CONVENTION
AUSTRALIA
EAE N

Patents Act Lol

APPLICATION FOR A STANDARD PATENT ~

Societe Anonyme Dite Alcatel Cit
12, rue de la Baume, 75008 Paris, FRANCE

hereby applies for the grant of a standard patent for an invention entitled:

"SYSTEM FOR TRANSMETTING HDLC FRAMES ON A PCM TYPE LINK USING A SINGLE
HDLC CIRCUIT AND A TRANSPOSITION BUFFER MEMORY".

which is described in the accompanying complete specification.

Details of basic application(s):-
88 17 504 FRANCE 30 December 1988

Address for Service:

°sttTe PHILLIPS ORMONDE & FITZPATRICK
o o e Patent and Trade Mark Attorneys
eone 367 Collins Street
§°o°:° Melbourne 3000 AUSTRALIA

ooo
o +DATED this TWENTY NINTH day of DECEMBER 1989

PHILLIPS ORMONDE & FITZPATRICK
Attorneys for:
Societe Anonyme Dite Alcatel Cit

ncc‘n‘By:

L] £3 1
? st

.. .Our Ref : 158139
<, *,POF Code: 1501/76619




¥ INSTRUCTIONS

(a) Insert *"Convention"
i applicable

(b) Insert FULL name(s)
of applicant(s)

(c) Insert *‘of addition”
it applicable

(d) Insert TITLE of
invention

(c) Insert FULL name(s)
AND address(es) of
declarani(s)

(See headnote*)

(f) Insert FULL name(s)
AND address(es) of
actual inventor(s)

tg) Ricile how appli-
cant(s) derive(s)
tile from actual
inventor(s)
{Ser. headnote**)

e .
PO

LRl

(h) Insert country,
filing date, and
basic applicant(s)
for the/or EACH
basic application

€t

(X) Insert PLACE of
signing

(1) Inseqt DATE of
-signing

(m) Sign.ature(s) of
«' deciarant(s)

Note: No legalization or
other witness required

In support of the @ CONVENTION

(b)

AUSTRALIA

Parents Act

DECLARATION FOR A PATENT APPLICATION

application made by

Société Anonyme dite : ALCATEL CIT

(hereinafter called “applicant(s) for a patent (© ’ for an
invention entitled (@

SYSTEM FOR TRANSMITTING HDLC FRAMES ON A PCM TYPE LINK USING A SINGLE
HDLC CIRCUIT AND A TRANSPOSITION BUFFER MEMORY

I/We ) Michel FOURNIER, Agent with power of attorney

of 14-16 rue de la Baume 75008 PARIS, FRANCE

do solemnly and sincerely, declare as follows:
1. AXARAXXVEXH KX XE AP EH OB XX

b=

!\J

(g)

(or, in the case of an application by a body corporate)
I am/We are authorized to make this declaration on behalf of the applicant(s).
- X HP R A XX XaC Al X PR REOX s X 308X e SKUERKRRX

(or, where the applicant(s) is/are not the actual inventor(s))

No€l LE CORRE, of 10 Allée André Breton 91240 SAINT MICHEL, FRANCE.

is/aré the actual inventor(sy of the invention and the facts upon which the applicant(g)
is/are cntitled to make the application are as follows:

The applicent is the assignee of the invention from the said
actual inventor.

(Note: Paragraphs 3 and 4 apply only to Convention application:)
3. Th= basic application(s) for patent or similar protection on which the application is based

M)

by Société Anonyme dite

s/ pre identified by country, filing date, and basic applicant(s) as follows:
FRANCE, December 30, 1988

ALCATEL CIT

4. The basic application(sy referred to in paragraph 3 hereof was/were- the first application(sy

To: The Commissioner of Patents

made in a Convention country in respect of the invention the subject of the application.

