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-1~ OPTI CAL PROCESSI NG SYSTEM This invention relates to an optical
processtng system and in particular to optjcal header recognition in

packet swi tchi ng networks. 5 In a circuit sw-tched
t el econmuni cations network, a physical circuit is nmade between two
terminals for the duration of peAidar sXorESSINGi gvdremfic formats, such

as -speech, the information being transmtted never conpletely fills t he
connection between two terminals, that is to say 10 the start of the -
i nformation does not"‘hnachinhentl"ésni naélaneser honadn bepvieal hependestingat

| nformati on ' E?x‘” éié\%é OLNAhe; QY G dd S Cﬁ%o%%@f&ﬁ ggen

for the durat or‘mﬁtl on’s rans sSion between
term nal s. Wparphe’ghswptedmm oeitworksrrying digital data, 15 a nuch

greater regource utiggsat 'c‘i'}dxﬁdo%@é-?eé’y ..éﬁéli:%)ﬂﬁuﬁit:ﬁ%l%sowéh&&ﬁ a

networ k. A packet sw tching network is one achi eving this inproved
resource uti |BRERIGAL RRECWHEF ng St r&ﬁgﬁerPBHWFﬁP.ouEﬂPt rermEma £ex the

packets. EanlrPersat ofnd usEesl. apeolr faartdiw aaagfi&setlofmaaisbeauiﬁdh 28s

tcﬁgt glr glgpgsgdglﬁr e%sa ng gnd se%%ﬁgt%&lgzﬂﬁkggg%gggcggn for cont eéé‘ﬂy
sequence i nf diirtelts ouheodedmenttxbe Predriere of two paekminaksdectme:dzzst tdesay
net wor K “P&'e@{é) X %’éderQHE' gﬂfSQHEE%n éo%%c Pqtc a&ﬁ‘h'ﬂ%r@é SO e L3

provides a 25 virtu circurt I'S clircult appearing
to the users t@rmingk mhefareofhect eod bef wétéwt hénfermasalon pleawpscHehe n

fact, is- Shaﬁ:&%ﬂ@rﬁﬂ\:ﬁﬁ@rtéﬁﬁiﬁal Kngyg Eﬁ%héd%c%fz.tcg‘él 'Hkl@(‘dﬁén heswl e 1pe
rely on time correl atlon ues. The sati acket

30 swit chi ng SY&Ratd9d i QF) Eec’r Imat-4am’ sra"l"’éans“ﬁl%s’u?ﬁ £§5'P’P&ﬁ‘ Hh&, two

depends upont@mﬂmg OfWﬂﬂhahigHEsbéewa-&ﬁ.Qduﬁ.ltB‘Ecatrh:qrhngS dicgma taaa,
rati o of e tine.the ne vvorklstrans datatot-he#% b |s not
8e a’p

being tr smat FHER | FEPRESE) AESBREEn TP 17 nBOPET e RS
ti me taken upawhish t33-owgddhet nanwmrksl oA Qahhehead:etcbing peicietk dcx 19ne ng

a separate tige sipt 23hibRE dieach Al 1RE-H6R YeddHcd2GKEIdsation, data

being transferred through the network in packets. Each
packet includes, aparf £from the data itself, a header

20 containing addressing and sequence (control) information for

controlling the progress of that packet through the network.

The addressing and sequence information coded in the header

of a packet is decoded at the network nodes to provide
ropt:x.ng control. A packet sthch:.ng network thus provides a .

25 wvirtual circuit between two terminals, this circuit appear:.ng

to the users as a permanent connection between the terminals

but which, in fact, is-shared with other users.

Known methods of coding packet headers rely on time -

correlation techniques. The utilisation of a packet

30 switching network is linked to the bit-rate. The utilisation

. also depends upon the ratio of data time to wasted time, that

is to say the ratio of the time the network is transmitting

data to the time data is not being transmitted. In the time

domain, the wasted time is made up of the time taken up with

35 header transmission (the header of a packet occupying a

separate time slot at the head of the data of that packet),
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'-2-" and by the guard band transm ssion time, the guard band being the
separation between adj acent packets which-i g essential to avoid overlap of
t he packets due to dispersion during transm ssion. 5 The ai m of the
invention is to provide an alternative technique for coding and decodi ng
~header i nfor manid by pave gaalcdr bandnt panksti sswonchimg, neheogkardwbané being
technique resylts in.i . ytilisati The; BLeSENL o |
provi des a telléélc?o%#ﬁ%gﬁoﬁggf&%?@%g%g%géﬁr ?%Fﬁ‘%tﬁ Pg%e_gnggsée?:%ﬂgegééggo
i nt er connect edviojda wemddp t cnsthhesi pAckeRE, €ue fFP stAHIRRETHARr i A¢FYRAN
optical data genelfi¥sifs. producing an optical data signal at a first

wavel ength, an optical header generator for produyci g)g:.an qoqpt I cal, contro) |
(header) si%nal at aTBEcBAA o WAPelBISErLoMdsndS & WHAS AR AHF TR a
and control sic@e#nI ¥ 0 £ teodsng Ssand | E8ecdingucheadwmnnernidiatien,

duration of the caontrol .signal _is,at |east .equal dugati on Xe)

data signal, B&& &leﬁﬁlty ah® BSHF?%I S Z:n‘:s}u o%%g‘frépdﬁ%t%ﬁ%'ﬁg C%Trca}.%/&u%‘ﬁ
for providi ngressilftls direnineasddndsrorleruthbisatiheni ssion start tinmes of
the control and datargpgnaleydft efﬁyéﬁtiﬁgt SGRIE TR 31 PR meh IR AL e

overlaps the data signal "on arrival at t econd node, the second node
conpri si ng%a s¥Etem semprisdma filtst padhsesond medasydfterzronaRetrt iy 2

wavel ength fopeeQRio! LERfAshigs28n QML A8Y AfhPPEigak Sheaa! scédpLigiinghean
switch. As the control_signal overlaps the data, si gnalb ghe V\%@? gnal s 1
occupy the saffBtirfd Sakd FERRAFATRF yPTPRRCHPT i 281 ©8 f‘ﬁaée & §tenat
produces optiael datfirdgnalavelematket an aogtpeal erindddet hegeomeraidr 3for
data generator

out Ut of ¢ hePFRREPL Ao e SRR E3n TR bFEhay BEPES IS ELghRl  HRE e D Hdbbrd'®
| aser. ThaSsysaeslemgthf urnbéans chompr imsd tiplexiviat she fdatapdandt captaed
header |aser gfgﬂﬁlEOPBQBntPQetggﬂgﬁ'sgﬁéﬁflQ S1n2buch o WanmdE Ut e
start of a data”packet _.and to turn the header laser off at, or just after,
t he end of a@g{:gtéggkeqf_ the control signal is at least equal to the
duration of the data signal, a delay unit and control means
associated with the delay unit for providing a sufficient
20 delay between the transmission start times of the control and
data signals to ensure that the control signal completely
overlaps the data signal on arrival at the second node, the
second node comprising a switch and a controller responsive
to signals at the second wavelength for controlling the
25 routing of-optical signals through the switch.
As the control signal overlaps the data signal, the
two signals occupy the same time slot. .
Advantageously, the optical data generator produces
optical data signals in packets, and preferably the optical
30 data generator is constituted by a laser and a modulator for
modulating the output of the laser. The header generator may
also be constituted by a laser. '
The slystem may further comprise a modulator for
modulating the header laser so as to turn the header laser on
35 at, or just before, the start of a data packet and to turn

the header laser off at, or just after, the end of a data

packet.
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-3- Conveniently, the controller of the second node includes a

splitter for denmultiplexing a portion of thé control signal, and a narrow
band- pass filter whose pass band is centred on the second wavel ength, the
output of the filter 5 being used to control the operation of the swtch,

