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[5 7 1 ABSTRACT 
Switching apparatus is disclosed having a time divided 
switching network for use in switching time division 
multiplexed channels employing PCM codes. The net 
work employs two data memories for selectively storing 

Nonmake’ "1- received PCM codes in locations associated with spe 
[22] F?ed; 5gp‘, 24, 1975 ci?c transmission channels. These memories are ad 

‘ dressed alternately by sequential addressing apparatus 
[2]] Appl' No" “6374 and additional memory apparatus which store selected 
[52] [1.8. CI. ...................... .. 340/1725; 179/15 AT addressing codes. These addressing codes are deter 
[51] Int. Cl.2 ..................... .. 1104.] 3/00; G06F 1/00 mined by a control unit to effect shifts in the channel 
[58] Field of Search .......... .. 340/ 172.5; 179/15 AT, assignments of respective codes by selectively transfer 

179/15 AQ ring such codes between the data memories, thereby 
[56] References Cited effecting the necessary time divided connections. 
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TIME DIVIDED SWITCHING AND 
CONCENTRATION APPARATUS 

This invention relates to the ?eld of switching appa 
ratus and more speci?cally to time divided switching 
apparatus. 

In recent years digital transmission employing time 
divided channels using pulse code modulation (PCM) 
has become of greater signi?cance, particularly for toll 
or long distance network trunks. As a result, numerous 
systems have been explored for performing switching 
of such PCM encoded channels. Many of these prior 
art systems have employed digital to analog converters 
to convert from PCM signals or codes back to analog 
before switching is accomplished. Some systems, how 
ever, have been developed for accomplishing such 
switching without converting the PCM signals to analog 
by employing a time divided switching network. One 
such is described in “An Introduction to PCM Switch 
ing”, B. J. Rekiere and M. J. Kelly, Automatic Electric 
Technical Journal, April, I971, Page 234. 
Application of time divided switching techniques is 

not limited to the toll network; rather, such techniques 
may also be applied to the switching of subscriber lines. 
In particular, where time division multiplexing is used 
for subscriber lines, time divided switching is especially 
useful to perform functions previously perfonned using 
space division networks. 

In the subscriber environment, remote switching 
capability (remote from the central office) is often 
desirable, particularly for handling calls within an area 
having a high community of interest. In addition, in 
such situations it'is also advantageous to perform line 
concentration. Our invention comprises switching ap~ 
paratus suitable for use remotely from a central office 
and employing time divided switching techniques to 
directly switch PCM encoded signals. While the inven 
tion is not limited to the subscriber environment, the 
preferred embodiment of the invention is intended to 
be used in that environment. 
More speci?cally, it is an object of this invention to 

provide improved switching apparatus. 
It is a more specific object of this invention to pro 

vide remote switching and concentration apparatus 
employing a time divided switching network. 

It is a further object of this invention to provide a 
remote switching and concentration network employ 
ing, exclusively, selective data transfers between mem 
ory devices to effect switching functions. 
These and other objects and features of the invention 

will become apparent upon reading the following speci 
?cation, with the attached drawings, together with the 
appended claims. 

In an illustrative embodiment employing principles of 
our invention, a plurality of individual transmission 
lines each conducting a plurality of time division multi 
plexed, PCM encoded subscriber channels (time slots) 
are connected to line equipment and multiplexing 
equipment. The line equipment and multiplexing 
equipment extract supervisory information relative to 
the individual channels and multiplex all of the chan 
nels of the plurality of individual transmission lines 
onto a single subscriber channel bus having a plurality 
of bit lines. The subscriber channel bus is coupled to a 
time divided switching network including a plurality of 
memories, a clock, and control mechanism to effect all 
switching operations exclusive of conventional cross 
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2 
points or time switched points. A similarly constructed 
central of?ce channel bus is also coupled to the time 
divided switching network to connect such network to 
a central office. 
A ?rst of the memories of the time divided switching 

network, the buffer memory, is coupled to the sub 
scriber channel bus and has sufficient storage capacity 
to store the data of all of the channels of that bus. A 
second of the memories, the information memory, is 
coupled to the central office channel bus and has, in 
the preferred embodiment, only one half the capacity 
of the buffer memory for channel data storage. The 
clock of the time divided network operates with two 
principal phases and several sub-phases to control the 
gating of channel data into, out of, and between the 
memories. It also generates sequential addressing infor 
mation for the buffer memory and information memo 
ries during selected clock phases. During other phases 
addressing information for the memories is provided by 
selected additional control memories as will be de 
scribed below. This latter addressing information is 
stored in such control memories under the control of a 
local processing unit in response to signaling informa» 
tion extracted from each channel. 

IN THE DRAWINGS 

FIG. 1 is a general block diagram of a switching sys 
tem for using switching apparatus employing principles 
of the invention. 
FIG. 2 is a general block diagram of the switching 

apparatus of FIG. 1. 
FIG. 3 is a detailed schematic block diagram of the 

time divided switching network shown in FIG. 2. 
FIG. 4 is a representation of the timing and phase 

signals generated by the clock of FIG. 3. 
FIGS. 5A through 5D are pictorial representations of 

data storage and transfer for a particular exemplary 
intra-switch operation. 
FIGS. 6A through 6D are pictorial representations of 

data storage and transfer for a particular exemplary 
inter-switch operation. 