Declared at &  PARIS
Dated ® November 30, 1939

(m) .

e

7
/ fehol FOURNIER
Ferds— o5 Pouvair

P18/1/78

STUART TaviLOw

PHILLIPS ORMONDE & FITZPATRICK  ~'ovets dlnvention
Patent and Trade Mark Attorneys
367 Collins Street
Melbourne, Australia



(12) PATENT ABRIDGMENT  (11) pocument No. AU-B-47361/89
(19) AUSTRALIAN PATENT CFFICE (10) Acceptance No. 623207

(54)

(s1)*
(21)
(30)
(31)

(43)
(44)
(71)

(72)
(74)

(56)

(57)

Title

SYSTEM FOR TRANSMITTING HDLC FRAMES ON A PCM TYPE LINK USING A SINGLE HDLC
CIRCUIT AND A TRANSPOSITION BUFFER MEMORY

International Patent Classification(s)

HO04J 003/00 HO4L 005722

Application No. : 47361/89 (22) Application Date : 29.12.89
Priority Data

Number (32) Date (33) Country

88 17504 30.12.88 FR FRANCE

Publication Date : 05.07.90
Publication Date of Accepted Application : 07.05.92

Applicant(s)
SOCIETE ANONYME DITE ALCATEL CIT

Inventor(s)
NOEL LE CORRE

Attorney or Agent
PHILLIPS ORMONDE & FITZPATRICK , 367 Collins Street, MELBOURNE VIC 3000

Prior Art Documents
AU 47362/89 HO4L 3/00 3/225/22

US 4597074
Claim
1. System for transmitting HDLC frames on a

multi-channel PCM 1link, said system receiving messages,
building HDLC frames, and transmittiug the HDLC frames on
the PCM channels; comprising:

a single buffer memory with a cead cycle distinct
from the write cycle, and a single-channel HDLC frame
formatting circuit; said buffer memory being written with
formatted HDLC frames supplied by saii: formatting circuit,
and being read under the control of .»&¢ans for addressing a
block of data having the format of a PCM channel, for
building a PCM frame made of successive blocks of data

read in said buffer memory.
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SYSTEM FOR TRANSMITTING HDLC FRAMES ON A PCM

TYPE LINK USING A SINGLE HDLC CIRCUIT AND A

TRANSPOSITION BUFFER MEMORY
BACKCROEND O THE—INVENTION

Eeld-af the—invention

The invention concerns data transmission, in the

telecommunications field, in accordance with the 1ISO
standard protocol, and more particularly in accordance
with levels 1 and 2 of the standard.

. . £ ¢ .

The specific implementation behind the develop-

ment of the invention concerns an HDLC (High-level Data
Link Control) transmitter with 32 channels multiplexed
onto a PCM 1link and integrated into a PCM controller
associated with a data switch, for example.

However, the invention encompasses other
implementations in which an ISO level 2 frame format (in
place of the HDLC format) is combined with multiplexing
of multiple formatted channels onto the transmission
link (in place of the PCM technique).

One example of the use of PCM multiplexing of
HDLC frames is the TRANSPAC (registered trademark)
network which uses the X.25 protocol.

HDLC encoding entails formatting the data into
successive identiiiable frames each comprising a frame
validation symbol on two bvtes (signature based on the
bits of the frame) that 1is checked at the receiving
end.

The PCM transmission technique time-division
multiplexes N independent logical channels onto a single
physical transmission pair in the form of PCM frames
each identified by a PCM frame start/end byte. Within
each PCM frame each channel is reserved the same byte of
predetermined rank.

The insertion of the HDLC frames into the PCM
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format at the transmitting end and then the recovery of
each channel at the receiving end presupposes the
provision of a specific system at each end of the
transmission system. The 1invention concerns the
transmit part of a system of this kind.

There are already known systems for transmitting
HDLC frames on PCM type channels comprising 16 or 32
separate transmitters or multiple automatic devices each
associated with 16 or 32 words of PAM. In the known
system shown in figure 4 the HDLC formatting is done, on
a per-channel basis, by means of a specific 1line for
each of the channels comprising a dedicated HDLC circuit
41 and a dedicated processor 42 associated with a buffer
memory 43. Each of the 1lines 44 corresponding to a
separate channel feeds a common multiplexer 45 which
constructs the PCM frame.

This existing system is fully operational bhut
has the disadvantages of a large number of components
(one component for eech channel) and the resulting
complexity of management.