An_anplifier may be POSVEMREFlet wsd® t FOnEHAMUeH Afd (Hhe fiSacqnd node
ﬁflvant ageoulsl !nc%hﬁe%}M hﬁhs_;i:ﬁiﬁlef)ptfbc‘:fil dsmxlfahpigﬁbngs aﬁ gilbeeipnh of the
ternatively, the switch is an _opto-electronic swich. I.n either case, ~
Che sw t ch mafORRFEL A6 SPRlpurle” B8R Er P LT TodtR T €% H9ES BRAR. SRR
transm ssi on Lsneenamedt ba bhheseobndiwael engthi ccke ratpweraf threcifdddlelry,
a narrow band f. rJd Lt.on e : S t nd,t
recei ver, ?hebggg‘? t-)‘één%&of"ig%ﬁ?rhey“ %i tr?%?e&rﬁl:agld %% t eé_llgw?':ar%gf An
wavel engt h. PrEpdifbley, Bapr &e PEINieRedt pedwesdc okl n6®dd tteie a@eshe

bei ng intercoppeebed by network transm ssion lines, and the optical data
generator and the optlical heade\rilgene ator of the Hrst node are tupabl e_so

as to provide data ZMdVaBLE8RPPS!Ysi SRR SWEH R dfetdR nPREHCRY; PFLFER Such:
WaVﬁ| engths fas eamboal t i teaneyd welds sl.tliél swprelh eiy edneoi:ﬂdi—emabtrbhelcor
each second node, i royi de t ul e-f.ar . njectin a ntr
signal s ogﬁ o] %‘g%tl"gﬁ'sﬁigéi%h&'%e.a%d\r;rgﬂ}eagse%%sqrﬁ/,dat%’h%’agg gg hoﬁggl’ﬁ%g'zgge
conprises an oft wbakhddterdgerer at of ufthepr agtvionk drransniceiamt bi ségnahdat
8 FLrst her dotg b oRge VoY BTV Mol AR I locRBRe, 08BEERLAELLO aPRANGHNO

an optical contr gnal at a _second.gr.edeterm ned- wave h; “and neans
for multipl exXPRAsRRES dfild toFl LHnPPELtirgrdl Piterm thansmisshornd nkhe3p

-Preferably, fdeeDve£pCBnBDEHES bHhiNer GAIR iHALex BEIHY SdELed Obn the
storing d%a wai t i ng tgans ssion,” and. control neans and | ook-up tabl-es
for deter 'ni%gtslﬁew YPsB28hl: second predeternined wavel engt hs appropri ate

to the required- destBreie xablof, ttieerse gimls mekrsl ity cof eslecdid nodes, the
Advant ageouslryodeé ri:ee_irpé)tiin(faércoqﬁ‘feacte%%? ﬁgg%rkt Q?ansmission lines, and
the optical data generator and the optical header generator
of the first node are tunable so as to provide data and

20 control signals at predetermined, different wavelengths for
each of the second nodes.

In a preferred embodiment, the or each second node is
provided with a module for injecting data and control signals
onto a transmission line. Aqvantageously, the or each module

25 comprises an optical data generator for producing an optical .
data signal at a _first perdetermined wavelength, an optical
header generator for producing an optical control signal at
a second predetermined wavelength, and means for multiplexing
said data and control signals onto a transmission line.

30 Pre_fe'rably, the or each module further comprises a
memory store for storing data awaiting transmission, and
control means and look-up tables for determining the first
and second predetermined wavelengths appropriate to the
required destination of the signals being injected.

35 Advantégeously, the optical data generator, the
optical header generator and the multiplexing means of the
first node are incorporated into a module, said module
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.opt-i cal header generator and the nultiplexing neans of the first node are
I ncorporated into a nodul e, said nodul e ;4- further conprising a nenory
store for storing data waiting transm ssi on, control neans and

| ook-up tables for determ ning the wavel engths of the control and dat a

- signals appro nat | |g£@£ e} S5eraits
i nj ect ed. InE{l ?g&élag:eéiﬁ ; #s? %gﬁogga%t%%gt | u LS svm?% B.an waiting
control l er re5pBRASMESEOMD gn§P§t§Pla m%‘tﬁﬁ er m“ﬁ’ed hﬁ?ETEHgt Hgkkes for

con: r 0: : i ng t&?t%@ﬁhhﬂ&gortﬁtﬁaﬁféléﬂﬁl@l tSof lhﬁlQéIQ@Oﬁﬂﬁo.E\/\hhdhdfaEQI gignals
contro er 1 ncludln | e (0] enu ] exl (0] Ion O n 1 acom ng
control si gna?paﬁﬁpglf(‘}enaw O\F/E"ﬁarf{?sp%srsa‘ﬁ&?eflﬁ%os%? gg 7?355 gﬁl"F‘@d
on saifl pLGdeiﬁjébﬂed vv?sml engtshcaﬁbe ehepdiret hbae}‘ mhyelnbtude asediteh
control the operation of the switch A respectiye unj t .
Gosoctat ed w e e Sotrrol FaBares dnasne e tgnt e e G o BB eRBamineror
15 provi di ng wavel éhgtbntfaie| agnbeohbingt ltdet reonskingi of sIptical neigohlshe
contol and datpoakAnehs Lo EBAL" £alB3bohleotouls Shotlllaly SORBLELELY for

overl aps the a on arri va estination no Advant ageous
the 'nodul es d%mltbpbexaee apPPEtPOnaadi RRoRBFORSAS 8PREESASSETR2AJIRDS! Png

the | ook-up t:@d&ﬁ@wtaaﬁau@aagatﬁlft@rr thslaa@stbanaf figctdertud | 6l saadh

I th of t d t K t

addi'ti onal | CORSOTERERNEe0r vEXEEOTBER c-Pe FOVRHT (O GhoDS LA chE: bahRgseeeh
processi ng nmaansconteoli the pperesiongodfeahs 35:.ltelhmg effective to nonitor
g pontr ol S H123a 800 9o R MARLP! ey 01 UL SBILBORN AP LU

derived therefromto t transmtting Sal
second processinkrokameansi ngnds e at edkwniph Q&i@e%onfurﬁa%l wd@ﬂet hEer

modul e t o 4IPStk JaOQE:HPciéH{eaelayd%%%%@P%h‘éo%éﬁéﬂQQ% e P

| ength information recel ved fromthe firSt processing neans of another

modul e. ConvédimaR | 92 he 1¢PRErP} 0288sidRFFeahgNBESedh FRERFR 22t |BRey
processor asgoHtAdd siigrinl Rompleivelly o33 adfs that dgedus gnabdos errival

at a destination node.
Aévantageously, the modules are provided with
20 additional control means for adjusting the look-up tables to
compensate for changes in the effective optical path length
of inter-node network transmission lines. .Preferably, the
additional control means of each module is constituted by
first and second processing means, the first processing means
25 being effective to monitor incoming control signals and to
feed back optical path length information derived therefrom
to the node transmitting said control signals, and the second
processing means being associated with the look~up tables of
that module to up-date said look-up tables in dependence upon
30 optical path length information received from the first
processing means of another module. Conveniently, the first
processing means of each module is a 1local processor
aésociated with the control means of that module, and the
second processing means is constituted by local processors
35 associated with the look-up tables of that module. The
system may further comprise a management centre for
controlling the local processors.
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'second processing neans is constituted by |local processors 35 associ ated

with the | ook-up tables of that nobdule. -The-systemnmay further conprise a
managenent centre for controlling the |ocal processors. The invention
wi |l now be described in greater detail, by way of exanple, wth

reference to. the Theohpeesthondriahd My he desicutibed dar grgaitgradetail,
schematic reppesephal I9p Qlxdnyy el eRgy %Mc&OQIwgkﬂ%C_oabesm?;a&%angg

constructed in accordance wth the invention, Figure 2 is a schemalic
represent at i CRFBVLBHS. f dPMWHLCHHti cal switch which could be used in the
apparatus of Figure gigdfe 1 is a EicBemaTiS3Tepreseitatildd /o at Ravikllength
out put  si gn I bghavi o% of é?he optical sy_m'tch of Fi %ure X fi gure 4.is a
schemat i o SerteRdnt aceot i/ desadiie SrRgTREiRo FoRREN R PP REBARARS

of the type showl theFigwearipnlb Figure 5. is a schematic
representation of a {4t 0 Wl ks INGOIPALALT DgpADRRLALUSOR! oENGALYREANGYN
in Figure 1; Figure S a schenmmtlC Tepresen OR- 0 arlng/sf’ar NET WOT k
i ncor por at i ngeetpheahtsmi beéh twhi ¢ly mowld e iused dar sheoappazxadusi gfir ELgure a
schematic repyesentation of a wavel ength routing network crossconnect

switch for usé with the networks of Figures 5 and 6. Referring to the
drawi ngs, }&i gure 1 FHEREShe Iddeta 28dof 11usiarde si&nitERSE i cBEIPRbre

network, thedreiviskri 6! tBeNEpei AL 8l kyhobeSiFgiguate ngdes.  The node 1
I's connected to theﬁnetvvork vi,a input. and_out put fibres 2 and