In FIG. 1 switching apparatus 20 employing teach 
ings of this invention is interposed between a plurality 
of channel banks 22 and a central office 24. The chan 
nel banks 22 may be of a type well known to those 
skilled in the art; see Bell System Technical Journal, 
October, I972, Pages I641 — 1743. They are coupled 
to a plurality of telephone station sets 26 and convert 
analog signals generated by such telephone station sets 
into 8 bit PCM codes. In the preferred embodiment 
each channel bank generates, on an ouput line 28, 
PCM codes for 24 channels (and, thus, 24 station sets); 
these codes appear sequentially in time divided slots 
(time slots) as is known to those skilled in the art. Each 
channel bank is also coupled to an input line 30 for 
receiving similarly encoded PCM signals which are 
converted by the channel bank into analog signals for 
application to each of the respectively connected tele 
phone station sets 26. In the preferred embodiment, 
there are 8 such channel banks, each serving 24 station 
sets, for a total of I92 station sets. The speci?c num 
bers of channels, channel banks and station sets are 
merely illustrative. 
The central office 24 is coupled to the switching 

apparatus 20 by a plurality of lines 32, similar to lines 
28, and a plurality of output lines 34 similar to the lines 
30. The central office may be one of many known in 
the prior art which are capable of interfacing with the 
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switching apparatus 20. More speci?cally. the central 
office may be any one of many conventional space 
division offices employing appropriate digital to analog 
conversion equipment for converting signals in PCM 
form appearing on the input lines 32 to analog signals 
before switching is accomplished. in the preferred em~ 
bodiment the central office is a stored program con 
trolled automatic exchange or switching sytem, as is 
known to those skilled in the art. it should be noted, 
however, that another switching apparatus 20 could 
serve as central office 24. 

in FIG. 2 the switching apparatus 20 is shown in 
greater detail. it includes a line equipment unit 400 
which is connected to the above-described channel 
bank output lines 28 and channel bank input lines 30. 
The line equipment unit 40a is described fully in a 
copending application by M. J, Kelly et al., Ser. No. 
532.540, ?led Dec. l3. 1974 now US. Pat. No. 
3,920,921. it suffices here to say that the line equip 
ment unit 400 includes apparatus for converting the Z4 7 
channels of serial, 8 bit, PCM codes appearing in 24 
time slots on each of the lines 28 into 8 lines on which 
sequentially appear the same PCM codes in parallel 
form. The line equipment unit 40a also accepts 24 
channels of 8 bit parallel data and converts it to 24 
channels in serial form, generating such signals on each 
of the output lines 30. Thus. the line equipment unit 
40a has 8 output lines 42a for each of the lines 28 to 
which it is coupled and 8 input lines 42b for each of the 
lines 30 to which it is coupled. It should be noted that ‘ 
a similar line equipment unit 4011 is connected to lines 
32 and 34. Its function is similar to that described for 
line equipment unit 40av 
Both of the line equipment units also conduct super 

visory scan functions for detecting supervisory infor 
mation appearing in the respective bit streams. Such 
information is transferred to a control unit 44 over a 
bus 46a, for the unit 40a, and a bus 46b, for the unit 
40b. The details of this detection operation and the 
operation of the control unit 44 with respect to the line 
equipment units are described fully in the aforemen 
tioned copending application. 

In passing it should be noted that the detection of 
signaling information through the use of one or more 
dial pulses receivers (not shown) which may be cou 
pled to certain of the lines 32 and 34 and which may be 
selectively connected by the switching apparatus to 
receive pulses for particular channels is also discussed 
in the aforementioned copending application. One 
digital dial pulse receiver suitable for such use is dis 
closed in US. Pat. No. 3.85M 10 issued to Mr J. Kelly 
et al. on Nov. 20. I974. Since digit reception is both 
ancillary to the present invention and well known to 
those skilled in the art. presentation of details of such 
reception are limited herein to those details illustrative 
of the operation of our invention or necessary for an 
understanding of the environment in which our inven 
tion is employed. 
The supervisory and signaling information detected is 

used as is known to those skilled in the art to determine 
the on hook/off status of the respective telephone sta~ 
tion sets and to establish the desired destination for a 
call. The processing required for such information is 
well known to those skilled in the art and in the interest 
of a concise disclosure will not be expounded further 
here except to the extent such processing is related to 
this invention. For additional details of such processing 
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4 
see Bell System Technical Journal, September, W64, 
Pages 2483 — 2574. 

In addition. it should be noted that such other service 
circuits as are useful in conjunction with our invention 
are well known to those skilled in the art. Since they are 
also ancillary to this invention, no discussion of the 
operation and control of such service circuits is in 
cluded here. For detailed information on the operation 
and control of such circuits, reference is made to Bell 
System Technical Journal, September, 1964, Pages 
222i ~ 2355, Bell System Technical Journal, October, 
1969, Pages 2669 - 2764 and Bell System Technical 
Journal, December, l970, Pages 2561 — 2624. 

