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ABSTRACT OF THE DISCLOSURE 

A switching arrangement for an automatic telecom 
munication exchange comprising line selection units con 
nected to subscribers’ lines, group selection units con 
nected to junction circuits and direct links connecting the 
line and group selection units. Mutual-aid links are pro 
vided between outputs (line selection unit side) of cer 
tain group selection units and inputs (junction circuit 
side) of other group selection units, the path between a 
subscriber’s line and a junction circuit thus including two 
cascade-connected group selection units. 
The line selection units include several line selection 

switches and line selection partial links connecting the 
same therebetween and similarly the group selection units 
have several group selection switches and group selection 
partial links connecting the same therebetween. A routing 
network is associated to the switching network and also 
comprises line selection partial links, group selection par 
tial links, direct links and mutual-aid links. A selector 
means searches in a ?rst choice search routing paths in 
cluding a line selection partial link, a direct link and a 
group selection partial link and in a second choice search 
routing paths including a line selection link, a direct link, 
a mutual-aid link and a group selection partial link. 
Means are provided for marking the switching network 
links corresponding to the routing network links form 
ing a path found available. 

The present invention relates to automatic telephone 
switches having a switching network of the high capacity 
spatial type with centralized control of the route selec 
tion. 

U.S. Patent No. 3,274,343 issued Sept. 20, 1966 in the 
names of the ?rst two of the present applicants describes 
an electro-mechanical switching network with electronic 
control, comprising subscriber selection units and group 
selection units of which the ?rst, which constitute remote 
satellites, are connected to the second which constitute a 
telephone exchange, by three wire connection lines and 
by route selection lines which may ‘be marked by con 
tinuous potentials in such a manner that the only infor 
mation which it is necessary to exchange between the 
satellite and the exchange are the numbers of the calling 
subscriber and called subscriber and that which indi 
cates to the exchange that the selection or the connec 
tion of a called subscriber or calling subscriber is in 
course or terminated in the satellite. The switches form 
ing the subscriber selection units and the switches form 
ing the group selection units are crossbar switches formed 
by two switch frames, each of the horizontals of one 
of these switches in the ?rst frame ‘being connected to a 
vertical in the switch of the same rank in the second frame 
by link wires inside the stage. The route selection lines 
comprise a preselection route wire and a ?nal route wire 
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2 
passing through make contacts of relays designating the 
calling subscriber or called subscriber to be connected in 
the. subscriber selection unit and respectively through 
relay rest contacts of a vertical, the action of which is 
necessary either to connect said calling subscriber to a 
local connection or junction circuit or to connect said 
called subscriber to a link between subscriber selection 
units and group selection units. In this network, the group 
selection units only comprise two switch stages as sub 
scriber selection units, and if a direct ?nal route can 
not be established ‘between a connecting circuit and a 
subscriber through the group selection stage and the sub 
scriber selection stage which correspond in cascade the 
co?nection cannot be eifected. It follows that in order 
to ‘avoid partial blockage of the network it is necessary 
to use, in the group selection units, high capacity switches 
‘which are often not fully utilised. 

In order to overcome this disadvantage recourse has 
been had to special over?ow units through which the 
traffic is caused to pass which has not been able to reach 
the line selection units directly. This method has the dis 
advantage of necessitating a considerable increase in the 
number of crosspoints. 

Another process used for the same object consists in 
having recourse to mutual aid between group selection 
units, which consists in connecting a group selection unit 
and a line selection unit between which there is no direct 
link available, by means of another group selection unit, 
but it has not been possible to extend this process to se 
lection units comprising more than one or two principal 
switch stages because of dii?culties involved as a result 
of the excessive number of possible routes to be tested. 
Furthermore, statistical studies show that on the one hand 
the process of general mutual aid associated with two 
switch stages is only suitable for exchanges with at most 
15,000 subscribers, otherwise too many crosspoints are 
lost by using excessively large switches, and on the other 
hand for exchanges having more than 10,000 subscribers 
it is an advantage to associate three main stages with the 
general mutual aid procedure. 
The main object of the present invention is to achieve 

an optimum use of the connection points of a switch net 
work of the high capacity spatial type. 
A particular object of the invention is to enable the 

process of general mutual aid to be associated with three 
main stages of switches. 

According to the invention, an automatic telephone 
switch having a switching network of the high capacity 
spatial type and with centralised control of the route se 
lection comprises line selection units serving the sub 
scribers’ lines, group selection units having three stages 
of switches connected on the one hand to junctions, on 
the other hand to said line selection units through di 
rect links and also between themselves by mutual aid 
links, electronic means permitting the selection of direct 
routes for several connections to be e?ected simultane 
ously, according to the principle of conditional selection 
extended to all stages of the network, and, in the case 
of ‘failure of a direct selection, permitting the selection 
of a mutual-aid route in all the available group selection 
units, means for marking and for connecting the selected 
routes, and means for limiting the resulting unavailability 
solely to those routes which are affected by the marking 
and connection process. 

Since this process of marking and connection only 
contributes to a small extent to the ?ctitious busying of 
the network, it may ‘be effected by slow means, for ex 
ample by means of crossbar switches or of reed relays. 
The route selection in the group selection unit is pre 

ceded by a reservation of the line selection unit and by 
a marking of the links which can be used in this latter 
unit to reach the given line. This marking may be rela 
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tively slow because it has no in?uence on the duration 
of the actual selection. 
The selection of a mutual-aid route is effected under 

the control of a mutual-aid route selector which co-or 
dinates the selection operations between the various group 
selection units available and in particular solves the prob 
lem of competition between the various group selection 
units each of which is seeking a route towards the same 
line selection unit through a multiplexing in time of the 
test moments for the various links tried. After a mutual 
aid route leading to the desired line selection unit has 
been found in a group selection unit, the search is in 
terrupted in the other engaged groups and a route adapt 
ed to extend the mutual aid route found is sought in 
the original group selection unit. ' ' 

The reliability of operation of the whole is assured 
in particular by the plurality of group selection units 
each of which can carry on its route selection inde 
pendently and by the subdivision of the common mem 
bers, the purpose of which is to co-ordinate the relations 
and the exchanges of information ‘between the group se 
lection units and the line selection units. 
The invention will be better understood by reading the 

following description and examining the accompanying 
drawings, in which: - ' 

FIGURE 1 is a block diagram of the switching net 
work according to the invention; 
FIGURE 2 is a vbasic diagram of the image circuit 

associated with the switching network of FIGURE 1 to 
permit the selection of routes; ' ' 
FIGURES 3a, 3b are basic diagrams of the selection 

of direct routes and mutual aid routes respectively'in 
the circuit of FIGURE 1; _ 
FIGURES 4a, 4b, 4c are block diagrams of the logic 

control circuits ensuring the operation of the circuit in 
FIGURE 1. ' ' 

FIGURE 1 illustrates diagrammatically the switching 
network formed of rectangular ‘matrices of crosspoints 
such as the switches of the crossbar type or switches 
of the reed relay type. v 

In this diagram the switches are arranged in switching 
stages and in selection units. A switching stage is the 
assembly of all the switches which have the same rank 
over the various routes of the network starting, for ex 
ample, from the subscriber’s line and travelling towards 
the junctions. FIGURE 1 shows a ?ve-stage network 
of which the ?rst two form the line selection units, and 
the other three the group selection units. A line selec 
tion unit consists of a combination of switches in the 
?rst two stages which are interconnected, that is to say 
inside each line selection unit, each switch in the stage 
1 is connected through a link to each switch in the stage 
2. A group selection unit consists of an assembly of 
switches belonging to the stages 3, 4 and 5 and which 
are interconnected in pairs as in the ?gure. A group se 
lection unit consists of the interconnection of selection 
sub-units. Although the grading of a group selection unit 
is completely symmetrical, it is convenient for the ex 
planation to consider on the one hand switches in the 
stages 3 and 4 and on the other hand those in stage ‘5. 
A combination of switches in the group selection unit 

which belong to the stages 3 and 4, and which are in 
terconnected in pairs will ‘be called a grading sub-unit. 
A combination of switches in stage '5 belonging to the 
group selection unit and connected to the outputs of the 
same rank in all the switches in stage 4 will be called a 
group sub-unit. 
By way of clari?cation and at the same time to specify 

the grading plan selected by way of example, the funda 
mental parameters permitting a route to be designated 
:ompletely in a group selection unit G, will be desig 
nated by the letters A to F to which any values may be 
given. In the same manner the fundamental parameters 
which enable a route to be designated completely in a 
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4 
line selection unit N will ‘be designated by the letters 
H to L. 

In order to facilitate understanding of the grading plan, 
these parameters, with numerical indices representing the 
various values which they may assume, are used to desig 
nate the following assemblies— 

G: group selection unit 
N: line selection unit 
DG: grading sub-unit in the group selection unit G 
BG: group sub-unit in the group selection unit G 
BC: switch in stage 5 in a group sub-unit BG 
CD: switch in stage 4 in a grading sub-unit 'DG 
DE: switch in stage 3 in a grading sub-unit DG 
J N: switch in stage 2 in a line selection unit N 
KN: switch in stage 1 in a line selection unit N 

By agreeing to designate the rank of an input or 
of an output of a switch by the same parameter as 
the rank of the switch in the adjacent stage in which 
this input or this output give access, it will be seen 
that the link, in the group selection unit for example, 
connecting the switch designated by BC to the switch 
designated ‘by CD may be characterised by BCD. This 
means that the condition necessary for two switches in 
adjacent stages to be effectively connected by a link is 
that the characteristic parameter which they have in com 
mon, C in this example, has the same numerical value 
in both. 
The successive links constituting the route inside a 

group selection unit G will therefore be designated re 
spectively by ABCG, BCDG, CDEG, DEFG, the letter 
G being assigned to the group selection unit. 

