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[57]  ABSTRACT

A system for regenerating an n-bit data word on a token
mediated communications ring includes a decoder for
receiving the data signal from the ring and deriving the
n-bit data word and an associated clock signal from the
received data signal. A re-transmit clock generator
generates a transmit clock signal incorporating the it
through the n?* cycles from the derived clock signal,
followed by i cycles at the nominal system clock rate. A
delay network delays the derived data word by a period
approximately equal to the period of the nominal system
clock. An encoding network regenerates the n-bit data
word for re-transmission on the ring by encoding the
delayed derived data word with the transmit clock
signal.

5 Claims, 10 Drawing Figures
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SYSTEM FDR BEEENEEﬁTIHG A Dﬂ.Tﬁ WORD
. ON A COMMUNICATIONS RING

“The Government has nght:s in this i lnvmuﬂn ]:rurﬁua;llt
to Contract Nomber NOOO14-73-C-0661 awarded by the
1.5, Dﬁpaﬂmem of the Navy. .

- FIELD» OF THE IHFENTIDN

" The prcs-r:ut invention is in the fiéld of data mmmun1~
cations, and more particulary rolates to closcd loop
commumications networks,

BACKGROUND OF THE DISCLOSURE

Th-ﬂt‘ﬂ care many known communications systems
which use encoded data from which timing and data
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mgnalz- may be derived. In onc form, » dats communica-

tion network may consist of a ring-like vignul Pﬂﬂ.'l in-
cluditig one or morg active repeaters and vsc a conting-
onsly cxrculat:mg token to mediabe aceess, For exatiple,
see the network described fn Clark, Pngra.n and Reed,
Prog! I.[.'EE &4, pp. 1497- 1516, .In such networks, a
plurality of mger terminals are cuupled to a ring. The
ring is normally. guist {in the absence of use] while a
digital “foken”™ circulates around the ring. Upon detee-
tion of the token st his terminal, a vser may “grab” the
token gnd thereby gain access to the entire bandwidth
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of the ring. The user then transmits » message followed -

b:.r re-insertion of a token onio t,he ting. Any other aser

may than gain access to the ring when he detecis the.

token at his terminal.

. In practice, the token may rmlrcula!:t Many tlme_s
before a nacr may desire access [0 the ring. However, as
thc token r:c:m:.ulat::a. low level noise adds to-that mg~
nal. The resultant loken-plus-noise appearstoa detectar
(for cxample, 8l & user terminal) a5 o digital signal with
phase jitter, i.e. the transitions betwéen digital states
appear delayed or advanced in time from their nominal
positipns, Particularly for relatively short tokens it.is
nesessary Lo correct for the corrupting influence of this
random noise on the timing of the pules that constitutc
the digital sighals. To this end, rings in.such a digital
communication networks include active rcpeatcrs for
restoring the digital signal on the ring to nominally
correct tming.

For a foken-mediated ring, there are two mexdey wf
l:l-pf:ratmrl, priginating a messAgC and circulating a to-
ken. When originating a message, one tser terminal
breaks the ring (after capturing the token), tranamits its
message into the ring followed by the twken, and awaits
return of the message on the receive side, and then
drains the message from the ring. In this mode, each

transmitted bit is repeated once by cach station :::f the

ring, and one can culculate the expected acenmulation
of timing mojse as the bits progress arownd the ring, The
designer can then choose parameters of signal leveln so
2% tO wssure thar, every stalion wili be able to receive the
messame with high pml:-ahlhty Thus, in this mode, since
the messzge only goes around the rine once and the
phase jiter may he accommodated, no timing restora-
tion nesd be done by the repeaters.

When circulating a token, lmwever, the token bit
pattern; once introduced to the ring, circulates around
and around the ring urtil such fime as some user bermi-
nal decides to originate a message, the token bit pattern
may go through many millions of cyeles of detection
aid retranserisaion, In this case, oo choige of signal-to-
neise ratio can prevent the token timing from eventu-
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ally being degraded io unté{:ugni.mbﬂity, and . some
timing restoration measire I'i' necessary :