Also included in the switching apparatus 20 (HQ. 2) 
is a multiplex equipment unit 50a which is also de 
scribed fully in the aforementioned copending applica 
tion. It suffices here to that the multiplex equip 
ment unit 50a is connected to all 8 sets of X lines 42a 
from the line equipment unit 40a; it sequentially selects 
l PCM channel code word from each set of 8 lines 42a 
under control of a clock 60. Each such channel code 
selected is applied in parallel to a time divided switch 
ing network 70 over a subscriber channel outgoing bus 
72a consisting of 8 lines. Thus, the PCM codes from all 
8 channel banks are multiplexed onto the bus 72a. 
appearing in parallel form. 

In like manner. parallel 8 bit PCM codes appearing 
on a subscriber channel incoming bus 74a from the 
network 70 and connected to the multiplex equipment 
unit 500, are distributed to respective appropriate sets 
of 8 lines 42b for eventual transmission over the appro» 
priate lines 30 in serial form to the respective channel 
banks. This again is under the control of the clock 60 as 
described in the aforementioned copending applica— 
tion. 

it should be noted that the switching apparatus 20 
includes an additional multiplex equipment unit 50h 
which is coupled to the line equipment unit 4017 and to 
the network 70. The unit 50b functions similarly to the 
multiplex equipment unit 500 just described. In addi 
tion, the operation of the clock 60 in respect to the 
multiplex units and the line equipment units is also fully 
described in the aforementioned copending applica 
tion. 
The time divided switching network 70 is shown in 

greater detail in FIG. 3. It includes a plurality of memo 
ries selectively controlled to: (l) store PCM codes 
received in parallel from the multiplex equipment 
units; (2) selectively transfer such codes between mem 
ories to effect necessary changes in the channels (time 
slots) assigned to the codes; and (3) transmit them 
either back to the respective multiplex equipment unit 
from which they were received or to the respective 
other multiplex equipment unit and thus to the distant 
central office. 
More speci?cally, incoming codes on the 8 line bus 

72a are applied to a bus AND gate 800. The bus AND 
gate 80:: comprises 8 individual AND gates connected 
to respective ones of the lines comprising the bus 72a. 
All of such AND gates are, however, connected to a 
common control lead which in this instance is con— 
nected to a timing signal lThis timing signal will be 
discussed in greater detail below; however, it may be 
noted that the timing or clock phase signal :1 and vari 
ous additional timing signals used in the network 70 are 
produced by the aforementioned clock 60 using appa' 
ratus known to those skilled in the art; these signals are 
represented in FIG. 4. 
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Code signals appearing on the bus 72a (FIG. 3) are 
gated under the control of the signal tl, i.e., when the 
signal :1 is equal to logical “1", to the bus OR gate 82a 
which comprises 8 individual OR gates each having an 
input coupled to the output of a corresponding one of 
the AND gates comprising the bus AND gate 80a. The 
output of the bus OR gate 82a, comprising 8 individual 
OR gate outputs, is connected to a buffer memory 84a. 
The buffer memory 840 is in turn. responsive to the 
logical OR of the timing or clock sub-phase signals 212 
and 122, appearing at the output of an OR gate 86a, to 
write code signals appearing at the output of the bus 
OR gate 820 into the memory. In like fashion, the buf 
fer memory 84a is responsive to the logical OR of the 
signals :11 and :21 at the output of an OR gate 880 to 
read code signals from the memory and apply them to 
a memory output bus 90a. In either instance, the buffer 
memory writes to or reads from the address appearing 
at the output of a bus OR gate 92a to be discussed more 
below. 

It should be noted that the network 70 also includes 
an information memory 84b for storing channel codes 
and to which the bus 72b is coupled through a bus AND 
gate 80/) and a bus OR gate 821). The operation of they 
information memory and the gating of codes into and 
out of that memory is quite similar to that described 
above for the buffer memory; therefore, in the interest 
of brevity and a concise speci?cation, as little addi 
tional discussion of such similar operation as possible is 
included herein. It should be noted, however, that gat 
ing elements associated with the information memory 
which correspond to similaly functioning elements as 
sociated with the buffer memory are denoted in the 
drawings with the same basic reference number as the 
corresponding element but with the literal a replaced 
by the literal b. In addition, the information memory 
841) includes in the preferred embodiment only 96 
storage locations, one-half of the 192 storage locations 
of the buffer memory 84a as will become apparent 
below. This reduced memory capacity for the informa 
tion memory is due to a desired concentration ratio of 
2 to 1 through the switching network. 
Code signals appearing on the buffer memory output 

bus 900 are gated through a bus AND gate 94a during 
timing phase :1 for application to multiplex equipment 
unit 500. Similarly, code signals appearing on the infor 
mation memory output bus 90b are gated through the 
bus AND gate 94b during the same timing phase to the 
bus 74b. 
Code signals appearing on the bus 90a are also gated 

through a bus AND gate 960 during timing phase :2 to 
the input of a bus AND gate 98b and signals appearing 
on bus 90b are gated through the bus AND gate 96b to 
a bus AND gate 98a. The bus AND gate 98a is coupled 
to the bus OR gate 820 previously mentioned, provid 
ing a path for transferral of stored code signals from the 
information memory to the buffer memory. A like path 
for transferral of data from the buffer memory to the 
information memory also exists since the bus AND gate 
98b is coupled to the bus OR gate 82b. 
From the above it should be observed that during 

