lnsert title of invention.

Insert full name(s) and address(es)
of declarant(s) being the appli-
cant(s) or persori(s) authorized to
tign on behalf of an applicant
company.

Cross out whichever of paragraphs.
I1(a) ot 1(b), does not apply

t(a) relates to application madé
by individual(s)

1(b) relates to application made
by company, insert name of
applicant company.

Cross out whichever of patagraphs
2(s) or 2(b) does nos apply
2{s) telites (o applicaiion made
by Inventoy(y)
2(b) relates to application made
by comgany(s) or person(s) who
s Cadheinventor(s), insert full
name(s) sfid address(es) of inven:
tors”

L)

State mannet in which applicant(s)
detivs title from inventod(s)
* e
ot
L]

Croar cut paragraphs 3 and 4
for ndn-convention applicatjqus.
For convention  applications,
Insett hasic country(s) followed
by date(s) and basic applicant(s).

Insert place and: date of signature.
Signature ~ of declarant(s) (no
sftestation. required)

Nate Inittal all altefations

4=

~te-aeHi RO ROt
A ’

COMMONWEALTH OF AUSTRALIA

»

PATENTS ACT 1952

DECLARAT!ON' IN SUPPORT OF CONVENTION OR
NON—CONVENTION APPLICATION FOR A PATENT

In support of the Application made for a patent for an invention

entitled: "JITTER CONTROL IN DIGITAL COMMUNICATIONS LINKS"

Antonio CANTONI,
+ city Beach 6015;
‘Zigmantas Leonas BUDRIKIS, of 7 Hotchin
Dalkeith 6009;

W
Road,

Robert Melville NEWMAN,

Road,

Duncraig 6023;
John Leslie HULLETT,

and

of 10 Yallambee Place,

of 52 Davallia

of 75 Selby Street,

Daglish 6008, all in_the State of Western
do solemnly a%ﬁltgcﬁ)l&tghc ‘fs‘?HlTﬂQP:Viealth of Australia

a2
I () We are

Ot —Hn-autherzed—tye—

the—appheant

)

2 () We are

R aRalind

bial-ipve s ot

the applicants.. ..... for.the patent

the actual invertos.......... of the wnvention

ﬁf-—(-he—pntcnl—!w\qkHMs.—duelamHon-on:a:—;%bchalL

of-the-invention and the factsiipon which the applicant

~Af

—entitled-to-make-the-application-are-asfollows—

-fire-

IWv-Sactia

A4 l—ofthe Act W8S

A
=+
E
s
2
4
r
o
g
3
=
o
—
q

4 The basic applicatio

the first application. ........ mads in a Convention country in téspect of the invention the subd;

olthe 3{\.,1';‘-’,“,\.\

tafs }
g nnea

on the

on the

|1 PRRPRON

vy—otett

made
were

Declared at\[ Pﬂ—wﬂ\

thisX 3o V4,

day of ¥ Crvrobe,

Q‘»\J &ww. -




(12) PATENT ABRIDGMENT  (11) Document No. AU-B-15401/88
(19) AUSTRALIAN PATENT OFFICE ~ (108) Acceptance No. 601574

(54) Title
JITTER CONTROL IN DIGITAL COMMUNICATIONS LINKS

International Patent Classification(s)
(51)* HO4L 025/20 H04J 003/07 H04L 025/30

(21) Application No. ; 15401/88 (22) Application Date : 17.03.88
(87) WIPO Wumber ; WO88/07300
(30) Priority Data

(31) . Number (32) Date (33). Country
£10883 17.03.87 AU AUSTRALIA

(43) Publication Date: 10.10.88

(44) Publication Date of Accepted Application : 13.09.90

(71) Applicant(s)
ANTONIO CANTONI; JOHN LESLIE HULLETT; ROBERT MELVILLE NEWMAN:;
ZIGMANTAS LEONAS BUDRIKIS

(72) inventor(s)
ANTONIO CANTONI; JOHN LESLIE HULLETT; ROBERT MELVILLE NEWMAN;
ZIGMANTAS LEONAS BUDRIKIS

(74) Attorney or Agant
DAVIES & COILISON, MELBOURNE

(56) Prior Art Documents

GH 2167275
US 4649536
WO 86/06899
(67) Claim -
1. A method of transmitting digital signals in frames,

which include a stuffing field, between nodes in a network,
each node having a buffer and a local clock for producing
local clock signals, said method including‘the steps of
extraating extrécted clock signals from the digital signals,

writing said digital signals into a buffer at the
extracted clock signal rate, o

reading said signals from the buffer includlng reading
the content of the stuffing field in order to add or
subtract bits therein in order to compensate for differences
in frequencies between said local and extracted clock
signals, and |

controlling said adding or subtracting of bits so that
the length of the stuffing field is within predetermined

~ limits.
ved /2

ek



(11) AU-B-15401/88 -2-
(10) 601574

7. Apparatus for transmitting digital signals in frames
which include a stuffing field between nodes in a network
said apparatus comprising:

means for extracting first clock signals from said
digital signals,

a local clock for generating second clock signals,

a buffer into which said signals are written at the
first clock rate, reading means for reading signals in the
buffer including the content of the stuffing field,

stuffing means for adding or svbtracting bits in the
stuffing field of a frame to conmpensate for differazrices in
frequencies between the first and second clock signals, and

stuffing control means for controlling said stuffing
means so that the length of the stuffing field is within
predetermined limits.



