage then serves to con
trol a number of logic circuits which provide the desired output functions. Be
sides outlets for a signal to control supermastergroup switching and a d.c. signal 
for level recording, there is a d.c. voltage outlet controlling a thermistor-type 
a.g.c. network included in the transmission path. In addition, there are outlets 
providing various types of level information serving to initiate alarms. 

The signal which controls supermastergroup switching is initiated by a sudden 
fall in level of more than 9 dB, and can be sent out either immediately following 
a pilot failure or after the pilot signal has been absent for more than 300 milli
seconds. It is also initiated by a level error of more than 4 dB which cannot be 
corrected by regulation. 

Separate alarm circuits indicate when output level errors exceed 4 and 1.5 dB 
respectively. However, in order that sudden variations within the regulation 
range shall not give an alarm, this is delayed for 40 seconds to allow the regula
tor time to act. Hence only excessive level errors remaining after regulation 
are indicated. 

Fig. 9 

Modulation plan for assembling three basic 
supermastergroups into a 2 700-channel line 
group 

Alternatively, a basic 15-supergroup assembly 
can be substituted for supermastergroup No. 1 
(in accordance with CCITT Plan IB) 
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Fig. 10 

Block diagram for supermastergroup trans
lating equipment providing 2 700-channe] 
line groups in accordance with C C I T T Plan 
1 (A and B) 

Top: send path; centre: receive path; bottom: 
carrier generating equipment. Frequencies in 
kHz. Units marked with *) can be exchanged for 
alternative units handling lS-supergroup assem
blies (in accordance with CCITT Plan IB) 
F Fault location test points 
M Maintenance test points 

«] Amplifier 

rj] Cable equalizing network 

[1] Band-pass filter 

pH Low-pass filter 

p | Modulator or demodulator 

Q Rectifier 

[ J Phase discriminator 

p ] Frequency converter 

0 Oscillator 

Fig. 11 

Individual pilot receiver for 1 552 and 11 096 
kHz 

A, M Manual switching between automatic 
level regulation and fixed gain 

REC To recorder 
REG Regulating current for level regulation 
SW Control signal for supermasiergroup 

switching 
AI, A2 Alarms for level deviations of more 

than 4 dB and 1.5 dB respectively 
Frequencies in kHz 

Fixed d.c. generator 

Control current generator 
Level discriminator (level deviation 
from nominal value > 4 dB) 
Delay circuit (40 seconds) 

AND gate 

Through Connection Filter 
To prevent crosstalk between adjacent batches of channels in through connec

tion, use must be made of through-connection filters providing well-defined 
limits for the batches of channels concerned. 

Filters are available for the through connection at basic frequencies of all 
four different batches of channels, i.e. basic groups, supergroups, mastergroups 
and supermastergroups. Fig. 1 illustrates these filters at the interconnection 
points between the different modulation stages of the multiplex. Two of these 
filters have been redesigned, viz. those for the basic supergroup and super-
mastergroup. The filter sets have been designed as three mutually well-screened 
assemblies, the two filter sections being separated by an amplifier. 

A standard shelf for through supergroup or supermastergroup connection 
can accommodate four such filter sets, corresponding to two through connec
tions in both directions of transmission (fig. 12). The attenuation frequency 
distortion in the pass band of the through supermastergroup filter is shown by 
the characteristic curve in fig. 13. 

Through Supergroup Filter 
The filter has attenuation peaks for 308 kHz and 556 kHz as standard, though 

no crystals are employed. In addition, the same filter can be used with either 
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Fig. 12 (left) 

Shelf for through supermastergroup filters 

Fig. 13 (right) 

Attenuation/frequency distortion in pass 
band for through supermastergroup filter, 
the curve representing an average 

of the supergroup pilots 411.92 kHz or 547.92 kHz as reference frequency, with 
unchanged performance regarding attenuation/frequency distortion in the pass 
band. 

Through Supermastergroup Filter 
The requirements for a through supermastergroup filter proposed so far by 

the CCITT, i.e. with complete protection for all the supermastergroup positions 
in 12 MHz systems, cause the filter to be too large and expensive. The problem 
has been noticed by the CCITT and is being studied. 

In order to provide an economically justified through-connection filter alter
native even today, L M Ericsson has developed a filter which utilizes the stop 
attenuation already present in the filters of the supermastergroup translating 
equipment. In this manner a filter is obtained having a performance, dimen
sions and a price which remain at a level both realistic and optimal in respect 
of 12 MHz systems. In addition, it meets fully the requirements for through 
supermastergroup connection in 60 MHz systems. Plan 1. 