clock phase ti code signals are read from the buffer 
memory to the bus 74a and written into that memory 
from the bus 72a. Similarly, during clock phase :1 code 
signals are read from the information memory to the 
bus 741) and written into that memory from the bus 72b. 
No code signal transfer between the two memories can 
occur during timing phase :1. However, during phase 12 
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6 
code signals are transferred between the two memories; 
the signi?cance of this observation will become appar 
ent in the following discussion. 
The addressing of the buffer and information memo 

ries is controlled alternately by the clock 60 and by two 
additional memories. More speci?cally, the clock 60 
sequentially counts from l to the number of channels 
of the channel buses 72a and 72!; which in the illustra 
tive embodiment is l92. Encoded count signals are 
generated on a plurality of lines (in the illustrative 
embodiment, 8 lines) collectively referred to as the C 
bus and are applied to a bus AND gate 110a which is 
connected to the previously mentioned bus OR gate 
92a. The gating signal for the bus AND gate 1100 is the 
phase signal t1; therefore, during phase :1 of each 
clock cycle, the encoded count signals on the C bus 
control the addressing of the buffer memory. As a re 
sult, during successive t1 clock phases, the buffer mem— 
ory advances sequentially through its channel code 
storage locations, reading codes from the respective 
locations and storing new codes into them. More spe 
ci?cally, during each clock sub-phase :11, the then 
addressed location is read and its contents are applied 
to the bus 74a. Thereafter, during the respective clock 
sub-phase :12, the code appearing on the bus 72a is 
written into the addressed channel code storage loca— 
tion. It should be noted that the clock 60 and the code 
transmission rate are synchronized as described in the 
aforementioned copending application to permit the 
buffer memory to receive code signals from the bus 72a 
at the appropriate time. 
Unlike the buffer memory, the information memory 

responds to addresses appearing on the C bus during 
clock phase 12. More speci?cally, the C bus is coupled 
to a bus AND gate lltlb which is coupled through the 
bus OR gate 92b to the address input for the informa 
tion memory. The gating signal for the gate ll0b is the 
phase signal t2. Therefore, during clock phase t2 of 
each clock cycle, the encoded count signals on the C 
bus control the addressing of the information memory. 
As a result during successive 12 clock phases, the infor 
mation memory advances through its channel codes 
storage locations reading codes from the respective 
storage locations and writing new codes into them. It 
should here be noted that since the information mem 
ory in this illustrative embodiment has only 96 storage 
locations, each storage location is read and written 
twice in the time required to read and write the 192 
locations of the buffer memory once. 
More speci?cally, during each clock sub-phase t2], 

the then addressed location of the information memory 
is read and its contents are applied through the bus 
AND gates 96b and 98a and the bus OR gate 821: to the 
buffer memory 84a for storage. Thereafter, during the 
respective clock sub-phase r22, the code appearing on 
the bus 900 from the buffer memory is gated through 
the bus AND gates 96a and 98b and the bus OR gate 
821) and is stored in the information memory. It should 
be noted that with some types of gates, it may be advan< 
tageous to connect a capacitor of appropriate capacity 
to the output of the gates 98a and 98b to ensure the 
presence of the code signals from the information 
memory and buffer memory for an adequate period to 
be properly stored in the buffer memory and the infor 
mation memory, respectively. 
As was mentioned above, the addressing of the buffer 

and information memories is also controlled by two 
additional memories. The ?rst of these is an intra-con 
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ol memory 120a. The intra-control memory contains 
ie same number of storage locations as does the buffer 
Iemory (in the illustrative embodiment, 192) and 
:ceives data for storage from a register 122a which, in 
un, is coupled to a data bus 124a from the control 
nit 44. Data appearing on the data bus 124a is set into 
ac register 122a upon the occurrence of the timing 
gnal t1 and is applied to the input of the intra~control 
lemory. That memory is addressed by signals appear 
|g at the output of a bus OR gate 126a. The addressed 
orage location is read in response to the logical OR of 
le clock signals 22! and H l, appearing at the output of 
1 OR gate 1280. The memory writes the data stored in 
ie register 1220 into the addressed location upon the 
ccurrence of the clock timing signal :22. 
Data read from a location of the intra-control mem 
ry is applied to an output bus 130a which, in turn, is 
aupled through a bus AND gate 132a to a register 
34a; the timing signal [1 controls the gating of the bus 
.ND gate 1320. Thus, at the occurrence of the clock 
hase :1, data signals read from the intra-control mem 
ry are applied to the register 134a and stored therein. 
he register 134a serves as temporary storage for these 
ata signals and applies them to a bus AND gate 1360. 
he gating signal controlling the operation of the bus 
tND gate 1360 is the timing signal 12. Consequently, 
uring each 12 clock phase, signals derived from the 
itra-control memory are applied to the bus OR gate 
2a and, in turn, address the buffer memory. Thus, it is 
ie contents of the intra-control memory which deter~ 
line the particular channel storage location selected 
)r gating, during the phase 22, to the information 
lemory. 
The second of the two additional memories men 
oned above is an inter-control memory l20b. The 
iter-control memory and its associated input register 
nd output gating and output register are quite similar 
) that described for the intra-control memory. Speci? 
ally, register l22b coupled to the data bus 1240 is set 
n the occurrence of the clock phase t2 and is coupled 
) the input of the inter-control memory. The inter 
ontrol memory is addressed by signals appearing at 
1e output of a bus OR gate l26b. Data signals are read 
‘om the addressed location of the inter-control mem 
ry in response to the logical OR of timing signals :11 
nd t2], appearing at the output of the OR gate 128!) 
nd data are written into the inter-control memory 
pon the occurrence of the timing signal 112.. Signals 
:ad from the inter-control memory are applied to a 
us l30b which, in turn, is connected to a bus AND 
ate 1321). The clock timing signal 12 controls the gat 
1g of the bus AND gate 132!) which is coupled to a 
:gister l34b. That register is set according to the data 
ppearing at the output of the gate l32b at the occur 
ence of the clock timing signal :21 and applies the data 
:ored therein to a bus AND gate 1361;. The clock 
ming signal I! controls the gating of the gate l36b and 
1e application of the contents of the register 13412 to 
ie bus OR gate 92b. Consequently, during the phase 
I, contents of the inter-control memory control the 
ddressing of the information memory. 
As was mentioned above, the output of the bus OR 
ate 126a is applied to the address data input of the 
itra-control memory. One of the inputs to the gate 
26a is the output of a bus AND gate 1400 to which the 
3 bus is connected and which is controlled by the tim 
ig signal :1. The other input of the bus OR gate 126d 
a the output of a bus AND gate 142a. The gate 142a is 
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8 
connected to an address bus 144 from the control unit 
44 and is controlled by the timing signal 12. 
Thus, during successive t1 clock phases, the intra 

