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Description

Technical Field

[0001] This invention relates to time-division multi-
plexed communications systems, including time-slot in-
terchange systems.

Background of the Invention

[0002] Various modern-day telecommunications
switching systems use a time-division multiplexed (TDM)
communications medium as their switching fabric. An il-
lustrative example of such systems is the Lucent Tech-
nologies Inc. Definity® private branch exchange (PBX).
Port circuits that interface communications links and de-
vices (applications) to the TDM medium normally provide
access to only a relatively small number of the medium’s
time slots. For example, the port circuit packs of the Defin-
ity PBX provide access to any 32 time slots of the PBX’s
256 time-slot TDM bus. Applications that need access to
more than 32 time slots either use multiple port circuit
packs or custom (and generally complex and expensive)
time-slot interchange (TSI) circuits.
[0003] Applications that require access to more time
slots than conventional port circuits provide, are becom-
ing ever-more common. If such applications use multiple
port circuit packs, they consume multiple circuit-pack
slots on the TDM medium and thereby reduce the number
of applications that the switching system can serve. If
such applications use custom complex and expensive
TDM interface circuits, they significantly increase the sys-
tem’s cost.
[0004] An ideal TDM interface would provide each ap-
plication served by a port circuit pack access to all of the
TDM medium’s time slots that the application requires,
in a simple, low-cost, manner.
[0005] Alles, ’An Intelligent Network Processor for a
digital Central Office’, International Zurich Seminar on
Digital Communications, IEEE, 7-9 March 1978, pages
1-6, XP002071430, Zurich, CH discusses digital switch-
ing for use in an experimental all digital class five tele-
phone office. Switching is performed by a stored program
high speed processor that can conditionally modify the
data to provide customised loop loss, combine data to
provide conference circuits, and provide multiple simul-
taneous network connections.

Summary of the Invention

[0006] There is provided an apparatus according to
claim 1.
[0007] This invention is directed to avoiding the disad-
vantages and meeting the desires of the art. Illustratively
according to an embodiment of the invention, a processor
that executes applications which require access to time
slots of a TDM medium uses spare processing capacity
and/or spare hardware of the processor to interface to

the TDM medium and to implement a time-slot-inter-
change (TSI) function. The resulting interface to the TDM
medium is simple and low-cost; for processors that have
sufficient excess processing capacity and spare periph-
eral elements, the cost is effectively zero. The processor
has a control store that stores a bit map of the time slots
of the TDM medium. The bit map is either examined by
the processor during each time slot, or preferably is used
by circuitry -- such as spare internal peripheral elements
of the processor -- to generate interrupts, to indicate to
the processor which time slots to access. In the latter,
interrupt-based, configuration, the processor advanta-
geously does not waste processing on time slots which
it will not be accessing. In either case, the processor ad-
vantageously has the capability of accessing any time
slots of the TDM bus, as specified by the bit map. The
processor has a read buffer and a write buffer for effecting
data transfers between the TDM medium and the appli-
cations. The applications have random access to the
buffers, thereby effecting a time-slot-interchange func-
tion.
[0008] Generally according to an embodiment of the
invention, an interface to a TDM medium which trans-
ports data in time slots that are grouped into frames com-
prises a processor for executing functions (applications)
that either use data from first time slots of the frames of
the TDM medium or generate data for second time slots
of the frames of the TDM medium. Same said processor
tracks occurrence of the time slots and the frames of the
TDM medium and either receives data from the first time
slots of the frames of the TDM medium for use by the
functions or transmits data generated by the functions in
the second time slots of the frames of the TDM medium.
Hence, the application-execution and interface functions
are performed by the same processor, with the help of
little or no additional hardware, resulting in a simple and
low-cost interface.
[0009] According to one embodiment of the invention,
the processor includes a control store for storing a time-
slot map of the frames of the TDM medium identifying
either the first time slots or the second time slots, and
the processor responds to each occurrence of a time slot
on the TDM medium by determining from the time slot
map whether the occurring time slot is a first time slot or
a second time slot. This implementation advantageously
requires no hardware in addition to the processor.
[0010] According to another embodiment of the inven-
tion, the interface further includes a control store for stor-
ing a time slot map of the frames of the TDM medium
identifying either the first time slots or the second time
slots, and circuitry associated with the control store for
indicating to the processor that a presently-occurring time
slot is identified in the time slot map as either a first time
slot or a second time slot. The processor responds to an
occurrence of a time slot on the TDM medium only when
the circuitry indicates that the presently-occurring time
slot is identified as either a first time slot or a second time
slot. Depending on whether the control store and/or as-
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sociated circuitry are external or internal to the processor,
this implementation may or may not require hardware in
addition to the processor. However, this implementation
advantageously frees the processor from performing
processing for time slots that it does not access.
[0011] Preferably according to an embodiment of the
invention, the processor includes a plurality of data stor-
age locations (e.g., a buffer) for temporarily storing the
received data or the generated data, and the processor
accesses the storage locations in any order, whereby the
processor effects a TSI function.
[0012] These and other advantages and features of
the invention will become more apparent from the follow-
ing description of an illustrative embodiment of the inven-
tion taken together with the drawing.

Brief Description of the Drawing

[0013]

FIG. 1 is a block diagram of a first illustrative imple-
mentation of a TDM bus interface that embodies the
invention;
FIG. 2 is a functional flow diagram of TDM bus inter-
face operations of the interface of FIG. 1;
FIG. 3 is a block diagram of a second illustrative im-
plementation of the TDM bus interface;
FIG. 4 is a functional flow diagram of the TDM bus
interface operations of the interface of FIG. 3;
FIG. 5 is a block diagram of a third illustrative imple-
mentation of the TDM bus interface; and
FIG. 6 is a block diagram of a fourth illustrative im-
plementation of the TDM bus interface.