Similarly in a line selection unit N they will be 
designated by HJN, JKN, KLN, the letter N being as 
signed to the line selection unit. 
The data of the parameter G and of the parameters 

ABCDEF on the one hand, of the parameter N and of 
the parameters HJKL on the other hand, permit a com 
plete de?nition of two associated half-routes connecting 
a junction designated by ABCG to an output of the 
group selection unit G designated by DEFG on the one 
hand and an input of the line selection unit N desig 
nated by HJN to a su'bscriber’s line belonging to this 
same unit N and designated by KLN on the other hand. 
These two half-routes will constitute a physical connec 
tion between the junction ABCG (belonging to the group 
selection unit G) and the subscriber’s line KLN (belong 
ing to the line selection unit N) if the parameters DEFG 
and HJN designate the same link considered as an out 
put from G and as an input of N. 
Some of the outputs DEFG from a group selection 

unit G are connected to inputs HJN of the various line 
selection units N and in accordance with the principle 
of mutual aid between group selection units, others of 
the outputs (DEFG)1 in each unit G are connected to 
inputs A’B'C'G’ connected to the various other group 
selection units G. The rule for distribution between the 
former, known as direct selection links, and the second 
known as mutual-aid links as well as the rules for con 
nection between on the one hand direct links between 
the various group selection units and the various line 
selection units, and on the other hand the mutual-aid links 
between the outputs and the inputs of the various group 
selection units are selected in such a manner as to satisfy 
the following requirements: 

(a) To simplify the ?tting of the information registers 
to prepare the route tests; 

'(b) Through a grouping of the addresses of the links, 
to enable the availability test to be easily limited to the 
only links which are strictly useful; 

(c) To facilitate the extension of the network from a 
small capacity to its full capacity. ' 
The selection of a route enabling a junction to be 

‘ connected to a subscriber’s line, characterised respectively 
75 by the particular values of the groups of parameters 
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ABCG and KLN comprises one or two phases accord 
ing to whether a direct link (designated by DEPG and 
H] N), can or cannot be borrowed between the selection 
units G and N. If the selection of a direct link fails as 
a result of congestion, recourse is had to the mutual 
aid. For this a route is ?rst sought between the given 
subscriber’s line KLN and a mutual-aid link A'B'C'G' 
which is capable of connecting to the given selection unit 
G, any other selection unit G’ other than G, this sec 
ondary route selection being of the same nature as the 
direct route selection except that it involves the .inputs 
A’B’C’G' which are mutual-aid links and not the junc 
tions ABCG, and on the other hand it takes place in 
all the group selection units G’ other than G which 
are available at this moment. When this secondary route 
selection has led to the selection of a mutual-aid‘ link 
A’B’C’G' and to the route capable of connecting: it to 
the subscriber’s line KLN, it remains to select a ‘mutual 
aid route, that is to say to select a free path (in the 
input ABCG and the mutual-aid link (DEFG), which 
there is connected the given junction) between this given 
input ABCG and the mutual-aid link (DEPG)1--which 
corresponds to the input A'B'C’G' selected at the" mo 
ment. If such a mutual-aid route selection is successful, 
the complete route comprises three portions, namely: 

In the selection unit G, a path between the junction 
ABCG and the mutual-aid link (DEFG)1 (output from 
G). 

In the selection unit G’, a path ‘between this same 
mutual-aid link, here designated 'by A’IB'C’G’ (as an in 
put of G’), and a direct selection link ‘D'E'F’G’ (out 
put from G’). 

In the line selection unit N, a path between this 
same direct selection link, here designated ‘by (HJN)1 
(as an input of N), and the given subscriber’s line KLN. 

If the secondary route selection has been successful 
but the mutual-aid route selection is not successful, as a 
result of an internal blockage in the group selection unit 
G, the secondary route selection is resumed in such a 
manner as to ?nd another mutual-aid link A’B’C’G', if 
there is such a one, and a fresh attempt is made to' effect 
a mutual aid selection relating to this link. Through a 
methodical exploration of all the possibilities, an example 
of one of which will be given later on, it is thus possible 
to effect the selection of a route very rapidly, by using 
or not using mutual aid through the whole network. Since 
all the possible routes are thus tested before a connec 
tion is made (the direct routes as a ?rst choice and the 
routes with mutual aid as a second choice). it may ‘be 
said that the choice of route is effected with conditional 
selection through the whole of the network, that is to 
say in the example of FIGURE 1 through ?ve or eight 
stages of switches according to whether the direct route 
is taken or not. 
By way of example if the parameters A to F and H are 

given ten possible values from 0 to 9, the parameters 
G and I eight possible values from 0 to 7, the parameter 
K twenty possible values from 0 to 19, the parameter L 
twenty-?ve possible values and moreover, if it is speci 
?ed that of the 100 links EF leaving a sub-element D 
of a selection unit G, 60 are connected to the line se 
lection units N and 40 are mutual-aid links, the net 
work thus constituted will comprise altogether: 

Eight group selection units Go to G7 each having 
1,000 inputs of which 600 are junctions ABCG and 400 
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are mutual-aid inputs A’B'C’G' and 1,000 outputs of - 
which 600 are direct selection links ‘DEFG and 400 are 
mutual-aid links (DEFG)1. 

4,800 access terminals to the junctions and 3,200 
mutual-aid links. 

4,800 direct selection links distributed in bundles of 
80 between 60 line selection units No to N59 each having 
500‘ outputs. 

30,000 subscribers’ lines distributed over the 60 line 
selection units. 

70 

6 
Such a switching network comprises approximately 

580,000 crosspoints of which 240,000 are in the 8 group 
selection units and 336,000 in the 60 line selection units, 
and it is capable of a traffic flow of 3,000 Erlangs. It 
is recalled that the Erlang is the telephone traf?c unit 
corresponding to an average of one call present on a 
tra?’ic carrying facility. 
The switches of which the network is composed have 

dimensions of 10 x 10 in the group selection units and 
dimension of 10 x 20 and 8 x 25 ‘in the line selection 
units that is to say 10 x 20 for the switches IN in the 
stage 2 and 8 x 25 for the switches KN in stage 1. 

It should ‘be understood these ?gures are only given 
by way of example for a network of large dimensions 
comprising three stages of switches in the group selec 
tion units, with mutual-aid links connecting these units 
in pairs in accordance with the object of the invention. 
In order to simplify the explanation, it has been assumed 
that there is only one connecting link between two 
switches belonging to two adjacent switching stages but 
it is obvious that these restrictions may easily be lifted 
provided that the method of allocating the fundamental 
parameters and of specifying the selected interconnection 
rules are modi?ed appropriately. 

GENERAL PRINCIPLES OF THE SELECTION 
OF ROUTES 

It will now be explained, with reference to FIGURE 
2 and FIGURES 3a and 3b how, in a circuit de?ned 
by the fundamental parameters speci?ed above, it is pos 
sible to determine whether a route consisting of a se 
ries of connectable links, that is to say such that there 
is a crosspoint capable of connecting each pair of ad 
jacent links, is or is not available to establish a con 
nection. 

Since two switches belonging to adjacent stages such 
as BC and CD are connected by a link if the common 
parameter such as C assumes the same value in both, 
it is sufficient, in order to de?ne a connectable route, 
to give numerical values to the groups of parameters: 
ABCDEFG which designates the portion of a route 

connecting a junction ABCG to a direct selection link 
DEFG in the unit G and H-JKLN which designates the 
portion of a route connecting a direct selection link H] N 
to a subscriber’s line KLN in the unit N with the addi 
tional condition that DEFG and H] N designate the same 
direct selection link. 

Since ABCG and KLN have prescribed values repre 
senting respectively the junction and the given subscrib 
er’s line it will be seen that the selection of a direct 
route means ?xing numerical values for the remaining pa 
rameters DEFHJ while satisfying the following condi 
tions:‘ 

(1) ‘DEFG and H] N are always the two designations 
for one and the same link. 

(2) This link as well as all the other links compos 
ing the route namely.BCD, CDE, in the group selec 
tion unit Gvand J K in the line selection unit N are avail 
able that is to say they have not already been used as 
components of a route established in the network.’ 

v(3) By hypothesis, the end lines ABCG and KLN are 
assumed to be not busied in an existing connection, this 
fact having it necessary been veri?ed before undertak 
ing the selection of a route. 
The second of these conditions comes to the same thing 

as checking that the condition of availability is veri?ed 
on the four intermediate links BCD, \CDE, DEF and J K. 
For this purpose, with each of these links, there is asso 
ciated an element having a binary characteristic, for ex 
ample, a relay contact or a transistor gate, having the 
property of being conducting if the corresponding link 
is available, and the second condition above is obtained 
only in the case where a circuit arranged in such a man 
ner as to comprise these four binary elements in series is 

r conducting. Such a circuit in which the conducting state 
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indicates the availability of the route using the links with 
which are associated its elements having a binary char 
acteristic will be designated hereinafter by the name of 
image-circuit. 
FIGURE 2 is a basic diagram of the image-circuit of a 

connection network in accordance with the diagram 
shown in FIGURE 1. In FIGURE 2 this image-network 
is represented as being composed of relay contacts (a 
make contact being designated by a cross, a break con 
tact by a dash perpendicular to the wire) both for the 
marking elements (make contacts) and for the link-avail 
ability elements (break contacts). This representation is 
used as an aid to understanding the principle of the 
image-circuit but it should be understood that the ele 
ments which constitute it generally consist of electronic 
gates rather than of metal contacts. 
The image-circuit consists of three parts, the ?rst 6 

in the origin group selection unit G, the second 2 in the 
line selection unit N and the third 6' in another group 
selection unit G’. . 

This latter portion which relates to the mutual-aid 
route selection will be studied subsequently. 

