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[57] ABSTRACT

Multibit digital signals, being telephone call signal sam-
ples from different simultaneous call connections and
coded in an ordered coding system, are stored in differ-
ent locations of a first buffer store. The respective sig-
nals are coupled through a stored program controlled
switching processor to randomly selectable locations of
a second buffer store for transmission to corresponding
respective different call destinations. A register is pro-
vided in the switching processor for temporarily storing
each signal as it is coupled through the processor. Also
included in the processor is the capability for additional
selectable processing of those coupled signals en route.

29 Claims, 7 Drawing Figures
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COMMUNICATION SYSTEM USING
INTELLIGENT NETWORK PROCESSOR

Matter enclosed in heavy brackets appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to communication system
switches through which digitally coded call signals are
coupled to effect call switching.

2. Prior Art

Various types of signal switches are known in the art
and some examples include space division switching
matrices, resonant transfer systems, and systems in
which pairs of time gated subscriber lines are intercon-
nected through a time-shared bus. Most of the existing
switching systems have been primarily designed for
handling continuous analog signals or discrete samples
of such analog signals. However, the space division
matrices have been utilized, often in conjunction with
time slot interchangers, for switching digitally coded
signal samples. In addition, techniques are known for
effecting limited call signal switching by writing digi-
tally coded signal samples into a buffer memory and
then reading them out in appropriate time slots to effect
their transfer to a second party on a call connection.
‘However, none of the foregoing systems has convenient
arrangements for processing call signals for, e.g., cus-
tom insertion of loss or gain to compensate in part for
factors such as different line lengths between the switch
and the subscriber’s terminal equipment.

In prior art switching systems the conference capabil-
ity has often been satisfied by employing an add-on type
of conference bridge in which call signals of all confer-
ence participants are combined and the combined result
1s returned to each individual participant’s line circuit
where that particpant’s input signal is substantially sub-
tracted out. The need to balance these conference cir-
cuits against signal regeneration is a problem that is
usually present, and it becomes particularly acute as the
number of conference participants increases. Here again
the conference bridge usually serves no other useful
purpose in the system in the absence of a current need
for the conferencing function. Electronic switching
systems, to the extent that they have been applied to the
switching of digitally coded signals, can provide many
services to subscribers by utilization of the common
control processor capabilities, but those services usually
are limited to call administration services as distin-
guished from call signal modification services. In addi-
tion, such systems still generally depend upon the em-
ployment of separate, controlled, space division switch-
ing matrix for call path switching; and they generally
are not deemed to be practical for processing call sig-
nals for providing, e.g., customized loss or gain in indi-
vidual call connections.

It 1s, therefore, one object of the present invention to
improve communication system switches.

It 1s another object to facilitate the provision of spe-
cial services in addition to the primary call signal
switching service performed by a system switch.
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SUMMARY OF THE INVENTION

The foregoing and other objects of the invention are
realized in an illustrative embodiment in which call
signal samples for plural call connections are coupled
from a first sample buffer store, in any order regardless
of call signal destination, to a second sample buffer store
at locations predetermined by respective predetermined
destinations for each sample for effecting call switching.

In one embodiment the coupling is performed by a
signal processor which includes selectably programma-
ble facilities for processing the call signals in transit
through the processor in order to effect other switching
system functions.

It 1s a feature of one embodiment of the invention that
the switching processor includes multiple programma-
ble selectable signal paths each including at least one
program-clocked register in the path between input and
output ports of the processor in order to keep signal
ripple paths relatively short to facilitate operation at
speeds in excess of those usually found in communica-
tion system processors presently available in the art.

It 1s another feature that the instruction repertoire of
the switching processor is devoid of jump instructions
and employs instead conditionally executable instruc-
tions in order to facilitate the aforementioned high-
speed type of processor operation.

An additional feature of the invention includes
switching processor cooperation with additional
switching office elements such as call communication
paths into and out of the office, office clock supplies,
scanning and service processors, and a common control
processor in a fashion which is analogous to that in
which a conventional switch cooperates with such ad-
ditional switching office elements .

It 1s yet another feature of one embodiment of the
invention that the switching processor communicates
through a first memory region with circuits bearing call
signals to and from the switch and communicates
through a second memory region with service circuits
of types commonly known in the art for providing call
communication administration functions such as tone
generation and detection, and dialed digital analysis.
The second memory region also advantageously in-
cludes a scratch pad memory area for facilitating the
processing of computations required of the switching
processor in the performance of certain selected switch-
ing functions.

Still another feature of the invention involves the
inclusion in the switching processor of a clocked
pointer register which is loadable from either the pro-
cessor input or its output and which register has its
output selectably applicable for addressing either of the
aforementioned two memory regions in substitution for
address signal sources otherwise provided by a program
counter or program memory outputs.

It 1s an additional feature that a plurality of switches
of the type described can be conveniently intercon-
nected to enlarge the overall traffic handling capacity.

BRIEF DESCRIPTION OF THE DRAWING

A more complete understanding of the invention and
its various objects, features, and advantages may be
obtained from a consideration of the following detailed
description in connection with the appended claims and
the attached drawings in which



Re. 31,651

3

FIG. 1 is a simplified block diagram of an overall
communication switching office utilizing a switch mod-
ule according to the present invention;

FIGS. 2 through 4 comprise a more detailed block
diagram of the memories and switching processor uti- 5
lized in the office of FIG. 1;

FIG. § illustrates typical program memory Instruc-
tion output fields for data converting instructions, for
data moving instructions, and for arithmetic/logic in-
structions in the switching processor; 10

FIG. 6 is a timing diagram illustrating selected opera-
tions of the switching processor of FIGS. 2 and 3; and

FIG. 7 is a block and line diagram illustrating one

way to interconnect plural switch modules of the type
shown in FIG. 1. 15

DETAILED DESCRIPTION

FIG. 1 illustrates a communication call signal switch-
ing office. This office operates on various types of sam-
ples of communication call signals. It 18 assumed for 20
purposes of illustration that each sample is at least one
bit of a coded digital signal, and in most cases the sam-
ple is a multibit coded digital signal sample. This office
will for convenience of description be described primar-
ily in terms of the switching of digitally coded tele- 25
phone system signals. It is to be understood, however,
that the switching office is similarly applicable for the
switching of other digitally coded signals such as data
signal samples transmitted between different business
machines. 30

Digitally coded signals from terminal equipment of
telephone system subscribers or other network users
(not shown) are, in a telephone-type parlance, supplied
from one party on a talking path continued in one of
coaxial input circuits 10 and are coupled to an input 35
buffer store 11. From the store 11 the signals are cou-
pled through a switching processor 12 to an output
buffer store 13 for further coupling on a listening path
to the other party for each call connection. The listen-
ing paths are included in one or more coaxial output 40
circuits 16. In a typical digital communication system
each of the coaxial input circuits 10 and the output
circuits 16 advantageously includes many multiplexed
digital signal samples, and in one system 128 16-bit sam-
ples from 128 subscriber lines are included on a single 45
coaxial circuit in each sample period. For convenience
of description the input signals to the store 11 are some-
times called “mouth signals” and the output signals of
store 13 are sometimes called “‘ear signals™.

Each of the stores 11 and 13 is divided into two mem- 30
ories or memory areas. These include memories 17 and
18 in store 11 and memories 19 and 20 in store 13. In one
Nustrative communication system each of the coaxial
cables is operated at a 16,384 megabit/second rate, and
that rate is herein simply designated 16mb/s or 16M. In 53
such operation bit series signals are digitaily coded in an
ordered positional coding scheme such as, for example,

a companded pulse code modulation coding system of a
type that is being increasingly used in the art. In such a
companded system eight bits of code are used to define 60
256 possible signal amplitude levels, 128 positive and
128 negative. Such a system provides a resolution
equivalent to 13 bits of code in a linear pulse coding
system.

In each office sample time, i.e., a time in which a full 65
digitally coded call sample from every source on any
given input coaxial line is received, the two memories of
each store 11 and 13 serve different functions, and in the

4

following office sample time they exchange functions
under control of an office clock derived signal EVEN-
/ODD SAMPLE shown in FIG. 1. Such alternating
memory functions sometimes cause the term “ping-
pong” operation to be applied to the store. Discrete
ganged switches 21 through 23 in store 11 and 24
through 26 in store 13 are utilized for schematically
representing this type of operation for coded digital
signal paths, and the ganging to the EVEN/ODD sig-
nal schematically represents simultaneous control of
those switches in response to the office clock.