These disadvantages are particularly
constricting in developing switching systems for a very
large number of lines carrying large amounts of digital
data. Until recently, 32-channel PCM 1links carried a
limited number of logical channels (two, for example),
the other channels being speech channels. It was
therefore feasible, and sometimes essential, to process
each channel separately, the multiplication of the
components 41, 42, 43 on just a few parallel channels
being compensated by the resulting flexibility of
configuration.

There are now being developed PCM type
transmit/receive systems comprising only digital
channels. For example, the signalling transfer points
(STP) designed to be 1installed on the French public
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in the order of 500 64 kbit/s HDLC channels.

The increasing digitization of the network and
rising data signalling rates are now making it possible
to introduce services offering 1increasingly superior
performance (ISDN) and represent a clear requirement for
better performance PCM/HDLC systems.

An objective of the invention is to provide a
system which can meet these requirements whilst being
economical in terms in the number of components used,
and in particular the number of HDLC formatting
components. The system in accordance with the invention
also makes it possible to save on the use of a data
multiplexer on the PCM link.

The invention also makes it possible to make the
system much more compact with reduced unit cost and
power consumption. What is more, the interface to the
next higher 1level is simplified.

The invention also makes it possible to operate
at a high speed with no risk of starving the PCM
link.

Further, the design of the system makes it
compatible with protocols differing from the HDLC
format, simply by replacing a single «circuit per
l6-channel or 32-channel transmitter.
SEMMARY—OP—FHE—ENVENTTION

The invention consists in a system for

transmittin DLC frames on a multi-channel PCM type
link, the system mprising HDLC frame building first

means for each transmissi@n channel feeding second means

for 1inserting the HDLC fr in a time-division
multiplexing PCM format, characterized in that said
first and second means are constitute a single

transposition buffer memory with a read cycle istinct
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According to the present invention there is provided
system for transmitting HDLC frames on a multi-channel PCM
link, said system receiving messages, building HDLC
frames, and transmitting the HDLC frames on the PCM
channels; comprising:

a single buffer memory with a read cycle distinct
from the write cycle, and a single-channel HDLC frame
formatting circuit; said buffer memory being written with
formatted HDLC frames supplied by said formatting circuit,
and being read under the control of means for addressing a
block of data having the format of a PCM channel, for
building a PCM frame made of successive blocks of data
read in said buffer memory.

The transmission system may thus use a single HDLC
formatting circuit and a single memory.

The buffer memory may advantageously comprise at
least N circular FIFO type memory segments corresponding
to the N channels carried on the PCM 1link. In this way
each of said memory segments may comprise a separate write
pointer and there is a common read pointer for all the
segments.

The system preferably includes a circuit for
selectively feeding the HDLC circuit comprising a
processor receiving the information supplied by the write
and read pointers cf said buffer memory. In this way the
processor may manage the filling of the memory segments to
avoid starving the PCM 1link. It may comprise, for
example, logic for selectively feeding to the HDLC circuit
data for priority f£illing of the least full segment of the
buffer memory, at least when the amount of data stored in
said memory segment is less than a predetermined threshold.

The processor of the HDLC circuit selective feed
circuit may advantageously cooperate with a local memory
for temporary data storage. The feed circuit processor
and the single HDLC circuit may then preferably cooperate
in a master/slave relationship via a bus the data
signalling rate on which is determined by receive
acknowledgements sent by the single HDLC circuit.
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The selective feed circuit processor may supply the
data bytes to the HDLC circuit accompanied by information
identifying the current, end of frame and synchronization
bytes. The identification of an end of frame byte may
command the corresponding HDLC formatting operation.
Moreover, the identification of the synchronization bytes
may command HDLC circuit deactivation and bypassing means
to enable loading of the synchronization byte of each PCM
frame directly into the buffer memory,

To further improve the flexibility of the system, in
particular with regard to irregular supply of source
frames, means may be provided for masking the clock
signals controlling said HDLC circuit and/or the means for
sequencing writing into said buffer memory in the event of
insufficient data being supplied to the HDLC circuit.