Detailed Description

[0014] FIG. 1 shows a first illustrative embodiment of
a TDM bus interface constructed according to the prin-
ciples of the invention. The TDM bus interface of FIG. 1
is implemented by a conventional microcontroller or mi-
croprocessor 100 connected to TDM bus 110. TDM bus
110 illustratively defines repeating frames each compris-
ing 256 time slots. A TDM SLOT signal line 111 which
clocks individual time slots is connected to a first interrupt
input (INT 1) of microprocessor 100. A TDM FRAME sig-
nal line 112 which clocks individual frames is connected
to a second interrupt input (INT 2) of microprocessor 100.
(Alternatively, polled input/output (I/O) connections to mi-
croprocessor 100 may be used instead of the interrupt
connections.) A TDM STROBE signal line 113 which in-
dicates that data on TDM DATA bus 114 are stable and
ready to be latched is connected to an R/W STROBE
input and output of microprocessor 100. The eight leads
of the byte-wide TDM DATA bus 114 are connected to
the DATA inputs and outputs of microprocessor 100. And
a TDM READ signal line 115, whose state indicates
whether the TDM bus 110 is to be read or written, is
connected to an R/W input and output of microprocessor

100.
[0015] Microprocessor 100 comprises a central
processing unit (CPU) 101 and an internal memory 102,
as is conventional. A block of words in memory 102 that
together comprise 256 bits forms a control store 104.
Control store 104 contains a bit map of the time slots of
TDM bus 110, with bits set for only those time slots that
microprocessor 100 will use, and bits cleared for unused
time slots. A control pointer 109 defined by CPU 101
points to a present position in control store 104. A block
of words in memory 102 that together comprise 256 bytes
forms a read buffer 105, and another such block forms
a write buffer 106. A read pointer 107 and a write pointer
108 defined by CPU 101 point to present positions in
buffers 105 and 106, respectively. Memory 102 also
stores a control program 103 for execution by CPU 101.
As is conventional, memory 102 also stores application
programs 99 for execution by CPU 101 --their particulars
are not relevant to the invention.
[0016] The operation of control program 103 is shown
in FIG. 2. Execution of control program 103 is initially
invoked upon receipt of a TDM FRAME signal at the INT
2 input of microprocessor 100. Upon receipt of the TDM
FRAME signal indicating the end of one frame and the
beginning of a next frame, at step 200, program 103 re-
sets pointers 107-109, at step 202. Resetting of each
pointer 107-109 causes that pointer to point to the be-
ginning --the first bit in control store 104 and the first byte
in read buffer 105 and write buffer 106-- of the pointer’s
corresponding area 104-106 of memory 102. Program
103 then ends its execution, at step 204.
[0017] Execution of program 103 is next invoked by
receipt of a TDM SLOT signal at the INT 1 input of mi-
croprocessor 100, at step 206, indicating the end of one
time slot and the beginning of a next time slot. In re-
sponse, program 103 reads the control store 104 bit that
is pointed to by control pointer 109, at step 210. Program
103 then checks the state of this bit, at step 214. If the
bit is cleared, indicating that the application or applica-
tions which are served by microprocessor 100 do not use
the present time slot, program 103 merely increments
control pointer 109, at step 230, and ends its execution,
at step 232. But if the control bit is found to be set at step
214, indicating that the applications served by microproc-
essor 100 do use the present time slot, program 103
checks the state of TDM READ line 115, at step 216, to
determine if TDM bus 110 is to be read or written. If TDM
bus 110 is to be read, program 103 causes microproc-
essor 100 to latch data from TDM DATA bus 114 upon
occurrence of a strobe signal on TDM STROBE line 113,
at step 218. Program 103 then causes microprocessor
100 to write the latched data into a location of read buffer
105 that is pointed to by read pointer 107, at step 220.
Program 103 then increments read pointer 107, at step
222, and proceeds to steps 230 et seq.
[0018] If it is determined at step 216 that TDM bus 110
is to be written, program 103 causes microprocessor 100
to read a location of write buffer 106 that is pointed to by
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write pointer 108, at step 224. Program 103 then incre-
ments write pointer 108, at step 226, and causes micro-
processor 100 to transmit the data that was read from
write buffer 106 onto TDM DATA bus 114 upon occur-
rence of a strobe signal on TDM STROBE line 113, at
step 228. Program 103 then proceeds to steps 230 et seq.
[0019] Execution of program 103 is invoked again at
each occurrence of a TDM FRAME or a TDM SLOT sig-
nal, at step 200 or step 206, respectively.
[0020] Execution of other programs --e.g., application
programs or input and output programs-- by CPU 101
results in reading of read buffer 105 and writing of write
buffer 106. Locations of buffers 105 and 106 are random-
ly accessible to CPU 101, whereby a time-slot inter-
change (TSI) function is performed by microprocessor
100.
[0021] If microprocessor 100 has sufficient spare
processing capacity to execute control program 103 in
addition to its other tasks (e.g., execution of application
programs 99), the interface’s embodiment of FIG. 1 has
zero hardware cost. However, it does require microproc-
essor 100 to perform control-program 103 processing
during each TDM time slot to determine if it is to use the
present time slot. In most applications, processor 100 is
likely to use only a small fraction of all of the time slots
of TDM bus 110. Hence, processing required for unused
time slots consumes a large fraction of the control-pro-
gram 103 processing.
[0022] FIG. 3 shows a second illustrative embodiment
of the TDM bus interface, which lessens the control-pro-
gram-processing load on microprocessor 100 by elimi-
nating all control-program processing for unused time
slots. The interface of FIG. 3 differs from the interface of
FIG. 1 in that an external control memory 300 and asso-
ciated control circuitry 301-302 take the place of control
store 104 and control pointer 109, and a control program
303 takes the place of control program 103.
[0023] TDM SLOT signal line 111 is connected to a
data input of a counter 301. A RESET input of counter
301 is connected to TDM FRAME signal line 112. Counter
301 increments its count at each occurrence of a TDM
SLOT signal, and resets its count at each occurrence of
a TDM FRAME signal. The count of counter 301 is con-
nected to an ADDRESS input of a first port of a dual-port
control memory 300. A read/write input of the first port of
control memory 300 is permanently set in the READ
state. The contents of control memory 300 are the same
as those of control store 104 of FIG. 1. Hence, control
memory 300 takes the place of control store 104, while
counter 301 takes the place of control pointer 109 of FIG.
1. The DATA output of the first port of control memory
300 is connected to one input of an AND gate 302, while
TDM SLOT signal line 111 is connected to a second input
of AND gate 302. The output of AND gate 302 is con-
nected to the INT 1 interrupt input of microprocessor 100.
Hence, microprocessor 100 receives an interrupt at the
INT 1 input only when the contents of control memory
300 indicate that the present time slot indicated by the