In the illustrated positions for those switches in FIG.
1, digitally coded mouth signal samples of all input
coaxial circuits 10 are loaded into the memory 17 while
processed ear signal samples are simultaneously being
applied to the output coaxial circuits 16 from the mem-
ory 19. At the same time mouth samples from all of the
input coaxial circuits 10 which had been stored in the
memory 18 during a prior sample time are now coupled
through the switching processor 12 for appropnate
switching and any other necessary processing prior to
being stored in randomly selectable locations in the
output memory 20 according to the proper routing of
each call signal. In the next office sample time the
switches 21 through 26 are operated to their illustrated
alternate positions to interchange the functions of the
memories 18 and 20 to communicate with the coaxial
circuits while the memories 17 and 19 provide input
buffer and output buffer functions, respectively, for call
sample data to be processed in the switching processor
12.

Data signal samples are advantageously coupled be-
tween the processor 12 and the buffer stores 11 and 13
in bit parallel fashion. The schematic representations of
those stores are considered to include any additional
logic not separately shown which is appropriate for
converting between the digital signal format utilized on
the coaxial circuits and the digital signal format utihized
by processor 12.

Memories 17-20 of FIG. 1 are each addressed from
either a clock counter 1 or the switching processor
outputs, to be described, on a functional circuit 2. The
selection between those two sources is schematically
represented in the drawing by additional switches 3-6
ganged to be operated together with the switches 21-26
by the EVEN/ODD sample number signal in synchro-
nism with the operation of clock counter 1. As illus-
trated, memories 17 and 19 are coupled to the input and
output coaxial cables, respectively, and are addressed
with the same address information from the counter 1.
Similarly, the memories 18 and 20 are coupled to the
processor circuit; and one or the other is addressed at
any given time by signals from that circuit. This ar-
rangement can handle 16 coaxial circuits in and out
assuming 16M coaxial operation and use of the proces-
sor 12 to be described.

Operation of the switching processor 12 will be dis-
cussed in detail in connection with FIGS. 2 and 3. It 1s
sufficient at this point to make several observations of
rather general significance. The switching processor 12
cooperates with the stores 11 and 13 to effect a non-
blocking type of switching operation. That processor is
advantageously a microprocessor type of unit that not
only effects switching to make any coaxial circuit time-
space input path connectable to any other coaxial time-
space output path to effect multiple duplex call connec-
tion paths, but it also effects selectable additional pro-
cessing of signals coupled through the processor 12.
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That additional processing is applied as determined by
the nature of the individual subscriber signal path, e.g.,
inserting customized gain or loss to facilitate the
achievement of a predetermined loss level requirement
for the office. Additional processing is also applied

according to the nature of a particular call connection,

€.g., computations for conferencing or for customized
multiplexing of plural input subscriber signals onto a
single output time-space channel.

Operation of the switching processor 12 is deter-
mined by a program memory 28 which illustratively has
a capacity of approximately 1500 words. That memory
1s written by a common control 29 to contain a separate
subroutine (examples to be described) for each call
connection to be processed by the processor 12 in ef-
fecting coupling from store 11 to store 13. The memory
28 i1s completely read in response to office-clock-
generated address signals once during each office sam-
ple time. For each such call connection the subroutine
defines a mouth signal location in either of the memories
of the input store 11 and it further defines at least one
register in the processor 12 to which that mouth signal
Is to be moved. The subroutine also defines any neces-
sary custom processing for the corresponding sub-
scriber line and call involved, and it names a register in
either of the memories of the output store 13 (or in a
lemporary storage register in a processor data memory
J0) to which the processed ear signal is to be moved.

These switching processor subroutines are not re-
quired to be executed in any special sequence because
all call connections are necessarily so processed once

‘during each sampling period. This is possible because

during any given office sample time, there are available
to processor 12 on a randomly addressable basis in one
memory of store 11 input samples of all calls taken in
the previous office sample time as a data souce, and all
locations of one memory in store 13 are available on a
randomly addressable basis as a data sink for output
samples of all calls for the next office sample time.
The common control 29 performs typical switching
system stored program control functions for servicing a
communications switch. It includes a scanning process-

sor (not separately shown) for observing the states of

individual subscriber lines (not shown) served by the
system and the respective signals of which appear in
digitally coded form in some convenient time-inter-
leaved format on the coaxial circuits 10 and 16. The
common control also includes a processor which is
required for responding to requests for changes in ser-
vice being accorded to the subscriber lines, system
maintenance, and resource allocation (maintaining in

memory maps and tables of the state of utilization of

office equipment such as the operating memories).
One commercially available processor employed in
an embodiment of the type here described is the LSI-11
microcomputer of the Digital Equipment Corporation
and described as to hardware (including bussing ar-
rangements), system software, applications, and mainte-

nance in the DIGITAL Microcomputer Handbook of

that corporation published in 1976. For example, the
common control processor responds to new on-hook or
off-hook conditions. The common control processor
also effects necessary number translations and initiates
corresponding call path changes by writing or erasing
appropriate subroutines in the program memory 28.
One typical number translation produces, from the di-
rectory number of either a calling or a called party, the
types of services the particular subscriber is entitled to.
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Also included in such a translation output for an em-
bodiment of the present invention is an indication of the
level of gain or loss to be applied by the switching
processor 12 to signals of various amplitudes for any
particular subscriber line in order to achieve a predeter-
mined system loss level plan. The translation output
also indicates whether or not signals for that subscriber
must be in a linear or a companded coding form.

The data memory 30 communicates data bidirection-
ally as to the common control 29, the switching proces-
sor 12, or a service processor 31. One embodiment of
the present invention involves sufficient reserve capac-
ity in processor 12 and data memory 30 to permit the
latter memory to service similarly at least one additional
port 34 communicating with external equipment, but
that reserve capability is not generally further consid-
ered in following description. The memory 30 is ad-
dressed from one of various selectable sources (not
shown in FIG. 1) including a pointer register in switch-
ing processor 12 for employing computed addresses, a
command register in processor 12 for providing ad-
dresses according to processor instructions, the office
clock counter for providing periodic sequential address,
and the common control processor in common control
29 for providing additional computed or programmed
access to the memory.

Data memory 30 has two principal functions. One of
these is to provide in a service area a buffer store, analo-
gous to the stores 11 and 13, to provide communication
between switching processor 12 and the service proces-
sor 31. For example, during times which are of interest
for network administration common control 29 sets a
mouth signal path from the calling party location in
input store 11 to the switching processor 12 and then to
a specified address in the service area of memory 30
prior to being relayed to the service processor 31. This
type of signal might include, for example, dialing signals
received from a calling line. Similarly, through ear
signal paths to calling and called subscribers, service
processor 31 generates signals which are moved from
that processor to the service area of data memory 31
and from there to switching processor 12 on the way to
the output store 13. These types of signals might in-
clude, for example, dial tone signals, or ringback signals
for a calling party, or ringing signals for a called party.
Likewise, through a mouth signal path from the called
party, ringing signal information is used by the service
processor to detect called subscriber off-hook condition
for accompanying ring-tip functions.

Memory 30 also includes a scratch pad area to pro-
vide temporary storage for holding a value produced in
the performance of switching processor 12 operations,
either during network signal processing of when off-line
in a call sense, which must be held for future use. The
expression “network signal processing™ has reference to
digital call sample switching and in some cases, modifi-
cation by processor 12. One example of the scratch pad
function is the use of a location in that area for accumu-
lating input mouth signal amplitudes for a conference
signal summation.

FIGS. 2 and 3 comprise a block and line diagram,
when assembled together as indicated in FIG. 4, indi-
cating in greater detail the structure and cooperation of
the buffer store function and the switching processor 12
in association with the common control through the
program and data memories. All of the indicated blocks
are either commercially available integrated circuits or
are made up in a straightforward way from such circuits
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to produce certain logical functions to be described.
The assemblage of these elements, however, represents
a microprocessing combination that allows perfor-
mance of the switching processor 12 in the new way
described to enhance communication switching facil-
ties.

The switching processor 12 and associated circuits
are advantageously driven in synchronous fashion by an
office clock 52 which is, for purposes of illustration,
operated at a frequency of approximately 16 MHz.
Output from this clock drives a binary clock counter 37
(corresponding to counter 1 in F1G. 1) to produce out-
put counter bits CT ¢-10 to various locations of the
switching processor 12 and its associated circuits. OQut-
put of the counter 37 is also applied to a circuit desig-
nated control logic 86 which produces additional func-
tional clock signals for controlling those associated
circuits. An additional counter output signal CT 11 1s
separately provided for a purpose to be noted.

A program counter 51 is also driven by the output o
the clock 52. However, this counter also receives a C/P
signal from the control logic 86 and which is utilized
within the counter to inhibit application of every fourth
pulse from the clock 52 so that program counts are
correspondingly interrupted for a purpose 10 be de-
scribed. Output from the program counter 51 is applied
through a multiplexer 49 for addressing the program
memory 28 as will be subsequently further described.
That is a 11-bit output as indicated by the diagonal line
across the illustrated lead and by the associated number
11. In addition, output from the counter 51 is also ap-
plied to the control logic 86.