DIRECT ROUTE SELECTION 

The ?rst and the second portion of the image-network 
are associated with a direct route between a junction 
ABCG ‘and a subscriber’s line KLN. These two portions, 
of which the ?rst is only illustrated with regard to the 
fraction relating to a grading subunit D, lead respectively 
to the inputs of a plurality of gates such as 4 (DEF) each 
of which is associated with a direct connection link des 
ignated by DEF in the group selection unit G and by 
H] in the line selection unit N and they enable the state 
of occupation and the accessibility of these various links 
to be known for the proposed route selection. 
The principle of the image-network for a direct route 

selection consists in establishing, on the one hand in all 
the grading sub-units D in the unit G and on the other 
hand in the line selection unit N, a plurality of associated 
connections between a marking potential and an input to 
the test gates such as 4 (DEF) in such a manner that 
only certain of these gates which characterize the routes 
which can be used for the connection are marked at 
their ?rst and second inputs. In these circumstances, a test 
pulse applied to a third individual input in the test gate 
will be transmitted through said gate to the common 
test circuit which will be de?ned hereinafter. 

In order that only those test gates which correspond to 
the direct links DEF which may be used to establish the 
connection between the given junction and subscriber’s 
line ABCG and KLN may be etfectively marked, it is 
necessary to set up a connection between the switches and 
links of the switching network on the one hand and the 
image-links and the gate elements inserted therethrough. 

In the image network, a common point between image 
links corresponds to a switch of the switching network, 
an image-link corresponds to a link of the switching net 
work and a closed or open gate elements corresponds to 
the availability or unavailability of the link of the switch 
ing network. It will be seen, for example, that by marking 
a single value of B in the group selection unit G, a point 
(BD) is selected in each sub-unit D hence the correspond 
ing fraction of the image links (BCD). Moreover by 
marking a single value of C, a single intersection (CD) 
is selected in each sub-unit D and, in consequence, the 
only possible path left is through a single one of the 
image links (BCD). Actually it is quite clear from FIG 
URE 1 that starting from a given junction ABCG there 
is only a single link BCD to be tested towards each sub 
unit D. This latter is selected by the test. The values of 
the parameters E and F are imposed by the laws for con 
necting the direct links between the various group selec 
tion units and the various line selection units but, since 
this restriction results from the selection of the address 
es by the programmer, the image circuit has no marking 
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8 
corresponding to this parameter and, at the output from 
the intersection (CD) it is possible to reach all the inter 
sections (DE) through all the image links (CDE) and 
hence all the test gates (DEF) corresponding thereto. Of 
course, each test gate will only be effectively reached if 
the two availability elements of the image links (BCD) 
and (CDE) which are passed through in series are con 
ducting simultaneously, which corresponds to the veri? 
cation of the second of the conditions indicated above. 

symmetrically, in the line selection unit N, a single one 
of the intersections (K) is selected by marking a value 
of the parameter K and in consequence the image net 
work is restricted to the image links (JK) which are ac 
cessible, but no marking is effected corresponding to the 
parameter H and it is possible to reach the second in 
puts of the test gates through the image links (JK) 
which have been selected and all the image links (HI) 
which are available. Actually FIGURE 1 shows that in 
the line selection unit N, for a given subscriber’s line 
KLN, the switch K is exactly determined, but that all 
the input links H] into the line selection unit are acces 
sible to the subscriber, to the extent to which they are 
idle and correspond to a free link JK. 

In the example illustrated where it is assumed that 
break contacts of relays would be used to de?ne the 
availability state of the links which can be used, since 
these elements are by nature bidirectional, it is impor 
tant in .order to avoid return paths in the image circuit, 
to render the various image links unidirectional by means 
of diodes. Without this precaution it would in fact not be 
possible to ensure that the test gates were not marked 
wrongly, because stray paths might exist which would 
seize in the reverse direction all the available image links 
marked and disturb the image network. 
Thus after the marking of the imposed parameters B 

and C has been effected in the image element G and the 
marking of the prescribed parameter K has been effected 
in the image element N, this image network therefore 
allows all the test gates which are accessible to the junc 
tion ABCG to be marked by their ?rst input (wire q) 
and all the test gates which are accessible to the subscrib 
er’s line KLN to be marked by their second input (wire 
1‘) 
The test route should be limited to the gates 4 corre 

sponding to direct links connecting the group selection 
unit G which is prescribed, i.e. that to which is connected 
the selected connection circuit, to the prescribed line selec 
tion unit N, i.e. that to which is connected the calling 
or called subscriber, and of these latter only those Which 
are accessible both from the junction and from the sub 
scriber’s line are of interest in the establishmentlof a 
route. These test gates which are of interest are recog 
nised by the fact that they are simultaneously marked at 
their two inputs (wire q and wire 1‘) through the image 
network and consequently are conducting for the test 
pulse applied to their individual input. 

After the operation of marking the image network the 
problem of the route test is limited to the selection of 
one of the test gates thus released, which is obtained by 
means of a sequential test, restricted by the programmer 
solely to those gates which are accessible both to the 
junction and to the subscriber’s line which have been 
designated. 

SELECTION OF THE MUTUAL AID ROUTES 

A route established with mutual-aid through a group 
selection unit G’ consists of a mutual-aid route directed 
towards the unit G' through the origin selection unit G 
and a secondary route established through the mutual-aid 
unit G’ and the prescribed line selection unit N. This 
latter route is only distinguished from a direct route in 
that its point of origin instead of being at the junction 
ABCG which is clearly determined consists of a mutual 
aid link A’B'C’G’ which is not ?xed a priori but belongs 
to the mutual-aid group between the units G and G’. 
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As already indicated, the terminal selection units G 

and N are imposed by the selection of the junction ABCG 
and of the subscriber’s line KLN to be connected but 
the mutual-aid unit G’ is not de?ned a priori, the selec 
tion of a secondary route being started simultaneously, 
after failure of the selection of a direct route, in all the 
selection units G’ which are not occupied at this moment. 

In each of the group selection elements G’ used for 
a mutual-aid, a marking of the image network is effected 
in such a manner as to mark, at their ?rst input, the test 
gates (D'E’F’) of the image links D'E’F’ which are 
accessible from the mutual-aid links A’B’C’G’ through 
the group selection unit G’ itself. This marking uses the 
same ?rst and second portions of the image network 
illustrated in FIGURE 2 as in the case of the direct 
selection previously described, but the parameters B’C’D’ 
which are substituted for the parameters BCD are not 
imposed in the same manner. In the case of the direct 
selection, B and C are imposed according to the number 
of the junction ABCG and D is indeterminate. In the 
case of the secondary selection B’ and D’ are indeter 
minate, and only half of the values of C’ are permitted 
according to the number of origin group selection unit G, 
and in accordance with the rule adopted for the connection 
of the mutual-aid links between group selection units. 

In consequence the marking effected in the image 
network of the unit G’ for the secondary selection is 
similar to that for the direct selection except that all 
the values of B’ and half the values of C’ are marked 
instead of only one, and that in consequence it_ may 
happen that a greater number of test gates are marked 
at their ?rst input. 

In reality the marking of the group selection unit G’ 
effected in the image network takes place in two stages. 
The ?rst stage, corresponding to the marking which has 
just been indicated (possible values of B’ and C’ sup 
plied simultaneously) makes it possible to recognise 
whether or not there exist secondary links permitting 
the group selection unit G’ in consideration to be con 
nected to the imposed line selection unit N. 

If the existence of such a link is recognised, a second 
marking stage, permitting a suitable value to be selected 
for the parameters B’ and C’, takes place at the same 
time as the mutual-aid selection in the origin unit G as 
will be explained hereinafter. In the course of this second 
stage, the various possible values of the parameters B’C’ 
are successively marked in the unit G’ while at the same 
time in the origin selection unit G, the values of the 
parameters D and E are marked which are homologous 
thereto. 

In the origin group selection unit G the selection of 
a mutual-aid link in the direction of unit G’ recognised 
as having access to the imposed line selection unit N, 
presupposes the marking in the image network of the 
test gates relating to the mutual-aid links between G 
and G’. 
The fraction of the image network affected by this 

marking corresponds in FIGURE 2 to the ?rst portion 
6 associated with the group selection unit G and to the 
third portion 6' associated with the group selection 
unit G’. 

In order to effect the selection of a mutual-aid link 
DEF, the two selection units G and G’ work together and 
in synchronism effect the marking of the equal parameters 
D and B’, E and C’. 

In the unit G, the marking of the image network is 
therefore effected for a given value of B and a given 
value of C (?xed by the number of the junction ABCG) 
and successively for the various values of D. 

In the unit G’, the marking is effected successively 
for the various permitted values of B’ and C’. 

Since these markings are effected in synchronism in G 
and G’, it follows that at a given moment, correspond 
ing to any common value of the parameters D, E on 
the one hand, B’, C’ on the other hand, the test gates 
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10 
(DEF) which are accessible to the junction ABCG and 
relative to the grading sub-unit D, are marked by their 
?rst input, and the test gates of the mutual-aid links 
which end in the unit G’ at the selection sub-unit B’ 
homologous with D are likewise marked at their second 
input. Thus at the same moment, in the image network 
of the unit G’ the gates D'E’F’ corresponding to direct 
links accessible to the mutual aid links A’B'C’G’ con 
nected to the switch B’C’ of the same selection sub-unit 
B’ are marked by their ?rst input and, in the image 
network of the line selection unit N, the gates (D’E’F’/ 
HJN) which are accessible to the subscriber’s line KLN 
are marked by their second input. 

It will then be understood, that for this value of B’C’ 
and DE which have provisionally been marked, it is 
possible, by means of individual tests of the gates 
(D’E’F’) and (DEF) controlled by the programmer for 
the system of route tests, to determine ?rst of all whether 
there is a secondary link D’E’F'G’ which can be used, 
and then to select a mutual-aid link DEFG/A'B’C’G', 
the test being restricted by the programmer to the test 
gates which are strictly usable. If this sequential search 
fails, the following value of the parameters DE and 
B’C’ is tried and the operations are repeated until all 
the possible mutual-aid routes between G and G’ have 
been exhausted. 