A preferred embodiment of the present invention will
now be described with reference to the accompanying
drawings wherein:-

- 43 -
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ifying—the—gurrent, end of frame —and

syachronization bytes. The identification of an
end\ of frame byte commands the corresponding HDLC
formatting operation. Moreover, the identification of
the synchronization bytes commands HDLC circuit
deactivakion and bypassing means to enable loading of
the synchrgnization byte of each PCM frame directly into
the buffer nemory.

To fNrther 1improve the flexibility of the
system, in partMcular with regard to irregular supply of
source frames, 1t advantageously comprises means for
masking the clock signals controlling said HDLC circuit
and/or the means for\sequencing writing into said buffer
memory in the event of insufficient data being supplied
to the HDLC circuit.

Other characterigtics and advantages of the
invention will emerge n reading the following
description of one preferred\embodiment given by way of
purely illustrative and non-Nmiting example and from
the appended drawings.

BREEF—DESCRIPTION—OFFPHE—DRAWE

. Figure 1 is a schematic showing the

transmission subsystem of a 3l-channel PCM 1link
incorporating the transmission system in accordance with
the invention.

. Figure 2 is a schematic showiny the structure
of an HDLC frame.

. Figure 3 is a schematic showing the structure
of a PCM frame.

. Figure 4 shows a known implementation of a
system for transmitting HDLC frames on a PCM type
channel with separate HDLC processing for each channel.

. Figure 5 is a schematic showing the
implementation of a PCM controller in a data switch.

. Figure 6 shows a PCM controller to which the
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transmission system in accordance with the invention can
be applied.

. Pigure 7 shows a preferred embodiment of the
HDLC operator of the transmission system in accordance
with the invention.

. Figure 8 is a schematic showing the structure
of the single transposition memory of the operator from
figure 7.

BEFATEED—DESCRIPTIONOF —FHE—NVENTION

As schematically shown in figure 1, the
enbodiment to be described hereinafter relates to a PCM
type link 10 made up of 31 HDLC channels 11 multiplexed
(at 12) with a synchronization 32nd channel (PCM
standard).

To make this example more specific, it may be
assumed that the HDLC channels operate at a data
signalling rate of 64 kbit/s on a CEPT PCM type link
(2.048 Mbit/s) wusing a CCITT No 7 type transmission
protocol.

Figure 2 shows the structure of an HDLC frame,
comprising:

. a flag "7E" 21 for separating the frames; the
code "TE" corresponds to the binary sequence
01111110;

. N data bytes 22; the number N of bytes varies
according to the software (1 000 bytes maximum, for
example); these data bytes include the message header 23
consisting for example of a frame number, a number for
the last frame sent by the remote system, a length
indication for the message in the HDLC frame and the
actual body of the message 24;

. two frame validation bytes; these bytes are
CRC (Cyclic PRedundancy Check) bytes and their wvalue
depends on the bits of the frame; these two bytes
consist, €for example, of the remainder obtained on
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dividing the frame by a particular polynomial.

The HDLC frames are transmitted in succession on
each channel with a frame separator 21 between
successive frames. If there is no frame to transnit the
separator flags 21 are transmitted continuously.

The building of these HDLC frames from the
source data sequences requires the use in the
transmitter of a specific USART (Universal Synchronous/
Asynchronous Receiver/Transmitter) device, the functions
of which include:

. eliminating occurrences of the symbol "7E"
within the data frame to avoid any possibility of
ambiguity with respect to the end of frame flags 21:
this function is based on the so-called "transparency"
rule which entails inserting zeroes into the useful data
sequence immediately five consecutive bits at one are
detected:

. computing the two CRC bytes 25 to insert them
at the end of the frame;

inserting frame separation flags 21 between
HDLC frames.

Of course, a complementary component is used in
the receiver part to recover the tranmitted data by
implementing the following functions:

. detecting and eliminating frame flags 21;

. verifying that the wuseful data sequence 22
transmitted matches the two CRC bytes 25; if not, the
receiver switches to an "error" state and, for example,
commands retransmission of the frame;

. extracting the zeroes inserted into the frame
on transmission, according to the transparency rule.