. a .
respectively. The i Ap#*HS bfeld i% TORRBEFES tq?pa"mae‘?fuolétgf%i éh $hople
shown i n det addlng pnetwde#t dindormorydiireal appazaisgefereher tfpandowreailnr
gener at or .5. Fﬁ'?}#}e op,tical data generator 4 produces data packets of 16-bit

I C

| ength (one o h™Yis shown at 4d) by. nodul ating-a |aser (not shown)- at
- 15 Figure 5 is-a schematic representation of a star

network incorporating apparatus of the ty_p—e shown in Figure
1; . - :

'Figure 6 is a schematic representation of a ring/star

- network incorporating apparatus of the type shown in Figure

20 1; and | - | _ '

' Figure 7 is a schematic representation of a wavelength
routing network crossconnect switch for use with the networks

of Figures 5 and 6.

Referring to the drawings, Figure 1 shows one node 1

25 of- a packet switching optical fibre network, the. network -
including a plurality of similar nodes. The node 1 is
connected to the network via input and output fibres 2 and 3
respectively. The inpﬁt fibre 2 is connected to a head-end
station (not shown in detail) provided with an optical data-
30 generator 4- and a header generator 5. The optical data
generator 4 produces data packets of 16-bit length (one of
which is shown at 4a) by modulating-a laser (not shown) at
2.5 Gbit/sec and at a wavelength of 1.55;m.. The header
generator 5 produces header (control) signals (one of which
35 is shown at 5a) by modulating a second laser (not shown) at
an effective rate of 155 Mbit/sec corresponding to data
packets of 16-bit length, and at a wavelength of, for



2. ‘5 Ghit/sec and at a wavelength of 1. 55[err]m The header generator 5
produces header (control) signals (one of_wgich 35 is shown at 5a) by

nodul ating a second | aser (not shown) at an effective rate of 155 Miit/sec
~corresponding to data packets of 16-bit |length, and at a wavel ength of, for
;1 6- dexarrpl e, &xaapme Thi swmédummaoa&left%gnfmo d}ia:&theri B It tife Waser

eader generatg ned_on r jUSt ef or start a
packet 4a, ana F‘?’ e’f uSTRE ??t?g Fh AT i 'E %%11 ag%aéﬁétt. b%qéf‘ﬁ:ee'
control si gnatha/as"eaengolﬁ aséatzhpacket o%rat@ﬂtméf rateiore jwete laditgh dﬂ!e

the node 1, andalBe REAMCIafENCHaLReeD | SrieliAflExol 88qha PLEYLIENGRR! 1Y

signals at d erent wavel engt hs, each of mat ches recel ve
wavel engt hSofch@®eRcEonBaiBhkthe eeceiee twavel grats of hei W%rle and the

.super i nposed &é‘é&ekhﬂgéﬁ@i-&grb)# Wﬁénst@zfxaﬁlé!\DMoloaQOU@é elpfovile Baﬁ%rlal
i ncl udes a fouy- ort optical switch 8 for adding data and droggl ng
from the netfhRals gheddfifeneny Fayeliangtifyy eathn ‘ﬁB‘h?hpﬂFF 8% 5
?bbrespect | val-eyceihe !fvafrélleh&put oﬁoahobnengneemeaﬂ addbo t irheléwonpliignals
ibre- 2 via g s r n esecndln p nect t
2, %bé %g %J.zé dsa éie} & ¥ht R‘H’Ee b:l'e gielr}%w%‘%gn ﬁ%dgwﬂpglh

data add nodu SRR great er

8 has firte anmlmla%nnﬁ output ports 1la and 11b respect I vel y the first
output port being coyecisdete 1he; oubouh Hoflel phrdihdd RUEPEbr20
port being connecte . sec receiver fw an -pass filter
13. The spliadgding d@ﬁﬁ?t |t|&re>é%da EQBPENgr G833 |%¥P'(‘:t yEPGaI"‘le)FW&’?r]%w The
percent) of tha €t rol HdHNHi 2% Olanan b%@ﬂmgl o&:&é f eadsahll SQh

t apped si gnal toaband ass 25 filter, 14 V|aa1 optlc %Fnﬁllfle{:
The filter 14”%%9%‘:%‘3? w FREs cbAPREG PR D ’éﬁr PRPNEG LHaAt*T t RFI r

pass the Impnmwungﬂﬂhrpravmixiahspmaveéengnhaﬁdtbnetappeddmunpntrmmrhes
(hat of the BasPbletbe (ol hChae 108, BHEBYS T 05 1 e dtidia oA

‘and connect gﬁ@ater détail below) The switch 8 has first and second

output ports lla and 11b respectively, the first output port

being annected to the output fibre 3, and the second output

20 port being connected to a 2.5 Gbit/sec receiver 12 via a

‘band-pass filter 13.

The 'splitter 7 demultiplexes a small proportion

(typically a few percent) of the control signal 5a of an

incoming packet, and feeds this tapped signal to a band-pass

25 filter 14 via a 1.3pm optical amplifier 15. The filter 14

has a narrow pass band centred on 1. 3pm, so that it will pass

the tapped signal provided the wavelength of the tapped

signal matches that of tﬁé pass band of the filter. The

ocutput of the filter 14 is fed to a control port 16 of the

30 optical switch 8, thereby to open the switch and connect the

first input port %a to the second output port 11b. In this

way, a data packet intended for the node 1 is dropped to its

receiver 12. As the control signal S5a is overlaps the data

‘signal 4a in the packet, the switch 8 is opened at, or just

35 before, the start of the data reaches the switch and is

closed at, or just after, the end of the data leaves the

switch. Thus the control signal applied to the control port



€ L]

first input port 9a to the second output port 11b. In this way, a data
packet intended for the node 1 is dropped to its receiver 12. As the
control signal 5a is overlaps the data signal-4a in the packet, the swtch
8 is opened at, or just 35 before, the start of the data reaches the switch
and is closed at, or just after, the end of the data | eaves the-sw tch.
Thus the contitél haisgrati beast etheosame tomer dugadriton as 7thecdhtis packedst

the sane ti ”E-rﬂgrene@rlﬂast hesdat RaB26 eba IhSa&hl Sgﬁt}%dh% 3 RALLWnRADS -
band centred on a wavel en - of ata wavel ength), sothat
the signal re@&htngSene (tBeeRatR sz%e%rc I)y §0d5Patsth8aFiITRE FRRCBA N3

not S only fither geedl viehe 1rena %'dl‘bl@oﬂi rdﬁtélé]ﬂfﬂxaﬁa TheaksDthirl 18 noRUt
ot mat h f hat , of

noi se. If the veI th of the tav_ped si.,gnal does b.

pass band- 8f SRLY( HIGETE, O¥hothP| CEMAE T SRRRERL SPARRRLamAt Mt 0BLEsal

switch. 8 rerraf;tustei:eseﬁit tritdisd.s tDf seyei tvavéﬂ.l‘eak;t[hnmﬁ the tt&pped signal

connected 10 fo |ts %I rst té}xué pogt 1%a asQ L?ung ay, o %he?ﬁf{géci)gtr?he
a o]

packet associ ey W h“&aﬁ:c apped S|gn S Tol rou node 1
t he out put fimleteramlsmmnubpunesmabrkndmesoptahas sw:-'pcbf&rabtnylaa

al | -optical Sdlé.ﬁédsuﬁﬁaﬁslé %” 'a&r“?% %ifs‘@'u?dﬂ% I 48 §Q‘Lﬂ°‘)conﬁected'