The logic 86 responds to outputs from clock counter
37 and program counter 51, as well as to additional
interface control signals supplied from the common
control processor 29' by way of coupling logic 58, for
generating signals shown on output leads of the logic
86. Some of those signals are periodic and others are
dependent at least in part on control signals from com-
mon control processor (CCP) 29' in order to reconcile
the clocked switching processor 12 operation with the
operation of the CCP 29° which 1s asynchronous as to
the switching processor 12.

The principal periodic signals from logic 86 are 1llus-
trated in FIG. 6 and include signals designated C/P,
SRVI, SRVO, and CCPEN for purposes to be de-
scribed. That figure also shows the five least significant
stage outputs CT¢-CT4 of counter 37, and an all-
7ERO count state for those stages appears toward the
right-hand side of the diagram. The CT¢ output is from
the first stage and thus shows an 8 MHz rate since the
counter is driven by 16 MHz pulses from clock 52. The
C/P signal from logic 86 has a 4 MHz rate with a duty
cycle such that it includes one pulse, of the width of a
CT¢ pulse, every four clock times. This signal is used 1o
time divide across to a single memory 32, correspond-
ing to the memories 17-20 in FIG. 1, between the coax-
ial circuits 10 and 16 (C/P high) and the processor 12
(C/P low). Wave A in FIG. 6 is the same as the wave
C/P, but it has different legends to show when several
of the signals of logic 86 appear during times of access
to the memory 32, i.e., while switching processor 12 is
disabled for lack of instruction because program
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signals indicated by the legends are SRVI, SRVO, and
CCP, as well as EXTI and EXTO relating to the afore-
noted additional port 34 on data memory 30. Signals

8

corresponding to those first three legends are also
shown in FIG. 2.

Signals provided through the coupling logic 55 are
typical of those provided for an interfacing function
between processors and include, for example, from the
CCP 29 a synchronizing signal SYNC, and additional
signals indicating either that the CCP 29’ needs to take
in signals from the switching processor 12 or it needs to
send out signals to that processor and its associated
memory circuits. In addition, a signal is typically pro-
vided from the processor 12 by way of control logic 86
constituting a processor reply signal advising CCP 29’
that previously requested data has been assembled and
is ready in an output buffer register, to be described, for
the CCP 29'.

Output signals from control logic 86 are utilized pri-
marily for controlling the loading and the output en-
abling functions of different interface registers assoCi-
ated with the processor memories and the CCP 29"
These control signals are in some cases illustrated in the
timing diagram of FIG. 6, and their mode of utilization
is otherwise outlined in the following description of the
interface logic between CCP 29° and the switching
Processor memories.

A transceiver 48 provides bidirectional coupling of
data and address signals between that and CCP 29" on a
bidirectional 16-bit bus. Transceiver 48 illustratively
uses type 8T38 transceivers of the Signetics Corpora-
tion. Also associated with the transceiver 48 is a unidi-
rectional 16-bit input bus designated BIN ¢-15 for re-
ceiving data and address signals from the memories
associated with the switching processor 12. Similarly, a
16-bit output bus designated BOUT ¢-15 suppiies data
and address signals from the common control processor
to those memories. The direction of coupling of signals
in transceiver 48 at any one time is controlled by well-
known logic within the schematic representation of that
register and which normally couples signals there-
through in the outward direction from CCP 29 in the
absence of a control signal indicating the coincidence of
a CCP signal requesting data and a switching processor
signal indicating by its reply signal state that the data is
ready.

Several applications are made of the BOUT $-15
signal bits from transceiver 48. They are directly ap-
plied to the program memory 28 to supply input data
which loads that memory with the appropriate program
routine instructions to control the processor 12 for ef-
fecting call signal switching and processing. The same
signals BOUT ¢-15 are also coupled to a buffer register
CCPIN 80 as data for loading the data memory 30.
Signals are clocked into the register 80 by a CCPRW
signal from control logic 86 and which is produced
upon occurrence of the CCPEN signal wave pulse in
FIG. 6 following a coupling control signal from logic
§5 indicating that the CCP 29’ needs to send data to data
memory 30. Output from register 80 is enabled by the
regularly occurring CCPEN signal from logic 86. Thus,
the register output is periodically enabled for loading
data memory 30 whether or not there is actually new
data present in the register 80 but loading into memory
30 takes place only on the WRTDM signal from logic
86. The signals BOUT ¢-15 are also applied to an ad-
dress register 50 upon occurrence of the aforemen-
tioned SYNC signal from CCP 29'. This address infor-
mation in register 50 is continuously available to an-
other input of the multiplexer 49 for addressing pro-
gram memory 28. That multiplexer is controlled by the
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C/P signal to apply outputs of register 50 during times
of coaxial access to memory 32 and apply outputs of
counter 51 during times of processor 12 access to mem-
ory 32.

Further in connection with loading data into program

memory 28, a WRTPM signal from logic 86 enables
writing into that memory. This signal appears at
CCPEN clock time pulse of FIG. 6 following control
and address signals from CCP 29’ indicating that com-
mon control needs to write the program memory. CCP
29’ is advantageously equipped with resource allocation
capability of a type well known in the art for shifting
stored information in memory 28 as call paths are set up
and taken down to assure adequate contiguous storage
locations for each new subroutine to be stored.

Two sources for the BIN ¢-15 signals to transceiver
48 are shown in FIG. 2. One of these is from the data
output of program memory 28 by way of a CCP register

65. That register is [cloced] clocked by an RDPM

function clock signal from logic 86 which is derived
[form] from a signal from the coupling logic 55 indi-
cating the CCP 29’ needs to read output data from the
program memory 28. Output of CCP register 65 is en-
abled by an ENBLM signal from logic 86 indicating
that CCP 29’ needs to receive data from this register
and that a synchronizing signal from the processor 29’
has been received; and that register 65 has been loaded
from program memory 28, i.e., reply is ready. An addi-
tional source for the signals BIN ¢-15 is a CCPOUT
register 83 which has data clocked into it upon occur-
rence of the RWCCP signal from logic 86 after occur-

‘rence of a signal from CCP 29 indicating that it needs

data from this source. Similarly, output from register 83
to the transceiver 48 is enabled asynchronously by the
aforementioned ENBLM signal on an indication that
CCP 29 needs data from this source.

Additional interface coupling is provided between
switching processor 12 and service processor 31 by way
of data memory 30 and buffer registers SRVIN 79 and
SRVOUT 82. Register 79 is advantageously loaded
from the service processor by the clock counter bit
CT3; however, in some applications it is more conve-
nient to provide that type of clocking signal from the
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service processor 31. Output from register 79 to mem-

ory is enabled by the FIG 6 periodic SRVI signal ap-
pearing as an output of logic 86. Similarly, register 82 is
loaded from memory 30 by the periodic SRVO signal,
and 1ts output is continuously enabled for whenever the
service processor samples it.

The remainder of the present description is con-
cerned with the switching processor 12 details and its
operation with respect to signals coupled by that pro-
cessor between different parts of memory 32 with the
cooperation of the data memory 30 and under the con-
trol of the program memory 28 and common control 29.
In FIG. 2 the call buffer memory 32 represents the
combined functions of the memories 17-20 in FIG. 1.
Memory 32 is addressed by a single set of address sig-
nals at a time from a multiplexer 33, and input data is
supplied through a multiplexer 36. Both multiplexers
are controlled by the clock-derived signal C/P which
allows coaxial line access to the memory 32 during one
out of every four clock times of the office clock and for
allowing switching processor 12 access to the memory
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32 during one or more of the remaining ones of the four 65

clock times.
Call buffer memory 32 is a single memory provided
to perform the aforementioned ping-pong type memory

10

function described in connection with the four memo-
ries 17-20 of FIG. 1. The single memory 32 in FIG. 2 is
operated on a time-shared basis to make efficient use of
a single commercial memory array for a small office of
the size illustrated, i.e., 256 subscribers. Employing
commercial memories with the technique described in
connection with FIG. 1 usually results in an array that
is suitable for larger offices, but has a great deal of
unused memory space when applied to the small office
situation. For example, for purposes of illustration a
processor 12 with an 11-bit instruction address field is
capable of handling about 350 subscribers (256 indicated
for the illustrative embodiment); but by suitably enlarg-
ing the address field and increasing pipelining in instruc-
tion execution, the same type of processor is capable of
handling about 2,000 subscribers at the same 16 MHz
clock rate of operation.