If the test for a mutual-aid route between the two 
selection units G and G’ fails completely, the operations 
may be repeated with another mutual-aid unit G” hav 
ing direct links with the imposed unit N and so on until 
all the possibilities have been exhausted. 

It will be seen that the sequential test of the gates of 
the image network is methodical, is limited strictly to 
the tests of the links which are capable of providing a 
route if they are available, and exhaustive, so that it can 
be said that the route selection is well carried out, both 
for the direct routes and for those which use the mutual 
aid, with conditional selection through the whole of the 
switching network. 

THE PRINCIPLE OF THE MARKING AND OF THE 
CONNECTION OF A SELECTED ROUTE 

The method of route test on the image network the 
principle of which has just been explained having led to 
the selection of a route permitting the junction ABCG 
to be connected to the subscriber’s line KLN, either 
through a direct link DEFG/HJN or through a mutual 
aid group selection unit G’ that is to say by borrowing a 
mutual-aid link DEFGJA’B’C'G' and a secondary selec 
tion link D’E’F’G'/ H] N, it remains to effect the marking 
of said route in the switching network of the automatic 
switch permitting all its crosspoints to be set in operation 
and this operation to be checked. 
FIGURES 3a, 3b show by way of example, the struc 

ture of a connection chain constituting any route through 
a network in which the crosspoints are formed by means 
of reed relays having three make contacts and a control 
coil with two windings, one serving to energise the relay 
and the other to hold it. 
FIGURE 3a relates to a direct route through ?ve 

switching stages and 3b relates to a mutual-aid route 
through eight stages. 

In these figures, only one crosspoint per switch is illus 
trated. The connection point, in the switch BC for ex 
ample, which enables the input link ABC to be connected 
to the output link BCD has been designated by ABCD. 

Five sets of wires appear in FIGURE 3a. They corre 
spond from top to bottom: 

to the two line wires of the switching network, transmit 
ting the conversation (wires a and b) 

to the marking wires (m) enabling the required cross 
points to be energized. These marking wires are 
rendered unidirectional by means of diodes which are 
suitably orientated in such a manner as to avoid 
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parasitic return paths in the event of marking by 
coincidence 

to the holding wire for the route established (Wire 0) 
to the part of the image network associated with the route 

illustrated 

In FIGURES 3a and 3b the marking elements of the 
image network are represented as electronic gates and its 
availability elements as break contacts of link holding re 
lays such as v1—v4. \ ‘ 

In a large scale switching network with heavy traf?c 
such as has been taken by way of example, it may be 
necessary to effect connections at a very high rate, for 
example of the order of 50 per second; it is therefore es 
sential to provide simultaneity of the operations because 
in general the crosspoints used have operation times which 
are too long for it to be possible to consider effecting the 
connections one by one in the whole of the network. 
For this purpose the following simultaneous operations 

are provided: ‘ 

(a) Each selection of a direct route causes the engage 
ment of a group selection unit G and a line selection unit 
N but it may take place simultaneously as many times 
as there are units G in the exchange, provided that each 
of them relates to a different unit N. 

(b) In order to lead to the connecting through of a 
selected direct route, the marking of the network only 
engages the switch BC and the grading sub-unit D through 
which the route passes in the group selection unit G, and 
the line selection unit N remains engaged as a whole. 
This arrangement permits, subject to a suitable inhibition 
of the engaged fractions, a plurality of markings to be 
effected in the same unit G for simultaneous connections 
(up to a maximum corresponding to the number of grad 
ing sub-units D) and to execute, in this same unit G, a 
route selection (direct or with mutual-aid) while these 
markings are taking place. 

(c) When it is necessary to have recourse to mutual 
aid, which presupposes the intervention of all the group 
selection units G’ which are not in the course of effecting 
a direct route selection (but may be in the course of a 
plurality of markings for connection), only one search 
for a mutual-aid route can be carried out at a time in 
the whole of the network. Nevertheless selection of a di 
rect route can take place simultaneously in the group se 
lection units which are not used for the mutual-aid, as 
well as marking processes for a connection in any of 
the group selection units. 
Under these conditions it is possible, even if the oper 

ating times of the crosspoints are considerable, which is 
the case with electromechanical systems, to use them in 
a network of large dimensions while retaining the advan 
tage of conditional selection extended to the whole of the 
network. 

In order that the simultaneous operations provided 
may be possible, it is necessary for the marking for con 
nection to be con?ned to the interior of the engaged frac 
tions of the network namely the switches BC, the grading 
sub-units D and the line selection units N which is 
achieved by marking the wires (m) at each side of each 
of the three assemblies as‘shown in FIGURES 3a, 3b. 
More speci?cally in the case of a direct route to which 

FIGURE 3a corresponds, marking potentials, which are 
alternatively positive and negative, are applied at the 
level of the link ABC, BCD, DEF/HI de?ning the se 
lected route in the group selection unit G and at the level 
of the subscriber’s line KLN. The application of these 
marking potentials, symbolised in FIGURE 3a by relay' 
contacts m1, m2, m3 and m, respectively, may equally 
well be effected by means of electronic gates. 

In the case of a mutual-aid route to which FIGURE 3b 
corresponds, the marking potentials are applied respec 
tively at the level of the links ABC, BCD, DEF/A'B'C' 
de?ning the selected route in the group selection unit G, at 
the level of the links B’C'D', D'E’F'/HJ de?ning the 
mutual-aid route in the unit G’ and at the level of the 
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subscriber’s line KLN. This application is symbolized by 
contacts m1, m2, m3, m'z, m'3, m4. . 

After everyv route , selection, the logic members as 
sociated with the group selection unit G or G’ are released 
with the exception of the fractions BC and D in which a 
marking. should be effected for connection. These frac 
tions of the unit are therefore engaged that is to say they 
are fictitiously busied with respect to all the markings 
of the image-network as will be explained later on and 

" they retain the memory of the markings to be applied 
in accordance with the following rules: 

(a) For the marking of the direct route: 

, the switch BC retains the memory of its input A to be 
'marked (marking ml) 

the grading sub-unit DG retains the memory of its input 
BC‘and of its output EF to be" marked (markings mg 
,and m3) 7 ‘ 

the line selection unit N retains the memory of the sub 
scriber’s line KL (marking m4) ‘ ‘ 

(b) For theimarking of a route with mutual-aid: ' 

the switch BC of G retains the memory of. its input A 
(marking m1) ' 

the grading sub-unit DG'retains the memory of its input 
BC and of its output EF to be marked (markings m2 

and ma) ' ' ' 

the switch B’C' of G’ is engaged but does not mark any 
thing ' 

the sub-unit D'G’ retains the memory of its'input B’C’ 
and of its output E'F' to be marked (markings m’; 
and m'3) 

the line selection unit N retains the memory of the sub 
scriber’s line KL (marking m4). 

These marking memories consist of registers associated 
with the corresponding fractions and to which there are 
transferred at the end of the route selection, through the 
logic elements of the selection units, the values of the 
parameters to be stored. - 

When, in the case of a direct route, the various mark 
ings are thus applied to the'successive sections of the wire 
(m) of a selected route by the marking members ml to 
m4, the various crosspoints ABCD . . . to JKL, are 
energized simultaneously and each set their three make 
contacts. The ?rst two ensure the continuity of the line 
wires a and b from the junction to the subscriber’s line, 
and the third establishes the continuity of the wire 0 for 

501 holding the crosspoints in the route. When all the cross 
points have operated, a holding current passes through 
the wire 0 and from then on markings can be suppressed 
over the wire (m). a , 

In the case corresponding to FIGURE 3b of a route 
with mutual-aid, the wire c consists of two sections, one 
of which 01 is identical to that in FIGURE 3a and ex 
tends over the selection units G’ and N, the other 02 
extends, over the origin selection unit G. Because the 
holding potential of the, ?rst section is supplied ‘by the 
member v'2 for detecting the busying/ of the link DEF/ 
A'B'C’, it follows that the holding current in the ?rst 
section 01 is only established after the current in the 
second section 02., v _ 

vThe checking of the connection is effected by deter 
" mining the presence of _a holding current on the wire 01 

at the level of the subscriber’s line KLN (busy detection 
rnember=v0). When this has been con?rmed, it is pos 
sible to remove the inhibition of the members engaged 
by the marking: switches BC and B'C’, sub-unitsv DG 
and ‘D’G’, line selection unit N. From then on these 
members again become available for other route selec 
tions. 
The object of the division of the wire 0 into two sec 

tions at the level of the mutual-aid link by the member 
v’2 is to prevent the total impedance of the members con 
nected to the wire 0 from being different in the case of a 
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direct route and in the case of a mutual-aid route and 
thus leading to a difference in the value of the holding 
current. 

In every case the interruption of a route established is 
effected by interrupting the holding current of the wire 
0 at the level of the junction. This interruption is illus 
trated symbolically in FIGURE 3a by a break contact 1 
of a clearing relay in the junction at the level of the link 
ABC. 
The detection of the busy state of the link is effected 

by verifying the passage of the current through the wire 
0 in said link. 

In FIGURES 2 and 3a, 3b it is assumed that this cur 
rent detection is effected by a member: v0, v1; v2, (v'3, v'4, 
v'2), v3, v4, wired onto the wire c and illustrated diagram 
matically by a relay having a break contact. 
The break contacts of these members appear in the 

image network illustrated in FIGURE 2. It should be 
understood that the busy detection member may consist 
of any system having input terminals connected to the 
wire 0, output terminals connected to the image network 
with a suitable decoupling between the inputs and the 
outputs and such that, when a current passes through 
the wire c to which the input terminals are connected, the 
output terminals connected to the image circuit appear 
in the latter as equivalent to a non-conducting circuit or 
a closed gate. Conversely if no current is passing through 
the wire c at the level of the input terminals, that is to 
say if the link is engaged, the output terminals are equiv 
alent, in the image circuit, to a conducting circuit or an 
open gate. 