Figure 3 shows the structure of a PCM frame.

The data signalling rate of a multiplexed PCM
frame built from 32 x 64 kbit/s channels is 32 x 64
kbit/s = 2.048 Mbit/s. The data 1is transmitted in
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consecutive blocks of 256 bits as shown in figure 3,
repeated continuously. The block comprises 32 time
slots 31 (TsO, TS1l, ..., TS31l) each comprising eight
bits. The byte TSO contains a sychronization code. The
bytes TS1 through TS3l each correspond to a different
transmission channel. From the point of view of the
transmitter or the receiver, the data £from each
subscriber is sampled and sent every 256  bits,
multiplexed with the data of the parallel channels.

Where necessary, the byte TS16 corrusponds to
signalling data specifying the use of each of the bytes
TS1l, TS2, etc.

The embodiment of the system in accordance with
the invention will be described in more detail in
relation to a data switch as shown in figure 5.

A data switch of this kind comprises, for
example, a multibus multiprocessor system including:

. a management bus;

. at least one frame switching bus adapted to
process received data and to regroup it for
retransmission to appropriate transmission lines;

. connecting buses to the transmit/receive
lines.

The system buses 51, 52, 53 are interconnected
by pairs of bus controllers 54 which enable the
processors 55 connected to each bus to communicate with
each other or with slave rniodules such as menories 56.

The connection to a PCM link 10 is made through
a PCM controller 57 preferably connected in parallel to
two buses 52, 53 for security reasons. Only one of the
two interfaces between the PCM controller 57 and the
buses 52, 53 is active at any particular time, under the
control of a management processor 61 (figure 6). The
second interface may be activated should the first fail,
for example.
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Figure 6 shows the structure of a PCM controller
of a type in which the invention may be used.

The PCM controller is connected to the two buses
52, 53 of the data switch by means of two tristate
buffer circuit type isolating circuits 62 controlled by
the management processor 61.

The management processor 61 has additional
functions:

. it coope.ates with the processors connected to
the buses 52, 53 to manage the source data frames and
the error rates on the HDLC channels;

. it takes part in management of the 1local
memory 63 of the PCM controllers;

. it monitors congestion on and the data
signalling rate of the 1local bus 60 of the PCM
controller and manages the routing of data on the local
bus 60;

. it manages time-delays activated on transfer
of data on the bus, pending acknowledgements of
reception;

. it sends instructions to the transmit
processor 67 over the PCM 1link 10.

The PCM controller further comprises a 1local
memory 63 and two processing branches 64, 65
respectively corresponding to the receive and transmit
circuits of the controller. These circuits 64, 65
cooperate with a common PCM interface 59 connected to
the PCM link 10. Each of the circuits 64, 65 includes a
processor 66, 67 and an HDLC circuit 68, 69
incorporating the transmit or receive USART functions as
described above.

The 1invention 1is more particularly concerned
with the structure and the operation of the circuit 65
in conjunction with the local memory 63 in respect of

operations for transmitting HDLC frames on the PCM
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figure 10.

Figure 7 is a schematic showing the main
component parts of the transmission system in accordance
with the invention.

It shows:

. the transmit processor 67 and the local memory
63 of the PCM controller forming the circuit feeding the
HDLC circuit 70;

. a single, single-channel HDLC operator 70
operating on the 32 channels of the PCM 1link on a
timesharing basis;

. a 128 kbit monolithic time slot interchange
memory 71 which stores the frames or the flags from the
HDLC circuit 70;

. a write pointer 72 comprising a 5-bit register
73 containing the channel number and a 12-bit counter 74
incremented at the timing rate of the transmit clock 735
of the HDLC circuit 70;

. a read pointer 76 comprising a l17-bit binary
counter incremented at the timing rate of the PCM
clock 77;

. a multiplexer 78 which c¢ross-connects the
addresses from the two pointers 72, 76 according to the
type of cycle (read or write);

. a sequencer 89 which controls the multiplexer
78 and supplies the clocks for the pointers 72, 76 and
the HDLC circuit 70;

. a flip-flop 79 for memorizing the current
state of the bit sent to the PCM link.