[ .

PCT

AU-AI-15401/88

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COGPERATION TREATY (PCT)

(51) International Patent Classification 4 :

(11) International Publication Number:

WO 88/ 07300

HO4L 25/20, 25/30, H04J 3/07 A1 | (43) International Publication Date: .
' 22 September 1988 (22.09.88)
(21) International Application Number: P_CT/AU88/00078 (74) Agents: PRYOR, Geoffrey, C. et al,; Davies & Collis-

(22) International Filing Date: 17 March 1988 (17.03.88)

PI0883
17 March 1987 (17.03.87)

(31) Priority Application Number:
(32) Priority Date: .
(32) Priority Country: ' AU

(71)(72) Applicants and Inventors: CANTONI, . Antonio
[AU/AU]; 44 Emmerson Street, North Perth, W.A,
6006 (AU). BUDRIKIS, Zigmantas, Leonas [AU/
AU); 7 Hotchin Road, Dalkeith, W.A. 6009 (AU).
NEWMAN, Robert, Melville [AU/AU]; 25 Davallia
Road, Duncraig, W.A. 6023 (AU). HULLETT, John,
Lsslie [AU/AU]J; 75 Selby Street, Daglish, W.A. 6008
(AU), . '

This document contains the
amendments made  under

Section 49 and is correct for
printing.

on, | Little Collins Street, Melbourne, VIC 3000
(AU).

(81) Designated States: AT (European patent), AU, BE (Eu-
ropean patent), CH (European patent), DE (Euro-

pean patent), FR (European patent), GB (European|

patent), IT (European patent), JP, LU (European pa-
tent), NL (European patent), SE (European patent),
uUs.

Published
With international search report.

A.C.J.P.

17 NOV 1988

(54) Title: JITTER CONTROL IN DIGITAL COMMUNICATIONS LINKS

ul y FMX e
—e=t INPUT s TOTPUT
CLK1 ] TIMING L-24 CKY  7IMING L-36
TGENI / 1GENQ CLK2 Clk2
‘*‘SMT sprll-lsq l -
o A 18y . Lzz,F-NYZB.\ 20
—=1 RESET DUALPORT L FMX _t oo g STURFING [oaz o,
Dl FING QUTPUT ——
e CONTROL DIN- D OUT 10X o ONTROL (04 e T
16\ RESET t 0K2
. ' * CL-K2 NSC | NEW NEW
FMX (% 20y (2 rrr i
; SYNC & WRITE rj READ | R
Et‘f(; prase |&Y PR 1 PNTR fe—r0ClK2 ~38
: : o [ e—SPT ~ jCK2
- ca /58 eraLp | REG .
RESET

(57) Abstract

‘A method and apparatus for transmittinig digital signals (DI) in frames between nodes in a network, each rode hav-
ing a local clock (CLK2) and meaus for extracting a clock (CLKI) from the incoming signals (DI}, Each node also has an
elasiic buffer (18) into wiich the signals (DI) are writen at the extracted clock (CLK1) rate and from which the signals are
| read at the local clock (C.LK2) rate. Stuffing bits are added or substracted in a stuffing field in order to ensuce that writing
| of signals of the frame, The frame also includes a stuffing control code (SC) which is used to limit the maximum and mini-
| mum values for the stuffing field, A further aspeat of the invention provides a digital communications network including a
chain of nodes intérsonnected by links, the network being characterized by the provision of means to establish fixed |
- frames for information to be transmitted, the frames including at l2ast one pointer for indicating the next predictable event |
- in the transmitted data and the nature of the next prediciobie event,
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JITTER CONTROL IN DJGITAL COMMUNICATIONS LINKS

This invention relates to jitter control in
digital communications links,

More particularly, the invention relates to
jitter control in a chain of asynchronous digital
communications links.

Cbmmunications networks frequently include a
chain of nodes N interconnected by links. One such
arrangement is disclosed in International Publication
No, WO 86/03639, Digital informaton starts at node
Nl and is relayed, with or without modification to
its content, successively by nodes N,, Nayowo In
the case of the three typical adjacent rodes Ni—l’
Niy Nyoqo information is transmitted at the rate
of £, ; bits per second from N, , to N,, at the
rate £, from N, to N, ,. The rates...f; ,,

Y fi+l

...are nominally the same, but are
dictated by separate clocks, respectively in nodes
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N., N ‘and therefore differ from each

Niye Nyo Nygqo
other by unpredictable and varying, even if small
amounts.