TDM SLOT signal is to be used by microprocessor 100.
The address (ADDR), data (DATA), and read/write (W)
inputs of the second port of control memory 300 are con-
nected to microprocessor 100 such that microprocessor
100 is able to reprogram the contents of control memory
300.
[0024] The operation of control program 303 is shown
in FIG. 4. Execution of control program 303 is initially
invoked upon receipt of a TDM FRAME signal at the INT
2 input of microprocessor 100, at step 400. In response,
program 303 resets pointers 107 and 108, at step 402,
and then ends its execution, at step 404.
[0025] Execution of program 303 is next invoked by
receipt of an interrupt at the INT 1 input, at step 406. In
response, control program 303 proceeds to perform the
TDM bus 110 read or write operations of steps 216-228
which were described in conjunction with FIG. 2. Control
program 303 then ends its execution, at step 408.
[0026] Execution of program 303 is invoked again at
each occurrence of a TDM FRAME signal or receipt of
an interrupt at the INT 1 input, at step 400 or step 406,
respectively.
[0027] Port circuits of many telecommunications
switching systems are equipped with digital signal proc-
essors (DSPs). FIG. 5 shows a third illustrative embod-
iment of the TDM bus interface which makes use of oth-
erwise-unused components and processing capacity of
a DSP 500 of a port circuit. DSP 500 is illustratively the
DSP 56303 of Motorola Inc. Semiconductor Division. For
simplicity and clarity of presentation, only those elements
and functions of DSP 500 that are relevant to an under-
standing of the invention are shown in FIG. 5 and de-
scribed below.
[0028] DSP 500 includes a host interface 510, a spare
serial-data (ESSI) interface 511, three spare direct mem-
ory access (DMA) units including units 516 and 517 (out
of a total of six that are included in the Motorola DSP
56303), a program random access memory (RAM) 518
which stores application programs 99, a memory RAM
502, a program-control section 501 (that in the Motorola
DSP includes a program interrupt controller, a program
decode controller, a program address generator, a data
arithmetic and logic unit, a memory access controller,
accumulators, and a shifter) that executes programs from
program RAM 518, and an external bus interface 513 to
an external bus 514. Elements 501, 502, 510, 511, 513,
and 516-518 are interconnected by an internal bus 519.
[0029] TDM SLOT signal line 111 is connected to an
SCK0 input of ESSI interface 511 and to an IRQB input
of DMA unit 517. TDM FRAME signal line 112 is con-
nected to an SC02 input of ESSI interface 511 and to an
IRQA input of DMA unit 517. An SC01 output of ESSI
interface 511 is connected to an HCS input of host inter-
face 510. TDM STROBE signal line 113 is connected to
an HDS input of host interface 510. TDM DATA bus 114
is connected to HD[0-7] inputs and outputs of host inter-
face 510. And TDM READ signal line 115 is connected
to an HRW input and output of host interface 510.
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[0030] Memory RAM 502 defines a control store 504,
a read buffer 505, and a write buffer 506. These data
structures substantially duplicate the corresponding data
structures 104-106, respectively, of FIG. 1. Control store
504 comprises 16 16-bit words which define a bit map of
the time slots of TDM bus 110, with bits set for those time
slots that DSP 500 will use, and bits cleared for unused
time slots.
[0031] DMA unit 517 operates in conjunction with con-
trol store 504 and is configured as follows. DMA unit 517
defines a control pointer 509 to control store 504. Control
pointer 509 is a substantial duplicate of control pointer
109 of FIG. 1. Upon receipt of a TDM FRAME signal at
IRQA input, DMA unit 517 resets control pointer 509 to
point to the beginning of control store 504, and transfers
the control-store 504 word that is pointed to by control
pointer 509 to ESSI interface 511. Upon receipt of every
16th TDM SLOT signal at IRQB input, DMA unit 517 in-
crements control pointer 509 and transfers the control-
store 504 word that is pointed to by control pointer 509
to ESSI interface 511.
[0032] ESSI interface 511 operates in conjunction with
DMA unit 517 and is configured as follows. ESSI interface
511 comprises a 16-bit serial shifter 512. When ESSI
interface 511 receives a control word from control store
504, it loads it into serial shifter 512. Then, upon each
receipt of a TDM SLOT signal at its SCK0 input, serial
shifter 512 shifts one bit of its contents to output SC01
of ESSI interface 511. Upon each receipt of a TDM
FRAME signal at its SC02 input, ESSI interface 511
clears and resets shifter 512. (As an alternative to using
spare serial data interface 511, a spare parallel data in-
terface could be used in a similar manner.)
[0033] Host interface 510 operates in conjunction with
ESSI interface 511 and is configured as follows. The one-
bit series of outputs of shifter 512 is received by host
interface 510 at HCS input. If the received bit is cleared,
host interface 510 remains idle. If the received bit is set,
host interface 510 is selected (enabled), and it checks
the state of TDM READ signal line 115 at its HRW input.
If line 115 indicates a read operation, upon receipt of a
TDM STROBE signal at its HDS input, host interface 510
latches data from TDM DATA bus 114 at its HD[0-7] in-
puts. Host interface 510 then requests DMA unit 516 to
transfer the latched data to read buffer 505. Conversely,
if line 115 indicates a write operation, host interface 510
requests DMA unit 516 to transfer to it a word of data
from write buffer 506, latches the transferred word and,
upon receipt of a TDM STROBE signal, transmits the
latched word onto TDM DATA bus 114.
[0034] DMA unit 516 is configured as follows. It defines
a read pointer 507 to read buffer 505 and a write pointer
508 to write buffer 506. Upon receiving a read-operation
request from host interface 510, DMA unit 516 retrieves
the latched data from host interface 510 and stores it in
the word of read buffer 505 that is pointed to by read
pointer 507. DMA unit 516 then increments read pointer
507. Upon receiving a write-operation request from host