LOGIC ELEMENTS FOR CONTROLLING THE CON 
NECTION CIRCUIT 

The logic elements enabling the operation provided 
above to be carried out are described with reference to 
FIGURES 4a, 4b which relate respectively to the line 
selection units N and to the group selection units G and 
which should be arranged side by side, FIGURE 4a to 
the right of FIGURE 4b. 
FIG. 4a illustrates diagrammatically a line selection 

unit N, the logic 100 which is associated therewith, an 
outgoing indicator‘ 200 which is connected on the one 
hand to the logic 100 through an access device 150 and 
on the other hand to an access device 250 of a group se 
lection unit G and a store for pending calls 300 which 
likewise serves as an incoming indicator in the logic 100 
and with which there is associated an access device to 
the stores 350. An incoming indicator associated with 
an intermediate store for storing the number of a calling 
subscriber to enable the programmer of a line selection 
unit N to transfer this number to a computer is described 
in US. Patent 3,274,343 already mentioned and is illus 
trated in FIGURE 6 thereof. 
The line selection unit N, to which a single subscriber’s 

line 10 is illustrated as being connected through its line 
equipment 11, comprises a switching network 1 and the 
associated image network 2 constituted as indicated in 
FIGURES l, 2 and 3a, 3b, a marking circuit of the image 
network 2 and a line test and marking circuit 3. The 
marking network 21 of the image circuit which is sym 
bolized in FIGURE 3a by the AND-gate associated with 
the switch KN stores the parameter K and permits the 
restriction of the network to the particular value of K 
as indicated diagrammatically in FIGURE 2 by the con 
tact K. The line test and marking circuit 3 corresponds 
to the test member and to the marking device respectively 
designated by v0 and m4 in FIGURES 3a, 3b. 
The logic section 100 comprises a subscriber’s register 

101 with which there is associated a decoder 102, receiv 
ing members 103 and transmitting members 104 for the 
subscriber’s address KL and a programmer 105. Accord 
ing to the address KL of a subscriber’s line 10 recorded 
in the subscriber’s register 101, the decoder 102 directs 
the test and marking circuit 3 so that this tests the state 
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of busying of this line and marks it to permit its connec 
tion. The programmer 105 is capable on the one hand of 
detecting a calling subscriber and of transmitting his 
number to a computer, and on the other hand of receiving 
the number of a called subscriber and of controlling the 
test of the state of occupation of this subscriber and fur 
thermore of effecting the marking of the image network 
according to the number of the subscriber and of prepar 
ing the connection. A programmer capable of ful?lling 
these functions is described in US. Patent 3,206,553 al 
ready mentioned and illustrated in FIGURE 4a thereof. 
The logic 100 is in communication with the outgoing 

indicator 200 and the store for pending calls 300 by 
means of the access device 150. 
The outgoing indicator 200 comprises essentially a 

programmer ‘201, a distributor 202 permitting one of the 
group selection units G to be designated, a decoder 203 
permitting one of the line selection units N to be des 
ignated, and a group of sets of gates 204 which are in 
communication on the one hand with all the access de 
vices 150 of the line selection units N, and on the other 
hand with all the access devices 250 of the group selection 
units G and which permit the transfer of signals between 
those of these elements which are designated by the dis 
tributor 202 and by the decoder 203, under the action of 
the programmer 201. 

Thus the outgoing indicator 200 is capable of recogniz 
ing the call from a group selection unit G of designating 
the desired line selection unit N and of establishing a 
temporary connection to this element with the object 
of ?nding out its state of availability and possibly of 
transmitting to it certain information such as a reservation 
signal and the number of a subscriber to be tested or 
to be connected. 
An outgoing indicator capable of ful?lling these func 

tions is described in US. Patent 3,274,343 already men 
tioned and is illustrated in FIGURE 6 thereof. 
FIGURE 4b illustrates diagrammatically a group selec 

tion unit G, the logic 400 which is associated therewith 
and an access device 450' which ensures the bilateral 
connection between two computers 600‘, 600’ and the 
logics such as 400 of the various group selection units G. 
The group selection unit G comprises a switching net 

work 5 consisting as shown in FIGURE 1 of ten group 
sub-units B each of ten switches BC and ten grading sub 
units D each comprising ten switches CD in stage 4 and 
ten switches DB in stage 3. Associated with the ten group 
sub-units B is an assembly 8 of one hundred stores such 
as 81 individually associated with each of the switches 
BC. Associated with the ten grading sub-units D is an as 
sembly 9 of twenty stores such as 91 and 92. 
The marking store 81 associated with the switch BC re 

cords the input parameter A of said switch. The marking 
stores 91 and 92 associated with the grading sub-unit D 
record respectively the input parameters B, C and the out 
put parameters E, F of this sub-unit. 
The purpose of these marking stores is to energize the 

corresponding connection marking devices which appear 
diagramatically at m1, mg or m'z, ms or m'3, in FIGURES 
3a 3b; m1 is energized according to the contents of 81, 
m2 or m'2 according to the contents of 91, m3 or m';; ac 
cording to the contents of 92. 
The group selection unit G also comprises the corre 

sponding image network 6 and its associated marking cir 
cuit 61 which designates the parameters B, C and D, in 
question. The image network 6 is illustrated in FIGURE 
2. The restriction of this network to the particular values 
of the selected parameters is symbolised in this ?gure by 
the contacts B or B’, C or C’ and D. The contacts B’ and 
C’ belong to the group selection unit G’ used for the 
mutual-aid. 
When the marking circuits 61 and 21 are in position, 

the image circuits 6 and 2 respectively apply the marking 
potential to a plurality of wires q and of wires f leading 
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to the test gates 4 which are designated 
URE 2. ‘r > I a 

The logic 400 associated with the group selection unit 
G comprises essentially a programmer 401, a route selec 
tion register 410, a, current connection .store 420, two 
transfer circuits 431, 432 controlled by the programmer 
401 and a decoder 433. ‘The route selection register is 
composed of four registers 411-414 respectively associ 
ated with the parameters ABC, DEF, KL and N. Associ 
ated with the register 412 havinggthe parameters DEF is 
a advance circuit 415 depending 'on the programmer 401 
and the decoder 433. This venables individual test pulses 
to be" applied in sequence tothe testgates 4 restricted 
to those which correspondhto the direct links leading to 
the lineyselection unit N which is required in such ,a ,man 
ner that those of these gateshwhich allow the pulse to pass 
at their common output terminal 41 characterize the 
routes which‘ canbe used between; the, extreme points. 
marked, for example the subscriber’s line 10 and the junc-~ 
tion ABCG. Associated with the current connection store 
420 is a read-out circuit 421, a write-in circuit 422 and 
an address circuit 423. ' 
The various logic portions 400 and the various. stores 

for pending calls 300 are respectively connected to the 
computers 600 and 600' through the two access devices 
350 and 450 which are of the type described in US. Pat 
ent 3,365,548 issued Jan. 23, 1968. 
The programmer 401 is connected through an access 

device 550—550' to a mutual-aid selector the purpose of 
which is to co-ordinate the test manoeuvres of the mutual 
aid routes in the various group selection units. 
FIGURE 4c illustrates the mutual-aid selector 500 be 

tween two group selection units G and G’. 
In order to make this ?gure more clear, the access de 

vice 550-“550' has been divided into two parts respectively 
connecting the mutual-aid route selector 500, the ?rst 
550 to the logic 400 of an origin group selection unit G 
and the selection 550' to the logic 400' of a group selec 
tion unit used for the mutual-aid G’. Since each group 
selection unit may be considered as desired either as an 
origin unit G or as a mutual-aid unit G’ the access device 
550—550’ illustrated in FIGURE 4b comprises all the 
connections illustrated separately at 550 and 550' in FIG 
URE 4c. 
The mutual-aid route selector 500 comprises essential 

ly a programmer 501, a register 510 the purpose of which 
is to store the request for mutual-aid while recording in 
particular the number G of the group selection unit ini 
tiating the mutual-aid and the number N of the required 
line selection unit respectively in sub-registers 511, 512 
and a counter-register 520 associated with a decoder 521 
enabling it to designate as required and generally sequen 
tially the various group selection units. At every moment, 
a single output of the decoder 521 is marked, the outputs 
5216 and 5216' for example designate the group selec 
tion units G and G’ to the programmers 401 and 401’ to 
which they are respectively connected. 

In order to simplify the description of the operation of 
such an assembly, no distinction will be made between 
pre-selection, that is to say the connection of a calling 
subscriber to a junction the purpose of which is to collect 
the dialling and the ?nal selection, that is to say the con 
nection of a calling subscriber or called subscriber to any 
kind of junction, local, outgoing or incoming junction, 
because from the moment when a computer has received 
the number of the calling subscriber, these two operations, 
which consist in connecting a subscriber KLN to a junc 
tion ABCG in accordance with the diagram in FIGURE 
1 are not distinguishable from one another. 
The conditions under which the identity of the caller 

is supplied to the computer are brie?y indicated below. 
At ordinary times, the programmer 105 of the logic 

100 of a line selection unit N ensures the sequential ex 
ploration of the line equipment unit 11 by causing the 
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case, the1progra-mmeri105 stopsthe register 101-‘at the ad' 
dress of the-calling subscriber‘and, throughthe'connec 
tion 151',v ‘calls-the pending call stores, andtthe transmis 
sion of the videntity of the caller KLN'takes‘placethrough 

by the-wire'1-07'.v -' ~.; .-. - - - - - a ! 

"When'thestore‘ 300‘for pending calls has the complete‘ 
identity of .the' caller‘K-LN, it proceeds. to (call,- through ‘the 
access device 350,40!v the calculators 600, 600’50ne-of 

. thesettakes thei'call and-releases the »store"300. ' ' 

The ‘problem of-selectingéa route arises ‘in: very case 
from the moment when a computer 600Jfor~ examplejde 
cidestorconnect a-given subscribe'r‘s line ‘10', having the 
nu'mberKL in "the unitN, to a junction'havin'g the-numl 

Inj ordertto be: more lgener_al,~the case will be-consider‘ed 
where the subscriber-‘is called-because, it is then ‘necessary; 
toe?ect the: engagement of the-line selection unit N,:an 
operation which’ can be dispensed with in the case where 
the subscriber is calling because his call has already 
caused the engagement of his selection unit and the latter 
already has his identity. 