One known practice to avoid these variations
is to operate such a chain synchronously without a
local clock wherein the only autonomous clock is in
N1 and the clocks in Nz, N3,... are slaved to
it. The slaving is typically done by a technique
known as bit clock extraction whereby each node
synchronises the rate and phase to the incoming bit
stream. It then uses the same clock to form and
transmit theée outgoing stream. There is an ever
increasing difficulty with this approach as the chain
is made larger. Clock extraction is subject to a
finite amount of jitter in phase and the jitter
accumulates from node to node leading to a
prngressively increasing incidence of bit errors.

The use of independent clocks in the nodes
is another Known technique for overcoming the phase
jitter problem., An extracted clock is still used on
the receiving side of the node, but the transmission
is by an independent clock and therefore not affected
by the jitter in the reception. Such an arrangement
is made possible by making all transmissions at a
higher rate than would be necessary to transmit .the
actual data and by adding stuffing bits into the
stream. The number of stuffing bits over a fixed
interval of time can vary from link to 1link, the
differences compensating for the differences in clock
rates. By deletion or insertion of stuffing bits or
groups of bits, the elastic buffers are not allowed
to overflow or go empty.

The digital information is generally
formatted, and generally into frames of fixed numbers
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of bits, the frames recurring at'nOminally fi ed-
intervals. To allow for stuffing, the format must
provide space for stuffing.bits. TYpically this can
be the residual time interval between the énd of data
of one frame and the'beginning of the next frame,
Since the number of stuffing bits is variable, there
is the further_requirement that there be a definite
indication of the start of the frame.

Generally speaking, the object of the
present inventioﬁ is to overome drawbacks in the
known techniques. '

' One problem is in the size of fluctuation of
the stuffing space in any frame and hence time jitter
in the occurrence of the frame marker at all nodes of
the chain. The existing practice is that stuffing
bits are deléted or inserted by a node on the sole
indication provided by the state of £i1l1l in the
elastic buffer in that node. While this functions
quite well most of the time and on average gives
satisfactory performance, in a system with a large'
number of nodes it is subject to occassional large
variations in the number of stuffing bits in
individual frames. Moreover the size of the possible
fluctuation grows linearly with the number of nodes.
In accordance with one aspect of the invention the
size of the possible fluctuation is held to a
designated maximum independently of the number of
nodes. | _ -

According to a first aspect of the
invention, a method of transmitting digital signals
in frames,which include a stuffing field, between
nodes in a'network, each node having a buffer and a
local clock for producing local clock signals, said
method including the_steps.of-extracting extracted
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'aggﬁﬂfignals from the digital signals, writing said
A;ignalsinto a buffer at the extracted clock signal
rate,

reading said signals from the buffer
including reading the content of the stuffing field
in order to add or subtract bits therein in order to
compensate for differences in frequencies between
said local and extracted clock signals, and

controlling said adding or subtracting of
bits so that the length of the stuffing field is
within predetermined limits.

The invention also provides an apparatus for
transmitting digital signal frames which include a
stuffing field between nodes in a network said
apparatus comprising:

means for extracting first clock signals
from said digital signals,

a local clock for generating second clock
signals,

a buffer into which said signals are written
at the first clock rate, reading means for reading
signals in the buffer including the content of the
stuffing field,

stuffing means for adding or subtracting
bits in the stuffing field of a frame to compensate
for differences in frequencies between the first and
second clock sianals, and

stuffing control means for controlling said
stuffing means so that the length of the stuffing
field is within predetermined limits, .

If the stuffing field is permitted to becone
too small and attempted deletion therefrom could
result in deletion of data., If the stuffing field

* becomes too big it can result in very long signal
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frames which may not be able to be handled by some circuitry

coupled to the network.

The invention will now be further described with
reference to the accompanying drawings in which:
Figure 1 diagrammatically illustrates a network

comprising a chain of nodes and links,

900628,gcpdat.024,1540101,5
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Figures 2A, 2B and 2C illustrate the fofmat
variable data frames on which a constrained stuffing
algorithm operates, o~

Figure 3 ‘is a schematic illustrétion of un
implementation of a constrained stuffing algorithm,

Figure 4 is a block diagram of ‘a read
pointer circuit, _

Figure 5 is a-blOck'diagram of a sync and
phase-detecting circuit, and

Figure 6 is a block diagram of the stuffing

control circuit.,

'Figure.l shows a schematic illustration of
part of a network which includes a chain of nodes N
_interconneéted by links 4. The nodes N may for
instance comprise access units of the type described
in International Publication No. WO 86/03639.
Alternatively the nodes could comprise groups of such
access units. |