In.the prior art, timing regeneration ma‘jl be accom-
pllshed by introducing new, correcied {iming on every
repeated bit. In that scheme, every repeater has:its own
independent clock that ds.used for. transmission of the
repeated signal. As succoasive ropcaters will haye
clacks that operate at slightly different f'mque:nclr:s it 1y
necessary to infroduce m:t:aatuna] time wedges in some
bits 10 mainiain approximate phase maztch . between the
received and the regeneraied signal, Fhat system uses a
timing clock that ks seme mwltiple of the data tranymis-
sion rave (.. six times) and. the. spead of the circuitry
uqmg that clock limits the maximum frequency of trans.
mission.. In addltlu:m, the .cumulative offect of timing
wedges . applied .to, a coniinpously circulating token |
must_be somehow controlled, :

A sceand altemative &ppma.nh reguires the s;-,rm.,hr-:-—
nization of the clocks of the ring of repeaters, wing a
phmlnak&d Jdoop and vollage-controlled osciltator for

the timing clock at each repeater. _Ihl_ﬂ_ approach re-

.guires contimuous transmission.of fumng bits to maintain

loop 1ock which in lurn reqguires a closed loop circula-
tivn defay of an mtggral numiber- of. bit times, It alxeo
requires careful analysis and design to assure stability of
the ring of phase-]ﬂ;‘.kad-lﬂﬂpa and phase-delay com

PENSAtOTS, The analog circuitry recuired to ablain fn:-

Yuency lmk and correct phase delay is relatively com-
pitx and is generally.concentrated in.a special station,
as_is done [or example it The Cambridge University
ring (Wilkes and Wheeler, Proc. Loca! Area Comm,
Network Symp., pp. 47-60) and the Century Drata Hus
(Okuda, Kuanikyo, and Kaji, Froc Fourth Tt Conf-on
Computer Comip., pp- 161-1686).

It is an qh_]e.:t of the present invention to pm-w::le a
ring coOmmuOications network havmg improved daiz
regeneratmn. . :

SUMMARY OF THE IH"FEHTIDN

Bri:ﬂ.y, the pmm:nt mw:ntmn isa wstem ﬁ::r regener-
ating a,n—b:t data word om a commnbnicetions riog signal
path, where thay syetem hgs & nominal svstem clock
rate, The system of the invention is adapted for nsg in an
aptive repeater (which may be coupled to the ring at a
termingl, or may be coupled separately o the ring). In
vHTIC S F:::rms: of the invention, date an the ring may bg
baseband, or modulated éarrier, for example.

. The system includes an input coupled to the ring for
rec'eij-f.ing # data word, such os 8 token, propagating on -
the ring, where the word may be in a conventional
format, A decoder i responsive to the received data .
wnr& 10 derive an n-gycle derived. clock signal a.m:l An

n-bit derived data word,

A delay. network generates a local date word corre- |
sponding 1o the derivad data word but delayed by i
periods, where. esch period is appmmmate]}r equal fo
the period assocteted with the nominal system clock
rate. In various fl_'!-I".ll]P. of the invention, the dyration of
the i periods may ‘equal the period associated with the
nominal system clock ratc phis or minug bolerance val-
ucs b or a, respectively, wherc aand b are vafucs related
to the sysicm noive value. By way of example, the peri-
ods may cqual the petiod of the first clock cycle of the
derived clock sipnal, or may equal jest the period asso-
viafed with the nominal system clock rate.

A re-transmit clock peneralor Benerates an n-cygle
transnil clogk signal which includes n—i cycles at the
same rate as the {i+ 1) through the n™ cycles of the
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denved clock signal followsed by i cycles at the system
clock raie. Thus, the transmit clock signal is a train of
cléck pulses, the first group of which are 1dentical o the
corresponding cycles in the derived clock signal and the
last group of which are “correcily” timed af the noint-
nal system clock rate. An encoder penerates’ an o-bit
transmit data word by encoding the Iocel datn word,
clocking that encoded data with- {he transmit clock
signal. The resultant transmit data word cotresponds to
the re-clocked; or regencrated, n-hit data wond.