control memory advances sequentially through its stor 
age locations reading stored data therefrom. During 
successive [2 phases, however, the particular address 
selected to be read or written into is determined by the 
control unit 44 as will be described in more detail be 
low. 
_The inter-control memory is addressed in a similar 

fashion to that just described for the intra-control 
memory; however, the C bus is connected to a bus 
AND gate 140!) which is controlled by the timing signal 
[2 rather than the timing signal 11. The output of this 
bus AND gate is applied to previously mentioned bus 
OR gate [261). In addition, the address bus 144 from 
the control unit 44 is connected to a bus AND gate 
l42b which is controlled by the timing signal :1 and 
connected to the bus OR gate l26b. Therefore, during 
successive [2 phases the inter-control memory ad 
vances sequentially through its storage locations read 
ing data from the respective locations. During succes 
sive t1 phases, the particular inter-control memory 
location addressed is determined by data appearing on 
the address bus 144. 

It should be noted that the outputs of both the intra 
control memory and the inter-control memory are ob 
servable by the control unit 44. More speci?cally, the 
output bus 130a from the intra-control memory is con 
nected to a bus AND gate 150a which is controlled by 
the timing signal :2. The output of that bus AND gate 
is connected to a register 152a, which is set by the 
timing signal t2]; the output of that register is con 
nected to the data bus l24b terminating at the control 
unit 44. In like manner, the output bus l30b for the 
inter-control memory is connected to a bus AND gate 
150!) controlled by the timing signal 11. The output of 
that gate is connected to register l52b which is set by 
the timing signal :1 and which is coupled to the data 
bus l24b. Thus, the control unit 44 supplies the data to 
be stored in both the intra and inter-control memories 
through the registers 122a and l22b respectively, and 
observes data read from these memories in the registers 
152a and 152b, respectively. Further, it is capable of 
determining speci?c addresses to be accessed in each 
of these memories. 
The control unit 44 for the illustrative embodiment 

may comprise any one of a number of known and/or 
commercially available processing units having an out 
put data bus, an input data bus, an address bus, and 
discrete signal ports. One such is disclosed in US. Pat. 
No. 3,818,455 issued June 18, 1974 to E. F. Brenski et 
al. In the preferred embodiment, the control unit com 
prises an lntel Corporation micro computer Model 
8080 connected in a basic con?guration known to 
those skilled in the art. See From CPU to Software, Intel 
Corporation, 1974, Page 25. The actual programming 
of this processor to accomplish the specific functions 
necessary to control the above-described time divided 
switching network involves memory searching and se 
lective data storage operations well within the skill of 
those skilled in the art, when guided by the subsequent 
discussion of the operation of that switching network. 
Nevertheless, a ?ow chart for an illustrative portion of 
the control programming together with a listing of the 
correlative assembly language program for the Model 
8080 computer is included in the Appendix. The par 
ticular program portion shown is that used to connect a 
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channel to a digital dial pulse receiver of the type 
above~described. This portion of the programming is 
doubly illustrative in that it demonstrates programming 
for so connecting such a receiver and also the program 
ming principles for connecting two channels together 
across the switching network, as is described in detail 
below. 

In the operation of our invention, and speci?cally, 
the time divided switching network, above-described, 
there are two modes of operation. The ?rst of these is 
the intra-switch mode or call in which one of the tele 
phone station sets 26 (FIG. 1) coupled through a chan 
nel bank 22 to the switching apparatus 20 is to be con 
nected to another of the telephone station sets similarly 
coupled to that switching apparatus 20. Such a call 
requires what is referred to as remote switching. In 
processing this call, the well known functions of scan 
ning for line origination, performing necessary transla 
tions, returning dial tone, collecting digits and perform 
ing additional necessary translations are accomplished 
as is well known in the art and described amply above 
and in the aforementioned copending application and 
the Bell System Technical Journal of September of 
I964. Having determined the appropriate destination 
for the call, the switching network is exercised to de 
velop the required connection between the two station 
sets. For purposes of illustration, an example will be 
employed in the discussion below to describe the pro 
cess of accomplishing such connection through the 
switching network 70 (FIG. 2). 