Through connection in 60 MHz systems in accordance with Plan 2 can be 
effected in two frequency bands, viz. 312-4 028 kHz and 8 620-12 336 kHz. 
The multiplexing equipment has been designed in such a way that external 
through-connection filters can be dispensed with in either case. 

Common Frequency Supply 
The frequency generating equipment for carrier terminals consists basically 

of a centralized master oscillator with basic frequency generating equipment 
and decentralized carrier generating equipments incorporated in the various 
multiplexing equipments, where the basic frequencies are used for generating 
the carrier frequencies required for the modulators. The pilot frequencies, how
ever, are generated in the centralized frequency supply for simplicity of main
tenance. 

A choice can be made from three different common frequency supplies ac
cording to the capacity of the carrier terminal concerned, viz.: 

— ZAF 04 for large-capacity stations with multiplex systems up to 60 MHz 

- ZAF 05 for medium-capacity stations with 4 MHz and 12 MHz multiplex 
systems 

— ZAF 03 for smaller-capacity stations with multiplex systems up to 1.3 MHz. 

Table 1 shows the master oscillator frequencies with data on stability for the 
respective common frequency supplies. 

Table 1 
Common frequency supply 

The table shows the relationship between multi
plex system capacity and maintenance intervals 
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Fig. 14 

Common frequency supplies for large- and 
medium-capacity t.d.ni. carrier terminals 

Both systems can be supplemented to generate 
the following pilot frequencies: additional group 
reference pilot 84.14 KHz and supergroup ref
erence pilot 411.86 kHz, and alternative fre
quency comparison pilot 308 kHz. The blocks on 
the right indicate equipments for frequency 
checking in the respective common frequency 
supplies. Frequencies in kHz 

pq Crystal oscillator with temperature 
*2l regulation 
p ] Instrument for visual frequency comparison 

Fig. 14 shows the basic configuration of the two common frequency supplies 
for large- and medium-capacity stations, systems ZAF 04 and ZAF 05. The 
diagram shows the carrier basic frequencies and pilot frequencies that can be 
obtained from these systems. All frequency supplies are duplicated and provided 
with automatic changeover facilities, except those for the frequency comparison 
pilots, where changeover is effected manually. 

A detailed description of the centralized frequency generating equipment 
has been given in an earlier issue I0, so that this article is confined to novel fea
tures that have been introduced, such as a new equipment for the generation of 
carrier basic frequencies, the generation of some new pilot frequencies as well as 
two new frequency checking equipments. 

Fig. 15 

Generation of carrier basic frequencies 12, 
124 and 440 kHz in the Z A F 05 system 

Outlets with +29 dBm level are used for distri
bution to local carrier generating equipments. 
Other outlets feed other frequency generating 
equipment, etc. 
Frequencies in kHz 

L. SUBr4 

..J 

Basic Frequency Generation 
The new equipment for generation of carrier basic frequencies 12, 124 and 

440 kHz employs a master oscillator generating a frequency as high as 4 960 
kHz from which the necessary basic frequencies are obtained by means of fre
quency dividers. As a result, superimposed hum and noise are correspondingly 
reduced and this, together with the use of phase-locked oscillators in the as
sociated carrier generating equipments, makes it easier to meet the more strin
gent requirements for low hum and noise levels in multiplex systems recently 
proposed by the CCITT. 

The master oscillator has a frequency stability of ± 5 • 10"8 per month and, 
as may be seen from table 1, can be used in carrier systems providing up to 2 700 
circuits. 

All the duplicated equipment for generating the carrier basic frequencies 12, 
124 and 440 kHz, including changeover units, is accommodated on a single 
shelf. The electrical design is illustrated in fig. 15, the mechanical design being 
shown in fig. 16. The master oscillator contains a quartz crystal unit enclosed in 
a temperature-controlled oven to ensure the necessary frequency stability. The 
frequency conversion from 4 960 kHz to the required carrier basic frequencies 
is achieved by means of a single unit per frequency. 

Each chain of generating equipment is completed with a changeover unit; 
if the level of the regular equipment falls by more than 2-3 dB, this unit will 
automatically switch the load to the standby equipment. The unit includes alarm 
facilities. 