interface 510, DMA unit 516 retrieves the data from the
word of write buffer 506 that is pointed to by write pointer
508 and transfers this data to host interface 510. DMA
unit 516 then increments write pointer 508. Upon receipt
of a TDM FRAME signal at IRQA input, DMA unit 516
resets both read pointer 507 and write pointer 508 to
point to the beginning of buffers 505 and 506, respec-
tively.
[0035] Transfers between buffers 505 and 506 and ex-
ternal bus 514 are effected by program control 501 exe-
cuting application programs 99 out of program RAM 518.
Since words of buffers 505 and 506 may be accessed
by program control 501 in any order, buffers 505 and 506
in conjunction with control 501 implement a time-slot in-
terchange.
[0036] FIG. 6 shows a fourth illustrative embodiment
of the TDM bus interface constructed according to the
principles of the invention. The embodiment of FIG. 6 is
an extension of the embodiment of FIG. 5 that enables
DSP 500 to interface to two TDM buses (designated TDM
A and TDM B) 110 and 610 that operate in parallel with
each other and that are synchronized with each other.
During any time slot, DSP 500 can access either one or
both of the two TDM buses 110 and 610. DSP 500 is
interfaced to TDM buses 110 and 610 through a sequen-
tial multiplexer/demultiplexer (MUX/DEMUX) 626. Such
devices are known in the art. An illustrative example may
be found in the patent application of N. W. Petty et al.
entitled "Hybrid Time-Slot and Sub-Time-Slot Operation
in a Time-Division Multiplexed System", U.S. Patent No.
5,862,131. In addition to the signal lines 111-115, MUX/
DEMUX 626 connects to DSP 500 via TDM A signal line
623 and TDM B signal line 624, by means of which MUX/
DEMUX 626 indicates to DSP 500 which one of the two
TDM buses 110 and 610 is presently connected to DSP
500. In order to accommodate up to two time slot access-
es per time slot interval, host interface 510 in FIG. 6 op-
erates at double the speed of host interface 510 of FIG. 5.
[0037] In this implementation, memory RAM 502 de-
fines a control store 604 which is twice as large as the
control store 504 of FIG. 5 and which contains two time-
slot bit-maps, one for each TDM bus 110 and 610. Illus-
tratively, the two bit maps are word-interleaved with each
other.
[0038] DMA unit 517 defines a control pointer 609 to
control store 604. Upon receipt of a TDM FRAME signal
at IRQA input, DMA unit 517 resets control pointer 609
to point to the beginning of control store 604, and trans-
fers two control-store 604 words --illustratively the one
that is pointed to by control pointer 609 and the next se-
quential one-- to ESSI interface 511. ESSI interface 511
thus receives one control word for each one of the two
TDM buses 110 and 610. Upon receipt of every 16th
TDM SLOT signal at IRQ B input, DMA unit 517 incre-
ments control pointer 609 by two control-store addresses
and transfers two control-store 604 words --illustratively
again the one that is pointed to by control pointer 609
and the next sequential one-- to ESSI interface 511.
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[0039] In this implementation, ESSI interface 511 is
configured to comprise two 16-bit serial shifters 512 and
612 --one for each TDM bus 110 and 610, respectively.
When ESSI interface 511 receives a pair of control words
from control store 604, it loads each into a corresponding
different one of the shifters 512 and 612. Then, upon
each receipt of a TDM SLOT signal at its SCK0 input,
shifters 512 and 612 each shifts one bit of its contents to
outputs SC01 and SC00, respectively, of ESSI interface
511 onto DSP A and DSP B signal lines, respectively.
Upon each receipt of a TDM FRAME signal at its SC02
input, ESSI interface 511 clears and resets both shifters
512 and 612.
[0040] TDM A signal line 623 from sequential MUX/
DEMUX 626 and DSP A signal line from ESSI interface
511 are connected to inputs of an AND gate 627. Like-
wise, TDM B signal line 624 and DSP B signal line are
connected to inputs of an AND gate 628. The outputs of
AND gates 627 and 628 are connected to inputs of an
OR gate 629. The output of OR gate 629 is connected
to the HCS input of host interface 510. Thus, host inter-
face 510 is selected (enabled) either whenever DSP 500
is connected to TDM A bus 110 and the bit map for TDM
A bus 110 indicates that DSP 500 is to access the present
time slot, or whenever DSP 500 is connected to TDM B
bus 610 and the bit map for TDM B bus 610 indicates
that DSP 500 is to access the present time slot. When
host interface 510 is selected, it checks the state of TDM
READ signal line 115 at its HRW input. If line 115 indi-
cates a read operation, upon receipt of a TDM STROBE
signal at its HDS input, host interface 510 latches data
from TDM DATA bus 114 and requests DMA unit 516 to
transfer the latched data to read buffer 505. Conversely,
if line 115 indicates a write operation, host interface 510
requests a DMA unit 616 to transfer to it a word of data
from write buffer 506, latches the transferred word, and
upon receipt of a TDM STROBE signal transmits the
latched word onto TDM DATA bus 114.
[0041] In this implementation, three spare DMA units
516, 616, and 517 (out of the six that are included in the
Motorola DSP 56303) are used to support the TDM bus
interface operation. They are configured as follows. DMA
unit 516 defines read pointer 507 to read buffer 505. Upon
receiving a read-operation request from host interface
510, DMA unit 516 retrieves the latched data from host
interface 510, stores it in the word of read buffer 505 that
is pointed to by read pointer 507, and then increments
read pointer 507. DMA unit 616 defines write pointer 508
to write buffer 506. Upon receiving a write-operation re-
quest from host interface 510, DMA unit 616 retrieves
the data word of write buffer 506 that is pointed to by
write pointer 508, transfers this data to host interface 510,
and then increments write pointer 508. Buffers 505 and
506 thus each serve both TDM buses 110 and 610. Upon
receipt of a TDM FRAME signal at IRQA input, both DMA
units 516 and 616 reset their respective pointers 507 and
508. The operation of DMA unit 517 has already been
described above.