Referring to FIGS. 5A through 5D, the various mem 
ories employed in the switching network 70 are shown 
with selected of their storage locations shown in sche 
matic form. The numbers appearing adjacent certain of 
the locations identify the respective addresses of such 
locations. For purposes of this discussion, it is assumed 
that the station set associated with channel (time slot) 
“15" of the 192 channels appearing on bus 72a is to be 
connected to the station set associated with channel 
(time slot) “97". 
The first function of the control unit 44 is to locate a 

vacant channel code storage location in the informa 
tion memory. This is accomplished by searching the 
intra-control memory for a storage location containing 
all “0”'s which is used as the idle code. Altemately a 
location map, as is well known, may be employed, 
having one bit assigned to each channel storage loca 
tion in the information memory and having a “0” 
stored in bits assigned to idle channels. A search of 
such a map stored in the memory of the control unit 44 
may be conducted easily and quickly. This method is 
used in the appended program. 

It is assumed here that the storage location 26 in the 
intra-control memory contains an idle code. At this 
point, the control unit 44 applies encoded signals de 
noting the address “26“ to the bus 144 and substan 
tially simultaneously applies encoded signals denoting 
the number “15" corresponding to the channel of the 
originating station set to the data bus 124a. Thereafter, 
at the ?rst occurrence of phase signal t1, the data ap 
pearing on the data bus 124a is set in register 1220. 
Subsequently, when the phase signal t2 gates the ad 
dress data on the bus 144 through the bus AND gate 
142a and the bus OR gate 126a the code stored in the 
register 122a is transferred to intra-control memory 
location 26. This is illustrated in FIG. 58 wherein the 
storage location 26 in the intra-control memory 120a is 
shown storing the number “I5”. 
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Thus, when as described above, the clock count 

reaches “26” and the intra-control memory is ad 
dressed during phase ll through the bus AND gate 
140a and bus OR gate 1260, the memory outputs the 
appropriately encoded number “l5” to the bus 1300. 
In addition, that coded number is stored in the register 
1340 at time 11 for subsequent use during phase [2 to 
address the buffer memory. It should be noted that 
substantially simultaneously in phase rl the clock count 
signals encoding the number “26" are gated through 
the bus AND gate 11% and the bus OR gate 92b to 
address the information memory 841:. Here it must be 
recalled that during the ?rst half of phase 12 i.e., during 
sub-phase :21 code signals stored in the addressed 
information memory channel location are read and 
gated through bus AND gate 96b to the input of the 
buffer memory 840 and substantially simultaneously 
code signals stored in the addressed buffer memory 
location are gated through the bus AND gate 960 to the 
input of the information memory 84b. Thereafter, dur 
ing sub~phase :22 code signals appearing at the inputs 
of the two respective memories are stored in the ad 
dressed locations. In the illustrative example men 
tioned above, data is thus exchanged between channel 
location 15 of the buffer memory and channel location 
26 of the information memory. 
The control unit 44 also stores, in the same manner 

as described above, a code representing the number 
“97" in the storage location 122 of the intra-control 
memory. The number “97" is the channel identi?ca~ 
tion number for the destination station set and the 
storage location 122 is selected since it corresponds to 
the storage location 26, modulo 96. More speci?cally, 
since the infonnation memory includes only 96 loca 
tions, its location 26 is addressed in the clock cycles 
when location 26 or 122 of the intra-control memory is 
addressed in response to C bus signals. 
With the above-described data stored in the intra— 

control memory, it should be apparent that channel 
location 26 in the information memory is employed as 
a mutual repository for information from either of the 
station sets. Speci?cally, code signals from buffer mem 
ory channel location 15 are reposited in information 
channel location 26. Later those code signals are trans 
ferred to buffer memory channel location 97 which 
then reposits its code signals in information memory 
channel location 26 to be transferred subsequently to 
buffer memory channel location 15. 
Referring to FIGS. 6A through 6D, when the user of 

a telephone station set 26 makes a call requiring con 
nection with another telephone station set not directly 
connected to the switching apparatus 20, access must 
be had to the central of?ce 24. Such a call is referred to 
as an inter-switch call and is accomplished in much the 
same fashion as that described above. Again, for pur 
poses of illustration, an example will be employed to 
describe the operation of the switching network 70. 
Speci?cally, it is again assumed that the calling sta 

tion set is assigned channel (time slot) 15. The intra 
control memory is ?rst searched by the control unit for 
a storage location containing the idle code all “0””s. 
This may be accomplished by sequentially reading the 
intra-control memory locations and observing the re 
sults on bus 1241: from register 1520. Alternatively, if 
desired, a map of available locations and thus, chan 
nels, may be maintained in the memory of the control 
unit. In any event here it is assumed that location 26 is 
vacant. As a result, in the manner described above, the 
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control unit 44 stores a code denoting “15" in intra 
control memory location 26. In this instance, however. 
location 122 of that memory need have no speci?c 
code stored therein except a busy code since data de 
posited in information memory channel location 26 
from the buffer memory is not to be returned to any 
channel location in the buffer memory. it is necessary, 
however, that location 122 of the intra-control memory 
be assigned a busy code to prevent its selection for a 
subsequent call; the busy code is all “ l ‘"s. 
Thereafter, the inter-control memory (or the buffer 