Pilot Generation 
In addition to the common group and supergroup pilots 84.08 and 411.92 kHz 

(as well as 84.14 and 411.86 kHz), the edge pilots 104.08 and 547.92 kHz can 
now be provided. These pilots permit groups and supergroups to be used for the 
transmission of wideband signals, e.g. data, and have so far been systematically 
used mainly in satellite systems. 

As an alternative to the frequency comparison pilots 60 and 300 kHz the 
308 kHz pilot frequency can now be generated by means of a separate equip
ment. 
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Fig. 16 

Basic frequency generating shelf yielding 12, 
124 and 440 kHz used in the ZAF 05 system 

Frequency Checking 
To enable the two master oscillators to be synchronized with each other or with 

an external reference frequency, all pilot generating shelf stacks that generate 
a frequency comparison pilot are provided with frequency checking equipment. 
The beat method is used for frequency comparison, i.e. the equipment combines 
two input frequencies to produce a difference frequency. The difference fre
quency is indicated on an indicating instrument and can also be applied to a 
recorder. Synchronism of the frequencies is obtained by adjusting the master 
oscillator so as to produce zero beat on the instrument. A beat duration con
venient for instrument reading is obtained by multiplication of the input fre
quencies to a higher frequency before frequency comparison. 

Frequency Checking Equipment for 60 and 300 kHz 
as well as for 300 and 4 200 kHz 

In a transmission network it is common practice to appoint the master oscil
lator in a certain station to act as a national frequency standard. 

The frequency comparison pilot sent out by this station must therefore be 
distributed to all other stations in the network where synchronization is to be 
carried out. For this purpose, intermediate stations must be provided with equip
ment for through connection of this pilot. 

The frequency of the frequency comparison pilot depends on the size of the 
system. Since several systems may occur in a network, facilities should also be 
provided to permit one pilot frequency to be converted into another in through 
connection. 

Two equipments are now available, one for through connection of 60 or 300 
kHz in combination with pilot conversion from 60 to 300 kHz or vice versa, 
and a corresponding equipment for 300 and 4 200 kHz. The former is de
signed for networks with 4 MHz and ] 2 MHz systems, the latter for 12 MHz and 
60 MHz systems. 

The two equipments, shown in fig. 14 (far right), are similar in design and 
contain facilities for frequency checking as well as for through connection 

Fig. 17 

Frequency checking shelf for frequency com
parison pilots 60 and 300 kHz 

The upper half of the figure shows equipment 
for through connection of 60 or 300 kHz as well 
as distribution and conversion of these frequen
cies. The lower half shows equipment for manual 
frequency checking and automatic frequency 
supervision 
60 I, 60 II, 300 I and 301) II: Locally generated 
pilots 
60 stand, and 300 stand.: National standard fre
quencies 
* Along with the line frequencv bands 60—4 02S 

kHz and 312—12 388 kHz (316—12 336 kHz) 
respectively 

Frequencies in kHz 
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and frequency conversion. One of them, the frequency checking shelf for 60 and 
300 kHz, is shown in more detail in fig. 17. The upper half of the figure shows 
the through-connection and frequency conversion equipment, the lower half 
showing the frequency checking equipment. A frequency comparison pilot, 60 
or 300 kHz, received from a line system is applied to the through-connection 
equipment together with the line frequency band concerned. This equipment 
selects and amplifies the pilot for distribution to outgoing line systems. The 
purity of the pilot is then so high that no crosstalk between different line sys
tems will occur. 

After filtering, the pilot frequencies can be converted by multiplication or 
division to produce the alternative frequency, which is then further distributed. 

To make routine frequency checking unnecessary, both frequency checking 
equipments can be supplemented with facilities for automatic frequency super
vision which send out an alarm when a frequency deviation exceeds a certain 
limit. This limit can be preset to different values by strapping. 

The frequency checking shelf contains two identical sets of equipment for 
automatic frequency supervision. Each set can be fed with the frequency com
parison pilot from one of the two local master oscillators (regular or standby) 
and the pilot derived from the national frequency standard. Thus both master 
oscillators can be continuously supervised, if desired in conjunction with a level 
recorder. 

Bay Arrangements 
The various shelves and shelf stacks can be combined into a range of systems 

and subsystems. 