The processor 67 also receives status informa-
tion from the write pointer 72 and read pointer 76.

The structure of the memory 71 will be described
with reference to figure 8.

It is a 128 k x 1-bit memory with separate input
and output and a cycle time of 122 ms. Every 488 ms
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three cycles are allocated to writing and one cycle to
reading: the read cycles are always executed, yielding a
binary bit stream at 2.048 Mbit/s. The write cycles are
executed only during transmission of frames by the
5 processor. The memory 1is divided into 32 blocks 80,
through 8032 each comprising four bits and =zach
assigned to one PCM channel. The memory is used as a
ig;ghigLAbuffer memory. The processor 67 therefore has
to manage for each block 804 through 803, a
10 specific 12-bit write pointer 724 through 725,
memorizing between write omerations into its block the
address of the last bit written in the block. The read
pointer 76 is common to all the blocks because it is
derived from a counter synchronized with the PCM clock
15 77; the 1less significant bits of this counter scan
through the channel numbers at the rate of one channel
every cight bits, in accordance with the CEPT PCM
. structure (see figure 3 and table 1 below).
As already mentioned, the processor 67 can read
20 the write pointer 72 and the read pointer 76; by
comparing them it can tell how £full a memory block
: 807 ~ 805, is and whether it can send a new HDLC
frame on the corresponding channel. To this end the
processor 67 includes sclective feed 1logic to be
25 described in detail later.
The stages 1in transmitting an HDLC frame by
: means of the system from figure 7 are therefore as
1..L follows:
. the processor 67 writes the number of the
30 channel on which it wishes to transmit the frame into
the register 73 of the write pointer 72;
. it loads the counter 74 of the write pointer
AR 72 with the value that it saved at the end of the last
’ frame sent on the same channel;

35 . it then writes the frame byte by byte into the
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HDLC circuit 70 which inserts the necessary zeroes and
computes the CRC; transmission is at an average rate of
6 Mbit/s with automatic locking up of the transmit clock
if the microprocessor does not supply the next byte
gquickly enough, by means of a masking process described
later;

. after writing the last byte, the processor 67
writes the "end of frame" command which causes the CRC
to be sent;

. it then 1looks for an "end of transmission"
flag which tells it that it can read and save the
channel write pointer;

- . the processor 67 can then process another
channel.

The data signalling rate on the local bus 60 is
determined by the HDLC circuit 70. This HDLC circuit
cooperates with the processor 67 in a master/slave
relationship. Each time a data byte 1is received the
HDLC circuit 70 sends a receive acknowledgement to the
processor 67 which will indirectly  command the
transmission of the next byte. This process makes it
possible to avoid the risk of saturation of the HDLC
circuit.

The HDLC circuit has two input lines 81, 82 the
states of which identify the current, end of frame and
synchronization bytes transmitted to it by the processor
67. The line 81 carries, for example, the start/end of
message information. The line 82 is activated as each
synchronization byte TS0 of the PCM frame is
transmitted.

This implemerntation of the system for generating
the TS0 bytes in the HDLC circuit makes it possible to
dispense with a dedicated circuit at the output of the
operator from figure 7, which would require a set of

registers and a multiplexer prior to driving the PCM
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link. In this way complexity is limited to a single
component, the processor 67.

The specific command to transmit the TS0 byte,
which is transmitted over the 1line 82, 1leads to
deactivation of the zero insertion algorithm of the HDLC
circuit 70 and therefore its bypassing or circumvention,
so to speak, without interrupting the feed to the memory
71. The TS0 bytes are stored in the specific memory
block of the memory 71 which is scanned cyclically by
the common read pointer 76.

The lines 81 and 82 are advantageously activated
according to the content of a control register
accompanying the data register transmitted by the
processor 67, for each byte. Of course, those skilled
in the art may substitute for this any alternative
device with the same function.