memory map) is searched for a memory location con 
taining the idle code. in this instance it is assumed that 
inter-control memory location 1 contains such a code. 
This particular location, as will be seen below. identi 
?es channel I of the buses 72b and 74b as the conduit 
channel for the information appearing in channel 15 in 
the buffer memory. A code corresponding to the num 
ber “26" is stored in inter-control memory location 1. 
Referring to FIGS. 6A through 6D, pictorial represen 
tations of the memories and the pertinent data stored 
therein are shown. 
After the memories have been set up as described 

above, operation of the switching network is as follows. 
When the clock count reaches “26", the code signals 
are exchanged between buffer memory channel 15 and 
information memory channel location 26. Since the 
process of exchange is substantially as described earlier 
in connection with an intra-switch call, no additional 
discussion of that transfer is included here. However, 
when the clock counter reaches a count of “l", the 
code appearing on the C bus is gated during phase :2 
through bus AND gate l40b and bus OR gate l26b to 
the inter-control memory address input. As a result, the 
contents of inter-control memory location 1, namely, 
the code signals denoting the number “26”, are read 
from that memory and applied to the bus l30b. These 
code signals are then gated into the register 134b and 
stored. Thereafter, during the phase 11 the code signals 
denoting the number “26” are gated to the information 
memory where they are employed as addressing infor 
mation. Thus, during the phase 11 the addressed chan 
nel location of the information memory is location 26. 
As a result, during phase tl code signals stored in that 
location are read and gated to the bus 74b, in channel 
1 for that bus. Subsequently, during sub-phase [12, 
code signals received on the bus 72b are gated to the 
input of the information memory and stored in channel 
location 26. Thus, information memory channel stor 
age location 26 is used as an intermediate repository 
for code signals on buses 72a and 74a in channel 15 
and on buses 72b and 74b in channel 1. 

APPENDIX 

The following ?ow chart and program are illustrative 
of programming processes useful in connection with 
our invention. This particular program couples a prede» 
termined originating channel to a digital dial pulse 
receiver channel. In this program a memory map 
(stored in the memory of the control unit 44) for the 
information memory is used to indicate the busy/idle 
status of particular time slots (“TS") or channels. A 
“0" stored in a particular bit in the map indicates that 
a corresponding storage location (channel) in the in 
formation memory is idle. In the illustrative embodi 
ment the map comprises twelve 8 bit words with the 
?rst word containing map bits for time slots 88 through 
95 and the last word containing map bits for time slots 
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0 through 7. During a search of this map. a register “D" 
contains the current map word address and a register C 
contains the current map bit address. 

FLOW CHART 

Locate Idle Dial 
Pulse R 'ceiver 

sequentially Search Infor 
mation Memory Map Until 
First Map Bit 
Containing "O" is Located 

Calculate TS 
TS = Bx l2~D + C 

Write "1" into word D bit C 
in information Memor Ma 

Write Originating Channel 
Number in Location TS in 
lntra-Control Memorv 

Write Busy Code (llllllll) 
in Location TS + 96 in 
lntra-Control Memory 

Determine Receiver Time 
Slot Number (RTS) for 
Idle Receiver Located 

Write TS into Location 
Number RTS in inter 
Control Memory 

[71: 

PROGRAM 

RCR SCAN LXI H <a,> <a,> 
MOV A, M 

1c PATH SCAN 
oca a 
12 NOIDLEREC 
.lMP LOOP 

JC TS NO. 
DCR c 
JZ NEXTWORD 
JMP LOOP l 
oca o 
12 NOIDLEPATH 
JMP LOOP 2 

sun 0 
RLC 
RLC 

ADD. REC. MAP 

LOOP 

PATH SCAN ADD. TS MAP 

LOOP 2 
LOOP l 

NEXTWORD 

TS No. 



3,997,874 
13 

PROGRAM-continued 
RLC 
ADD C 
MOV C. A 
LXI H INTRANE'I'CON 
MOV D. M 
INX H 
MOV E. M 
ADC E 
.INC NOCAR 
INR D 
MOV E. A 
LXI H TERM l 
MOV A. M 
STAX D 
MVI A <96> 
ADC E 
JNC NOCAR 2 
INR D 
MOV E, A 
LXI H TERM 2 
MOV A. M 
STAX D 

INTRACONMEM 

NOCAR 

NOCAR 2 

INTERCONMEM 
MOV A. B 
RLC 
RLC 
RLC 
LXI H INTERNETCONT 
MOV D, M 
INX H 
MOV E, M 
ADC E 
JNC NOCAR 3 
INR D 
MOV E, A 
MOV A, C 
STAX D 

NOCAR 3 

While the above description of our invention is pres 
ented in connection with a particular illustrative em 
bodiment, it is by no means intended to be limited to 
that embodiment. Rather, it is our intention to encom 
pass all embodiments of the principles of our invention 
as are properly within the spirit and scope of the ap 
pended claims. 
What is claimed is: 
l. Time divided switching apparatus for use with a 