Al ternativel switch coul an opto-el ectronic device-suc

1ithium ni%beﬁ% G tERES T novkEPeR E%’é BlroptR cflks iRy c EedRrtafcontrol
(shown in dasﬂw&két naséowultédbeultmcIﬂni@dtaiapé&espghalbatsv\%hﬁéw £hibeGh14

and the contr por e switc converter, ul d not reqw re
any processi r%’% T ft F@stﬂﬁooﬁ'ﬁ?uﬁog?‘arﬁeéd O H‘]t&mq’f rl’t
anmount of anplifi catihen stwi tests & e st Ipaieﬁmsaﬁlfy ca:erﬁ]l]y—cbpm:geablmit@msuch

signal "is in [t C Le
components. obd A dopidd Agr bRl 6B Eres NRERI2D A1 EeBRRFPRbE R, Hhe
switchingtd e@mxdmgycovc-‘a@ peodacepswebactxgelandezacfaa,lsuqh rass aflithiun

less than Ingyq }%ec n0 19 whh!ehneggg aﬁa(';%@@-d% é‘&é‘rBﬁEEeéén'?Qi:eeEh?'l

net wor k when ei t has been e node avi ng been
triggered by FW@%&dbﬁaéd’(ﬂdeéénGédoHEPld e ln°1“ded in the Path between
the filter 14 and the control port 16 of the switch 8. The

) converter 17 would not require any processing capabilities,
20 but would need to carry out a certain amount of amplificatiod
to ensure that a sufficiently large electronic signal is
input to control the switch 8. Simple opto-electronic
components of this type are readily available; and, combined
with known switching technology, can produce switch rise and
25 fall times of much less than 1ns. - '
The module™ 10 of the node 1 can add data packets onto

the network when either a packet has'been.dropped by the node
(having been triggeréd by the header address decoder
described above), or if some protocol (such as a token-ring-

30 type protocol) allows input onto an empty line whilst
ensuring controlled and fair network access. Data packets
for transmission in this way are held in a memory store 18
provided in -the module 10. The module 10 also includes an
optical header generator 20 and a data generator 21. The

35 generators 20 and 21 are tunable so as to transmit data at
any one of a plurality of predetermined wavelengths, and to
transmit control signals at any one of a plurality of
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descri bed above), or if sonme protocol (such as a token-ring 30 type
-protocol) allows input onto an enpty line whilst ensuring controlled
and fair network access. Dat a packets feorgtransnm ssion in this way are
held in a nmenory store 18 provided in -the nodule 10. The nodule 10 al so
I ncl udes an optical header generator 20 and a data generator 21. The 35
gener at ors 20dafdeXertr evdwebdmh@tlss). asRégpéctiyni i odkt-apattadiesor22 dnd 23

I lit f d 5 - , ' '
By one. of oSS APECy g ed WP HE Sa l Q0 AN e edhe IR

tabl es 22 andreSPec&iyeddbi s3@dthRE hthRe vamed enarhfe R r gE eFH?olﬂétzoa-smﬁ
21 respectivekie TRt dghede! 69t fise Ofe§0l Belihaecd@iaatidn! bE @ORjiAN

signals for_ the required destination of a give .packet, are correctly .
or ovi ded. 15t BRCKERESAGH COTFeSHNBEAVIARh] erht S RTALID it SOteRthat
23 can work opkoblhemdi f tReenaibaipweeablee t22NHHSSRON damewordk tdet the

control signal.and the data_signal_.so ghosen. _and_can, i nstruyct del.ay unit
Sa o pr ovi aeRhAEEFBRE S | RPETRES riC, RERREPRERTOn oty & ooy e aFoREatl,
of the controtigndldand sthealdata kgl t scersheserhaenfheaoninstrecgna
5a conpletely, I hg, data s 4a_a isN 34 410, N engly
ensuring tha1d€¥§§03??€%IEéw?%cﬁ%?ﬁ%ﬁﬁeé?thgb%ﬁgﬁgsgf ?%% at§g§V3%§| and
does not RBsctrapsHaEaipm: Starthetines of 1heacansred e FArbusElgnadss,

and thereby dehéasbyf resn eheueRer ehaenalhes haoati-l sﬁgﬁapf sél;lecaabwgtléa.y
t abl.es a

The head-end stat] i,ncl ud \ | ook-

dol ay uni ¢ (SYAELAPS ot PRcORER ELq8a1 095 % EHA S4sEoPRORoRERE: 15ReTElY
t hat data foressuansngsthat A& scapticdicl swiveht 8ngourtass missiwitol ¢ hefdeha
and header n or ] ssLpn,tqg. a [ n of t r
can be morkggﬂgéf,g%ﬁgagniﬁéjgﬁggZ.éedépgf %éﬁpbégg?oggggd iﬁﬂﬁ%2f$¥Q gf
transm ssidn data cbi taeyoud & maussderrexs, dand sherehy fdstractucfrom the

di spersi on prdsg]ﬂ@ioﬁaﬂeeﬂaraeeebieéic3_5 endnel 3Ry include a data
add nodul e of the sane.txpe as that provided at the node 1. It would al so
be possible to The head-end station also includes a memory store,
look-up tables and a delay unit (similar to the items 18, 22,

23 and 24 of the module 10), so that data for transmission

20 can be held awaiting transmission, the data and header
wavelengths for transmission to any given node of the network

can be worked out, and an appropriate delay can be provided
in the transmission store times in the header and data

signals for reducing dispersion problems. Indeed, the head-

25 end station may include a data add module of the same type as

that provided at the node 1. It would also be possible to

provide the node 1 (and any other similar node connected to

the network) with a tunable filters 13 and 14 so that the
wavelengths of the control and data signals appropriate to

30 each of the nodes can be altered, for example by a management

centre, if required. In this case, it would be possible for

the head-end station to be identical to each of the nodes 1

in the network.

Because of changes in the effective optical path

35 1length of network links caused by environmental alterations,

such as temperature, thé delay between any pair of nodes

alters. This alteration could result in loss of information
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provi de the node 1 (and any other simlar node connected to the network)
with a tunable filters 13 and 14 so that jhg wavel engths of the control and
data signals appropriate to 30 each of the nodes can be altered, for
exanpl e by a management centre, if required. In this case, it would be
possi bl e for 4fe hpadaesdishatiban deade1l denid céb tﬂ;@aebnefrouhes 5 ba n

t he” networ k. Because of .changes in the effectlve C th of
network | i nksmﬁ‘ébggdwﬂ);herﬁﬁﬁg‘iﬁﬁ?'enq%lt%‘thF’éFl 5ﬁ§npaé‘u % jrﬁ)ef" Fﬁgg ifhe
del ay bet weencptiy/cpai paah Aeches-hatidls nrﬁhawtmmlmcunubd timal scades

| oss of 1 nf 0" (B! 400akex Snadl e S TINAN 0N 1I05ede- AU LASLDE €L Qb

signal 5a noving”w ata Sig
optical pafh tleengtdpumqal ppebabllyeml'gs oeser bmwwr@catbetn(ﬂtﬁ eaPGWOF-‘PFan

the kHz |evel*exﬁﬁeﬂéd’%yﬁenfaﬁ“ﬁ@d‘ h?'&h?ﬁ' éwg, tt:'k@'col?&%ll e&zghaisasa

Known and t hat network remains " roni se gt at is to say
control signd¥erhapyEheafati ﬁ?ailaalsﬁ ghal 2kt 5php nRdesodkly 1;eedback

f eedback i nf orid FRacDeh Ve wela lt@x(ie&xdéeé’leﬁﬁleﬂebﬂeﬂorﬁd Qﬁowuﬁabpﬁﬂem

| engths, and_ t a'u t he | opk-up _t.abl es and 23 10 rd|
Thi s feedbac‘fP&éigJﬁE Bgan SRhAddas T b%g?m?noP 4Ry farly ?galaziﬂ‘ ¢he
contr ol sl@naicscdaadmglhe noditsisl. feledbadd shignad: wealn kbe\/\sawhéece&heby

i nformati on S0, 8 o i.hrne hg_.sLgn Fyed
on), and nDnP'fosn e ‘?q{p’%l Ve rre%tfhg?' Q%P&ellral’lcgtrll%%%lts 3d h? gﬁeaé&ﬂg
i nci dent on tlhe Fsa%s, tlrfeﬁhsnyeawprsrbmes Whep&t hheeiraiomﬁtéenrrbﬁstwea