[0042] As in FIG. 5, transfers between buffers 505 and
506 and external bus 514 are effected in FIG. 5 by pro-
gram control 501 executing applications programs 99 out
of program RAM 518. Since words of buffers 505 and
506 may be accessed by program control 501 in any
order, buffers 505 and 506 in conjunction with program
control 501 implement a time-slot interchange.
[0043] Of course, various changes and modifications
to the illustrative embodiment described above will be
apparent to those skilled in the art. For example, a parallel
data controller instead of a serial data controller may be
used in the implementations of FIGS. 5 and 6. In that
case, the control store requires a control word for each
time slot, with at most one bit for each TDM bus being
set in each word. Alternatively, to avoid the use of a con-
trol word for each time slot, the parallel data controller
may be used to drive an external serial shifter. Such
changes and modifications can be made without depart-
ing from the scope of the invention and without diminish-
ing its attendant advantages. It is therefore intended that
such changes and modifications be covered by the fol-
lowing claims.

Claims

1. An interface to a time-division multiplexed (TDM)
communications medium which transports data in
time slots that are grouped into frames, comprising:

a processor (100; 500) for executing application
functions (99) that either use data received from
time slots of the frames of the TDM medium
(110; 610) or generate data for transmission in
time slots of the frames of the TDM medium; and

a plurality of storage locations (105, 106; 505, 506)
for temporarily storing the received data or the gen-
erated data;
the processor adapted to access the storage loca-
tions in any order, whereby the processor effects a
time-slot-interchange function, characterised by:

a control memory (300; 504; 604) in the proces-
sor for storing a time-slot map of the frames of
the TDM medium identifying the time slots for
receiving or the time slots for transmitting; and
interrupt circuitry (INT1, INT2; 301, 302; 511) for
generating an interrupt of the processor in re-
sponse to occurrence of each time slot which
the control memory identifies as either a time
slot for receiving or a time slot for transmitting;
wherein

the plurality of storage locations are included in the
processor; and
the processor is adapted to respond to each said
interrupt by cither itself reading (218) the TDM me-
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dium to receive said received data from the time slots
for receiving or itself writing (228) the TDM medium
to transmit said generated data in the time slots for
transmitting.

2. The interface of claim 1 wherein:

the interrupt circuitry generates an interrupt for
each time slot on the TDM medium; and
the processor responds to each interrupt by de-
termining from the time-slot map whether the
occurring time slot is a time slot either for receiv-
ing or a time slot for transmitting; or
the interrupt circuitry generates an interrupt only
when a presently-occurring time slot is identified
in the time-slot map as either a time slot for re-
ceiving or a time slot for transmitting.

3. The interface of claim 1 wherein:

the plurality of data storage locations comprises
a read buffer (105; 505) or a write buffer (106;
506) each having a plurality of data storage lo-
cations for temporarily storing respectively the
received data in a sequence in which the stored
data have been received from the TDM medium
or the generated data in a sequence in which
the stored data are to be transmitted on the TDM
medium.

4. The interface of claim 3 wherein:

the processor further includes;
a host interface (101; 510) coupled to the TDM
medium, responsive to said interrupts by either
receiving data from the TDM medium or trans-
mitting data on the TDM medium, during the oc-
currence of each time slot corresponding to each
said interrupt; and
at least one first DMA controller (516; 616) for
transferring the received data received by the
host interface from the host interface of the read
buffer and for transferring data for transmission
by the host interface from the write buffer to the
host interface.

5. The interface of claim 4 wherein:

the interrupt circuitry comprises;
a shifter (512; 612) for receiving sequential por-
tions of the time-slot map from the control mem-
ory, responsive to each occurrence of a time slot
by transmitting the occurring time slot’s corre-
sponding value from the time-slot map to the
host interface; and
the host interface responds only to values in the
time-slot map received from the shifter which
identify either a time slot for receiving or a time

slot for transmitting, by either receiving data from
the TDM medium or transmitting data on the
TDM medium.

6. The interface of claim 5 wherein:

the processor further includes;
a second DMA controller (517) for transferring
sequential portions of the time-slot map from the
control memory to the shifter.