?rst channel bus for conducting digital code signals, 
comprising: 
a ?rst memory means having a ?rst set of storage 

locations; 
?rst means adapted for selectively coupling said ?rst 
memory means to receive code signals from such 
?rst channel bus; 

a second memory means having a second set of stor 
age locations; 

second means for selectively coupling said second 
memory means to said ?rst memory means for 
transfer of stored code signals to said ?rst memory 
means; 

third means for selectively coupling said ?rst memory 
means to said second memory means for transfer of 
stored code signals to said second memory means; 

clock means for generating control signals de?ning at 
least two phases of operation of said apparatus and 
for generating sequential address signals, said ?rst 
memory means being responsive to said sequential 
address signals during a ?rst of said phases and said 
second memory means being responsive to said 
sequential address signals during a second of said 
phases; 

means for storing address codes; and 
means responsive to said means for storing address 
codes for generating additional address signals for 
controlling said ?rst memory means during said 
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second phase and for controlling said second mem 
ory means during said ?rst phase; 

said ?rst, second, and third means being individually 
coupled to said clock means to be responsive to 
predetermined ones of said control signals. 

2. Time divided switching apparatus as in claim 1 
further comprising fourth means adapted for selec 
tively coupling said ?rst memory means to transfer 
stored code signals to said ?rst channel bus in response 
to at least a predetermined one of said control signals. 

3. Time divided switching apparatus as in claim 2 
wherein said means for storing address codes com 
prises: 
a third memory means; and 
a fourth memory means; and wherein; 
said means for generating additional address signals 

is responsive to said third memory means for con 
trolling said ?rst memory means during said second 
phase and to said fourth memory means for con 
trolling said second memory means during said first 
phase. 

4. Time divided switching apparatus as in claim 1 
wherein said control signals comprise a ?rst phase sig 
nal and a second phase signal and said second and third 
means are each coupled to said clock means to be 
responsive to said second phase signal. 

5. Time divided switching apparatus as in claim 4 
wherein said ?rst means is coupled to said clock means 
to be responsive to said ?rst phase signal. 

6. Time divided switching apparatus as in claim 5 
further comprising fourth means responsive to said ?rst 
phase signal and adapted for selectively coupling said 
?rst memory means to transfer stored code signals to 
said ?rst channel bus. 

7. Time divided switching apparatus as in claim 1 for 
use with a second channel bus for conducting digital 
code signals, further comprising: 

fourth means adapted for selectively coupling said 
second memory means to receive code signals from 
said second channel bus; 

said fourth means being coupled to said clock means 
to be responsive to at least a predetermined one of 
said control signals. 

8. Time divided switching apparatus as in claim 7 
further comprising ?fth means adapted for coupling 
said second memory means to transfer stored code 
signals to said second channel bus; 

said ?fth means being coupled to said clock means to 
be responsive to at least a predetermined one of 
said control signals. 

9. Time divided switching apparatus as in claim 8 
wherein said control signals comprise a ?rst phase sig 
nal and a second phase signal and said fourth and ?fth 
means are each coupled to said clock means to be 
responsive to said ?rst phase signal. 

10. Time divided switching apparatus as in claim 9 
further comprising sixth means adapted for selectively 
coupling said ?rst memory means to transfer stored 
code signals to said ?rst channel bus; 
and wherein: 
said ?rst and sixth means are each coupled to said 
clock means‘ to be responsive to said ?rst phase 
signal; and 

said second and third means are coupled to said 
clock means to be responsive to said second phase 
signal. 
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ll. Time divided switching apparatus as in claim 10 
wherein said means for storing address codes com< 
prises: 
a third memory means; and 
a fourth memory means; 
and wherein; 
said means for generating additional addressing sig 

nals is responsive to said third memory means for 
controlling said ?rst memory means during said 
second phase and to said fourth memory means for 
controlling said second memory means during said 
?rst phase. 

[2. A switching network for use with at least one time 
division multiplexed bus having incoming and outgoing 
segments, each segment having a predetermined num 
ber of time divided channels, each of such time divided 
channels being adapted to transmit any one of a plural 
ity of codes. comprising: 

?rst memory means for storing any one of such codes 
for each channel in a storage location identi?ed by 
a unique address; 

second memory means for storing any one of such 
codes for each of a plurality of such channels in any 
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one of a plurality of storage locations, each identi 
?ed by a unique address; 

address generation means for generating ?rst sequen 
tial addresses; 

third memory means for storing predetermined sec 
ond addresses; 

addressing means responsive to said address genera 
tion means for addressing said ?rst memory means 
and to said third memory means for addressing said 
second memory means and alternately responsive 
to said address generation means for addressing 
said second memory means and to said third mem 
ory means for addressing said ?rst memory means; 
and 

gating means including means for gating the contents 
of the location of said ?rst memory means ad 
dressed by said addressing means to alternately 
said outgoing segment of said time division multi 
plexed bus and said second memory means, and 
means for gating to said ?rst memory means alter 
nately the contents of the location of said second 
memory means addressed by said addressing means 
and said incoming segment of said time division 
multiplexed bus. 

* * * 