In FIG. 2 the A- and B-input coaxial cables 10 are
coupled through format logic 39 of any type which is
suitable for changing the digital coded signal sample
format from the coaxial cables to a format that allows
the memory 32 to provide those signals to the switching
processor 12 in a way that is convenient for signal pro-
cessing. In the illustrative embodiment that contem-
plates digitally pulse coded samples, the format which is
convenient for processing in a word series, bit parallel
format in which the bits of each word appear in conven-
tionally ordered bit positions for the coding rule em-
ployed. In typical commercial transmission systems
PCM signals are usually transmitted in a bit series, word
series format on plural coaxial cables. Consequently, the
latter signals must be converted to the bit parallel, word
series format with sample words from the coaxial cables
A and B time interleaved, i.e., alternated in the illustra-
tive embodiment. The logic 39, which is clocked by the
16 MHz output of the clock 52 accomplishes this func-
tion and supplies the word interleaved signal train to an
input of multiplexer 36. Several different techniques are
known in the art for accomplishing the necessary for-
mat conversion. One example is to use shift registers to
accomplish the conversion from series to parallel for-
mat for each coaxial cable and then to use a clocked
multiplexer to interleave the bit parallel samples.

Multiplexer 36 is controlled by the aforementioned
C/P periodic clock signal to interleave, between suc-
cessive sample words from the logic 39, three similarly
structured, digitally coded signal samples from an out-
put port circuit 38 of the switching processor 12. Out-
put from multiplexer 36 is applied as the data input to
the call buffer memory 32.

Data output from memory 32 appears on an output
port circuit 40 and is coupled through another format
logic circuit 41 which effects operations that are the
reverse of those of the logic 39 for applying digitally
coded signal samples in bit series and word series format
to the respective A- and B-output coaxial cables 16.
Output from memory 32 is also applied to an input of a
multiplexer 42 which supplies signals to an input port
circuit 43 of the switching processor 12 in FIG. 3. The
C/P signal enables the input from memory 32 to multi-
plexer 42 only during processor access times of the C/P
signal in FIG. 6 and enables operation of logic 41 only
during coaxial circuit access times of the same signal
wave. During the latter access times multiplexer 42
couples output of memory 30 to port circuit 43.

Memory 32 is in FIG. 2 divided into upper and lower
parts 32A and 32B which correspond for example to the
FIG. 1 memory pairs 17, 19 and 18, 20, respectively.
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That is, in sample time when one part, e.g., 32A, is being
accessed for the coaxial cables the other part, e.g., 32B,
is being accessed for the switching processor 12; and
those accesses are time divided as illustrated in wave
C/P of FIG. 6. During times of coaxial circuit access,
the circuits are given the access in a recurring sequence
A-IN, B-In, A-OUT, B-OUT as illustrated. In the next
sample time the functions of the two memory parts are
exchanged, and that exchange is in FIG. 2 effected by
the EVEN/ODD sample time signal CT 11 which
causes addresses to affect different regions of memory
J2.

Addressing of memory 32 is effected through the
multiplexer 33 which chooses between two sets of input
signals according to the dictates of the C/P signal. Nine
bits of address plus the CT 11 signal are utilized by
multiplexer 33 is such a way as to address the various
word locations in memory 32 to produce, to outward
appearances, the same read-out and write-in space capa-
bilities as were described for the FIG. 1 memories
17-20. During the coaxial cable part of the time divi-
sion, memory 32 is addressed by clock counter signals
CT 2-1¢; and during the processor part of the time
divisions, it is addressed by processor-developed ad-
dresses PA ¢-8 form a multiplexer 46. That multiplexer
selects between two additional sets of input address
signals in accordance with the state of the processor
instructions bits OPA9,1¢ as NANDed in ¢ gate 45 to
choose between instruction address bits OPA ¢-8 and
pointer register address bits PTR ¢-8. The accessability
of the call buffer memory 32 from the pointer register is
an additional element of system flexibility, but it is not
used in routine network signal processing.

Processor-supplied addresses for memory 32 provide
random access to the memory. However, it can be seen
from FIG. 6 and the counter supplied addresses CT2-1¢»
that sequential coaxial cable in and out signal samples
are alternated across the memory 32 word location in
memory part 32A and again in memory part 32B. This
assures full utilization of the 1024 locations in memory
32. and since counter signals CT2-1¢, rather than CT¢-
8, are used, no locations are skipped during the three-
clock-time intervals when only processor 12 can access
memory 32. A WRTEN signal from control logic 86
enables writing in memory 32 during each of the incoax-
ial circuit times in the FIG. 6 C/P timing wave. The
write function is also enabled during switching proces-
sor parts of the C/P wave when the processor instruc-
tion calls for moving data to memory 32.

Processor 12 is shown in FIG. 3 and is controlled by
instructions provided from the program memory 28 in
FIG. 2, by way of a command register 47. Data appear-
ing at the processor input port circuit 43 is selectably
applied to one or more of a B-register 53, an A-register
56, or a multiplexer §7 through which it is applied for
storage in a pointer register 58. The aforementioned
registers are all three-state latch flip-flop registers of a
type well known in the art in which signals are loaded
in parallel when the register inputs are clocked and
from which signals are derived in bit parallel when the
register output is enabled by being driven to a low impe-
dance condition in which the information stored during
a prior input clocking time becomes available. When
not so enabled, the register outputs are in a high impe-
dance condition in which the stored information states
are not available at the outputs. The pointer register 58
output is typically continuously enabled by a ground
signal not separately shown 1n the drawing. It is, how-
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ever, apparent at this point that each of the various
possible paths for the transmission of data from the
input port circuit 43 through the processor 12 necessar-
ily includes at least one clocked register.

The output of B-register 53 is applied to a processed
data bus 59 on which signals appear with the identifica-
tion PD¢-15. That bus is connected to the processor
output port circuit 38 which, in turn, extends to an input
of the memory 32 data input multiplexer 36. Processed
data bus 59 also extends to the data input port 60 of data
memory 30 and to input connections for code convert-
ing circuit 61, the output of which is also applied after
further clocking to the bus 59.

Code-converting circuit 61 is intended to perform a
selectable one of the signal format changes of convert-
ing linear pulse coding to companded coding, com-
panded coding to linear coding, and companded to
companded with selectable different levels of gain or
loss. All 16 of the bit signals PD¢-15 are applied to
circuit 61 at all times. Bits PD¢-11 are specifically ap-
plied to a wired logic linear-to-companded converter
62, which also receives PD12 (the sign bit of 13-bit
linearly coded data). Converter 62 operates according
to a known converting algorithm to produce a seven-bit
companded output including three segment number
output bits and four amplitude defining bits applicable
to any segment. Those seven bits are coupled to one set
of inputs of a multiplexer 66.

Also included in circuit 61 are a group of read only
memories (ROM) collectively designated 63. Six are
illustratively included in circuit 61, and all are address-
able by processed data bus bits PD¢$-6 defining 128
different magnitudes (addresses in ROM) in a com-
panded coding system. Processor 12 instruction bits
OPAS-7, to be described, select one of the six ROMs 63
to read out according to the address information previ-
ously calculated and stored data according to the func-
tion assigned to that ROM. One of those functions is the
companded to linear conversion, and the other five are
(companded to companded) 2, 3, 5, and 6 dB of attenua-
tion and 2 dB of gain. ROMs 63 provide 12 output bits
(for companded outputs only the 7 least significant bits
contain information) to a second set of inputs to the
multiplexer 66.

The multiplexer 66 is controlled by the signal state of
instruction bit OPA1¢ to select either the companded
output of converter 62 or the output (linear or com-
panded) of ROMs 63. the selected signal set is coupled
through to be loaded into a C-register 68 when a CCLK
signal is present. A subsequent processor move instruc-
tion causes a CEN signal to enable the output of register
68 to bus 59 to be available for clocking to a suitable
destination. Each set of inputs to multiplexer 66 also has
connections to pass the processed data bus bits PD13-15
through with either set since these are available for use
as control bits to be employed in the office of communi-
cation between common control and subscriber line
interface units. In addition the multiplexer has connec-
tions to put the sign bit PD12, from linear input signals
to circuit 61, into the correct, i.e., the eighth, output bit
position for the companded output of converter 62.
Similarly, coincidence logic, not shown, responsive o
the states of instruction bits OPAS-7 places the sign bit
in the eighth bit position for companded outputs of
ROMs 63 and allows the eighth bit of ROM output to
pass through multiplexer 66 for linearly coded outputs.

Another possible path for signals in the processor 12
is through a shifter 69 from the processed data bus 59 to
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a B-input of an arithmetic/logic unit (ALU) 70. The
shifter is advantageously a type [25510F 25570 shifter
of the Advanced MicroDevices Company. When en-
abled, the shifter 69 shifts received data bits either one
or two bit positions to the right, or one bit position to
the left, or not at all as directed by a 2-bit field in in-
structions requiring operation of ALU 70.

The A-register 56 receives multiplexer 42 output bits
MD¢-15 upon occurrence of an ACLK signal. How-
ever, bits MD13-15 are so applied to register 56 by way
of a sign-extend multiplexer 54 which is responsive to
predetermined processor instruction bits for selectably
extending the binary state of the sign bit MD12 of a
linearly coded word to overwrite bits MD13-15 which
otherwise usually are employed for subscriber line unit
control communication with the common control and
service processor 31. If a word having such control bits
18 to be processed, a coincidence of signals SE and
ALUEX causes the multiplexer 54 to select the sign bit
MD12 state for substitution in the positions MD13-15 so
those bit positions can be used for computational over-
flow, and so the control bits will not interfere with
calculations. Otherwise the sign-extend multiplexer 54
simply passes bits MD13-15 on to A-register 56 with bits
MD¢-12. The output of the register 56 is applied to the
A-input of ALU 70 upon appearance of an AEN con-
trol signal.