They can be mounted in bays to suit the requirements of virtually any in
dividual application. A few examples of bays housing the redesigned equip
ments are given in fig. 18. The first bay shown contains only one type of trans-

Fig. 18 

Examples of bay layouts 

1 Bay frame containing only one type of 
translation equipment (300/900 = 
mastergroup translating equipment 
yielding basic supermastergroups) 

2 Bay frame combining two translation 
stages (900/2 700 = supermastergroup 
translating equipment yielding 2 700-
channel line groups) 

3 Bay frame containing ZAF 05 common 
frequency supply 

FD Frequency distributing shelf 
PG Pilot generating shelf stack 
F check Frequency checking shelf 
BFG Basic frequency generating shelf 
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lation equipment , whereas the second bay combines equipment representing 

two modula t ion stages and contains duplicated power packs. The third example 

shows a common frequency supply for multiplex systems providing up to 2 700 

circuits. The unused space can be utilized to accommoda te translation equip

ment. 

Summary 
This article has described certain modernized and redesigned multiplexing 

equipments engineered in the M 4 construction pract ice; together with other 

equipment they now constitute a complete and modern range of multiplex sub

systems for assembling f.d.m. carrier terminals providing up to 10 800 circuits. 

The modular design principles provide a high degree of flexibility in station 

planning. Transmission performance has been made to conform to the more 

stringent requirements applying today. With the facilities offered by the M4 de

sign, equipments are obtained which require minimum maintenance. 
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from All Quarters of the World 

Highlights from Ericsson Group 
1972 Annual Report 
The 1972 Annual Report of the Ericsson Group, the distribution of which started 
during May, contains among other matter an account of the technical develop
ment during the year. The main points in the development and the chief figures 
from the financial statement are presented below. 

• Within ELLEMTEL, owned on 
a 50/50 o/o basis by the Swedish Tele
communications Administration and 
L M Ericsson, development is contin
uing on a computer-controlled local 
exchange system. 

• Work is proceeding on the in
troduction of computer control in 
crossbar switching systems, and field 
tests have started. 

• Field tests which are in progress 
on a new international signalling sys
tem in a computer-controlled transit 
exchange in Australia have shown 
satisfactory results. 

• The first computer-controlled 
PABX developed by the French sub
sidiary Societe Francaise des Tele
phones Ericsson has been installed. 
The PABX has a very large capacity. 

• At A/S Elektrisk Bureau in Nor
way a combined PABX and transit 
exchange has been developed for com
munication networks in conjunction 
with power distribution. 

• Development of a new PMBX 
based on electronic components has 
been completed at the parent com
pany. 

• The work on the picture tele
phone has now advanced so far that 
an introduction on a limited scale is 
possible. 

• Developments within the pulse 
code modulation (PCM) field have 
been intensified at the parent company. 

• Work on an all-electronic con
troller for street traffic signalling has 
been completed at the parent com
pany. 

• At AB Rifa a new technique has 
been developed for the production of 
monolithic microcircuits which can 
work with the battery voltages used in 
telephone systems. 

• The Goup invested in 1972 about 
$75 million on technical development. 

From the Financial Summary 
• Group order bookings increased 

during 1972 by 18.1 °/o to $1054 mil
lion. 

• Sales increased by 14.2 Vo to 
$892.8 million. 

• Income befor special adjustments 
and taxes was $112.4 million. The 
chief markets were Sweden (19°/o), 
Europe excluding Sweden (49 °/o), Lat
in America (19 % ) . 

• The number of employees within 
the Group was 70,650, of whom 27,400 
in Sweden. 

L M E R I C S S O N 
l f f7E A N N U A L H E P O f f T 

$ 89m order to Ericsson 
do Brasil 
Ericsson do Brasil, a subsidiary of the 
Ericsson Group, has received an order 
worth about $89m for equipment and 
installation of new telephone exchang
es in the city of Sao Paulo. This is the 
last order under the general agreement 
signed a year ago between the tele
phone operating company in Sao Paulo 
and Ericsson do Brasil for delivery of 
equipment for 500,000 subscriber lines 
over a five-year period. 

Deliveries and installation of most 
of the equipment ordered will be con
cluded by the middle of 1976 and the 
final delivery will be made towards 
the end of 1977. 

The major part of the contracted 
equipment will be manufactured at 
Ericsson do Brasil's plant in Sao Jose 
dos Campos near Sao Paulo. This 
company, which holds a leading posi
tion on the market for equipment of 
the Brazilian public telephone net
work, is quickly expanding. 