As shown in gy e(ﬂy hBh§t€EEh§0'§:'h@9 ﬁ%@%l@&i’:" eued shyynano\d #tiRge d h@h),
| ook-up tables 22 and 23 of each nqde | ocal Erocessors 22a, and

and by tappi RGP t9Ra (EhRFedRtiye BF“FhEhé&t Bu¥ gF&n%P“BF#h%“FPP%e a14
of .20 eacts nage ihdideént Ubh henielﬂc@é pthefasany S4Fferbivdy deegstth ldelay a

destination node 1 det erm ne at _has_hap ed to fet wor and sell a
sui tabl e updgtél (?nf"roé}l%?%% I\Mlﬁ 5’ r} Hépﬁgt%? #o rf’ls e &b ré’fmﬁoaéejs
to tell thembeowchd ewedaby phrelvn.dh.mgkthp iabkesp222abhes232 andh23eofipzachk
| node 1 with local processors 22a and 23a, and by tapping off
a small percentage of the output signal of the filter 14 of
20 each node 1 to a further local processor 14a. The processor
l4a of a destination node ! determines what has happened to
the network, and sends a suitable update control signal
throuéh the network to all the other nodes to tell them how
to update their look-up tables 22 and 23. These update
25 signals may go via a central management centre (not shown)
provided at the. head-end station, or via some other
management centre, perhaps linking a sub-set of the nodes 1.
The need to provide a-management centre depends on whether
the total processing time of the local processors 22a, 23a -
30 and 14a is sufficient to make sure that the network stays
"stable", and that the update control signals 4o not cause
problems by changing the network after it has naturally
recovered to its normal state '(or it is still 'responding to
previous sigx:xals). In other words, the time taken to adjust
35 the network should be at most equal to the time-constants of
the perturbing effects. '
The 1local processors 22a and 23a in each of the
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25 signals may go via a central managenent centre (not shown) provided at
the, head-end station, or via sone other nmanagenent centre, perhaps
linking a sub-set of the nodes 1. The need 1® provide a nanagenent centre
depends on whether the total processing tinme of the |ocal processors 22a,
23a 30 and 14a is sufficient to nake sure that the network stays "stabjliﬁ'é,!

and that the GFARSFIETHOBIRAYhal FRPITR URARER UM
network after eviediaotdrirabdy I8coNer fdtirdrk) S and PMlocesat €Hi® td medify

still responding.to previous signals). ln otheg,words,.the 1i takenm,t
2] ust | 55"t he SHEAR AP A Te R cPRPk T L BRREP P2 BRE Pome AR s O e
perturbi ng ef thet S.odkreap otablesocdssads 22 xpfanglR3bhennedes df (imeluding0

- transmssio 0 1.r i .ypdate c | b N d
node in ch" ngp\%og%,%dar? p%(;c\csgtsls hitagcet %%trrr{otgﬂ‘i/ﬂlj%lr@ éi;‘{s?cogc#a e ﬁqﬁ%gfé
tabl es 22 andfef¥ emvicenyentghualtenatiosk-up The| degrgeand intel ldldenar

nodes 1 (incldfhRd thd MobsRingRdgehahtOBratle® sty i il hAxaup3dahade! Qrill
conpensate for environpental altefations. The degree of intelligence that

the | ocal man&bERese FrSc8SEBFeIy 2808 BheshopkyePwFaPLei wrEradene Thysy
for  the | ook-wpuldabbe iggeadefr theSprotes®ukd Deai drdl 234 Idek @O URBRr

22a and 2 | opk. at _a nunber, 1Q of inter-dependent .siqgnals to rk .out the

best sol u1::i|ﬁono o?’n%ﬁg- eetpv?onrdl?n%s =4 95 Ise,toc&?éqﬁ r‘i’d“taltl%et I’IID S ﬁ\lggutl%ﬁaﬂn %

- information ttheemadsvarki as vaywhole, gicevedesyi @dili obhe TRd nkspabhatt che
needed is, t . el he..n f : | ad8 ; k.

The vi abi li tﬁ?é’_?ﬁgt%%& ﬁ%?gg%% %ngnaﬁggfg?gst?ﬁﬁ#%aﬁrt [ ler{%l t he The

viability of ¢aPablihitK @eeded hisopthesiefata chrelated citiohddnbBumbert et

reference to ga&@§e1iiha§hQEQgth@§&§d experimentally using the
T B5[rr ] hO(1. 53] NG APTL Y stk BHS AOSHSHASHANL T AR LA AL B
at 1 Go/s to pabt{dblar e conabdlisygrd Geings an INLGA[ asr |théFBptasal
modul ated w tsr}ﬁ:l‘gg‘lq Q?téeesrgrz?]se&/ajl?otwpe twqettpiliétrea}eené)ef ’éohPFidgq}r% 1"H&E been
tested experimentally using the configuration shown in Figure
2. A data signal 4a at a wavelength of about 1.55um (1.535pm
20 to 1.56um operational range) was modulated at 1 Gb/s to 2.5
Gb/s. The control signal 5a was a 1. 31pum DFB laser modulated
with 1010 pattern at 1/16th the bit-rate of the data. These
signals 4a, 5a were injected into the absorber facet 8a of a
bulk material NLOA 8 which was under standard Dbias
25 conditions. Improved performance occurred when the absorber
bias was reduced. The output from the NLOA 8 was filtered
using a band-pass filter 13 at the data wavelength. Typical
gated data signals are sliown in Figures 3a to 3d. These
results are for 1 Gb/s data, but identical behaviour was
30 observed at speeds of 2.5 Gb/s. NLOAs operating at >5 Gb/s
have been demonstrated, and further speed improvements are
‘expected with device optimisation.
Operation in two modes (resonant amplifier and
injection 1locked) has been demonstrated. The resonant
35 amplifier mode results are shown in Figures 3a and 3b, while
those for the injection locked case are shown in Figures 3c
and 3d. The measured extinction ratio for both cases was >13



signals 4a, 5a were injected into the absorber facet 8a of a bulk materi al
NLCA 8 whi ch was under standard bias 25 conditions. |nproved perfornmance
occurred when the absorber bias was reduced.i -The output fromthe NLQA 8
was filtered using a band-pass filter 13 at the data wavel ength. Typi cal
gated data signals are shown in Figures 3a to 3d. These results are for 1
Gb/s data, budBidehweeal thehgaitedr daaia 3fdobker rejeatedpdata siglals, Gand.

N-OAs oper al | oo abye> dHU drdif S 08 Ns IETRAS rﬂe@ﬂ’nf%é U408 e20680ratso
| fprovenents are expecte _Wlth evlice optimsation. eration In two nodes
(resonant anpperfermangei disexuprtedckedhe Kontngssn wativhs{the can-leveje

resonant 35 appléfi eelERA%e asd!l Eive a6 ££ SDEVEL | BowedU@¥ el 3o 0)YWishe
those for the jnjection_|ocked case_are shown in Figures _3c and 3d. The

measured extiht®i &B-rat T8 Tt Alfaded haRT > 18 IR hEPTe PG nECERRRT
~data and the dampeLfedrdeasesivgsal-s2-angl, t iadEXEpdhaghtnvahehe detlfBfg of

openi ng and od ror-rati rformance i s ecl.ed. The,.contr ast
ratio (the o%%f%v' aﬁﬁ)v\glavreg.le&qf@e ?Btheﬁb?fH% |—'5§ﬁiér‘9%"2f"ére’h%é%r to B
was 5 >10 dB.detuiingi sengedoffal-l 16f GHze gt epdsmiblwe whistmavmoubdprequire
case was - Z-Meléagtﬂeps@egghggggt hg detju fc 7 Cﬂgf&i’@de&@ﬂg{%ﬁéom

t he NLOA Fabry- Per ot “node. ning range o was possi
whi ch woul® raepd reefQER8AGeh referencing in a network configuration to-