7. The interface of claim 6 further comprising:

a multiplexer/demultiplexer (626) for connecting
the host interface selectively to a first TDM me-
dium (110) and to a second TDM medium (610)
and indicating to the host interface which of the
TDM media is presently connected to the inter-
face; and wherein
the control memory (604) stores a first time-slot
map of the frames of the first TDM medium iden-
tifying either the time slots for receiving or the
time slots for transmitting on the first TDM me-
dium, and stores a second time-slot map of the
frames of the second TDM medium identifying
either the time slots for receiving or the time slots
for transmitting on the second TDM medium;
the interface circuitry comprises:

a first data interface (511, 512) cooperative
with the control memory for generating a
first signal during occurrence of each time
slot which the first time-slot map identifies
as either a time slot for receiving or a time
slot for transmitting; and
a second data interface (511, 612) cooper-
ative with the control memory for generating
a second signal during occurrence of each
time slot which the second time-slot map
identifies as either a time slot for receiving
or a time slot for transmitting; and
the host interface is coupled to the multi-
plexer/demultiplexer, responds to each said
first signal while the multiplexer/demulti-
plexer indicates that the first TDM medium
is connected to the host interface and re-
sponds to each said second signal while the
multiplexer/demultiplexer indicates that the
second TDM medium is connected to the
host interface, by either receiving data from
the multiplexer/demultiplexer or transmit-
ting data to the multiplexer/demuldplexer.

8. The interface of claim 3 wherein:

the application functions executing on the proc-
essor access the storage locations of the read
buffer and the write buffer in any order, whereby
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the processor effects the time-slot-interchange
function.

Patentansprüche

1. Schnittstelle für ein Zeitmultiplex(TDM)-Kommuni-
kationsmedium, das Daten in Zeitschlitzen transpor-
tiert, die in Rahmen gruppiert sind, umfassend:

einen Prozessor (100; 500) zum Ausführen von
Anwenderfunktionen (99), die entweder Daten
nutzen, die von Zeitschlitzen der Rahmen des
TDM-Mediums (110; 610) empfangen worden
sind, oder Daten zur Übertragung in Zeitschlit-
zen der Rahmen des TDM-Mediums generie-
ren; und
eine Mehrzahl von Speicherstellen (105, 106;
505, 506) zum temporären Speichern der emp-
fangenen Daten oder der generierten Daten;

wobei der Prozessor dafür ausgelegt ist, in beliebiger
Reihenfolge auf die Speicherstellen zuzugreifen,
wodurch der Prozessor eine Zeitschlitz-Austausch-
funktion ausführt;
gekennzeichnet durch
einen Steuerspeicher (300; 504; 604) in dem Pro-
zessor zum Speichern einer Speicherschlitzzuord-
nung für die Rahmen des TDM-Mediums, welche die
Zeitschlitze zum Empfangen oder die Zeitschlitze
zum Senden identifiziert; und
eine Interrupt-Schaltung (INT1, INT2; 301, 302; 511)
zum Erzeugen eines Interrupts des Prozessors in
Ansprechen auf das Auftreten eines jeweiligen Zeit-
schlitzes, welchen der Steuerspeicher als entweder
einen Zeitschlitz zum Empfangen oder einen Zeit-
schlitz zum Senden identifiziert; wobei
die Mehrzahl von Speicherstellen in dem Prozessor
enthalten ist; und
der Prozessor dafür ausgelegt ist, auf jeden solchen
Interrupt anzusprechen, indem er entweder selbst
das TDM-Medium liest (218), um die empfangenen
Daten aus den zum Empfangen vorgesehenen Zeit-
schlitzen zu empfangen oder selbst auf das TDM-
Medium schreibt (228), um die generierten Daten in
den zum Senden vorgesehenen Zeitschlitzen zu
senden.

2. Schnittstelle nach Anspruch 1, wobei:

die Interruptschaltung einen Interrupt für jeden
Zeitschlitz an dem TDM-Medium generiert; und
der Prozessor auf jeden Interrupt anspricht, in-
dem er anhand der Zeitschlitzzuordnung fest-
stellt, ob der auftretende Zeitschlitz entweder
ein Zeitschlitz zum Empfangen oder ein Zeit-
schlitz zum Senden ist; oder

die Interruptschaltung einen Interrupt nur dann ge-
neriert, wenn ein momentan auftretender Zeitschlitz
in der Zeitschlitzzuordnung entweder als ein Zeit-
schlitz zum Empfangen oder ein Zeitschlitz zum Sen-
den identifiziert wird.

3. Schnittstelle nach Anspruch 1, wobei:

die Mehrzahl der Datenspeicherstellen einen
Lesepuffer (105; 505) oder einen Schreibpuffer
(106; 506) umfasst, die jeweils eine Mehrzahl
von Datenspeicherstellen aufweisen, und zwar
zum temporären Speichern der empfangenen
Daten in einer Abfolge, in welcher die gespei-
cherten Daten von dem TDM-Medium empfan-
gen worden sind, bzw. der generierten Daten in
einer Abfolge, in welcher die gespeicherten Da-
ten auf dem TDM-Medium gesendet werden sol-
len.

4. Schnittstelle nach Anspruch 3, wobei der Prozessor
ferner umfasst:

eine Host-Schnittstelle (101; 510), die mit dem
TDM-Medium gekoppelt ist, welche auf die In-
terrupts anspricht, indem sie entweder Daten
von dem TDM-Medium empfängt oder Daten
auf dem TDM-Medium sendet, und zwar wäh-
rend des Auftretens eines jeweiligen Zeitschlit-
zes, der dem jeweiligen Interrupt entspricht; und
zumindest einen ersten DMA-Controller (516;
616) zum Transferieren der empfangenen Da-
ten, die von der Host-Schnittstelle empfangen
worden sind, von der Host-Schnittstelle zu dem
Lesepuffer, sowie zum Transferieren der zum
Senden durch die Host-Schnittstelle vorgesehe-
nen Daten von dem Schreibpuffer zu der Host-
Schnittstelle.