Cable, wire, Transmission, 
line equipment r a ° ' ° e , c 

Breakdown of Group sales by different 
product groups 
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New computer system for 
telephone exchanges devel
oped by Ericsson 
L M Ericsson Telephone Company has 
developed a new computer system for 
telephone exchanges. The new system, 
which has been developed primarily 
for crossbar exchanges, will make it 
possible to introduce a number of new 
facilities aimed at improving the ser
vice for subscribers as well as tele
phone administrations. 

The system can either be used as an 
integrated part of a new crossbar ex
change or for modernization of exist
ing exchanges of this type. This mod
ernization means that old exchanges 
can be up-dated to a technical level 
closely corresponding to that of to
day's computer-controlled exchanges. 
As, since 1950, L M Ericsson has deli
vered crossbar exchange equipment to 
serve more than 10 million subscriber 
lines throughout the world, the market 
potential for the new system is con
siderable. 

The computer system offers partic
ular advantages to telephone adminis
trations for new as well as existing ex
changes. In the case of old installa
tions, these can be up-dated to the 
technical level that corresponds to the 
demands for facilities and performance 
which are expected to arise during the 
foreseeable future. Operation and 
maintenance can be further rationaliz
ed and centralized, partly due to the 
electrically variable memories that are 
incorporated in the system. This means 
that telephone exchanges can be easily 
adapted to serve new traffic demands 
by feeding them with new instructions 
from an electric typewriter. Adapta
tions of this kind in old exchanges pre
viously called for extensive and costly 
manual operations. 

For telephone subscribers the new 
system offers considerable advantages 
by enabling new service facilities to be 
programmed into the system and of
fered to the individual subscriber. 

Substantial orders for the new sys
tem have already been received from 
telephone administrations in the Scan
dinavian countries. 

LM Ericsson's first auto
matic telephone exchange 
completes 50 years of 
service 
On May 10, 1973, it was exactly 
50 years since the first automatic tele
phone exchange for local service was 
put into operation in Rotterdam. The 
exchange, which is still giving faultless 
service to its subscribers, was the first 
of the Ericsson 500-line selector type 
to be installed anywhere in the world. 

The 50-year jubilee was celibrated 
by the Dutch Telephone Administra
tion at a ceremony at which particular 
emphasis was placed on the reliability 
of the 500-line selector. 

Since 1923 Ericsson have deliver
ed 500-line selector equipment to 
serve more than 5 million subscribers 
throughout the world. The Swedish 
telephone network was to a large ex
tent automatized with this type of ex
change. Today Ericsson's 500-line se
lector still serves subscribers in the 
Stockholm 08 area. 

The 500-line selector remains in 
series production despite the arrival of 
more modern equipment such as Erics
son crossbar and computer-controlled 
exchanges — a good proof of the reli
ability and technical viability of the 
500-line selector. 

Premiere in Norway for elec
tronically controlled exchanges 
The first exchanges of the Ericsson 
semi-electronic rural system, based on 
code switches, type AKK 50, were con
nected to the public telephone network 
in Aremark, Norway, at the end of 
February 1973. The system contains 
the most modern electronic compo
nents, including integrated circuits, 
and was developed by L M Ericsson 
in Stockholm and its subsidiary A/S 
Elektrisk Bureau in Oslo. The present 
network comprises a group centre and 
four terminal exchanges for altogether 
some 400 subscribers. 

AKK 50 is specially adapted for 
rural areas with a relatively sparse 
population and many small commu
nities. The exchanges are therefore de
signed for unattended operation, which 
implies that great emphasis has been 
placed on reliability and the possibility 
of effective supervision from a central 
point. 

The code switch is used also in the 
stored-program-controlled AK.E ex
changes. The control system is elec
tronic with permanently programmed 
control logic. 

The cut-over went off smoothly and 
the period of operation hitherto has 
shown satisfactory results. 

The AKK 50 system is at present 
being installed in Mexico, which has 
ordered some one hundred exchanges. 

At the ceremony in Rotterdam Fred Sundkvist, LM Ericsson, delivers a memorial gift in 

the form of a bronze sculpture to H. van Willigenburg, Director of Telecommunications-
Rotterdam District (right) 
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Talk-back and acknowledgement system for Data communication 
Ericall and Diricall radio paging units system for 400 Swedish 

bank offices 

The pocket receivers in the Ericall 
(radio) and Diricall (inductive loop 
paging) systems manufactured by 
Svenska Radio AB (SRA) can now be 
supplemented by a mini-transmitter 
which permits the paged person to 
confirm to the operator that the paging 
signal has been noticed. The answer is 
transmitted as an acknowledgement 
signal in the form of a tone or voice 
announcement. With the Diricall in
ductive paging system — which from 
the start was designed for reception of 
voice announcements from an opera
tor— two-way communication can 
thereby be established. 