Digital information starts at node Nl and
is relayed, with or without modification to its
content, successively by nodes NZ’ N3,,.. In the
case of the three typical adjacent nodes Ni—l’
Niv Nipp _
of fi—l bits per second from.Ni_l to Ni; at the
rate fi from N, to Ni+l' ‘The rates.?.fi_l, '
£, £,,4-.+are nominally the same, but are
dictated by separate clocks, respectively in nodes
N; s Ny, N; ;, and therefore differ from each
other hy unpredictable and varying, even if small,

inf0rmation is transmitted at the rate

amounts,

The digital information is formatted into
repetitive'frames 6 of variable humbers of bits, as
shown diagrammatically in Figure 2. Each frame 6
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includes a data field (DATA) 8, a stuffing field (SF)
10 and, in accordance with the invention, a stuffing
control (SC) field 12. Each frame preferably also
includes a stuffing control management field (SM) 13.
The field 13 is useéd at system level, for example. on
system start up a command can be sent in the SM field
to reset all stuffing control circuits in the system,
as will be described later., In a typical arrangement,
an extracted clock is used on the receiving side of a
node but transmission from the node is effected using
an independent clock which is not effected by jitter
in the reception at the node. Such an arrangement is
made possible by making all transmissions at a rate
higher than would be necessary to transmit the actual
data and by adding stuffing bits in the stuffing
field 10. In known arrangements, the number of
stuffing bits in the stuffing field 10 over a fixed
interval of time can vary from link to link, the
differences compensating for differences in clock
rates. These variations can be effected in
association with elastic buffers in the nodes which
are replienished by the incoming clock and emptied by
the outgoing clock, By deletion or insertion of
stuffing bits in the field 10, the elastic buffers
are not allowed to overflow or go empty.

The stuffing field control bits in the SC
field 12 are used as indications to nodes as to what
alterations to the size of the stuffing fields 10 in
the given frame iiave already been made by preceding
nodes.

This information is used by the node to
decide whether an alteration to the stuffing field 10
contemplated by it is permissible., Should the
alteration take the total stuffing field beyond the
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allowed limit - either too large or too small - then
the node will defer until the next frame or later.
Holding up such alteration will be at the expense of
making the elastic buffer at the node to depart in
its £ill from the designed median level. However it
is feasible to make the tolerance on clock rates |
sufficiently tight and the range of allowed buffer
£ill levels sufficiently broad that deferrals up to
several frame periods will not precipitate any
exceptional behaviour,

This technique enforces hard limits on the
size of the stuffing field 10 in any frame 6,
irrespective of the size of the chain., In that sense
chains can be made of arbitrarily large size and
still maintain the one size of stuffing field.
However the technique amounts to a restriction on
promptness of control action at the nodes and this is
more marked by its effect, the further the node is
along the chain away from N;.

The larger the number of nodes, the tighter
must be the tolerance on node clock rates, or the
larger the elastic buffers at the nodes, or both in
combination, but these are considerably smaller
increases in requirements on clock tolerance and
buffer size than prevail without the jitter control
of the present invention.

There are many options for the indication of
stuffing that is passed from node to node in the SC
field 12. The simplest would be a one-bit signal
indicahing that a‘change in Stufﬁing had already been
made, without indicating whether the change was
positive or negative. Subsequent nodes would be
inhibited from making any change. This simple
arrangement of the present invention is workable. A
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. better indication would be a two-bit sianal which
would indicate whether the stuffing is at design
level, or is larger or smaller by one stuffing hit
than the design level. A node could alter the
stuffing field if it wanted to reduce it and it was
at design level or one bit above or if it wanted to
increase it and it was -at design level or one bit
below it. A still better indication is the actual
size of the stuffing field, With this it is possible
to institute allowed departures of arbitrary size.

There are also different possibilites where
i, the frame the indication of stuffing is placed.
It could be before the data, or imbedded in the data
or at the end of the data. The most effective place
for it is immediately after the data field 8, i.e, at
the end of the frame 6 as shown in Figure 2.
Figure 3 is a block diagram of one possible
implementation of the constrained stuffing algorithm
of the invention, In this circuit, a clock signal
CLKl is recovered from the incoming data stream (DI)
by known techniques, The clock signal CLKl is
desirably at exactly the same frequency of a local
clock signal CLK2 which is génexated by an ocsillator
(not shown) at the node. In accordance with the
techniques of the invention, the stuffing algorithm
is arranged to compensate for the frequency
difference the clock signals CLKl and CLK2,
' Data DI from the network is inputted to a
reset control circuit 14 which is clocked by the
~clock CLK1l. The reset control circuit 14 receives an
input signal FMI which indicates the incoming frame
marker.
_ Figure 2A illustrates the incoming data
stream DI and shows the incoming frame marker FMI at
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the head of the stuffing control field 12, The
diagram also shows a stuffing management time SMT
indicator at the start of the SM field 13. The
diagram also shows an SPT indicator at the start of
the SF field 10, The indicators SFI, SMT and SPT are
all in synchronism with the clock CLKl derived from
the incoming data DI, Generally speaking, the reset
control circuit 14 generates reset signals on output
line 16 for resetting other parts of the circuitry,
as will be described herein, The data stream from the
reset control 14 passes to the input of a duyal port
RAM 18 which, together with wrilte pointer 20 and read
pointer 22, function as an elastic buffer for
delaying the data stream by an amount which depends
upon the stuffing control algorithm. The dual port
RAM 18 is arranged to function as a F1lFO memory, for
instance of the type described in Texas Instruments
Data Manuals,