OPERATION IN THE CASE OF THE SELECTION 
OF A DIRECT ROUTE 

Preliminary operations before a direct route test 

When the computer 600 decides to connect the junction 
ABCG to the line KLN, it examines whether the logic 400 
of the group selection unit G on which the junction de 
pends is in a position to note the request for a connection 
and, if so, it connects itself thereto by means of the access 
device 450. 
Through the wire 451, the programmer 401 receives an 

instruction which invites it to prepare the address circuit 
423 and write-in circuit 422 of its store 420 to receive 
the information transmitted by the computer. If the pro 
grammer 401 has indicated that it was ready to note the 
request, this is because it had already veri?ed the existence 
of an available store area in the store 420. 
The information, transmitted by the computer 600 and 

written in an area of the store 420 comprise the par 
ticular values of the parameters ABC and KLN, but 
the storage area also comprises locations or pigeon-holes 
necessary to note the values which will subsequently be 
attributed to the parameters DEF as well as phase data 
characterising the state of advance of the connection. 
The store 420 comprises as many storage word loca 

tions as there may be connections in progress simultane 
ously in the group selection unit, for example about 
twenty. The programmer 401 takes an interest in each 
of them in succession and ‘because of the phase data 
which accompanies them, it affords them the appropriate 
treatment before passing to the next one. The majority 
of phases only require a very short treatment (in gen 
eral: to check if an expected event has taken place, in 
which case the phase indication carried in the word is 
modi?ed); only the route selection phase consists of a 
series of complex operations, which, once they have been 
started for one of the pending connections, continue 
until the end. Thus, in each group selection unit 400, 
there can never be more than a single connection in 
progress at a time which is in the said phase; in other 
words, it is only possible to have at the most one route 
test process simultaneously per group selection unit. 
The information fed into a word location of the store 

420 is periodically extracted by the programmer 401 
which examines the phase information (connection 424). 
The ?rst phase relates to the call for the outgoing indi 
cator 200, via lead 212, to make the availability test 
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of the line selection unit N and to reserve it for the selec 
tion in question. 

Through the connection 434, the programmer assures 
the transfer, through the circuits 431, of the information 
read. This transfer goes from the reading circuits 421 to 
the selection register and relates in particular to the 
parameters KL and N which are respectively recorded 
in the sub-registers 413 and 414. 
Through the gate 251 of the access device 250 call is 

recognized by the programmer 201 when its distributor 
202 is directed towards the selection element 400 the 
gate 251 is open through wire 252. At this moment the 
programmer 201 initiates the availability test for the ele 
ment N required, by the following means: 

the address N contained in 414 is transmitted via gate 
253 to the inputs of the decoder of N 203, 

the individual output 211 designating the unit N un 
blocks the gates of the access device 150, 

the line selection unit availability signal supplied ‘by the 
programmer 105 over the wire 111 is then retransmit 
ted to the programmer 401 via 204~254 while the res 
ervation signal is transmitted from 401 to 105 via wire 
212, gate 251 and transfer circuit 204, this of course in 
the case where the line selection unit can be seized, 

if the reservation is effective, the connection through the 
indicator 200 is temporarily maintained in order to 
permit the transfer of the subscriber’s address K, L, 
from the store 413 and the register 101 passing through 
the set of gates 255, the six wires 213, the set of gates 
204, 153 and the code receiver 103 appropriately actu 
ated by the programmer 105 through the wire 109. 

When this information transfer process is ?nished the 
line selection element is engaged and it has the identity 
of the subscriber in question. Its programmer immedi 
ately effects the availability test of the designated line 
equipment 11 and it can supply the information regard 
ing availability or busy state of the called subscriber to 
the programmer 401. This latter requests it by means of 
an interrogation signal transmitted over the wire 212 and 
in reply it receives the response (available or busy) over 
the wire 111. 
The connection through the outgoing indicator 200 is 

then ‘broken and each of the two programmers 401 and 
105 resumes its autonomous cycle. 
The programmer 105 initiates the marking process of 

the image network through the circuit 21 (marking ef 
fected according to the value of the parameter K and 
represented symbolically in FIGURE 2 by the closing of 
the corresponding contact K) and at the same time the 
marking of the line’s KL equipment 11 (marking repre 
sented by the “contact” m4 in FIGURES 3a, 3b). 
The programmer 401 in turn resumes the sequential 

examination of the various words of the store 420 and 
each time that it again reads the word concerned in the 
connection in question it ?nds there the phase indica 
tion: “awaiting the end of marking in the line selection 
unit.” Actually the carrying out of this marking instruc 
tion may take a certain amount of time, if it is carried 
out by electromechanical relays and obviously the route 
test cannot begin until the image network 2 is in position. 

In order to ?nd out if the marking has been carried 
out, the programmer 401 proceeds in precisely the same 
manner as for testing the availability of the line selection 
unit that is to say it proceeds to call towards the out 
going indicator 200 and after connection through 200', it 
transmits an interrogation signal over the Wire 212 and 
in return it receives a reply over the wire 111. 

Selection of a direct route 

When the programmer 401 receives the marking re 
sponse signal, it passes to the route selection phase for 
the corresponding connection in- progress. Until this se 
lection is terminated, it takes no further interest in an 
other word of the store 420. 
At the beginning of the phase, through the circuit 431, 
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18 
the programmer 401 has caused the transfer of all the 
known information, relating to said connection, to the 
route selection register 410, namely the parameters A, 
B, C, K, L and N. The test for a direct route consists of 
the following sequence of operations directed by the pro 
grammer 401: 

(a) Display in the register 412 of the initial values 
of the parameters E and F which are respectively equal 
to J and H in accordance with the law for the connection 
of direct links between the various group selection units 
and the various line selection units. 

(lb) Bringing into position of the marking circuit for 
the image network 61 in accordance with the values of 
B, C and D transferred through the connections 416, 
(D=initial value). 

(c) Application in sequence of test pulses to the gates 
4 by the outputs of the decoder 433 controlled through 
the wire 435 ‘by the register 412 assuming successively, 
under the action of the advance circuit 415, the ten pos 
sible values which designate the direct links DEF towards 
the line selection unit N, (E and F ?xed, D varying from 
0 to 9). 

It has already been indicated that a direct link which 
can.be used corresponds to a test gate 4 receiving simul 
taneously a marking at its two inputs q and 7‘ through 
the image networks 6 and 2 and consequentiy unblocked 
by the test pulse applied through 433 to its third input. 

Therefore if the programmer 401 receives a pulse over 
its test wire 41, it knows that a direct route has been 
found and that the present contents of the register 410 
de?ne all its fundamental parameters. All that remains 
is to initiate the connection of this route, a problem which 
will be discussed subsequently. 
On the other hand, if none of the ten tests is positive, 

the logic 400 of the group selection unit G should have 
recourse to the mutual-aid, a process described below. 

OPERATION IN THE CASE OF THE SELECTION 
OF A MUTUAL-AID ROUTE 
Preparation for the mutual-aid 

When the programmer 401 having failed to ?nd any 
direct link decides to have recourse to mutual-aid, it 
proceeds to call the mutual-aid route selector 500 (FIG 
URE 40), by applying a signal to the connection 551. 
At normal times, the programmer 501 of the mutual 

aid route selector 500 distributes pulses in sequence to the 
various group selection units through the output wires 
such as 521G-521G’ of the decoder 521 of which the 
address resister 520 progresses regularly. These sequential 
pulses effect a kind of multiplexing in time of the group 
selection units 400 for the mutual-aid operations. At the 
same time they permit a sequential analysis of the mutual 
aid calls through the unblocking of the gates such as 
552. 
When the register 520 contains the address of an ele 

ment 400 calling for mutual-aid, the call signal reaches 
the programmer 501 through the connection 553 and the 
programmer begins the mutual-aid procedure. 

With the register 520 stopped, the decoder 521 marks 
the wire 5216 and the gates 552-554 of the access device 
550 are open. Apart from its call signal over 551, the 
programmer 401 sends over the connections 555 the value 
of the parameter N (required line selection unit) ex 
tracted from 414 through the connections 417, the transfer 
circuit 431 and the connections 436. 
The programmer 501 records the mutual-aid call in 

its register 510 by opening the gates 513 and 514 through 
the connection 515. This causes the transfer of the param 
eter N, coming from the programmer 401, to the part 
512 of the register and the transfer of the number G 
of the calling group selection unit 400 from the register 
520 to the part 511 of the register 510. By means of the 
decoder G 530 the set of gates 556, 557 relating to the 
group selection unit initiating the mutual-aid is unblocked 
in the access device 550 thus establishing the temporary 
connection between this unit and the mutual-aid selection 
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unit 500. Thereafter, the contents of the register 520 will 
vary and will designate the mutual-aid units G’, while the 
contents of 511 will remain the same and will continue to 
designate the initiating unit G. This arrangement enables 
the mutual-aid route selector 500 simultaneously to con 
nect itself to an unit G and an unit G’ which are' as 
sociated for the mutual-aid, this latter being initially- in 
determinate. \ 