A private telephone network of un
usual extent has been taken into ser
vice in England by the large textile 
manufacturers, Courtaulds Ltd. The 
network system is based on L M Erics
son AKM 303 code switch equipment 
and, according to Courtaulds, is ex
pected to reduce telephone charges for 
all of its various units by altogether 
£250,000 per annum. 

At present about 200 PABX through
out the whole of England are connect
ed to the system, which however is 
dimensioned for up to 500 PABX. At 
the Courtaulds works at Coventry 
a new PABX of L M Ericsson type 
AKD 791 has been installed. Other
wise the connected PABX's represent 
a cross-section of the systems used in 
the United Kingdom today. 

The new telephone network, pre
sumably the first private network with 
4-wire connection, is intended for 

The talk-back and acknowledge
ment systems were developed by SRA 
and consist essentially of the following 
elements: 

Mini-transmitter in the form of a 
clip for attachment to the pocket re
ceiver and with an output of about 
15—20 mW. The mini-transmitter is 
very slightly smaller than the ordinary 
clip. The range is about 300—1000 
metres outdoors and about 30—100 
metres indoors. The system works 
within the 160 MHz band and is fre
quency-modulated. The transmitter is 
also available in the form of talk-back 
with tone signal equipment for selec
tive switch-on of the stationary re
ceivers. 

Stationary receiver with high sensi
tivity and automatic squelch circuit 
against background noise. To cover 
a larger area several receivers can be 
connected in parallel. Any receiver 
with sufficient signal strength is auto
matically connected to the central 
equipment and operator. For tone-
selective switch-on of the receivers 
they are equipped with plug-in tone 
receivers. 

The new system is marketed outside 
Sweden by Svenska Radio AB. 

transmission both of telephone calls, 
telex, data and facsimile. It comprises 
five fully automatic zone centres: Lon
don, Coventry, Spondon, Manchester 
and Aintree. Each zone centre has a 
three-digit zone number. PABX's con
nected to the zone centres have indi
vidual two-digit numbers. Usually 
each zone centre is connected to its 
respective PABX on at least two 
routes, so that incoming and outgoing 
calls can take place simultaneously. 

The project leader in England has 
been Frank Hutton, responsible for 
Courtaulds telecommunications. The 
BPO representative for this project 
was W. Pet tit. Arthur Parr, head of 
Swedish Ericsson PABX Division, has 
in the past two years been in contin
uous contact with Per Granqvist, co
ordinator of the project in Sweden at 
LME's Subscriber Equipments Divi
sion. 

Skandinaviska Enskilda Banken, the 
largest commercial bank in Scandi
navia, had in April 295 cash terminals 
at 85 offices connected on-line to a 
central computer plant via a data com
munication system delivered by L M 
Ericsson. 

The communication system, which 
was delivered at the end of 1970, was 
commissioned in the summer of 1971 
on trial and, in February 1972, opera
tion of the on-line system started. At 
present it is planned that 25 new of
fices with some 70 terminals shall be 
put into service per month. 

When installed to full capacity L M 
Ericsson's system will comprise 14 re
gional line concentrators (RLC) from 
Malmo in the south to Sundsvall in the 
north, to which altogether some 800 
cash terminals and 300 other terminals 
at some 400 offices will be connected. 
These RLC are connected via central 
line concentrators (CLC) to a com
munication system consisting of two 
computers UAC 1610, one of which 
will normally be active and the other 
standby. The communication comput
ers are connected to the central com
puter plant via a channel-to-channel 
adapter. Both communication comput
ers and line concentrators are of L M 
Ericsson make. 

New President of Ericsson 
Colombia 
Mr Daniel Carlsson has succeeded Mr 
Fredrik Croneborg as President of the 
Ericsson Group cable factory in Col
ombia, Fabricas Colombianas de Ma
terials Electricos Facomee S.A. 