ensure 10 good perf aifreaReR: iH?EBE_j_bﬁi ePéJ:IEE?' qedsﬁ mﬁmgu&%sgl nget Q¢
ess an a bit-

o oo e et A SF, 2Uie Sl 2, HELP, L5’ DA Pl RERO% miee
by a-much ti geiwirodlet(40iops )15 baguivaneaetweirih Senefsséulodpehisi ofaster
Fechni due deSB s spBl8 caECneonLanort pEokor. Iual AHE ¢ A pining
systens. 13 meiguiatementt reiipsrimeessdivd opsradiiomedtpinabliecoNeres tata
bit-rate spegiafjed ddfH "BEASE P apSHSRi ABRgkeLl 2dpiation, required rise
and fall times etc) 1nto a control_channel at a different wavel ength. The
The technique described above can be used in packet,
virtuai and circuit systems. It maintains a transparent data
- channel, and puts the necessary bit-rate specific information
20 (such as packet duratio_r_l, required rise and fall times etc)
into a control channel at a different wavelength. The
principle of the invention could also be used in " frame"
systems, such as synchronised digital hierarchy (SDH) where
the data bit-rate is set, . and to fast circuit switched
25 networks. The technique could 21so be used for distribution -
applications for data communications networks in LAN, MAN and
WAN environments, and the general principle may also be used
in trunk applications if configured correctly.
The technique can be used in ring, star and star/ring -
30 topologies as described below with references to Figures 4 to
6. Thus, Figure 4 shows one possible configuration for using
the wavelength header coding/decoding technique of the’
invention in a simple ring network. This network includes
four nodes 31, each of which is similar to the node 1 of
35 Figure 1. The nodes 31 are connected in a ring configuration
at the end of a trunk spur 32. Each of the nodes 31 has a

different address wavelength 4,, 1,, i, and A, which matches
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principle of the invention could also be used in "frane" systens, such as
synchroni sed digital hierarchy (SDH) where the data bit-rate is set, and to
fast circuit switched 25 networks. The techni que could al so be used for
distribution applications for data comurt cld ions networks in LAN, MAN and
WAN environments, and the general principle may also be used in trunk

appl i cations #chon ureg§§§$é §§¥8%TheF%§Chnl ue Canﬁg?eggggﬁtggaﬁf%z.

star and star
Figures 4 to evabus,lyFl gtherdfoheys tdu'ee pbhsebse lobnéf gtthet imoddr 3asiawe

h | d d h
5 0 RS PO e ST e
is simlar toaPPGODGGGtE(ﬁﬁdiﬁﬂﬂgﬁﬁwghﬁnQHMelpo 3] Qrelponnected in a

ring configuration abaEQef%@m(ghéi#éfwgr?tht%%saggéferr t@gangﬂgséﬁguh@s

a different address wavel ength [err err whi ch nmat
- 12 - the cowPRE| 3 E\lp%’feﬁy(’éﬁﬁhtﬁﬁnﬁ §8r cgppler) 33,

ﬁbw ously, tsrﬁaeéﬁaeelhgarfdult:ﬁegﬁeli?%b trié%dlﬁdﬁfte?ahrggf dind efoalas 31eaad
aving a narr ass, pand gentr 0 e_.app i at e ,address wavel en

[err],[err], %ﬁ?ﬁ ?eﬁﬁc 5“03 51 EP$ &#%ﬂ@@ﬁﬁ%%rﬁaﬂﬁgﬁs%*g e ihfy
Vi a the trunklnparreaaaad arnd,unkhenl| thpl eent{clichiganad IaB a:buahgr Biden

dt t f h
e 55 4R, BRIRI: RESERRN FRI°RRARORE"RaRl e ROl athh, iR, alsg T3
signal 5a of zeNtedvedfldhsckiatg.meandesorhd MaesEeMef@ngtnaosméssm

the data is H%E@dtﬁEfﬁéfh&tﬁgcaﬂn%é(¥6ﬁe§akﬁ riqadypi 98e ! I AN GHLAN tindl O
the network can be, added in_its place, As with the ‘enbodi_nment of Figure

1, there is fMRRRFReBE PhnFigvReal. tFBeﬁBvéFeﬂQtﬁéd/GF°Pb5PH°t&8Paataﬁ&e
control sigRadvwelengthéa &% Chbotdl aHLalth l ra:i&le domgrod ned fhalexed baak-.a

onLothe { Uk S0l gl 18" ehpUEL TR EQTPLELERL A W U d el

with the tramsguwr 32 aanEOWnaﬂhmﬂﬁng(nbmpIGEehynadeand the ring. This
type of confiéuration could, therefore, be useful for
signalling networks with the transfer of éontrol information
between nodes.

20 Information entering and leaving the ring does not
necessarily need to be at the same wavelength or bit-rate if
the trunk multiplexers are designed correctly. For example,
if the trunk network is a wavelength routed network {(at the
data wavelength) then outward information can be transmitted

25 at any of the available network wavelengths. The control
signal wavelengths can, therefore, also be any convenient
value. Although Figure 4 shows only four nodes 31 on the
ring, it will be apparent that the principle can be extended
to virtually any ﬁumber of nodes, this number being dictated

30 Dby factors such as the control wavelength range, the filter
bandwidth, the pass bandwidth of the wavelength-routed cross-
connects elsewhere in the network, and any dispersion
problems. As mentioned above, each of the nodes 31 includes
an amplifier for amplifying the tapped signal, so that a very

35 1low percentage of an input signal needs to be tapped, so that
many nodes can be concatenated. '

Figure 5 shows a star topology network having five
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20 . I nformation entering and | eaving the ring does not necessarily
need to be at the sane wavel ength or bit-rate if the trunk nmultiplexers are
designed correctly. For exanple, if the t+ Wk network is a wavel ength
routed network (at the data wavel ength) then outward information can be

transmtted 25 at any of the avail abl e network wavel engt hs. The control
signal wavel ergpEs d8nearhepéfvkrichalscinilbay Lomhamirdmg dasgribed ahaysh

Figure 4 showg;eg! ¥eEe%n@@dea ?igﬁeetbe rtik.‘h f:zmwdd 1%1% eﬁaufnbwaetshe
his nu er

_ principle can be extended to virtdal ¥
bei ng di ct at el 80BFR: 9ft BRLICBULH S&m %%rc'ﬁﬂt?%? Q\%%Ilerfb{rf' 1.t hFach
filter bandw %hthbhe:mh $anogv dbhngétbae ﬂw\€|%@hﬁmeﬂoﬁtédscross—
- connects elksewhere in,the.networ nd_an per5|o
ment i oned bo?/%nnggth‘}éf ViRe? n%%ise%e%l Y?\c u’én& i f%te)arc(i? % et
t he tapped: smgpnars AR t hat a:aa‘rgecBStbowq:xancedaage aif an regpectivymaldata

needs to be t tRat M nod can be co tenat ed. Fi S
a star topol o"\gég'l)'pne'fa'v\gfel‘;1 E'éwlﬁ A AS eks“‘-“'lS;ei"‘t‘l'%%g Z@)“é"a h o Q%ﬁ ﬁf Lae

simlar to t Rodemgddeaér F—'Béb zb8gc4i hasr didfereat: @dnrgmsewvelmstmh

40 includes faura nogiesch Ima€ads AineMliddad s vﬁi\félél{ 1'95 tlbﬂ)lﬁpdﬂl ?en@f tELau e
1. Each o the rlﬂ s _40 i s connected

t vel engt ut Cross-
connect 480viSPurs eé'p’ectll'\l)%"?rﬁﬂ?("’%‘pu?:g@gﬁé&‘ﬁ of4 tﬂ F?’l?nl%‘ 4&23F§
arranged to chirffeféht, aleatl eperigva dedfrowyvphaesgiand centred on the