- In one form of the invention, the transmit clock signal
includes eycles corresponding to the derived clock
signal 1o all but the last cycle, swhich is at the fominal
system clock rate. Using this configuration, the re-
clocked dets is generated wsing input-derived clocks
(and thus noizy clock cycles for all but the last bit of the
token), and a new correcily timed clock signal is need
for the last bit. In the next repeater, this Inst gorrecily
tirned pulse 15 used with one repeater’s npise added to
tramsmvit the nexiiodssl token bit. After - passing
through the number of repedters required to replace
each of the timing bits, the first corrected timing pulse
will be eliminated and the next reépeater will genernte a
replacement, Thus, for exzmple, in a system ufilizing a
five-bil Wken, any given liming pulse will accumaulate
the ase of no more than four repoittions before it is
discarded. As Jong as the noisc level is low enough to
atlow digital datz to be reliably detected after five repe-
titions, the present invention will allow a token to he
ri.‘:pt:at:::] indLﬁth]].r without a::-c:umulatmg suhstantlal
noise.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects of this invention, the
variows features thereof, ay well as the invention itseff,
may be more felly understood from the following de-
scription, when read together with the accompanying
drawiangs in which:

FI3. 1 shows in block disgram form, an cxemplary
system: eml:r&dwug the present invention;

FKs. 2 shows in detailed block diagram form a re-
p:ater of the system of FICH 1; and

FIix5, 3-18 are waveforms 1!|ustrat1w: of thl: UPETa-
tion of the repeater of FIG, 2.

' DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG. 1 shows a commumnicatione eystem 10 including
an embodiment of the present invention, Thi $ystem 1
includes a “ring™ umdirectional signal path (or ring) 12.
A, plurality of paratlel terminal and repeater pairs {2x-
emplified by repeaters By, Ry and B3 and terminals Ty
Tz and Ta) and associated switches (exemplified by
switches 5|, 82, and 51) are coupled along that ring
stgnal- path. The ring 12 muy be formed, for example,
with twisted wirg pairs for a baseband systemn or 2 con-
vinhional r.f. cable configuralion for 1 modulated 1.
systcm, or optical fihers for an optical system. Each of
the terminals and repeaters includes an input port for
receiving 4 slgnal from the ring. Each of switches S,
%2 ood S3 includes an-output port for transmitling =
signal {cither from a terminal or a repeatec) onto the
ring, In aliernate embodiments, there may he one or
mnore repeaters present without associated terminals,

. In the present embodiment, cach of the tarminals T,
Tzand T3 may be conteailed to transmit a digital token
signal, or token, from the rfing 12, The token is in the
form of a self-timed cade, for example, a biphase code in
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which every pulse tv 3 standard nominal width {m nana-.
seconds) for sach half of the biphase signral.

In operation, inifially the token is transmitted onic
the ring 12. While no terminals are transmitling on the
rirg, the switches are conmtrolled so that lhe repraters
sequentially receive and re-transmit the token as it con-
tinuvusly propagates around the ring. Eack of teyminals
T4, Taand T3 may be requested by externally connected
devices {not shown) 1o gain access to the ong 12 and
transmit a dightal message addressed {or not) to any,
E.mc, or all of the other termma]s coupled to the ring

Upon such & request to a terminal (such as Tq) that
terminal maniters the ring 12 to detect the receipt of the
token from the ring. When the token 15 received by T1,
Ty first controls switch 8 to prevent immediate re-
transmission of the token raceived by repeater Ry on the
ring and then transmits {by way af switch 51) ity mes-
sage followed by a new token. This message, followed
by the token, propagates around the ring by way of the
reprators. Since no other terminal can transmit 4 mes-
sage unlil il receives the token, the message transmitted
by termials T iz azsured of reaching the desired termi-
nal withoul being parbled by another transmissior,
When the transmitted message returns to terminal T,
terminal T'| removes the message from the rmg, ieavmg
Jjust the token on the ring.

In order to maintain the integrity of the token as it
propagates around the ring, nne or more of the repeat-
are {as many as necessary, depending in pact upon the
length of the propagation path arownd the ring) include
& timing regencrator network adapted (o derive a ummg
sighal from s reccived token, which timing signal is
used to re-transmit the reccived token an the ring.

FI{i- 2 shows the preferred form for the repeater R
That repeater mcludes 2 decoder 40, delay network 42,
re<transmit ¢lock gencrator 44 and encoder 46.

FIGS, 2-10 show wavelorms which are illustrative of
the' operation of the repeater of FIG. 2 yzing the bi-
phase code of FIG. 3 for the cxemplary five bit foken
DL To opetation, the encoded token is initizlly trans-
mitted onto the ring in the form shown in FIG. 4. As
that token propagates around the ring, it is degraded
unitil; for this example, it is received af repeater Ryin the
Form shown in FIG. 5, where the nomingl (in the ab-
sence of noisc) -1 and 1-0 transition pmut:s are md;tcatﬂd
by the broken veortical lincs.

