1- . OPTI CALLY ENCODED SI GNALS TxngcHeli:i :
1 NVENTI ON The present invention relates to a ne
apparatus for processing optically encoded signals, and in Iiﬁ ﬁm"hr
- to the recognition of an optically encodeg bi nary wor e
in

need to conpare a digitally encoded word With a target word arises i

a variety of different contexppribari ¥ ERtBpEPese¥RARs! fiel d. of optical '
comuni cati on and si gnal “processi ng systens. One inportant
application for * such techniques is in the recognition of addresses in
t he headgacREROUNDAN® CHEF IRUERNION Opti cal.. comruni cati ons

networ k. To enabl e_use of such a,network at v§r¥ hi gg bit 15 rates e.g.
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correl ati on hinagy wprdad spectrum and tine division encoding
t echni ques, and al pti.aal +-0gi hnyj i o115 USH . a‘m,a
sol i ton-draggi ng gglt:lg Ec')l%%g ﬁgngoﬁlﬁggr% G %%&ailclﬁ L%%ﬂierﬁi ?}r}%ﬁ nﬁt e
case of techntaf@etofwand sarises| jn ep @RietYsi Af rﬂa"r&qm £PREexts
devices1dt hastRERN thie oReTalbl efil dr egessptl éa Bl admnRitiication 98A4S-
However-, such_devices suffer a significapt di sadvantage, ip that

they have | onfF9BRLNBYOFERELNT: RYFLPES, | ORG LBPIFCABEWEER 1cat1?ﬂpg?rand
out put signalsuch techniquéBeispphoehé treccofitvbofl oc€caddrésesesi sndthel osed
in 30 PCT/ 1(/10012 V\?i st reco nidzi'nlg t he neted ahg Erovi de 1 speed
and sensitivitSA9thi £5pr or F88t SAT % hpsft PPy pPTgunicattons

el ectri cal / omettedrkyst Ton eémanle ofse lf \smah Bone¢work ateveyyi bigh\bit
appl i edqign t I ca oMl R At O 3, 4 e Wt C (e

contr ol 1£quehlﬁac€g%b{rlé=s' 6ndi1rr¢8'tg%§%%'t he a?"’vget %}ﬁg?d%ﬁ@Tﬁ%ﬁ%t pﬁ?éf rom
the gate is sieee@nition|erpihs @ﬁ#‘r}eﬁnoutpﬁ)t‘g{feﬁ%ﬁ:ﬁﬁ Speedor 8cgi-c£00t he
speed of - ps for a 40-bit word. To this end, a number of different

approaches have previously been proposed. These include

ultrashort pulse spectral phase encoding, optical
20 c.orrelation using spread spectrum and time division
encoding techniques, and all-optical 1logic techniques
using, for example, a soliton-dragging gate or a non-linear
optical loop mirror. 1In the case of techniques of this
latter sort, using non-linear fibre devices, it has been
25 possible to process ultrafast optical signals. However,
such devices suffer a significant disadvantage, in that
they have long latency times, that is a long delay between
input and output signals. '
One approach to codeword recognition is disclosed in -
30 PCT/CHS1/00122. Whilst recognising the need to provide
speed and sensitivity, this prior system relies upon a
hybrid electrical/optical system in which the word to be
recognised W is applied in the optical domain to a gate
switched by an electrical control sequence corresponding to
35 the target word T. The output from the gate is summed
incoherently in a photodetector. 1In practice, the speed of



first aspect 5 there is provided a method of recogn|5|ng
encoded binary word Wcharacterised in thgt the word is -Fecogni sed
carrying out in the optical domain a bit-w se Bool ean AND operati on on
the word WtordEogheLYBhSbhMvable withd Qséhvead Lpstehr ap aggvbhg:far get
word T or a word ? gerivedb%lvere]ferom ?era t he Worg Y
encoded i s chbsBhtedem t he subset of binary vvords f or vvh| ch [err]

15 is true, ginavMRRY OF trhe & RrIoRrd and Wis the word to be

conpar ed. e notation adopted jn the éoresent §QeC|f|cat|on
Werr]T is the ope%ﬁ??ﬁglng[E?rThe present 1nvent1 n, in a first aspect
where W & r] thielré| der |ppoeiddd a Hethdd obi Tx&cogh:.’rshﬁgr eapecptveablypary