When the programmer 501 has received a call for 
mutual-aid and has noted it, it effects the reservation of 
all the group selection units G’ liable to participate in this 
mutual-aid, that is to say those having at least one line 
available in their store 420 and not being in the course of 
already executing a route selection phase. All the units 
G’ which ful?ll these conditions mark the associated gate 
561’ and the reservation signal applied by the program 
mer 501 to the wire 502 causes the engagement of these 
units G’ in the mutual-aid phase through the connection 
562’. There programmer 401' assumes the position .of 
being able to receive the necessary information for the 
mutual-aid selection, namely the values of the parameters 
N (required line selection unit) and G (initiating group 
selection unit) contained in the register 510. 
The programmer 501 effects the transfer of these 

parameters by unblocking the gates 517 and 518 through 
the wire 516. Thus all the programmers 401’ engaged 
receive the parameter G through the connections 567’ and 
the parameter N through the connections 568’. 
By means of wired translation circuits, these program 

mers deduced therefrom, in accordance with the rules 
adopted, the values of the parameters C’ corresponding 

vto G and the initial values of the parameters E’ and ,F’ 
in accordance with the value of J, H. The parameters thus 
translated are introduced by the programmer 401’ into a 
line which is available in their store for connections in 
progress 420 with a particular value of the phase .in 
formation indicating that it is a question of a mutual-aid 
and from there to their route selection register 410. 
On the basis of this information, the marking circuits 

of the image networks 6 are brought into position in each 
mutual-aid unit 400’ as in the case of direct selection. 
Nevertheless, if the parameters D'E’F’ behave in identical 
manner, the marking corresponding to the parameters 
B'C’ is peculiar in so far as initially all the possible values 
of the parameter B’ and half of the values of C’ are 
simultaneously displayed which, in FIGURE 2, would 
correspond symbolically to the closing of all the contacts 
marked B and of half the contacts marked C. 
These markings of the image networks have the eifect 

of causing marking potentials to appear over a plurality 
of wires q leaving the various units 400’. It will be re 
called that the marking of the image network 2 of the 
unit N had the e?ect of marking a plurality of wires f 
leaving said unit N and going towards the various group 
selection units. Certain of the test gates 4 corresponding 
to direct selection links (used in secondary selection) are 
therefore unblocked by the coexistence of the markings at 
their inputs q and 1''. 

Selection of a secondary route 

The mutual-aid route selector SIE 500 will now control 
the search for a direct link between one of the units G’ 
which is engaged and the line selection until N required. 

This search consists in distributing in sequence test 
pulses to the gates 4 in the various mutual-aid units G’ 
in such a manner as to explore all of them one by one, 
the search being strictly limited to the ten gates corre 
sponding in each of the units G’ to the links going towards 
the required unit N. 

For this purpose, the programmer 501 causes its reg 
ister 520 to progress and designate successively the out 
puts 521 G’ of the decoder 521. During this time it trans 
mits synchronisation pulses through the wire 503 on the 
one hand via 557 through the connection 558 towards the 
unit G (400) initiating the mutual-aid and on the other 
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hand via 563' through the connection 564’ towards the 
unit G’ (400’) designated at this moment by the ad 
dress contained in 520. 
Under the action of the synchronisation pulses on the 

Wire 564' the programmer 401’ applies in sequence test 
pulses to its ten gates 4 previously de?ned exactly as in 
the case of direct selection. If a test is positive a pulse 
appears. over the test wire 41 of the unit 400’ and is re 
transmitted through the programmer 401’ of this unit to 
the connection 565’. 
On receiving such a pulse through 565’ the program 

mer 501 recognizes that a direct link exists between G’ 
and N, and it therefore stops this secondary selection and 

_ initiates the selection of a mutual-aid link between the 
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initiating unit G‘ and the mutual-aid unit G’. 
In the event of all the possibilities examined being 

exhausted without any test pulses having been received 
over the wire 565’ no mutual-aid route is available and 
all that would remain would be to indicate to the program 
mer 401 then to the computer 600 that the connection 
network was completely blocked. 

Selection of a mutual-aid link between G and G’ 
For this selection the elementary test operations are 

coordinated in the programmers 401 and 401’ by means 
of synchronisation pulses applied to the connections 558 
and 564’. The parameters the value of which must be 
?xed by this selection are on the one hand B’ and D which 
are equal and on the other hand C’ and E which are 
likewise equal, modulo 5. 
The programmer 501 prepares the mutual-aid selection 

by opening the gate 519 through the connection 504. 
It follows that the parameter G’ (number of the mutual 
aid unit contained in the register 520) is transmitted via 
519, 556 and the connection 559 to the programmer 
401. By means of a wired translation circuit, this pro 
grammer deduces from the parameter G’, in accordance 
with the rules adopted, the value of the parameter P 
which it should use, and it introduces it into its reg 
ister 410. ' 

The selection of a mutual-aid link betewen G and G’, 
the object of which is to ?x the values of B’ (or D) and 
of C’ (or E), comprises the following sequence of oper 
ations controlled by the programmer 501 which delivers 
synchronisation pulses over the wire 503 and observes 
the test wires 560 connected to the wire 41 through the 
programmer 401 and 565’ connected to the test wire 41' 
through the programmer 401’. 

(a) While the decoder 433' of the unit 400’ continues 
to designate the same test gate which supplied a positive 
reply during the secondary selection when all the pos 
sible values of the parameters B’ and C’ were displayed, 
the programmer 401’ causes the contents of the part 
B'C’ of the register 411 to progress and at each of the 
?fty possible values, causes the sending of a test pulse 
by means of the control lead 435 to this gate 4 which 
will be designated for example by 40. 

In synchronism, the programmer 401 causes the con 
tents of the part DE of its register 412 to progress, so 
that the parameters B’ and D remain constantly equal 
in the two registers 410 and 410’ as do the parameters 
C’ and E (modulo 5). 

Referring to FIGURE 2, it will be assumed that the 
upper portion, designated in the ?gure by 6 and 2, repre 
sents diagrammatically the image network of the second 
ary selection between the mutual-aid unit G’ and the 
line selection unit N (for this all the designation included 
in the zone 6 of the ?gure should be regarded as having 
primes and the portion 6’ should be ignored). It will 
further be assumed that the left-hand portion 6 and the 
lower portion 6’ in FIGURE 2 represent diagrammat 
ically (with the appropriate prime marks) the image 
networks of the mutual-aid selection between the units 
G and G’. 
Viewed thus, the upper gate (DEF) in FIGURE 2 

is the gate designated above as 40. 
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In the course of the progress of the register B'C' 

(411’) the image network 6 of the group selection unit 
G’ is modi?ed because while the contact D remains 
unchanged, the ten contacts B are closed successively as 
are the ?ve contacts C which can be used in the image 
network 6. 

It follows that it is only for some of the possible 
values of the parameters B’C' in general that the gate 40 
will continue to be conducting. 
When the programmer 501 sees the test pulse reappear 

over the wire 565, it stops the progress in the parameters 
B'C' (and DE) and passes to the following operation (b). 

(b) Now it is the programmer 401 of the initiating 
group selection unit which, at the instigation of the pro 
grammer 501 and without the values of the parameters 
B, CD, and E, being modi?ed will apply a test pulse 
to the gate of the mutual-aid link which corresponds to 
these values of the parameters D and E and to thegim 
posed value of F in accordance with the number of the 
unit G’ which is designated at this moment by the .pro 
grammer 501 of the mutual-aid route selector. If this 
mutual-aid link is free, this test pulse will pass through 
the gate which, actually, as the lower portion of. FIG 
URE 2 shows, receives a marking at its input q through 
the “contacts” which correspond to the parameters D', 
B and C, and a second marking at its input f through the 
“contacts” representing the parameters B’ and C’ selected 
in the unit G’. 
When the programmer 501 sees a test pulse appear 

over the wire 560 which extends the test wire 41, it 
deduces from that that the selection of the mutual-aid 
is terminated and it indicates to the programmer 401 
and 401' that they should begin the connection of the 
route in accordance with the parameters which they have 
in their registers 410 and 410'. At the same time it signals 
to the other programmers 401' which have been ‘engaged 
with the mutual-aid that they may be released and then 
it releases itself. 

If the above sequence of operations b is fruitless, there 
is a return to the previous sequence a to try a fresh 
possible value of B’C’ and of DE. When all the values 
of BC’ have been tried without success there is a return 
to the previous sequence of secondary route selection by 
seeking to obtain a reply through a new test gate 4, 
which may lead to trying other selection units G’ (400’) 
by progression of the address contained in the register 
520 until all the possibilities have been exhausted. 

CONNECTION OF THE ROUTES SELECTED 

Marking 0]‘ the route to be connected 

When the route selection is terminated, each pro 
grammer 401 engaged in the selection comprises in its 
route selection register 410 all the parameters which 
it needs to actuate the marking circuit and to cause the 
operation of the connection points. 
The programmer 401 transfers the parameter A to 

the marking store 81 associated with the switch desig 
nated by the parameters B, C. It transfers the parameters 
B, C and the parameters E, F to the marking stores 91 
and 92 respectively of the grading sub-unit designated by 
the parameter D. ' 
The corresponding information leaves the portions 411 

and 412 of the register 410, and is directed in accord 
ance with the values of B, C by the connections 437 
and, in accordance with the value of D, by the connec 
tions 438, 439. This direction is effected by the transfer 
circuit 432 actuated by the wire 441. 
Having thus been ?lled, the marking stores decode 

the information received and apply the marking for 
connection to the appropriate links of the network 5. 
The store 81 actuates the marking point noted ml in 
FIGURES 3a, 3b, store 91 actuates the point m2 (or 
m'2)_ and the store 92 actuates m3 (or m's). It is known 
that the marking point m4 associated with the line equip 
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ment 11 has been previously actuated by the marking 
circuit 3. 
The switches BC and the grading sub-units D the 

marking stores of which are full, are marked as unavail 
able for the selection of routes so long as they have not 
been liberated after veri?cation of the connection. This 
result is obtained by an inhibition, in the marking cir 
cuit 61, of the marking relating to the “busy” values of 
the parameters D and BC. This inhibition (not illustrated 
in the ?gures) has the effect, for example of preventing 
the closure of a contact such as D in FIGURE 2 if the 
value of the parameter D comprised by the marking 
circuit 61 is a forbidden value. 