As already mentioned, the memory 71 is read by
nezxs of a single read pointer 76. The general
principle 1is to sample the byte 83; through 833,
corresponding to the position of the read pointer 76 in
each of the memory blocks 804 through 8055
respectively. Thus to some extent the memory 71
operates as a transposition memory since the writing of
the bytes is effected by stacking in each appropriate
circular FIFO block while the data is read transversely
across all the data blocks rank by rank as the read
pointer 76 is incremented.

Table 1 shows the correspondance between the
addresses issued by the read pointer 76 and write
pointer 72.

TABLE 1: TRANSPOSITION MEMORY ADDRESSING

128 K RAM Write Read
address pointer pointer
AQ PTEO NBO

Al PTE1 NBl
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A2 PTE?2 NB2

A3 NVO NITO
A4 NV1 NIT1
A5 NV2 NIT?2
A6 NV3 NIT3
A7 NV4 NIT4
A8 PTE3 PTL3
A9 PTE4 PTL4
Al0 PTES PTLS
all PTE®6 PTL6
Al2 PTE7 PTL7
Al3 PTES PTLS8
Al4 PTE9 PTL9
AlS PTE1O0 PTL10
Alé6 PTE11l PTL11

Key: NVx : channel number

NBx : bit number in block TSi of PCM frame

NITx : code i of block TSi of PCM frame

PTLx : read pointer

PTEx : write pointer

The memory is read and written on 17 bits a0 - Alé6
as shown in the table (128 kbytes = 217y, The
write pointer includes a 12-bit counter PTEO through
PTEll in the middle of which are interpolated the five
bits of the fixed channel number register NVO through
NV4., The read pointer addresszs bit by bit each byte
NBO through NB2, by scanning through the 32 codes i of
the blocks TSi of each PCM frame (NITO through NIT4) for
each of the PCM frames to be transmitted in succession
(PTL3 through PTL11l).

The average frequency of the transmit clock of the
HDLC circuit 70 is 6 MHz. Its instantaneous frequency
is 8 MHz. This clock is provided by the sequencer 79

and also provides the clock for the write pointer 72.
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It has a specific feature enabling the transmit
timing rate to be slaved to the microprocessor 67 and
avoiding starvation situations. When the HDLC circuit
70 has finished serializing a character and the next is
not yet written the sequencer 1locks up the transnmit
clock until the next character 1is written. The
processor 67 therefore "sees" an asynchronous circuit,
by virtue of the cooperation of this masking mechanism
with the bhuffer memory 71. This feature alsc makes it
possible to break down an HDLC frame into mnmultiple
blocks provided that the HDLC circuit 70 enables saving
of the CRC and the "1" counter.

Locking up the transmit clock also has the
advantage of enabling transmission on any channel of a
fixed repetitive value (a free channel code or a TSO
syncrhonization code, for example) 1instead of HDLC
frames. To this end it suffices to program the HDLC
circuit in character mode (serialization without "O0"
insertion and without CRC) and to send one or rore times
512 bytes having the required value to fill che 4 096
bits of the corresponding buffer; the content of this
buffer 1is then transmitted 1idenfinitely on the PCM
link.

Comparing the average rate of writing the
memory (6 Mbit/s) with the reading rate of 2 Mbit/s
shows that even with 31 active channels rated at one
erlang the transmit miccroprocessor 67 allots only one
third of its time to writing frames into the HDLC
circuit 70.

The free time of the microprocessor 67 may in
particular be wused for management of the relative
priorities with which blocks are fed to the memory 71.

This is achieved by having the processor 67
track the read pointer 76 and write pointer 72. The

objective of the feed priority management logic 1is to
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avoid starvation in one block which would interrupt the
PCM link followed by the obligation to repeat all frames
being transmitted.

The processor 67 therefore advantageously
incorporates logic allowing for the following
parameters:

. the separation in each memory block between
the specific block pointer 72i and the common read
pointer 76;

. detection of blocks in which the write
pointer/read pointer separation is below a predetermined
threshold, the so-called "starwvation risk threshold";

. processing (by reading source frames waiting
in the local memory 63) the size of messages to transnit
on the corresponding channels before transmission of the
data addressed to the memory block 71 1in respect of
which there is any starvation risk;

. interruption of the normal cycle if said
intermediate messages are too 1long, so as to give
priority to feeding said block at risk of a starvation
situation.