The delayed output data stream DX from the
dual port RAM is illustrated in Figure 2B. In this
diagram, the delayed f{rame marker is denoted as FMX.
The data stream DX is coupled to the input of a
pipeline circuit 24 which is clocked by the local
clock CLK2., The pipeline circuit 24 comprises a
register which is capable of holding 5 ogtets of the
data stream. It functions as a delay circuit in order
for phase measurements to be made in a sync and phase
circuit 26, Output from the pipeline circuit 24,
denoted as data stream DY, is coupled to a stuffing
control circuit 28 which is also clocked by the local
clock CLK2., The output data stream DZ from the
circuit 28 is connected to an output register 32
which again is clocked by the local clock CLK2. The
output data stream on output line 32 is shown in

'
'
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Figure 2C., The output frame marker FMO in this daata
stream indicates the start of the stuffing control
field 12,

The circuit irncludes an input timing
generator 34 which is synchronised ko the incoming
frame marker FMI and clocked by CLKl., The generator
34 produces at its output the SMT indicator which
identifies the octet in the frame which constitutes
the SM field 13 and contains the stuffing management
code. The stuffing management code may include the
ability to reset the stuffing control system for
instance on system start-up,

The circuit also includes an output timing
generator 36 which is synchronised to the frame
marker FMX at the output of the RAM 18 and is clocked
by the local ¢lock CLK2, The generator 36 generates
two timing signals which are: (i) a stuffing control
time SCT to identify the SC field 12 (which in the
illustrated arrangement is the same as the FMI
indicator) and (ii) a stuffing pad time SPT which
identifies the first octet of the stuffing f£ield 10,

The circuit includes a new SC register 38
which holds the new value for the code in the
stuffing control field 12, generated by the stuffing
control circuit 28. The circuit includes an error
register 40 which receives error signals from the
control circuit 28. The register 40 is used as an
optional monitoring device to enable monitoring of
the number of errors which occur in the stuffing
control which for instance may be signalled when the
incoming frame has too much stuffing or the incoming
frame has insufficient stuffing.



WO 88/07300 | - ~ PCT/AUS88/00078

12

- Generally speaking, the circuit functions as
follows: the sYnc and phase circuit 26 measures the
phase difference between the FMI and FMX indicators.
If the méasured phase is equal to D, the desired
phaSe difference, in octets, then no stuffing action
is required. For instance, if the clock CLK2 is
slower than the clock CLK1l, the measured phase will
be gréater than the desired phase D. In that event,
the read pointer 22, which is clocked by the clock
CLK2, would tend to fall behind the write pointer 20
which is clocked by the clock CLK1l and this would
eventually lead to errors. To avoid errors, one octet
of the stuffing control field 10 is skipped by the

- read pointer 22 so as to give the read pointer 22 a
period of one octet in which-to'catch;up. This
effectively obviates problems caused by differences
in frequencies between the clocks CLXl and CLK2, If
however the incoming data stream DI has been
subjectsd to stuffing upstream,+as indicated by the
cuntent of the stuffing control field 12, further
stuffing action at the node would result in either
too much or too little stuffing, then no further
stuffing is possible and an error is recorded in the
register 40. If the clock CLK2 is faster than the
clock CLK1l, stuffing bits need to be added, subject
to the aforementioned limits,

Thus, in the technique of the invention, the
length of the stuffing field 10 within a frame

‘remains in selectable limits independently of the
number of cascaded nodes. The method of control uses
riot only the state of £ill of the dual port RAM 18

- but also the amount of stuffing already present in
the incoming data stream DI as a result of stuffing

.
[
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éctions carried out by previous nodes. A node is
permitted to delete to add stuffing bits in the
stuffing field SF of a frame if and only if the new
stuffing field lies within the selected limits. For
iw.stance, the nominal length of the stuffing field 10
may be 16 octets and it may be constrained to never
be less than 4 octets or greater than 28 octets. At
16 octets, it is at the¢ design level. Given the
tolerance on the clocks and the limits on the
stuffing field, the size of the RAM 18 can be
dimensioned so that overflow and underflow will not
ocecur for a given number of cdscaded nodes. In
operation, data is written ihto and :ead out of the
dual port RAM 18 and the phase difference measured by
the circuit 26 is inaicative of how much information
is in the RAM 18, at any point of time. This in turn
depends on the fruquendy difference between the
clocks CLK1 and CLK2,

The reset control circuit 14 produces reset
signals on output line 16 when a stuifing reset
request code has been written into the SM field 13.

’In addition, the reset control circuit 14 can also
produce a reset signal when an internal fault is
détegted. The reset output 16 is coupled directly to
the reset input of the write pointer 20 and
indirectly to the reset input of the read pointer 22
via the sync and phase circuit 26.