Feprosent  Siredest ARRKOTRRE, W RO SRR W T A R oot e
| ogi cal conplescognised. by carryindlicait pneehetoptmtdmmaﬂma bieawised
that with an gg,) é‘QRrR@b %&r&@?ﬁ%ﬁ’f W td b'esrg%gh%édto ?aéry

out recogni tion e opti cal "domain,

AND oper at i orword derlvemé:fkﬁ%ﬁffeﬁqtédaaﬂb@@ﬁrrérﬂrg%tstW‘PEgsTt o eﬁnc‘d@?—'ﬁg
words 19 to&e,_sweaeghg}egkbmt he possible n-bit bi nary words and 30 then
carries out word reco mtéiy ing a_net hod ba,sed tirely on AND

operations at the PFELPER WG [kpded %%cmsﬁ‘?e T the 8WPSRE t he
AND oper ati orpf alsineryeeeﬁaedfor which

- WRT=0

2 - recogni tion achievable with such a systemis sever Replaced
~ SUMMARY OF THE | NVENTI ON According to the present Hm ml uu

if W=T

WOT=1
if WseT

15 is true, where T is the target word and W is the word to be
compared.
In the notation adopted in the present specification,
W8T is the operation -

n
2 (w.i.ti)
i=1
where wiand t; are the

20 ith bits of the respective binary words and, as is
customary in Boolean algebra, sums and products represent
the OR and AND operations, respectively, and x denotes the
logical complement of x.

The present inventor has realised that with an

25 appropriate choice of codewords it is possible to carry out
recognition entirely in the optical domain, using an
optical AND operation.

The preferred embodiment restricts the encoding words
tc a sub-set of all the possible n-bit binary words and

30 then carries out word recognition using a method based
entirely on AND operations at the bit level. As discussed
in further detail below, the AND operation, as represented



3- by the sinple scalar product of two optical fi - _
“fundanental capability of many non-linear optical device | I Il”"l .
Accordi ngly, it- can be inplenented  far nor e

strai ghtforwardly than other | ogical operations, such as 5 -
excl usi ve- OR operation previously used for optical code word
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frequency 20 Sanpl e clock rate he output A B i
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thgt camge usedlbultyrraﬁ@dlckw 1Tatt<érfce,6aﬁn§netslr§hal pro@eéﬁl@l@ﬁéirﬁ!dﬁbe%or
and associated_e ronigc .circuitry ece ie

have suggesteg g?‘?f‘:ng %‘i}bhsﬁ'@ﬂ @B%ﬁb?%fpw "\‘Té t 3B nl%iﬁ]:ee’}t&atlh BFobl em
of recogni si mgntegraamdnl nt ergitet inaydwadear erxtesantobHn I Ghiy /i gb.ndpeed

optical backepsrohRugter AU Loy el oR i 8ok Aona  cARETBE! O

for denmultipl®eXxin recognrtionis carrie r| cal
domai n, rat heachhaﬁedhe optical 30 domai n. Accordi ngl y the bit rate

whi ch carg be handl ggei §se of ﬁiﬂéf?s@lhér{le_l.frfe%io%?%fdariemﬁ) bAges has

phot odet ect or and associ at ed ctronics exa , .in a 100
Ghit/s sPDEEEAPUFLYt heeR ProPReed ras | Mmeassn of ﬁ@muétbptl§xaﬁe 14:134

response ti Meh@ght Bﬁeé&%ﬁdﬂé@ﬁdﬁtas 1) fifoh W eeHeRR;t iiFeA3Ss areeuyr ed
to read out tgu ﬂeader ua gg Qe net hog Bf Forghkerl et al ?_ 40 x 100
ps = 4 ns. igh speed da stream an is a lowe requency optic
clock signal, then the ocutput A.B is a lower frequency
20 sample of A at the clock rate. When the output A.B is

detected and converted to an electrical signal the highest

clock rate that can be used is limited by the response time
of the photodetector and associated electronic circuitry.
Recently F Forghieri et al [7] have suggested applying such

25 a demultiplexing technique.' to the problem -of recognising
and interpreting header information in very high speed
optical packets. However, although they use an optical AND
operation for demuit'iplexing, word recognition is carried
out in the electrical domain, rather than the optical -

30 domain. Accordingly the bit rate which can be handled is
limited by the response time of the photodetector and
associated electronics. For example, in a 100 Gbit/s
system, if the full header field contains 40 bits and the
response time of the photodetector is 100 ps, then the time

35 required to read out the header using the method of
Forghieri et al is 40 x 100 ps = 4 ns.