There is an additional path from the bus 59 to the
B-input of ALU 70 by way of a range logic circuit 71
and an R-register 72. The range logic is used to restore
control bits, eliminated buy sign-extend multiplexer 54,
to their correct position in the resulting ALU output
and to truncate any overflow in that output. This is
achieved by recirculating that output through the range
logic where the four most significant bits of the work
are examined to detect an overflow condition. If all four
bits are not in the same state, either positive or negative
overflow has occurred, and the least significant 12 bits
are forced in register 72 to their maximum 12-bit value
based on the binary state of the sign bit and on wired
logic. If an overflow condition does not exist, the same
12 bits from the processed data bus 59 are held in regis-
ter 72 to be later coupled directly to the ALU B-input.
To restore the three control bits, the original word
(before sign-extend) is drawn again from memory 32 to
the B register §3 and from the B-register through a
circuit 64 to the range logic to be recombined in register
72 with the low order 13 bits for application to the
B-input to the ALU. At this time the A-register 56 is
disabled and the full character at the B-input is then
passed out to an instruction-prescribed destination.

ALU 70 utilizes the Texas Instruments type 748381
ALU circuits in conjunction with 74S182 lock-ahead
carry generators. ALU 70 combines signals at its A- and
B-inputs in a type of operation directed by an ALU bit
field in instructions to the processor 12. The output of
ALU 701s applied to any one of a Y-register 73, a Z-reg-
ister 76 (selected by respective clock signals YCLK or
ZCLK generated by instruction destination bit fields
and by office clock signals), an input of the pointer
register input multiplexer 57, or to a flag logic circuit
77. Outputs from the Y- and Z- registers 73 and 76 go to
the processor output port circuit 38 and to the pro-
cessed data bus 59.

Pointer register 58 receives the 11 least significant
bits of the 16-bit data words by way of multiplexer 57
from either the input port circuit 43 or the output of the
ALU 70 depending upon whether or not the ALU is
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enabled by an ALUEX signal. Qutputs from register 58
are used in the tandem multiplexers 46 and 33 for ad-
dressing call buffer memory 32. Under certain instruc-
tion bit field conditions it is also used to address the data
memory 30 by way of a multiplexer 78 during processor
operation portions of the C/P signal cycle time division.
This latter use of pointer outputs for addressing data
memory facilitates, for example, the formation of gain
tables for the ROMs 63 or the multiplexing of multiple
subscriber signal samples onto one output coaxial call
channel from the switch.

The flag logic 77 in FIG. 3 illustratively detects an
all-ZERO condition in the output of ALU 70 and uses
it to sample the states of two instruction bits, when the
ALU 70 is enabled, for generating a flag signal which
determines whether or not the next one or more condi-
tional instructions, to be described, will be executed.

Command register 47 temporarily stores 16-bit in-
structions from program memory 28 to provide instruc-
tion bits OPA¢-15 shown in the register representation
in FIG. 3 and variously utilized by processor 12 and
associated circuits. In addition, decoding logic coupled
to various bit field outputs develops the clocking, en-
able, and control signals for processor 12 as indicated in
FIG. 3. The instructions are of three principal types,
and FIG. 5 shows the various instruction bit fields in
each type. These three types used in the [pesent] pres-
ent illustrative embodiment include signal conversion
(CONYV) instructions, signal moving (MOV) instruc-
tions, and arithmetic/logic unit (ALU) instructions. In
all three types the three most significant bits OPA13-15
(OP1-3 in FIG. 5) provided by register 47 comprise an
operation code having one of eight values shown in
Table I along with the corresponding directed function.

TABLE 1
Decoded
OP Code Instructed Control
Value Function Signal
0 NOP/CONV —
I move Y to memory YEN
2 move C to memory CEN
3 move B to memory BEN
4 move to memory to B BCLK
3 move memory to A ACLK
6 move memory to Pir PCLK
7 ALU operation ALUEX

“Memory” has reference to an addressed location in
either memory 30 or memory 32. The code value ¢ is
construed by the machine as a no operation (NOP) code
except in those cases where the register 47 output bit
OPA11 is in the binary ONE state and bit OPA12 is in
the binary ZERO state. In the latter case, the instruc-
tion is construed as a CONYV instruction. Except for
these CONYV instructions, processor 12 is caused to be
idle by the NOP code even during those office clock
times when call buffer memory 32 is otherwise available
to the processor. The value 7 of the operation code field
requires that an ALU operation be performed, and this
value of the operation code bits is used to enable ALU
70 operation according to one of eight different func-
tions identified by ALU code bits OPAS-17.

A conditional bit CON (OPA12 in FIG. 3) is utilized
in MOV and ALU instructions of FIG. 5 to determine
whether or not an instruction is to be executed outright
without condition. The CON output of register 47 is
NANDed in a gate 44 with the OVS/FLAG/ output of
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flag logic 77 to produce an EXEC signal which, upon
coincidence of a reset flag bit and a set condition bit,
disables the decoding logic for OPA13-15. If an instruc-
tion is to be executed as determined by a condition, that
condition must have been set in a prior instruction 1n
terms of using the output of the arithmetic/logic unit 70
in some predetermined state, i.e., the all-ZERO state as
previously indicated for this illustrative embodiment, to
set a flag. That flag is set in a way indicated by flag
control bits F; Fy (OPAd-1 in FIG. 3) of the same in-
struction which computes the condition. Thus, the flag
control bits have the effects indicated in the following
Table II wherein reference to the ALU output means
such an output for the mentioned prior instruction
which computes the ALU output condition:

TABLE Il
FLAG ALU OUTPUT
VALUES STATE STATE
$ Set £
] Set —¢
2 Set —
3 NOP —

e ———————— et e e

If an instruction contains the NOP condition in the flag
control bits, it simply means that the flag bit cannot be
changed regardless of the state of the ALU output. The
flag state “Set” means a binary ONE output from flag
logic 77. Clearly, the flag bit can be forced to the binary
ZERO state by an instruction which would, e.g., move
a predetermined nonzero constant from data memory
30 through the ALU 70 on a B only operation when the
flag control bits have the value 1. Since the required
condition is not met by the constant, the flag bit 1s reset
to the binary ZERO state.

For MOV instructions, a sign-extend bit SE (OPA11
in FIG. 3) is interpreted as a direction to extend the state
of the sign bit MD12 to bits MD13-15 of a linearly
coded data word being moved from multiplexer 42 as
already described. Otherwise during MOV instructions,
the remaining bits A$-Ald (OPAG-1¢ in FIG. 3) spec-
ify an address in call buffer memory 32 or data memory
30 to which or from which the data is to be moved.

For ALU operations, bits S; 52 (OPA1$-11 and
SH¢-1 in FIG. 3) identify one of four selectable data
shifts to be accomplished in the shifter 69 as data passes
from the bus 59 to the B-input of ALU 70. The available
shifts for the values ¢-3 of these two bits are two bit
positions to the right, one bit position to the right, no
shift, or one bit position to the left, respectively. This
type of shift direction is utilized when the shifter 69 1s
enabled by a SEN signal from coincidence logic not
separately shown which is responsive to a binary
ZERO in any bit of OPAS-7.

ALU instruction bits IN1,.IN2 (OPA8-9 in FIG. 3)
designate one of three sources that has its output en-
abled to provide output signals to be applied to the
shifter 69. For the four values ¢-3 of these bits the
sources selected are none, Y-register 73, Z-register 76,
and B-register 53, respectively.

ALU instruction bits SC1-SC3 (OPAS-7 in FIG. J)
define one of eight possible ALU operations according
to the following Table III for respective values of these
bits.
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TABLE 11
BIT
FIELD ALU
VALUES OPERATION

@ B only
] B minus A
2 A minus B
3 A plus B
4 A®B
3 A4+ B
6 AB
7 Range

M

The operations indicated for the values 1-3 are arithme-
tic while those indicated otherwise are logical opera-
tions. In addition, the value of RANGE operation
causes the REN signal to enable operation of range
logic 71.

Finally, the instruction bits OUT1-3 (OPA2-4 in F1G.
3) identify a destination for ALU 70 output signals. In
the present embodiment the values 1, 2, and 4 of these
three bits are employed and they control the generation
of input clock signals for loading one of the Z-register
76, Y-register 73, or pointer register 58.