Large private network in operation in England 
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New chairman of the boards of 
Italian subsidiaries of the 
Ericsson Group 

At the annual general meeting of FAT-
ME, SIELTE and SETEMER, sub
sidiaries of L M Ericsson, Dott. Carlo 
Bombieri, until recently President of 
Banca Commerciale Italiana, SpA. 
Milan, was elected chairman of the 
boards and management committees 
of these companies. He succeeds in 
these posts Dott. ing. Luigi Baggiani, 
who remains a member of their boards 
and management committees. 

At the same time Mr Arvid Westling 
retired from the post of vice chairman 
of the board and management com
mittee of SETEMER. He is succeeded 
in these posts by Mr Ivar Hilfing, who 
continues to be a member of the boards 
and management committees of FAT-
ME and SIELTE. 

Professorship for member 
of LM staff 

Thomas Ericson. D.Eng.. of L M 
Ericsson's Long Distance Division in 
Stockholm, has been appointed Pro
fessor of Data Transmission at the 
Linkoping Institute of Technology. 

Thomas Ericson was born in 1942 
and since 1970 has been employed at 
L M Ericsson, where he is in charge 
of theoretical investigations within dig
ital transmission via the telephone net
work. 
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He took a M.Sc. degree in 1966, 
D.Sc. in 1969 and D.Eng. in 1972 
at the Royal Institute of Techno
logy in Stockholm. During the period 
1966—69 he was employed at the Re
search Institute of National Defence 
(FOA). 

Thomas Ericson has contributed a 
number of articles and papers to 
Ericsson Review and Ericsson Tech
nics. 

Amateur radio club 
formed at LM Ericsson, 
Stockholm 
The Ericsson Group Radio Amateurs, 
formed at the parent company in 
Stockholm in April this year, wishes 
through Ericsson Review to invite ra
dio amateurs within the Ericsson 
Group throughout the world to notify 
their station signal, name and address 
and L M Ericsson Company — among 
other purposes for transmission of 
messages from visiting radio amateurs 
at the main offices in Stockholm. 
Address: 

L M Ericssons Amatorradioklubb, 
126 25 Stockholm, Sweden. 

The Ericsson Group Radio Ama
teurs have, with the cooperation of the 
company management, established a 
club station with call signal SK0FI 
on the 17th floor of the well-known 
LM tower at Telefonplan, from which 
a fantastic 360-degree Stockholm pan
orama is visible. 

Technical Week in 
Sao Paulo 

Dr Christian .lacolmus 

A Brazil-Sweden week for technical 
development was held in Sao Paulo 
from May 21—25. Some 25 Swedish 
exporting enterprises, among which 
L M Ericsson, participated in demon
stration of know-how, technique and 

systems within different fields. The 
main sponsor was the Swedish Export 
Council. 

L M Ericsson contributed four lec
turers: 

Dr Christian Jacobceus, Technical 
Director of the Group, spoke on 
"Trends in Telecommunication Tech
nique", John Hammargren, Signalling 
Department of MI Division, on "Auto
matic Dispatching, a Step Towards 
Tomorrow's Railway Transport Sys
tem" and "Road Traffic Signalling, 
Specially Concerning Public Trans
ports", P.-B. Janson, L M Ericsson 
Telemateriel AB, on "Modern Loud-
speaking Communication Systems" 
and Claes Hagland, L M Ericsson Tel
emateriel AB, on "Security Transmis
sion Systems". 

Dr Jacobaeus concluded his address 
with the following words: "To sum up, 
it may be said that telecommunications 
technique will become a more elec
tronic technique, but still with very 
essential elements of mechanics. One 
must reject the possibility of the use 
of new nonelectrical techniques such 
as fluidistors and chemical relays. The 
advantages and the lead of electron
ics and electromechanics are so great 
that they cannot be superseded within 
the foreseeable future. Likewise the 
fundamental sciences of physics and 
chemistry show no new discoveries 
which appear to lead to new principles 
of design. 

It is therefore a very well founded 
judgement that telecommunications 
technique will continue to develop on 
its previous lines, still carrying, of 
course, the stamp of the often inge
nious and devoted technicians in in
dustry and administrations." 

New Textbook of 
Telecommunications 
A new textbook of telecommunica
tions now exists, TELECOMMUNI
CATION SYSTEMS, by Arne Cavalli-
Bjorkman, of the Teaching Section of 
the Telephone Exchange Division. 

The textbook forms part of a course 
package within the subject of tele
communications at technical colleges, 
but will also be used at LME's in
troductory courses in telephony. Eng
lish and Spanish editions are under 
preparation. 
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