FIGS. 6 and 7 show the clock signal and data sipnals,
respectively, which are conventionally derived by the
decoder 40 from the received taken shown in FIG, 5.
For illustrative purposes, those clock and data signals
ar¢ shown as thres-level. In practice, these signals
might be two-level with a third line being wsed to indi-
cale signal presence.

"To regenerate the data for re-transmission, netwoark
AZ delays the derived data by a period approximateiy
equal 1o the duration of the perod assoctared with the
nominal system clogk (L.e. T, as shown in FiG. 6). In
various embodiments, the precive delzy may differ from
T {by as much as 'To/d, for example) depending on the
noisc level of the system,

FIG. 8 shows the delayed derived dala signal for the
prescint example. Neiwork 44 inclades a switch coupled
to the derived clock signal and 2 loeal oscillator {at the
nominal system clock rate). The switch i driven to
generale a re-tranymit clock signal {shown in FIGr. 9)
from the derived clock by dropping the first clock cycle
in that signal and uwilizing the remaining four cycles
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followed by an added cycle having two m nanosecond
duration portions. Thus, the last cycle of the transmit
clock is precisely maintsined at the system nominal
clock rate.

Encoder 46 thr:n clocks the delayed derived data [u.-:
shown in FIG. B) with the transmit clock signal to gep-
erate the ré-piqckcd transmit data, as shown in FIC. 18,
[ot transmission onto the ring.

With this vonfiguration, the token is repeated ising
input-derived, and thus nosy clock cycles for the first
four bits of the tokeo and 2 nes, correctly tiined clock
cycle for the last bit. In the next repeater, this last,
correctly imed pulse iv uked, with one repealer’s rinise
added, to transmit the naxt-to-last token bit. Afier pass-

ing through four such repearers, this timing pulse 15 used

to transmit the firse bit of the token, and then the neat
repcater will discard it. Any given timing pulse will
thus accumulate the noise of no more than four repeti-
tionk before 1t 1s discarded.

As long as the noise level is low enough to allow

Ll
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digital data to be reliably detccted after five repetitipns, |

this syslem permils a token to be repeated indefinitely
without accumulating noise. The principle is extrapolas
tablc to aiy token length and bit pattern.

The invention may be cmbodicd i other specific
forms without departing from the. spirit or essential
characicristics thercof, Fhe present embodiments are

i3

therefore to be considered in all reapects as fllustrative -

angd not resirictive, the scope of the invention being
indicated by the appended claims rather than by the
foregoing description, and all changes which come
within the meaning and range of equivalency of the
claims are therefore intended to be embraced therein.

¥ claim:

1. A system for regenerating a n-bit data word on a
commurications ring sipral path, said system having a
nominalf system clock rate, compeising:

a0
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A, means for receiving said n-bit data word and geén-
ereting an n-cycle derived clock signal and an o-hit
darved data word from said received data word,

B. means for. gencerating a local datz: word from said
denved data word, said local data word corre-
sponding to said derived data word delayed by i
periods, each of said periods being approximately
equal 1o the period associated with the nominal
system clock rate,

¢'. means for generating an n-cycle transmit clack
signal from said derived clock signal, sajd trensmit
clock signal including n—i cycles at the same rate
ax the {i4 177 through the ' cycles of suid derived
clock sipnal followed by 1 cycles at saxd systcm
clock rate, where 1 is greater than or egual 1o one,
and Jess than or equal won—1,

D. means for genergting an n-hit cransmit darg word
from said transmit clock signal and said iocal data
word, each bii corresponding in time to a corre-
spondingly positioned eyele of said transmit clock
sigmal and having a bit value corresponding to the
correspondingly positioned bit value of said local
data word, whercin said tranemit data word 1s szid
reclocked n-bit data word.

4. A system according to claim 1 wherein each of said

i perinds is substantially equal to the period af the firs

clock cycle of saud derived clock signal,

A. A system according to claim 1 wherein each of said

L periods 1z spbstantially equal to the period associzted -

with said nominal system clock rate.

4. A systgm according to claim I wherein each of said

L periods is substantialiy cqual to T where {Tp4a) -

T {T,+ &), where T, 18 the period associated with sa1d

nominal system clock rate and 2 and b are values related

to the system nodse level, .

5 A Rystem according to claims lor2or3ord
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