For signal conversion CONV instructions, ZERO in
the OP1-3 and CV2 bits (OPA12-15 in FIG. 3) and
ONE in the CV1 bit (OPA11) indicate such an instruc-
tion and cause the CCLK signal to be produced to clock
converted data into C-register 68 after transmission
through converter circuit 61. The R/C bit (OPA1¢d in
FIG. 3) indicates whether multiplexer 66 will provide
ROM or companded input signals to C-register 68. Bits
SR, SR; (OPAS8-9 in FIG. 3) are used to initiate the
appropriate enabling signal for the source of the signals
to be converted, i.e., one of the Y-, Z-, or B-registers.
Bits R3, Rz, Ry (OPAS-7 in FIG. 3) name one of the
ROM tables to be used for the conversion, as previously
outlined in connection with FIG. 3, according to their
values as indicated in the following Table IV:

TABLE IV
ROM bit ROM Table
Values Functions
0 2 db attenuation
| 3 db attenuation
2 5 db attenuation
3 6 db attenugtion
4 2 db gain
35 companded-to-linear conversion

Data memory 30 in FIG. 2 contains both service area
word locations and scratch pad (SCR) area word loca-
tions. In the illustrative embodiment presented herein,
256 word locations are included in the service area for
providing communication between the service proces-
sor 31 and the switching processor 12; 640 word loca-
tions are included in the scratch pad area; and 128 loca-
tions are held in reserve. The latter can, e.g., be used for
communication via the external port 34 in FIG. L

Data into the data memory 30 appears at an input port
circuit 60 from the processed data bus 39, a service in
(SRVIN) register 79, or a common control input
(CCPIN) register 80. Output from the memory 30 ap-
pears at an output port circuit 81 from which it is ap-
plied to an input of the multiplexer 42, a service out
(SRVOUT) register 82, or a common control processor
output (CCPOUT) register 83. Control signals have
been already described for clocking data into and en-
abling read-out from the aforementioned registers 79,
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80, 82, and 83 in connection with the discussion of cir-
cuits for interfacing the common control processor 29’
with the switching processor 12.

The multiplexer 78 provides address signals to the
data memory 30 from one of four selectable sets of input
signals as determined jointly by the clock division sig-
nals C/P and by PEN signals defining periodically oc-
curring access-availability times for processors 12 and
29' as tllustrated in FIG. 6. Processor 12 addresses mem-
ory 30, from outputs of register 47 or register 58, during
times when that processor has access to memory 32.
Similarly CCP 29’ addresses memory 30, from register
50, during times when that processor i1s permitted access
as shown in FIG. 6. Otherwise, address is determined
by outputs of clock counter 37.

One set of selectable address signals includes the
signals CCP¢-11 provided from the address register 50,
Bits ¢-9 in this set of signals allow the common control
processor 29’ access to both the scratch pad memory
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area and the service area. Bit 11 indicates addressing of 20

memory 30 or memory 28, and bit 10 is reserved as far
as memory 30 is concerned. Data signals associated
with addresses are coupled by way of the CCPIN and
CCPOUT registers 80 and 83, respectively.

A second set of the selectable address signals includes
output bits CT2-1¢ from the office clock counter 37 for
accessing service area locations in memory 30 in a fixed
sequence. This access occurs during every eighth clock
time (as shown in F1G. 6) for reading the memory out
to the SRVOUT register 82 or writing into the memory
from the SRVIN register 79 on alternate ones of such
accesses whether or not data actually flows at those
times. The bits CT4-1¢ are advantageously employed as
the seven least significant address bits defining 128 con-
tiguous locations. Bit CT3 is used as the next most sig-
nificant bit to apply those addresses to one or the other
of two 128-location blocks, i.e., the SRVI and SRVO
blocks. Bit CT2 is similarly used as a further more sig-
nificant bit to address a different 128-location block for
use in the EXTI and EXTO functions indicated in FIG.
6. Bits ¢, 1 are not directly used for addressing memory
30. |

The third set of address signals for multiplexer 78
includes instruction bits OPA¢-1¢ from the command
register 47 for defining a location in either the service
area (to extend service processor communications to the
switching processor 12) or the SCR area (to place data
for future use or to use data previously stored there).
Bits $-9 indicate the address in memory 30, and bit 1¢
indicates addressing of that memory or memory 32.
Data read out or written in by processor 12 necessarily
passes by way of the processed data but 39 or the multi-
plexer 42.

A final set of selectable address signals for multi-
plexer 78 includes output bits PTR¢-1¢ from pointer
register 58 to provide access to the SCR [ara] area for
switching processor 12. These bits are applied the same
as the aforementioned bits OPA¢-1¢. Data correspond-
ing to these addresses is communicated by way of bus 59
and multiplexer 42, for example, for accessing tables or
to use a new or currently computed pointer to access an
address in the SCR area for data to go to an output
coaxial line channel, e.g., an SCR summing register for
conference call processing.

A WRTDM signal from logic 86 enables writing into
data memory 30. That signal is obtained from OR-type
logic to enable writing when the various address and
data sources have their respective opportunities to
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write. For example, WRTDM appears during each
SRVI time in wave A of FIG. 6. It also appears in CCP
times of the same wave if CCP 29’ has sent a signal
indicating a need to output data to memory 30.
WRTDM also appears during switching processor
times of wave A if e.g., processor 12 move instructions
have indicated a memory 30 (or register 58) address as
a data destination and the EXEC signal is high.

Illustrative programs and instruction information for
call switching and other network signal processing in
switching processor 12 are now considered. Only illus-
trative basic capabilities of processor 12 in an office
switch environment are discussed. It will be apparent to
those skilled in the art that the microprocessor-type
architecture of processor 12 is capable of much more.
For example, conversions between companded and
linear coding formats can be achieved in network signal
processing by software using well-known algorithms;
but since they consume substantial processor time, hard-
ware has been used for the routine conversions.

Network switching processor 12 instruction and no-
tation definitions:

mov move instruction
alu arithmetic logic unit instruction
Cmov conditional move instruction
(if flag is set)
calu conditional alu instruction
(if flag is set)
[ mov se]mov_mov se move inst. with 13-bit data,

sign extended to 16th bit position,
and route indicated as
source- > destination
convert instruction moves
a 16-bit word from a source
register through logic 61 into
C register with selectable
conversion type and ROM level
change tables
C companded to linear
L linear to companded
CRd, 1, companded to companded
2,3,4 through one of five
different level
changing ROMs of
predetermined gain
or loss capability.
ABY Z machine registers
P computed address pointer register
zf nf zero/nonzero alu output sets flag
(A + B) alu or shift functions
< < 1 left shift one bit position
toward MSB
> > 1,2 artth. nght shift one or
two bit positions toward LSB
+ add
— substract
& logical AND
| logical OR
A logical EXCLUSIVE OR
range 14 bit data adjusted for
under-or overflow and 3
control bits from B inserted
hexidecimal constants begin with an X:
X00ff, XcOCO
Each numerical digit following the X
represents four binary coded bits
of the value of the digit. Each
alphabetic digit, e.g., a through f,
represents a different set of four
binary coded bits having values 124
through 173, respectively. Thus, four
hexidecimal digits define a 16-bit
mask or a 16-bit constant.

CONV

There follow some sample programs. In the interest of
a clear presentation, an all linear system has been as-
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sumed so that the various CONYV instructions could be
omitted since each involves only moving data into the
converting logic 61 and following with a move instruc-
tion to pass the result from C-register 68 to circuit 38 or
other appropriate destination.

The following subroutine is used for conference call
initialization to clear any unwanted data from memory

30 SCR locations to be used for the call:

mov X0000->B /contents of memory 30
address containing X0000 to
B register 33

mov B->confsum! /initialize conference call
sum registers in data memory 30

mov B-> confsum?2

mov B-> confsumN

Routine call switching is accomplished by the follow- 20

ing subroutine for a standard path:

M

mov mouthi->B
mov B- > ear2
mov mouth2->B
mov B->earl

M

It is apparent that a fan-out capability is achieved by following the second above
instruction with others to move the same B register content to ear J, ear 4, . . . car
n. However, only one of those n recipients can respond at at time. Call signal level
change is accomplished by replacing the first ear signal instruction by, e.g., CONV
CR!

mov C->esr

Similar changes are effected in any subroutine for signal level or for code format. It
will be appreciated by those skilled in the art that this capability for cusiomizing
signal level in the signals 10 and from each subscriber offers the potential for
reducing any tendency toward instability in conference call connections.

In a conference call, a subscriber’s mouth signal is
added to conference sum signal by:

M

mov confsum- > A conference summing regisier
mov_se mouth->B /sign extended mouth
signal sample
alu (A + B)}>Y
mov Y- > confsum /updated conference sum.

w

Subtracting a subscriber mouth signal from the con-
ference sum and returning the difference to same sub-
scriber is done by:

w

mov confsum-> A /conference summing register
mov_se mouth->B /sign extended mouth
signal sample
alu (A — Br>2
alu (Z range)->Z Jover-underflow
correction
mov Z->ear /sum of other mouths.