5. Schnittstelle nach Anspruch 4, wobei die
Interruptschaltung umfasst:

einen Shifter (512; 612) zum Empfangen auf-
einander folgender Abschnitte der Zeitschlitzzu-
ordnung von dem Steuerspeicher, welcher auf
jedes Auftreten eines Zeitschlitzes anspricht, in-
dem er den entsprechenden Wert des auftreten-
den Zeitschlitzes aus der Zeitschlitzzuordnung
an die Host-Schnittstelle sendet; und

wobei die Host-Schnittstelle nur auf von dem Shifter
empfangene Werte in der Zeitschlitzzuordnung an-
spricht, die entweder einen Zeitschlitz zum Empfan-
gen oder einen Zeitschlitz zum Senden identifizie-
ren, und zwar indem sie entweder Daten von dem
TDM-Medium empfängt oder Daten auf dem TDM-
Medium sendet.
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6. Schnittstelle nach Anspruch 5, wobei der Prozessor
ferner umfasst:

einen zweiten DMA-Controller (517) zum Trans-
ferieren aufeinander folgender Abschnitte der
Zeitschlitzzuordnung von dem Steuerspeicher
zu dem Shifter.

7. Schnittstelle nach Anspruch 6, ferner umfassend:

einen Multiplexer/Demultiplexer (626) zum Ver-
binden der Host-Schnittstelle wahlweise mit ei-
nem ersten TDM-Medium (110) und einem
zweiten TDM-Medium (610) und zum Anzeigen
für die Host-Schnittstelle, welches der TDM-Me-
dien momentan mit der Schnittstelle verbunden
ist; und wobei
der Steuerspeicher (604) eine erste Zeitschlitz-
zuordnung für die Rahmen des ersten TDM-Me-
diums speichert, welche entweder die Zeitschlit-
ze zum Empfangen oder die Zeitschlitze zum
Senden auf dem ersten TDM-Medium identifi-
ziert, und eine zweite Zeitschlitzzuordnung für
die Rahmen des zweiten TDM-Mediums spei-
chert, welche entweder die Zeitschlitze zum
Empfangen oder die Zeitschlitze zum Senden
auf dem zweiten TDM-Medium identifiziert;

wobei die Schnittstellenschaltung umfasst:

eine erste Datenschnittstelle (511, 512), die mit
dem Steuerspeicher zusammenwirkt, um wäh-
rend des Auftretens eines jeweiligen Zeitschlit-
zes, welchen die erste Zeitschlitzzuordnung als
entweder einen Zeitschlitz zum Empfangen
oder einen Zeitschlitz zum Senden identifiziert,
ein erstes Signal zu erzeugen; und
eine zweite Datenschnittstelle (511, 612), die
mit dem Steuerspeicher zusammenwirkt, um
während des Auftretens eines jeweiligen Zeit-
schlitzes, welchen die zweite Zeitschlitzzuord-
nung als entweder einen Zeitschlitz zum Emp-
fangen oder einen Zeitschlitz zum Senden iden-
tifiziert, ein zweites Signal zu erzeugen; und

wobei die Host-Schnittstelle, die mit dem Multiple-
xer/Demultiplexer gekoppelt ist, auf jedes solche er-
ste Signal anspricht, während der Multiplexer/De-
multiplexer anzeigt, dass das erste TDM-Medium mit
der Host-Schnittstelle verbunden ist, und auf jedes
solche zweite Signal anspricht, während der Multi-
plexer/Demultiplexer anzeigt, dass das zweite TDM-
Medium mit der Host-Schnittstelle verbunden ist, in-
dem sie entweder Daten von dem Multiplexer/De-
multiplexer empfängt oder Daten an den Multiplexer/
Demultiplexer sendet.

8. Schnittstelle nach Anspruch 3, wobei:

die Anwenderfunktionen, die auf dem Prozessor
ausgeführt werden, auf die Speicherstellen des
Lesepuffer und des Schreibpuffers in beliebiger
Reihenfolge zugreifen, wodurch der Prozessor
die Zeitschlitz-Austauschfunktion ausführt.

Revendications

1. Interface avec un support de communication à mul-
tiplexage par répartition dans le temps (MRT) qui
achemine des données dans des intervalles de
temps qui sont groupés dans des trames,
comprenant :

un processeur (100 ; 500) pour exécuter des
fonctions (99) d’application qui soit utilisent des
données reçues à partir d’intervalles de temps
des trames du support (110 ; 610) MRT, soit en-
gendrent des données pour une émission dans
des intervalles de temps des trames du support
MRT ; et
une pluralité de positions (105, 106 ; 505, 506)
de mémoire pour mémoriser temporairement
les données reçues ou les données
engendrées ;

le processeur étant conçu pour accéder aux posi-
tions de mémoire dans un ordre quelconque, de ma-
nière à ce que le processeur exécute une fonction
d’échange d’intervalles de temps, caractérisée
par :

une mémoire (300 ; 504 ; 604) de commande
dans le processeur, pour mémoriser une topo-
graphie d’intervalles de temps des trames du
support MRT identifiant les intervalles de temps
de réception ou les intervalles de temps
d’émission ; et
des circuits (INT1, INT2 ; 301, 302 ; 511) d’in-
terruption pour engendrer une interruption du
processeur, en réponse à l’apparition de chaque
intervalle de temps que la mémoire de comman-
de identifie soit comme un intervalle de temps
de réception, soit comme un intervalle de temps
d’émission ; dans laquelle

la pluralité de positions de mémoire est comprise
dans le processeur ; et
le processeur est conçu pour répondre à chaque in-
terruption, soit en lisant (218) lui-même le support
TDM pour recevoir les données reçues à partir des
intervalles de temps de réception, soit en écrivant
(228) lui-même sur le support MRT pour émettre les
données engendrées dans les intervalles de temps
d’émission.