Checking the connection 

After this transfer to the marking stores and their 
consecutive engagement, the programmer 401 rewrites 
the line in its store 420 relating to the connection which 
it has just initiated, supplementing it in accordance with 
the information contained in its register 410 and adding 
a piece of phase information “awaiting checking of the 
connection.” 
The programmer 401 then resumes its sequential 

examination of the words in the store for the connections 
in progress 420. It therefore returns periodically to read 
the line relating to the connection in question. 

Finding that said connection in progress is at the 
“awaiting checking” phase, which it recognizes by the 
outputs 424 of the read-out circuit 421, it calls the out 
going indicator 200 with the object of being connected 
to the programmer 105 of the line selection unit N the 
address of which is included in the word of store 420. 
By means of a process already encountered several 

times, the programmer 401 transmits over the wire 212 an 
interrogation signal to which the programmer 105 will 
reply over the wire 111 by an end-of-operation signal if 
it has been found, using its line test circuit 3, that the test 
point v0 (FIGURE 3) relating to the subscriber KL is 
active, that is to say that all the connection points in the 
route have set their holding contact (continuity of the 
wire 0). 

In this case, the programmer 401 releases the marking 
stores 81, 91, 92 used by the connection (‘which causes 
the withdrawal of the markings on the wire m) and, in 
turn, the programmer 105 releases its marking stores 101 
and 21 and then again ‘becomes available after having 
checked that all the members of the logic portion of the 
line selection element N have returned to rest. 

In conclusion, the programmer 401 calls the computer 
600 through the access device and when it is connected 
thereto it transfers the end-of-operation information 
thereto. It can likewise transmit to it all the parameters of 
the route through the connections 452. After which it 
erases the word of the store 420 relating to the connection 
which has been effected. 
We claim: 
1. A switching arrangement for an automatic telecom 

munication exchange comprising: 
(a) a switching network including subscribers’ lines, 
- a plurality of line selection units, a plurality of group 

selection units, direct links connecting said line se 
lection units to said group selection units, and junc 
tion circuits, each line selection unit including ?rst 
and second access terminals, a plurality of line selec 
tion switches, line selection partial links connecting 
said line selection switches therebetween, said ?rst 
access terminals of the line selection units being con 
nected to said subscribers’ lines and said second ac 
cess terminals of the line selection units being 
connected to said direct links, each of said group se 
lection units including ?rst and second access termi 
nals, a plurality of group selection switches, group 
selection partial links connecting said group selec 
tion switches therebetween, certain ?rst access ter 
minals of the group selection units being connected 
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to said junction circuits and certain second access 
terminals of the group selection units being con 
nected to said direct links, and mutual aid links 
connecting the other ?rst access terminals of given 
group selection units to the other second access ter 
minals of different group selection units; 

(b) a routing network having the same pattern as the 
switching network, including partial, direct and mu 
tual-aid routing links respectively associated with 
the partial, direct and mutual-aid switching links of 
the switching network, common nodes between links 
respectively associated with the line selection and 
group selection switches, routing links connected to 

10 

the same switch, gating means inserted in said routing _ 
links, and means for actuating said gating means in 
response to the availability and busy conditions of 
the partial, direct and mutual-aid switching links as 
sociated to the routing links in which they are 
inserted; - 

(c) means for cyclically selecting complete routing 
links originating at a subscriber’s line and terminat 
ing at a junction circuit and formed by serially con 
nected partial, direct and mutual-aid routing links 
when the gating means inserted therein are open; 
and 

(d) means for marking and connecting the partial, di 
rect and mutual-aid switching links respectively as 
sociated to the partial, direct and mutual routing 
links forming the complete routing link selected. 

2. A switching network for an automatic telecommu 
nication exchange as set forth in claim 1, in which the 
means for cyclically selecting complete routing links orig 
inating at a subscriber’s line and terminating at a junction 
circuit comprises ?rst choice selecting means for cyclically 
selecting direct complete routing links formed by serially 
connected partial and direct routing links through a line 
selection unit and a group selection unit, the gating means 
inserted therein being open, means for signaling the con 
dition that no such direct complete routing link has been 
selected and second choice selecting means initiated in 
response to said signaling means for cyclically selecting 
mutual-aid complete routing links formed by serially 
connected partial links in a line selection unit and a ?rst 
and a second group selection units, mutual-aid link be 
tween said ?rst and second group selection units and direct 
link between said second group selection unit and line 
selection unit, the gating means of said mutual-aid com 
plete routing link being open. 

3. A switching network for an automatic telecommuni~ 
cation exchange as set forth in claim 1, in which the par 
tial, direct and mutual-aid switching links are four wire 
links comprising two speech wires, a control wire for con 
trolling the crosspoints of the switches of the line selec 
tion and group selection units and a hold wire for holding 
said crosspoints and the gating means inserted in the rout 
ing links and the means for actuating said gating means in 
response to the availability and busy conditions of the 
switching links are respectively contacts of relays inserted 
in the routing links and the windings of said relays in 
serted in the hold wires of the switching links. 

4. A switching arrangement for an automatic tele 
communication exchange comprising: 

(a) a switching network including subscribers’ lines, 
a plurality of line selection units, a plurality of group 
selection units, direct links connecting said line 
selection units to said group selection units, and junc 
tion circuits, each line selection unit including ?rst 
and second access terminals, a plurality of line selec 
tion switches, line selection partial links connecting 
said line selection switches therebetween, said ?rst 
access terminals of the line selection units being con 
nected to said subscribers’ lines and said second ac 
cess terminals of the line selection units being con 
nected to said direct links, each of said group 
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selection units including ?rst and second access ter 
minals, a plurality of group selection switches, group 
selection partial links connecting said group selection 
switches therebetween, certain ?rst access terminals 
of the group selection units being connected to said 
junction circuits and certain second access terminals 
of the group selection units being connected to said 
direct links, and mutual-aid links connecting the 
other ?rst access terminals of given group selection 
units to the other second access terminals of dilferent 
group selection units; . 

(b) a routing network having the same pattern as the 
switching network, including partial, direct and mu 
tual-aid routing links respectively associated with the 
partial, direct and mutual-aid switching links of the 
switching network, common nodes between links 
respectively associated with the line selection and 
group selection switches, routing links connected to 
the same node corresponding to switching links con 
nected to the same switch, each direct routing link 
being divided into a ?rst direct routing half-link on 
the side of the line selection units and a second di 
rect routing half-link on the side of the group selec 
tion units, gating means inserted in said routing links, 
gates each connected to a ?rst and a second direct 
routing half-links and means for actuating said gating 
means in response to the availability and busy con 
ditions of the partial, direct and mutual-aid switching 
links associated to the routing links in which they 
are inserted; 

(c) means for cyclically testing the gates connected 
to ?rst and second direct routing half-links which 
are parts of complete routing links originating at a 
subscriber’s line and terminating at a junction circuit 
and formed by serially connected partial and mu 
tual-aid routing links and two direct routing half 
links of which the gating means inserted therein are 
open; and 

(d) means for marking and connecting the partial, 
mutual-aid and direct switching links respectively as 
sociated to the partial, mutual routing links and 
?rst and second direct routing half-links forming 
the complete routing link the gates of which are 
passing. 

5. A switching arrangement for an automatic tele 
communication exchange comprising: 

(a) a switching network including subscribers; lines, 
a plurality of line selection units, a plurality of 
group selection units, direct links connecting said 
line selection units to said group selection units, and 
junction circuits, each line selection unit including 
?rst and second access terminals, a plurality of line 
selection switches, line selection partial links con 
necting said line selection switches therebetween, 
said ?rst access terminals of the line selection units 
being connected to said subscribers’ lines and said 
second access terminals of the line selection units 
being connected to said direct links, each of said 
group selection units including ?rst and second ac 
cess terminals, a plurality of group selection switches, 
group selection partial links connecting said group 
selection switches therebetween, certain ?rst access 
terminals of the group selection units being con 
nected to said junction circuits and certain second ac~ 
cess terminals of the group selection units being con 
nected to said direct links, and mutual-aid links 
connecting the other ?rst access terminals of given 
group selection units to the other second access ter 
minals of ditferent group selection units; 

(b) a routing network having the same pattern as the 
switching network, including partial, direct and mu 
tual-aid routing links respectively associateed with 
the partial, direct and mutual-aid switching links of 
the switching network, common nodes between links 



2,454,723 
25 

respectively associated with the line selection and 
group selection switches, routing links connected to 
the same node corresponding to switching links con 
nected to the same switch, each direct routing link 
being divided into a ?rst direct routing half-link on 
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terminating at a junction circuit and formed by a 
partial routing link through a ?rst group selection 
unit, a mutual-aid routing link, a partial routing link 
through a second group selection unit, a direct rout 
ing link and a partial routing link through a line 

the side of the line selection units and a second direct 5 selection unit, these links being serially connected 
routing half-link on the side of the group selection and the gating means inserted therein being Open; 
units, gating means inserted in said routing links gates and 
each connected to a ?rst and a second direct routing (e) means for marking and connecting the partial, di 
half-links, and means for actuating said gating means 10 rect and mutual-aid switching links respectively as 
in response to the availability and busy conditions of sociated to the partial direct and mutual routing 
the partial, direct and mutual-aid switching links as- links forming the complete routing link selected by 
sociated to the routing links in which they are said ?rst choice selecting means and the composite 
inserted; complete routing link selected by said second choice 

(c) ?rst choice means for cyclically selecting com- 15 selecting means. 
plete routing links origination at a subscriber’s line 
and terminating at a junction circuit and formed by References Cited 
serially gonnected partial and direct routing links of UNITED STATES PATENTS 
which t e gating means inserted therein are open . 
and means for signaling the occupation of all said 20 2’227’488 V1941 Colhs et a1 """" " 179"_18‘2'1 
complete routing links; 3,211,836 10/1965 Warman ________ __ 179-18.21 

. . . . 3 272 924 9/1966 Warman ________ __ 179-1821 (d) second choice means controlled by said signallng ' ’ 
means for cyclically selecting composite complete 
routing links originating at a subscriber’s line and 
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