- . E f th des 41 of h ri 40
has. di {1 er onCERRARELSEE, BRARBER FAVPF 08 Pern) Eanbon mat ches the header
wavel engt hs input byhene wewekengtbpursouled HermosEyeionned®e fidd,er swhdchf
the nodes 41 S{J?ezdééﬁﬁégﬁé th‘éacﬁ VH‘HEQ 3, r%\‘,&i’fés FRQtCGl:‘HJ erﬂgrB'l‘e

appropriat e address wave ength roufe
cross- conhectsigmnls m%rﬁl‘fﬁ)@r c?&\lﬁ@@t Wéamﬁnggfﬁetlgﬁsﬂﬁ§§ pfathehe

control 15 siagidsi ME&3 BAENS mlifseer@é%r-ct&iﬁxe%amﬂfseshbwa Pﬁt&eéﬁﬂ.hfn
associ at ed data Thi cro‘f -connect 43 is shown in detaid _in Figure f:ro{'

has the sane FH&EI ot fidte Fane dotigxfonnections for both con
and data fields, any switching within these fields being

B driven in synchronism. A node 41 that wants to transmit data
20 to another node 41 wighin the network chooses the correct

data wavelength (for example lunl) and'the correct control

signal wavelength (for example A,). ' The cross-connect 43 is

designed to route control signal bands rather than single
wavelengths, that is to say.a band of wavelengths A, to 4, is

25 routed rather than routing each of these wavelengths -
separately. This principle could also be used to route the

data wavelengths, which would increase the capacity of the

network.
Figure 6 shows a star-ring topology having five rings-
30 50, each of which includes four nodes 51, each being similar
to the node 1 of Figure 1. Each of the ri'ngs 50 is connected
to an inner ring 54 via a respective trunk spur 52 and a
wavelength routed cross-connect 53. The trunk spurs 52 also
lead to a central wavelength routed cross-connect 55, and
35 each is arranged to carrxry data at a respective data
wavelength Ay, tO A, Each of the nodes 51 of each ring
50 has a different address wavelength 11 to l.z,, which matches



and, data fields, any swtching wwthin these fields being driven in
synchronism A node 41 that wants to transmt data 20 to another node 41
wi thin the network chooses the correct dat g gnavel ength (for exanple [err])
and the correct control signal wavel ength (for exanple [err]). The
cross-connect 43 is designed to route control signal bands rather than
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55 are simlar to own 1n Figure 7/, and ensure that
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re-routing, at any of the crgss-coonects 43, 53 10, and .55 will require
that an arriwi %‘Uﬁ‘ﬁ’(ﬂgsf‘agﬁl wég %e %]ﬁ%rFSfﬁ LRtE AFqqunt when
associ at etls datex tslirmgnakp 4iehe Thfans)mfséﬂpnneed'henlcpn@amum tdﬂ rthee gietarork

swi tching W dac e Cont L obe Ofad DFe90ks Up st ables. 22 and e pps g

transmtting node w | T feed S |n "account whén e ng up
the transn sdisoparticalasaim emet gase whernepmkets are routed through one

or more cross-connects between a transmission node and a

destination node, where it may be essential to ensure

20 overlapping of control and data signals at the cross-

. connect(s) - although this may not be required if the cross-

connects are such that the optical switch within the control

cross-connect can operate non-synchronously with respect to
the optical switch within the data cross-connect. '
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and-the choice of wavel engths is, therefore, related. This
the case where packets are routed through one or nore cross-connects

bet ween a transni ssion node and a desti natil®n mnode, wherle ||t| mﬂﬂ“]um't"rlm
essential to ensure 20 overlapping of control and data I8
cross- connect(s) - although this may not be required if the cross " 5 *

connects are such-that the optical sw t cRRMME n the control cross-<connect
can operate non-synchronously wi-th respect to the optical switch within the

data cross-copnect. , -_.15 - G AL M 1. A_.tel l.cati Sy m~
‘conprising fltst a"ﬁd E%’c%ﬁﬂ"‘%ﬂé?f‘h?ﬁ?coﬁXEEF’e"d %&9‘%%%\%3 k%%St 2
transni ssi on $écendt hedesr dntewmEardadivy ameprorkl trananjeadont dineor
5 produci ng agy, 9ptd:Galy dReS 98fbrS iggflgxft oggw-.')a&ngagtaan;equﬁar hegger
generator for producing an opticar control (header sighal “at a second
wavel engt h3 Predueingoanmantinalidrra t pbgnaht a4t andEirsht vayelenghhl san

onto the trafspd 851 Ohdddir i@eﬁHEQtér”&@ﬁerpé&fﬁcié?hg‘ﬁgaéﬂﬁrbﬁ EBAti81

control signal  is_at _ |east equal to the duration” of ata s

l-gnal , a
del ay unit anth®3ReFdl fgrRdhss8ti ated #CEREhe ‘G%Y%Jyeﬁﬂ?:’f"for“‘geﬁ‘!ﬁ/i dffg a
sufficient densiyedpl@geAgt haHd anGatssi andst addntirdls efignadscordrntd abHe

data signals to ensure.that .the.control _signal c | .et.el e S t{he ta
15 gignal - ort ERTTEAE S5 QR HEBSCABORY Rode " SO e VLR P PR e ES
~switch anti0a comtxol | signatpbasateleasti gguhl to the durahilonaotl thgt datar
.control ling td ting o | o] h | 4 i h
system as cl asltl S%rgﬂfj'n gl gig%a?f)wvlfﬁ"zér_eﬂ]‘gt eﬁ%%tgjl:cglg'gé% g:t% \g%’g}eerd;t%ﬁth% e.
produces opt idiatiat@idi ghars REPHatiag sa ssuffipieps: drkay cbaitveen nthe
f' aim1 gr C't%‘défllsa?ié’mf ﬁ'é‘tgb‘le ?phgs?tﬁfd%h? %}&rt f:Q%lorax?&-&@EEZéiéﬁﬁlis b¥oa
aser and a nodul ator. for ulatin ne oyt pu e laser. 4. -

System as ol ARRES Fhab BRE SPAEFGLEL9700 SOmEY el SvaThan Ry data
generat ori$s sdenpsil t wredakyivalaset. the setanybt eiodes Clheneslecondl anodd
_ when appenda%ton}p%icslﬁgma switch and a controller responsive to signals at

the second wavelength for controlling the routing of optical
- signals through the switch.

2. A system as claimed in claim 1, wherein the optical
20 data generator produces optical data signals in packets.

3. A system as claimed in claim 1 or claim 2, wherein the
optical data generator is constituted by a laser and a .
modulator for modulating the output of the laser.

4. A system as claimed in any one of claims 1 to 3,
25 wherein the header generator is constituted by a laser.

5. A system as claimed in claim 4 when appendant to claim

2, further comprising a modulator fozr modulating the header

laser so as to turn the header laser on at;, or just'before,

_ the start of- a data packet and to turn the header laser off
30 at, or just after, the end of a data packet.

6. - A system as claimed in any one of claims 1 to S5,



2, further conprising a nodul ator for nodul ating the header | aser so as to

turn the header |l aser on at, or just before, the start- of H"lm

and to turn the header laser off 30 at, or jjsust after, the mﬂmma’”m
packet. 6. A systemas claimed in any one of clains 1 to"5,¢ L- Wlbs-

wherein the controller of the second node includes a splitter for

denul ti pl exi ngherpémnt tbe ocbnthelient 06l tise gradomhchadendmadwmdsmna ppid tter
filter whose S | d.o ' SECQRd gy e, tp of
the filter be?ﬁg use t% % %(E)En{ti?pla %%g%p%?atgf@on of %ﬁggg%lttgﬁ%@li é'ﬁ%\ @
system as cl aR#EHOVn kA 1Rass { i e wBOEe NARF ahaafphef icantxed teBnéhe

between the spbébhlr vavildigth, t €he ButputA FB/SERE EEléed BYind) @d¥doke
of clains % to 7 V\Qereln the switch js_an O'ttl&j}al switch. 10 9. A
switch as cl FORECPH EPSi pPerafioret the &5& - switch is a NLOA. 10. _

A systemas clainmed in any one of claims 1 to 7, wherein the switch is an

opto-electronfjc switgch, 11, A systemas claimed ip.a one_of ¢l al. s
C6 20 16 wheFei p t b SATER M TAERER B0 LA c or PufFHR?] Safe-Fatadah
further netwamplifhen posdtibned, betweeme thehepldfttey @nd dhis fid ter.
reeeiver. 12. A systemas clainmed in claim211l, further conprising a

narrow band-pass filter positioned between the switch and the 20 receiver,
the pass band-of saiXl $YFter RS ngleaémefed Hnadke U8 sPinstdticmyt h. t3. 7

A system as Gidf@thi thenywPBehoisChal Bptich® &%iteherein there is a
plurality of second nodes, the nodes beling interconnected by network
transm ssion lines, and the optical 25 data generator and the opti cal
‘header genh@r #&.or” of A hviftelst asodtadmedt immhtlain 8s themedn drhedadptial

control signal r t A ned, different wavel engths for each of the
'second nodes%w}féh I%'%\dg;ylgjg'&gir“ﬁ as claimed in any one of claims 1 to 13,

10. _ A system as c]_.aiméd in any one of claims 1 to 7,
wherein the switch is an opto-electronic switch.