M

It is also possible with the switching processor 12 to
multiplex data signals, i.e., signals from business ma-
chines, occurring at different bit rates from different
subscribers onto a common output time channel going
to a common subscriber destination. For example, if
there are three subscribers A, B, and C supplying data at
rates of 16 kilobits/second, 16 kilobits/second, and 32
kilobits/second, respectively, their needs can be ade-
quately satisfied by allotting the subscribers A, B, and C
bit groups of 2, 2, and 4 bits in size, respectively, in each
outgoing (ear sample) sample word for the common
time channel. One illustrative program for effecting this
result follows. In conjunction with the loading of this
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program in memory 28, CCP 29’ causes to be loaded 1n
the SCR area of memory 30 two constant masks X 0003
and X000f, for combining with respective input sample
words to limit the useful bits therein to those required

for the respective subscribers. An illustrative multiplex-
ing program follows:

mov X0003->A

mov mouth A->B

ALU (A&B)->Y /mask A’s data (mouth)
sample intc Y register.

mov X0003->A

mov mouth B->B

ALU (A&B)->Z /mask B’s sample into Z.

ALU (Z< <1)>A /shift B’s sample left

ALU (Z<<1)>2 by size of A’s bit block.

mov Z->route /move B’s sample {o
memory 30 en route
to A register.

mov route-> A

ALU A+ Y)»>Y /puts A and B samples
into Y register.

mov X000f-> A

mov mouth C->B

ALU (A&B)->2Z

ALU (Z< <)L
ALU (Z<<)>2Z
ALU (Z<<l)>2Z
ALU (Z<<)->2Z

mov Z->route

mov route-> A

ALU (A + Y)r>Y

MOV Y->earcom /move single word with

all of A-C samples
to output channel earcom
location in memory 32.

W

Another way to accomplish multiplexing of plural
subscriber signals onto a common output channel 1s to
assign the mouth signals from the respective subscribers
to the output channel in a recurring sequence of those
subscribers. For this arrangement each of the n sub-
scribers must repeat his signal for n sample times and
this effective bit throughput is (BKXz/n)X 13 bits per
second. The signals are otherwise received in the usual
manner and moved to a prescribed location for that
subscriber in the SCR area of memory 30. Also held in
that area is a pointer initially containing the address in
memory 30 assigned to the first of the n subscribers, a
constant equal to that initial address, a constant equal to
unity for incrementing the pointer, and a constant equal
to the value n for utilization in processing the multiplex-
ing operation.

At a convenient time in the instruction sequence from
program memory 28 after the subroutine for loading the
last of the n subscriber samples into data memory 30,
there is loaded into the memory 28 a subroutine which
effects the outputting of those samples in the aforemen-
tioned recurring sequence. In substance this subroutine
involves reading the pointer into pointer register 58,
using that value through multiplexer 78 to address
memory 30 for reading the subscriber location to the
B-register 53 from which the signal is then outputted to
the ear location of the common output channel. The
pointer is then incremented by moving its value from
the SCR area to the B-register, moving the unity con-
stant to the A-register, and adding the two in the ALU.
The sum is returned to the pointer location in memory
30 and also held in pointer register 58. Next the proces-
sor instructions move the constant n to the A-register
56, and an ALU subtraction operation is performed
with respect to the unincremented pointer then still in
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the B-register 53 with the result being utilized to set the
output of flag logic 77 if the difference is zero. Thereaf-
ter, in conditional move operations the pointer initial
value constant is moved to the B-register and returned
to the pointer location in memory 30. As a consequence,
the initial value of the pointer is used to overwrite the
Incremented value only if the preincrementing value
had been n. Thus, in each sample time the samples from
the different subscribers are collected and a different
one, in each successive sample time, is sent out on the
common output channel.

It can happen that a subscriber having only a single
line wants to transmit simultaneously a voice signal to
one destination and either related or unrelated data
signals to a different destination. This is also possible
with the switching processor 12 presented herein. As-
suming, €.g., a linearly coded 13-bit voice signal and a
system in which only two of the three control bits as
hereinbefore discussed are required for service, there is
then one full bit in each 16-bit word multiplexed onto
the office coaxial circuits used by the subscriber. That
one bit represents an 8KHz data transmission rate in the
illustrative system here under consideration. A higher
rate of 48K Hz is possible if the voice is in an 8-bit com-
panded code. It is also often possible, at least in linearly
coded systems, to give up an additional one or two of
the least significant bits—at some sacrifice in quality of
voice reproduction which the subscriber may be willing
to tolerate—to enlarge the data transmission capability.
In either the companded or the linear case, the voice
signal is processed in the usual fashion, ignoring any
‘data bits not needed for voice, to its unique destination
In, e.g., the outgoing buffer store 13 in FIG. 1. The data
information is then extracted by appropriate masking
and processed in the usual way to its unique destination
in the output store 13. If a voice call is in progress when
it becomes necessary to set up a data call involving the
same subscriber line, one of the aforementioned control
bits 1s used to alert the office to the need to collect data
bits in memory 30 service area in successive sample
times to obtain call destination information. Techniques
as outlined for the multiplexing program are used to
load those bits into different bit parts of an assigned
service area word.

F1G. 7 illustrates one arrangement for interconnect-
ing plural switch modules of the type illustrated in FIG.
1 to cooperate with a single common control 29 for
enlarging traffic handling capabilities of an office. Each
module, only module number ¢ and module number N
(otherwise designated 87 and 88) being actually shown
in FI1G. 7, includes a switching processor and associated
buffer stores, data memory, program memory, and ser-
vice processor. Buffer storage arrangements of the type
shown 1n FIG. 1, and enlarging processor 12 address
capability, allow each module switching processor to
go to full capacity. One common control processor 29’
implemented by the indicated LSI-11 computer accom-
modates about four such modules working through its
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reach any other subscriber, an output coaxial circuit of
each module is coupled to an input coaxial circuit of
each other module as indicated by the circuits 89 and 90
in FIG. 7.

Although the present invention has been described in 65

connection with a particular embodiment thereof, it is
to be understood that additional embodiments, modifi-
cations, and applications which will be obvious to those
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skilled in the art are included within the spirit and scope
of the invention.

What 1s claimed is:

1. A switch for interconnecting respective digital call
signals of different communication call paths between
randomly selectable switch ports corresponding to the
paths, the switch comprising

means for storing the signals of input ports of said

switch in a first predetermined series of storage
locations, respectively,
means for variably processing said stored signals in
accordance with a predetermined [subroutines])
separate subroutine for each call path related at least
to effecting said randomly selectable interconnect-
ing of signals and optionally selectable additional
subroutines related to predetermined characteris-
tics of a communication call of which said signals
are a part, to produce processed call signals, and

means for storing said processed signals in a second
predetermined series of storage locations corre-
sponding to output ports, respectively, of said
switch.

2. A communication system switch for coded digital
signals and comprising

first means for storing coded digital signals in a first

series of storage locations,

second means for storing coded digital signals in a

second series of storage locations,

means for variably processing coded digital signals

from said first storing means for at least coupling
those signals to randomly selectable locations of
said second storing means for thereby effecting call
signal connections through said switch, and

the processing means including at least one storage

register for temporarily holding any given digital
signal in the [processor] processing means during
transit through the [processor] processing means.

3. The switch in accordance with claim 2 in which
said processing means further comprises

means for selectably executing additional [program-

mable] processing of signals coupled through said
processing means.

4. The switch in accordance with claim 3 and com-
prising in addition

means for supplying a recurrent train of multibit in-

structions for controlling said processing means,
and

means responsive to a predetermined bit field in each

of said instructions for conditionally enabling or
disabling execution of such instruction by said pro-
cessing means as a function of the state of a prede-
termined signal in said processing means.

S. The switch in accordance with claim 3 in which

said [selectable] selectably executing means includes

means for changing the signal level of coded digital
signals coupled by said processing means between
said first and second storing means.

6. The switch in accordance with claim 3 in which

said [selectable] selectably executing means includes

means for changing the type of coding of said
coded digital signals coupled by said processing
means between said first and second storing means.