The sync and phase circuit 26 is illustrated
in more detail in Figure 5, It comprises a
synchroniser circuit 42 which has FMI, CLKl, CLK2 and
reset inputs from the line 16. It has an output line
44 which is coupled to the reset input of the read
pointer 22, Its other output 46 is connected to the
clear input of a phase counter 48. The synchroniser
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circuit 42 generally speaking comprises two cascaded
flip flops which produce an output signal on line 46
which is synchronised with the FMI with respect to
CLK2. A suitable implementation for this arrangement
is described in an article entitled "Metastable
Behaviour in Digital Systems" by L. ..'eeman and A.C,
Cantoni, I.E.E.E. Design and Test of Computers,
Volume 4, 6 December, 1987, pp 4 - 19. The phase
counter 48 comprises an 8 bit synchronous counter
which counts clock pulses from the clock CLK2 and is
cleared each frame by output from the synchroniser
circuit 42 on line 50. The output of the counter
represents the running count of CLK2 pulses since the
last clearing signal generated by the synchroniser
circuit 42, The line 50 is connected to the input of
a phase register 52 which copies the output of the
counter into the register on receipt of an FMX signal
coupled to its load input., Thus the value in the
register 52 represents the phase difference hetween
FMI and FMX. The output of the phase register 52 is
coupled to a control ROM 54 which stores the value D,
the desired phase difference in octets between FMI
and FMX. The ROM 54 produces two conditional stuffing
command signals Cl, CO in accordance with the
following table:

Cl CO  Stuffing Action (Conditional)

Phase¢ D L L +1
Phase= D L H 0
Phase? D H L -1

T1e stuffing command signals Cl and CO are
conditional because the stuffing control circuit 28
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may £ind that the incoming' frame already has a code
in the stuffing control field 12 which is either:at
the upper or lower limit. When the stuffing control
field is at a limit then further stuffing is
permissable only if it does not vialate the
constraints imposed upon stuffing code, as mentioned
previously, The ROM 54 could of course be replaced by
comparators and lcgic gates in order to generate the
necessary command signals Cl and CO. Output from the
ROM 54 is coupled to an output register 56, the
output line 58 of which is connected to an input of
stuffing circuit 28, : _

' The read pointer 22 is illustrated in more
detail in Figure 4. This circuit includes a ROM 60
and shift register 62. The ROM 50 has hold and reset
inputs from the sync and phase circuil 26,

" unconditional stuffing command signals FO and Fl from
the stuffing control circuit 28, and the SPT
indicator. Output from the ROM 60 (which is 4 bit
parallel data) is inputted into the cegister 62 which
is clocked by the local clock CLK2. The output of the
register on line 64 is coupled to the B input of the
dual port RAM 18. The output is also fed back to an
input of the ROM 60 via feedback line 66. The ROM 60
generates a 4 bit address output and information
which enables the reset control block 14 to check for
pointer wrap-around. The read pointer 22 operates
synchronisely the local clock CLK2. The output of the
read pointer is set to zero under control of the o
reset block 14. o S -

The ROM 60 is arranged to produce the
following logical functions (assuming RESET and HOLD
are inactive): o '

o
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SPT Fl FO0 New Output Effect on Stuffing Field

H L L old + 0 +1

H L H old + 1 0

H H L old + 2 -1

H H H old + 1 0

L X X old + 1 USED FOR NORMAL TWO PORT READ

Note:

(a) In the above, X means don't care.

(b) SPT is generated by output timing circuit 36
to identify the first octet of the stuffing
field in the frame.

(c) RESET overides all inputs and causes the
output to zero.

(a) if RESET is inactive then HOLD causes the
output to remain tnchanged.

(e) The New OQutput indicates the read addresses
for the read pointer.

(f). +1 on the stuffing field indicates an

increased length of the stuffing field 10 by
one octet and =1 decreases length of the
stuffing field by one octet.

The stuffing control circuit 28 is
illustrated in more detail in Figure 6. The circuit
comprises a ROM 68 which has inputs FMY, DY,
conditional stuffing commands CO, Cl from the sync
and phase circuit 26 and reset input from the reset
control circuit 14. It has an output FMZ to indicate
the frame marker posgition at its output, data stream
DZ after stuffing control has taken place, and
unconditional stuffing control outputs FO Fl which
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are generated by the logic steps in the ROM 68. It
also produces the new value NSC for the'stdffing
control field 12. It produces an NSC load signal
NSCLD which is inputted to the load input of the
register 38. It also has an error output ERR and an
error load signal ERRLD which is COnhected to the
lcading input of the error iegister 40. The stuffing
control wxrcuit 28 could of coursée be implemented by -
using logic blocks such as gates. It is however most
conveniently implemented in the form of the ROM. The
table which follows, which is based upon a Pascal

" language notation, sets out the érincipal logical
steps needed to generate the unconditional scuffing
comm#nd signals FO and Fi, NSC and ERR signals,

(-
FMZ:=FMY;

IF FMY=L and RESET=H

THEN [
DZ:=DY;
FO:=H; Fl:=H;
NSC:=0; NSCLD:=lL;
ERR:=0; ERRLD:=l;;
]

.