For managing this logic the processor 67 has,
for example, 32 transmit mailboxes each corresponding to
one transmit channel. Each mailbox is identified by a
number and comprises a busy bit, an instruction and the
logical frame address of a table giving the frame number
to send. When the mailbox has been read the busy bit is
reset to "0" and a new transmission instruction can be
executed on the channel.

An alternative to modifying the priority of
feeding the HDLC circuit 70 by data addressed to the
memory 71, to avoid starvation in a block, is to send to
this block either neutral end of frame flags or nadding
frames. This solution has the advantage of not imposing

any modification of the 1logic for incrementing the
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addressing bit of the memory 71 in write mode.

For the 128 kbit memory type shown in figure 7
in a tested implementation, the alarm threshold was set
at 320 bits for each block. The pointer scanning logic,
using transmission of padding frames or end of HDLC

frame flags, had a maximum scanning cycle time of 5 ms.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. System for transmitting HDLC frames on a
multi-channel PCM 1link, said system receiving messages,
building HDLC frames, and transmitting the HDLC frames on
the PCM channels; comprising:

a single buffer memory with a read cycle Aistinct
from the write cycle, and a single-channel HDLC frame
formatting circuit; saiAd buffer memory being written with
formatted HDLC frames supplied by said formatting circuit,
and being read under the control of means for addressing a
block of data having the format of a PCM channel, for
building a PCM frame made of successive blocks of data
read in said buffer memory.

2. System according to claim 1 wherein said buffer
memory comprises at least N circulating FIFO type memory
segments corresponding to N channels routed onto said PCM
link.

3. System according to claim 2 comprising means for
write addressing each memory segment independantly; and
means for read addressing the memory segments, supplying a
read address comprising:

a first field addressing blocks of data, having the
format of a PCM channel, in all the memory segments
simultaneously;

a second field successively addressing bit by bit
the data blocks which are simultaneously addressed by the
first field.

4, System according to claim 1 including a circuit for
selectively feeding said HDLC <circuit comprising a
microprocessor receiving data supplied by said write and
read pointers of said buffer memory.

5. System according to claim 4 wherein said processor
of said circuit for selectively feeding said HDLC circuit
cooperates with a local memory for temporary data storage.
6. System according to claim 4 wherein said processor
comprises a logic circuit for selectively feeding said
HDLC circuit with data whereby priority is given to
filling the least full segment of said buffer memory at

-18-
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least when the quantity of data in said memory segment 1is
lower than a predetermined threshold.

7. System according to claim 4 wherein said processor
of said circuit for selectively feediry said HDLC circuit
and said single HDLC circuit cooperate according to a
master/slave relation through a bus the data signalling
rate of which is determined by acknowledgements sent by
said single HDLC circuit.

8. System according to claim 4 wherein said selective
feed circuit supplies data byte by byte to said HDLC
circuit.

9. System according to claim 8 wherein said processor
of said selective feed circuit supplies said data bytes to
said HDLC circuit accompanied by data identifying the
current, frame end and synchronization bytes.

10. System according to claim 1 <comprising means for
de-activating and bypassing said HDLC circuit.

11. System according to claim 10 wherein said
de-activating and bypassing means are activated for
loading synchronization bytes of each PCM frame into said
buffer memory.

12. System according to claim 2 comprising means for
detecting any memory segment which could be at risk of
starvation; and for modifying the order of messages when
building HDLC frames, for feeding to the HDLC formatting
circuit, in priority, a message to be transmitted on the
channel corresponding to said memory segment.

13. System according to claim 1 wherein said memory is
accessed by four-period cycles comprising a read period
and three write periods.

14. System according to claim 2 comprising means for
detecting any memory segment which could be at risk of
starvation, and for writing into this memory segment
either neutral end of frame flags, or padding frames.

-19-
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15. A system according to «claim 1

substantially as

herein described with reference to the
drawings.
DATED: 13 February, 1992,
PHILLIPS ORMONDE & FITZPATRICK
Attorneys for:
SOCIETE ANONYME DITE ALCATEL CIT
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