7. The switch in accordance with claim 2 in which

said processing means includes means for multiplex-

ing a plurality of said digital signals in different
ones of said locations of said first storing means
into one of said locations of said second storing
mearns.
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8. The switch in accordance with claim 7 in which
each of said locations of said first and second storing
means includes a predetermined number of bit stor-
age postitions,
each of said plurality of digital signals requires only a 5
part of the location bits of one location for the
significant information of such signal and the sum
of the bit parts is equal to or less than said predeter-
mined number, and
said processing means includes
a register for collecting the significant bit parts of
said plurality of digital signals of said first storing
means into different bit part positions of said
collecting register, and
means for placing the contents of said collecting 15
register into said one location of said second
storing means.
9. The switch in accordance with claim 7 in which
means are provided for loading a different set of digi-
tal signals into said first storing means locations in 20
successive signal sample times, and
said multiplexing means comprises
means for coupling said digital [signal} signals in
different ones of said locations of said first storing
means into a predetermined one of said locations of 25
said second storing means in a recurring sequence
of said first storing means locations in successive
sample times.
10. The switch in accordance with claim 2 in which
each of said locations of said first and second storing
means includes a predetermined number of signal
bit storage positions, and
said processing means includes means for coupling
different bit position parts of a digital signal stored
in a location of said first storing means to different
locations, respectively, of said second storing
means.
11. The switch in accordance with claim 2 in which
said processing means includes
means for arithmetically accumulating in each sample
period a plurality of said digital signals in different
locations of said first storing means to form a con-
ference call sum, and
means for separately subtracting each of said signais
of said plurality from said sum and moving the
resulting separate difference digital signal to a loca-
tion of said second storing means corresponding to
the first storing means location of the subtracted
digital signal.
12. The switch in accordance with claim 2 in which
said processing means comprises
an input signal port,
an output signal port,
multiple signal paths extending between said input
and output ports, and
in one of said paths there is included said one storage
register and in each other one of said multiple paths
there is included at least one additional temporary
storage register.
13. The switch in accordance with claim 12 in which
one of said [processor] processing means multiple
signal paths includes in addition a second tempo-
rary storage register and an arithmetic/logic unit
connected in tandem between the one register and
the second register in such path.
14. The switch in accordance with claim 13 in which
said processing means comprises a pointer storage
register, and means for selectably coupling as input
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to said pointer register either said processor mput
port or an output of said arithmetic/logic unit, and
said switch comprises
a data memory selectably addressable by plural
sources to exchange data with said processing
means, and
means for coupling an output of said pointer register
to provide one of said plural sources.
15. The switch in accordance with claim 2 in which

10 said processing means COmMprises

means for storing a separate processing means in-
struction sequence for each call connection ef-
fected through said switch, and

means, responsive to said instruction sequences, for

controlling said processing means to effect said call
connections.

16. The switch in accordance with claim 2 in which
said processing means comprises a programmable signal
Processor,

means are provided for storing a separate processor

instruction sequence for each call connection ef-
fected through said switch,

means, responsive to said instruction sequences, are

provided for controlling said processor to eftect
said call connections,

means are provided for loading a different set of digi-

tal signals into said first storing means locations in
successive signal sample times, and

said instruction sequence storing means includes

means for reading out all of said sequences to said
processor controlling means once in each of said
sample times.

17. The combination in accordance with claim 2 in
which

each of said first and second storing means includes a

different pair of memories,

means are provided for writing a different set of digi-

tal signals into alternate memories of said pair of
memories of said first storing means in successive
signal sample times and for reading out a different
set of digital signals from alternate memories of
said pair of memories of said second storing means
in successive signal sample times, and

means are provided in each of said sample times for

coupling said processing means to the one of said
memories in each of said pairs which is in that
sample time not being written into or read out of by
said writing and reading means.

18. The combination in accordance with claim 2 in

s0 which said first and second storing means comprise

first and second parts of a common storing means,
each of said parts having an odd sample time sector
and an even sample time sector,

means for writing a different set of digital signals into
said even sector of said first part in a first portion of
each even sample time and for reading out a differ-
ent set of digital signal from said even sector of said
second part in a second portion of each even sam-
ple time, said writing and reading means similarly
writing and reading said odd sectors of said first
and second parts in each odd sample time, and

means for coupling said processing means to said odd
sector of said first part and to said odd sector of
said second part in a third portion of each even
sample time, said coupling means similarly cou-
pling said processing means to said even sectors of
said first part and said second part in each odd
sample time.
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19. The switch in accordance with claim 2 in which
said processing means comprises a programmable signal
processor and means for supplying signals to control
said processor, and

said first and second storing means comprise means

for addressing said storage locations from select-
able ones of said control signal supplying means
signals for communicating said coded digital sig-
nals between said storing means and said processor.
20. The switch in accordance with claim 19 in which
said processing means comprises means for supplying
a periodically recurrent sequence of address sig-
nals, and

said addressing means comprises means for periodi-

cally alternately addressing said first and second
storing means from said control signal supplying
means and said periodic address signal sequence
supplying means.

21. The switch in accordance with claim 20 in which

said addressing means further comprises means, re-

sponsive to a predetermined state of said processor
control signals for substituting for said control
signal supplying means, to address said storage
locations, a set of digital coded signals from a regis-
ter of said processing means.

22. The switch in accordance with claim 2 in which
sald processing means comprises

a data memory,

a programmable signal processor having an input

port and an output port,

first means for recurrently alternately coupling said

input port to receive data signals from said first
storing means and said data memory, and

second means for recurrently coupling said output

port to supply data to said second storing means.

23. The switch in accordance with claim [23F 22 in
which means are provided for operating both of said
recurrent coupling means so that the couplings of said
input and output ports to said first and second storing
means and said data memory at least partially overlap in
time.

24. The switch in accordance with claim 22 in which
means are provided for receiving coded digital signals,

said second recurrent coupling means includes means

for alternately coupling said output port to said
second storing means and said receiving means
signals to said first storing means, and

means are provided for operating the last-mentioned

alternate coupling means and said first recurrent
coupling means so that the coupling of said receiv-
g means to said first storing means of said data
memory to said processor input port at least par-
tially overlap in time.

25. The switch in accordance with claim 2 in which
there are provided

means for receiving coded digital signals,

means for presenting switched coded digital signals

for transmission, and

means for recurrently alternately coupling (a) said

receiving means to said first storing means input or
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said second storing means output to said presenting
means and (b) said processing means to said receiv-
ing means and said presenting means.

26. A communication system switch for coded digital
signals and comprising

a plurality of switch modules each including

first means for storing coded digital signals in a first
series of storage locations,

second means for storing coded digital signals in a
second series of storage locations,

means for variably processing coded digital signals
from said first storing means for at least coupling
those signals to randomly selectable locations of
said second storing means for thereby effecting
call signal connections through said switch, and

the processing means including at least one storage
register for temporarily holding any given digital
signal in the [processor] processing means dur-
ing transit through the [processor]processing
means, and

means for interconnecting said second storing means

of each of said modules to supply signals to said
first storing means of selectable ones of all others of
sald modules.

27. A communication system switch for coupling in a
call signal connection any one of a plurality of received
call signal samples from different sources to any one of
a plurality of call signal destinations, said switch com-
prising

first signal storing means having a signal sample stor-

age location for each of said sources,
second signal storing means having a signal sample
storage location for each of said destinations, and

means for selecting signal samples from said first
storing means in any order, regardless of destina-
tion for each such sample, and coupling such sam-
ple into said second storing means at a location
determined by said destination for such signal sam-
pleL. . said selecting and coupling means including
program controlled processing means for recurrently
processing in each of successive system sample time
intervals a signal sample from each received call sig-
nal, and

a program instruction store containing for each call

signal connection a separate set of instructions for
controlling said processing means, each instruction set
including at least instructions for coupling a call sig-
nal sample between said first and second storing
means by way of said processing means.

28. The switch in accordance with claim 27 in which
each of said samples is at least one bit of a coded digital
signal.

29. The switch 1n accordance with claim 27 in which
said [selecting and coupling] processing means com-
prises means, including said instructions, for variably
processing said signal samples, said processing includ-
ing at least the coupling of each signal sample in said
first storing means to any predetermined location in said

second storing means.
*x & * x «*



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NC. : Re31,651
DATED . August 21, 1984

INVENTOR(S) : Harold G. Alles

It is certified that error appears in the above—identified patent and that said Letters Patent
IS hereby corrected as shown below:

In the Patent, column 3, line 54, "16,384" should read
~-16.384--. Column 6, line 49, "accompanying" should

read --accomplishing--; line 53, "of" should read --or--.
Column 7, line 29, "a" should read =--an--; line 57, "across”
should read --access-~-. Column 10, line 26, "in" should
read --is-~-. Column 11, line 7, "B-In" should read --B-IN--.
Column 13, line 31, "buy" should read --by--. Column 14,
line 44, "move to memory" should read --move memory--;

line 68, "OVS/FLAG/" should read --FLAG--. Column 17,

line 52, "but" should read =~--bus--. Column 18, line 29,
"mov_mov se" should read --mov_se--. Column 19, between
lines 34 and 35, underscore entire column. Column 20,

line 14, "(Z<<1l)->A" should read --{(Z<<l)=->Z--. Column 24,
line 57, "signal" should read --signals--.

Signcd and Sealed this

Seventh D a)/ 0( May 1985
[SEAL]
Attest:

DONALD J. QUIGG

Attesting Officer Acting Commissioner of Patents and Trademarks




	Front Page
	Drawings
	Specification
	Claims
	Corrections/Annotated Pages