IF FMY=H an¢ RESET=II
THEN [

o/

DZ:=sfnominal;

FOi=H; Fl:=H;

NSC:=DZ; NSCLD:=H;
ERR:=errorcodel; ERRLD:=H;
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IF FMY=L and RESET=L

THEN [
DZ:=DY;
FO:=H; Fl:=H;
NSC:=0; NSCLD:=L;
ERR:=0; ERRLD:=L;
]

IF FMY=H and RESET=L

THEN [
IF DY>SFMAX (error)
~ THEN [ |
‘FO:=H}F1:=H;
NSC:=DY; NSCLD:=H;
ERR:=errorcode2; ERRLD:=H;
]
IF DY<SFMIN
THEN [
DZ:=DY;
FO:=H;Fl:=H;
NSC:=DY; NSCLD:=H;
ERR:=errorcode3; ERRLD:=H;
]
IF DY<SFMAX and (Cl equals the complement
of CO0) ‘

THEN [
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IF Cl=L THEN DZ:=DY ELSE DZ:=DY-1;

NSC:=DZ;

ERR:=0;

NSCLD:=H;
ERRLD:=H;

IF DY>=SFMIN and (Cl=L)

THEN

Errorcode:

errorcodel
errorcode?2
evrrorcode3

Parameters

SFMAX
SFMIN
SFNOMINAL

[
Fl:=Cl;

F0:=C0;

IF CO:=H then DZ:=DY ELSE DZ:=DY+1l;
NSC:=DZ; NSCLD:=H;

ERR:=0;

Reset to

Incoming
Incoming
stuffing

ERRLD:=H;

nominal stuffing has occurred
frame has too much stuffing
frame has insufficient

Maximum allowable stuffing
Minimum allowable stuffing
Nominal stuffing.

In accordance with a second aspect of the

invention, when there are no externally imposed
constraints, then a natural choice in framing is a
fixed number of bits per frame 6. This-results in the
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most effective utilisation of tiansmission capacity
and least complex terriinal equipment. Fixed framing
is the accepted practice wherever it is possible.
There are many instances of éxisting transmission
systems of that type. The present'inVention makes it
possible to use fixed framing on the links, and hence
use existing or already developed equipment where the
‘data transmitted has a variable frame.

A variable frame has a nominal number of
bits per frame with a positive and negative
variation. The frame arrangement to which the first
aspect of the invention refers is an instance. That
particular case has a fixed number of data bits in
the field 8 and:a:variable'number of stuffing bits in
the field 10. Another instance would be where the
number of data bits and the number of stuffing bits
were both variable. (Though not described above, the
first aspect of the invention would be workable in
the latter case also. The only additional requiremént
then is only that there be an explicit indication of
the end of data as well as that of the start).

The present invention allows the
transmission of variable frames over fixed framed
transmission links without imposing any delays in the
presentation of the variable framed data at the
receiving end, other than the actual transmission
delay. It predicates explicit indications of _
predictable events in the variable framed stream to
which pointers are imbedded in the fixed frame
stream. This is explained most easily using the
specific instance of a fixed length data field 8 and
followed by a variable length stuffing field 10, the
size of the stuffing field being indicated at its
start as described previously. This is illustrated in



© WO 88/07300 PCT/AU88/00078

21

Figure 2.

The fixed frame 6 will typically consist of
a time multiplexed arrangement of frame overhead and
transmitted data where the frame overhead is used for
supervisory or management communication from
transmitter to receiver. It is necessary that there
be room in that overhead for pointers just referred
to. For the sake of description we assume that
exactly o2ne pointer is provided per fixed frame and
that it points to the next predictable event (NPE)
within the transmitted data., The pointer gpuld, for
instance, indicate the number of octets in the data
stream following a datum in the fixed frame after
which the NPE will occur. It must also disclose what
that particular NPE is.

In the case of Figure 2 there are two NPE's,
When the datum of the fixed frame occurs in the DATA
field of the variable frame, the next predictable
event is the occurrence of the stuffing indicator.
When Ehe datum occurs in the stuffing f£ield then the
NPE is the beginning of the next DATA field, assuming
that the SI has disclosed the length of the current
stuffing field. The NPE pointer must distinguish
between these two NPE's for which the pointer will
incorporate one additional bit.