11. A system as claimed in any one of claims 1 to 10,
15 wherein the switch has two outputs, one of which leads to a
further network transmission line, and the other of which

leads to a receiver.

12. A system as claimed in claim 11, further comprising a
narrow band-pass filter positioned between the switch and the

20 receiver, the pass band of said filter being centred on the
first wavelength.

13. A system as claimed in any one of claims 1 to 12,
wherein there is a plurality of second nodes, the nodes being
interconnected by network transmission lines, and the optical

25 data generator and the optical header generator of the first
" node are tunable so as to provide data and control signals at
predetermined, different wavelengths for each of the second

nodes.

14. A system as claimed in any one of claims ! to 13,



- 17 - wherein the or each second node is provided W|th a rmdul e for
i.njecting data and control signals onto a transm ssion |{ne uui

systemas clained in claim 14, wherein the or each nDduIL $ Huﬂul u""l"""
optical data generator for producing an 5 dptical data signal* af atfiwsts =

predet er mi ned wavel ength, an optical header generator for produm ng an

opti cal contro nal .at a second pre ete m ned wavel e and ns for
nulti pl exi ng ﬁFBgnd’éPE °§nﬁa°5071?$ at$ PR %Qf"rmo{h e

10 16. A sysj em:aagcBarumdmneohammllE;.gnh&seontbhe braaamlhssrhcbnl dine. -
further conprises a nmenory store for storing data awaiting transm ssion.-
17. A systemas clainmed in claim15 or claim 16, wherein the or each
modul e furthelSConprAsexscamtaelc&éansdanqu&ﬂ@m]k#nuﬂh%ﬁ#%% the or each
det erm ni ng tﬂéd&lé%o%‘h%% 0%‘}'1 Wp‘%‘i@a‘lr el yenetLost héoépgfaaﬁbﬁhe ha

the required destination no signals being injected
system as €l 2PRBHCRA §ﬁ§én§l(91mé-l éitmé 3 Bs§ PFGW"@?W?%@’%]S‘H%%F'CBM an
generator, t F@p@péa;alhdmiergaﬁegeasfatf@rr agrnsbdmwl hnplmmmaeﬁt%l

the first node, are |n%orporated i nto_a_ nod sai d nndghf fur
conprising a FeFRPY 8Fofe 7RG O?Fﬁ‘beﬁﬁf’ﬁlﬁﬁ‘?t PRy L e, m%%’r‘ﬁrgf’r
nmeans and Iooimhpiphbkﬂagforsaim er denang die wavakeodt h&sn@nam cartronl and

data signal s | t e destination 25 node of the signals. being
I nj ect ed. 19.9P££%!9£5%/§§Pn géhgf aimed in claim18, wherein the first node

includes a switch and a controller responsive to signals at a predetern ned

navel engt g ofe.CONt 40ldy ik Nes T 014 AP 0L n0BL bEH 13, IRAleT il A dhCeach

switch, said coptroller including 30 a splitter for dermultiplexi
portion of afQ%ldhi FY=ERTT ?oggﬁms afid BEMAFY o HPERd- %ssm”?-gﬁg mg%

pass band |Sa&&rﬁﬁﬁ®botu:5ﬁsﬂ:.9§£dﬁi-erm ned wav el ength t he out put of . -
18 -

17. A system as claimed in claim 15 or clalm 16, wherein

the or each module further comprises control means and look-

15 up tables for determining the first and second predetermined

) wavelengths appropriate to the required destination node of

the signals being injected.

18. A system as claimed in anyone of claims 13 to 17,
wherein the optical data generator, the optical header
20 generator and the multiplexing means of the first node are
indcorporated into a module, said module furtﬁer comprising a
memory store for storing data waiting transmission, control
means.and look-up tables for determining the wavelengths of
the control and data signals appropriatelto the destination
" 25 node of the signals being injected. )

19, A system as claimed in claim 18, wherein the first
node includes a switch and a controller résponsive to signals
at a predetermined wavelength for controlling the routing of
optical signals through the switch, said controller including
30 a splitter for demultiplexing a portion of ah. incoming
control signal and a narrow band-pass filter whose pass band
is centred on said predetermined wavelength, the output of



the filter being used to control the operation of the switch. 20. °

A
systemas clained in any one of clains 17 to 19, further c RN .
respective delay unit associated with the a@ntsol neans animummmum l”"l
tabl es of each nodule for 5 providing a sufficient delay betrween them s =«
transm ssion start tinmes of the control and data signals to ensure that the
control signatheofipl eeel yedugrised tdeastrokithaloperationadf dthe Isevi tch.
destinati on node. 21. A systemas clainmed in any one of clainms 18 to 20,
10 wherein the nodul es are provided with additional control neans for
adj usting the2Pook- Ub sEBLen tas cokplaredt énf @nxerResfi FldidmsefiBctpvd 9,
optical path rgpgh8rOobontrdlyityIs NEéy¥PeLLi 4¥8NATISY QAthid ¢ N8S§sodLated Aith
system as clained in_"claim™ 21, erein the 15 additional cqntrol
nmeans of eachtH%dﬁPEthlcﬁﬁépﬁt@ﬁédtﬁf1¥9Qﬁ'QQKF%£k%ﬁd°5rSéﬁgspﬂéu afox
‘the first progeseiagngeansufding eeitf delliate Bexwden t Ohei teafsnyss0hr skart
signals and to. feed ?aggxopticgl Eath‘ie %gh inforq?tign derived theéef am
to the node tYHPR%i C& R aPARESRLr AR ig s SEEMP IS R &Y 0 YD e§§an
‘nmeans bei ng assmweral exhignah ¢dmpl ookl ypovetl aps dfhe dtasdgnalt onupraavel
sai € Iook-Lm)éfﬁgﬁ? L8 PEREPISACRHRON optical path |ength information
mIhe TiTst p i i

received fro rocessi ng neans of another nodul e. 23. A system
as clainmed in claim22, wherein the first 25 processing neans of each
rmgu: e Isd t32h1.| ocaly d&f@@@ﬁsa_&. R399 wled _efinWahK}t Hlfé_t tc%)fnt em{hiﬂ@?usa ofot ha}
nodul e, anp e second processjng neans i s c¢cqQnstitute J.qcal .processors
~associ at et wiHhPIHR | S5R- u’bo‘?‘é-lz)?gs 3 tREPV ﬁal ith a%l'&%ﬁgggroi
claimed in clmdans?23fokurddius€0mgr thiendl solOupntaddesnt toerdonpdmate for

cohtrolllng %%%Aégguigrgﬁgs%&%%ctive optical path length of inter-node

network transmission lines.

22. " A. system as claimed in claim 21, wherein the

15 additional control means of each module is constituted by
first and second processing means, the first processing'means
being effective to monitor incoming control signals and to
feed back optical path length information derived therefrom
to the node transmitting said control signals, and the second

20 processing means being associated with the look-up tables of
that module to up-date said look-up tables in dependence upon
opticai path length information received from the first
processing means of another module.

23. A system as claimed in claim 22, wherein the first
25 processing means of each module is a ‘local processor
associated with the control means of that module, and the
second processing means is constituted by local processors
associated with the look-up tables of that module.

24. A system as claimed in claim 23, further comprising a

30 management centre for controlling the local processors.