2. Interface suivant la revendication 1, dans laquelle :
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les circuits d’interruption engendrent une inter-
ruption pendant chaque intervalle de temps sur
le support MRT ; et
le processeur répond à chaque interruption en
déterminant à partir de la topographie d’interval-
les de temps, si l’intervalle de temps ayant lieu
est un intervalle de temps de réception ou un
intervalle de temps d’émission ; ou

les circuits d’interruption engendrent une interrup-
tion seulement lorsqu’un intervalle de temps en
cours est identifié dans la topographie d’intervalles
de temps, soit en tant qu’intervalle de temps de ré-
ception soit en tant qu’intervalle de temps d’émis-
sion.

3. Interface suivant la revendication 1, dans laquelle :

la pluralité de positions de mémoire de données
comprend une mémoire (105 ; 505) tampon de
lecture ou une mémoire (106 ; 506) tampon
d’écriture, ayant chacune une pluralité de posi-
tions de mémoire de données pour mémoriser
de manière temporaire, respectivement, les
données reçues dans une séquence dans la-
quelle les données mémorisées ont été reçues
en provenance du support MRT, ou les données
engendrées dans une séquence dans laquelle
les données mémorisées doivent être émises
sur le support MRT.

4. Interface suivant la revendication 3, dans laquelle :

le processeur comprend en outre :

une interface hôte (101 ; 510) couplée au
support MRT, répondant aux interruptions,
soit en recevant des données en provenan-
ce du support MRT, soit en émettant des
données sur le support MRT, lors de l’ap-
parition de chaque intervalle de temps cor-
respondant à chaque interruption ; et
au moins un premier contrôleur (516 ; 616)
DMA pour transférer les données reçues
par l’interface hôte, en provenance de l’in-
terface hôte de la mémoire tampon de lec-
ture et pour transférer des données à émet-
tre par l’interface hôte, de la mémoire tam-
pon d’écriture à l’interface hôte.

5. Interface suivant la revendication 4, dans laquelle :

les circuits d’interruption comprennent :

un circuit (512 ; 612) de décalage pour re-
cevoir des parties séquentielles de la topo-
graphie d’intervalles de temps en provenan-
ce de la mémoire de commande, répondant

à chaque apparition d’un intervalle de
temps, en émettant la valeur correspondant
à l’intervalle de temps ayant lieu, de la to-
pographie d’intervalles de temps à l’interfa-
ce hôte ; et
l’interface hôte répond seulement à des va-
leurs de la topographie d’intervalles de
temps, reçues en provenance du circuit de
décalage, qui identifient soit un intervalle de
temps de réception soit un intervalle de
temps d’émission, soit en recevant des don-
nées en provenance du support MRT soit
en émettant des données sur le support
MRT.

6. Interface suivant la revendication 5, dans laquelle :

le processeur comprend en outre :

un deuxième contrôleur (517) DMA pour
transférer des parties séquentielles de la to-
pographie d’intervalles de temps, de la mé-
moire de commande au circuit de décalage.

7. Interface suivant la revendication 6 comprenant, en
outre :

un multiplexeur/démultiplexeur (626) pour con-
necter l’interface hôte, de manière sélective, à
un premier support (110) MRT et à un deuxième
support (610) MRT et pour indiquer à l’interface
hôte celui des supports MRT qui est actuelle-
ment connecté à l’interface ; et dans laquelle
la mémoire (604) de commande mémorise une
première topographie d’intervalles de temps des
trames du premier support MRT, identifiant soit
les intervalles de temps de réception soit les in-
tervalles de temps d’émission sur le premier
support MRT, et stocke une deuxième topogra-
phie d’intervalles de temps des trames du
deuxième support MRT, identifiant soit les inter-
valles de réception soit les intervalles de temps
d’émission sur le deuxième support MRT ;
les circuits d’interface comprennent :

une première interface (511, 512) de don-
nées coopérant avec la mémoire de com-
mande pour engendrer un premier signal
lors de l’apparition de chaque intervalle de
temps que la première topographie d’inter-
valles de temps identifie soit comme un in-
tervalle de temps de réception soit comme
un intervalle de temps d’émission ; et
une deuxième interface (511, 612) de don-
nées coopérant avec la mémoire de com-
mande pour engendrer un deuxième signal
lors de l’apparition de chaque intervalle de
temps que la deuxième topographie d’inter-
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valles de temps identifie soit comme un in-
tervalle de temps de réception soit comme
un intervalle de temps d’émission ; et
l’interface hôte est couplée au multi-
plexeur/démultiplexeur et répond à chaque
premier signal tandis que le multi-
plexeur/démultiplexeur indique que le pre-
mier support MRT est connecté à l’interface
hôte et répond à chaque deuxième signal
tandis que le multiplexeur/démultiplexeur
indique que le deuxième support MRT est
connecté à l’interface hôte, soit en recevant
des données en provenance du multi-
plexeur/démultiplexeur, soit en émettant
des données vers le multiplexeur/démulti-
plexeur.

8. Interface suivant la revendication 3, dans laquelle :

les fonctions d’application s’exécutant sur le
processeur accèdent aux positions de mémoire
de la mémoire tampon de lecture et de la mé-
moire tampon d’écriture, dans un ordre quelcon-
que, de manière à ce que le processeur exécute
la fonction d’échange d’intervalles de temps.
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