A possible mechanism that would generate the
pointer woule be a downward counter coupled to a
two-state machine. When the variable frame is in DATA
the state machine is in state '0', say, and when in
the stuffing field in state 'l'. As it enters state
‘0' the counter is set to a number equalling the
(fixed) number of octets in the DATA field. With
every octet sent off on the link the counter is
decremented by one. Should the datum of the fixed



WO 88/07300 PCT/AU88/00078

22

frame occur while the machine is still in state '0'
the number in the counter at its occurrence will be
the pointer indicating the distance to the next
stuffing indicator. As the state machine enters state
‘1' the counter is set to the number of the stuffing
indicator and is similarly decremented with each
stuffing octet sent off on the link. With occurrence
of datum while in state 'l' the counter value will
again be the pointer, but not to the start of DATA,

At the receiving end interface received
pointer values can be used to generate explicit
indicatione of the marked events. This is
conveniently implemented again by a dewn-counter. On
receipt of the pointer the counter is set to the
pointer value and decremented with each octet that is
received in the data stream. When the count reaches
zero, the event occurs and can be signalled by the
interface to the equipment that 1s connected to it.

If the DATA fields were variable then the
outlined technique would still be workable provided
the DATA blocks would be preceded by a DATA length
indicator. On entering state '0', the indicated
length rather than a fixed number would be loaded
into the counter, but otherwise everything would be
as before, -

Many modifications will be apparent those
skilled in the art without departing from the spirit
and scope of the invention.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method of transmitting digital signals in frames,
which include a stuffing field, between nodes in a network,
each node having a buffer and a logcal clock for producing
local clock signals, said methed including the steps of
extracting extracted clock signals from the digital signals,

writing said digital signals into a buffer at the
extracted clock signal rate,

reading said signals from the buffer including reading
the content of the stuffing field in order to add or
subtract bits therein in order to compensate for differences
in frequencies between said local and extracted clock
signals, and

controlling said adding or subtracting of bits so that
the length of the stuffing field is within predetermined
limits.

2. A method as claimed in claim 1 wherein each frame
includes a stuffing control field and the adding or
subtracting of bits is controlled in accordance with a
stuffing control code in the stuffing control ileld.

3. A method as claimed in claim 2 wherein the stuffing
control code indicates the length of the stuffing control
field.

4. A method as claimed in claim 3 including the steps of
generating frame markers for frames upstream and downstream
of the elastic buffer, generating phase difference signals
from said markers and generating conditional stuffing
control codes in accordance with the variation of the phase
difference signals with a predetermined phase difference.

900628, gcpdat 624 ,15408¢1,23
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5. A method as claimed in claim 4 including the step of
generating unconditional stuffing control codes by comparing
the potential length of the stuffing field if varied in
accordance with said conditional stuffing contyol codes, and
determining the value of saild unconditional stuffing control
codes such that the length of the stuffing field 1s not
outside said predetermined limits.

6. A method as claimed in claim 5 including the step of
generating a new stuffing control code indicative of the
stuffing effected by said unconditional stuffing control
codes and writing said new stuffing control code into the
stuffing control field of the frame and transmitting the
frame to downstream nodes.

7. Apparatus for transmitting digital signals in frames
which include a stuffing field between nodes in a network
said appavratus comprising:

means for extracting first clock signals from said
digital signals,

a local clock for generating second clock signals,

a buffer into which sald signals are written at the
first clock rate, reading means for reading signals in the
buffer ingluding the content of the stuffing field,

stuffing means for adding or subtracting bits in the
stuffing field of a frame to compaensate for differences in
frequencies between the first and second clock signals, and

stuffing control means for controlling said stuffing
means so that the length of the stuffing field is within
predetermined linmits.

8. Apparatus as claimed in ¢laim 7 wherein each frame has
a stuffing control field and a stuffing control code therein
indicates the length of the stuffing control field.

900628, gepdat.024,15401e1,24
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9. Apparatus as claimed in claim 8 wherein the buffer

comprises an elastic buffer,

10. Apparatus as claimed in claim 9 including a phase
measuring circuit which includes storage means for storing a
predetermined phase difference, said measuring circuit being
operable to measure the phase difference between frame
markers upstream and downstream of said elastic buffer and
comparing the measured phase difference +to said
predetermined phase difference, and, in response thereto,
generating conditional stuffing control codes which are
coupled to saitd s.uffing control means.

11. Apparatus as claimed in claim 10 wherein the sctuffing
control means compares the potential length of the stuffing
field if varied in accordance with said conditional stuffing
control codes and generating unconditional stuffing control
codes which are such that the actual length of the stuffing
field is not outside said predetermined limits.

12. Apparatus as claimed in claim 11 wherein the elastic
buffer comprises a dual port RAM and write and read pointer
circuits which are clocked by the first and second clock
signals respectively.

13. Apparatus as claimed in claim 12 wherein the phase
measuxing circuit includes a counter which counts salid
second clock signals and its count 1s loaded into a phase
register on receipt of a frame marker signal coupled to the
phase register.

900628, gepdat024,15401c1,25
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14. A method of transmitting digital signals in frames

1
2 substantially as hereinbefore described with reference to
3 the accompanying drawings.
. .
5
6 15. Apparatus for transmitting digital signals in frames
7 substantially as hereinbefore described with reference to
8 the accompanying drawings.
9
10
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