4 - In the approach adopted in the present inv

‘contrast with the prior art, the process of word re

carried out in the optical domain with only the fin ry
out put being produced in the 5 el ectrigal domain. According y t

rate is not limted by the response tine of the photodetector and
el'ectronics. Y tHe ztcm«_th WaRibt dO1 12 XU Ifhe ddift SHNEHBich Ussy t
read the header in a vernglgh eed 9§£'Cal packet, this can be done
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The i ncom ng gg Eﬁgader gdthe EguetroalnAZS in this
exanpl e, inci | He 8% ?‘9 al'o4 r 4 10 p&; = %t c &8 ARD TFite.
The out put of fohkd ganerleaseerd)nond;yeed byf dommpredts AvidtH HHes nrgistemwal -

to A, then at | pulLse is obtained at the output of the
optical AND dggé%&Pg&ebyT orSBE{e%i‘ eE Lgét ected (i.e. converted to the

30 electrical doﬁﬂl ﬁ}’leanenmtb@f L@redﬂttzra:msmlonme:adomeu@rk thed t ch.
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efficiency nordagggslt b(i %S%.%d%%lugl to , uJl.oca asédress A. A single

optical pulse P which is in precise synchronism with the

20 incoming packet may be generated and passed through a
passive split-delay-recombine network which converts it to
a pulse train representing A (the binary logical complement

of the local address A).
The incoming packet header H and the pulse train A
25 are, in this example, incident simultaneously at an ultra
fast optical AND gate. The output of the gate is zero only
if H equals A. If H is not equal to A, then at least one
optical pulse is obtained at the output of the optical AND
gate. This output is detected (i.e. converted to the
30 electrical domain) and may be used to control the routing
switch. Only one optical AND gate is needed. No
electrical summation or multi-level discrimination is
needed. Since the output of the gate is immediately
converted to the electrical domain, the gate need not be
35 wavelength preserving, neither need it have high optical
efficiency nor need it be cascadable. Any ultrafast non



5 li near optical device yielding an output propor t Replaceso
“scal ar product of two input fields may be used. r
optical device used to carry out the AND operation e,
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pol ari sati on rot at i Of usi ngd og Lea fiel beCl 285" ‘phase
modul ati on, dEYRMETRRTBE V&ﬁse 0 wom"QPH 5F SBt T"EXI Fh#§&%onj ugat i on.
Al'l these non-I|inethe non-dpheaal opltmm*lerdemm:&jumdintuuanrypouportheonal
to the t n I C | I r fs

o L near S@@éazgpgfggg%a aa%éwggg dQHE QEE Ble =\ ?ﬁﬁ {selotd hilhoHic

sem cond&ct orgsen@r@mrb mméstals or @ﬂasgagtme ey b&hes near-tiiogaar | y

advant ageoustgpaisea i NPsdddbdd Ry C¥le usedT®UsyEh! ad h%aardalof -
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the dat pilse

of the word, and se IS use génerating a
sequence T u%‘FPF%e prgguic Bagerialstor glasses. prEg e!“éb’l bet he

word T 1kS QWﬁtcﬁﬂlﬁl?pmd@diﬁ:Jd&us toVohfe W4 n‘iidiﬂ-'l’]ﬁléa‘ie dptyennul se

to a splltter/d wor-k, the different arns, Qf the network having
different 35™ f’é‘g%e’c‘h d% CHARroPhEgR e %ﬁﬁgﬂbgﬁpon the target word

T. The present 1nvent::.on is not limited to processing

signals representing a time-series, such as the header of
a packet on an optical network. It may also be used for

20 pattern or image recognition, in which case the different
bits of the binary word will be distributed in space rather
than in time. The different bits W,, W,...W; of the word
then correspond to binary pixels, and the image is
recognised by carrying out AND operations on the pixels in

25 the optical domain with the complement of the blnary target
image.

Preferably ‘the code word W is provided with a datum
‘pulse having a fixed, bit-asynchronous time relationship to
the rest of the word, and the datum pulse is used in

30 generating a pulse sequence T’ dependent on the target word
T.

Preferably the word T’ is generated by applying the
word W including the datum pulse to a splitter/delay
network, the different arms of the network having different

35 respective delays determined depending upon the target word
T.



6 - Thi s aspect of the present invention overcones the need

to generate locally a pulse synchronised to the I ncom ng code word.
| nst ead, each code word is provided gévith an additional pul se which
has a fixed time 5 relationship to the Tode word pulse train but is bit-

asynchronous W th igh,jg Q%?gﬁn’gk é‘f ?g;gmpgh§§e§§¥n ﬂqvesroc?fféi%nﬁ bi t

periods before the start
is then used Pﬁegien‘éPatSB‘?@e%amrd-ocally eRatpylse tS}mql’mqusemrdoT tf o

ANDi ng wi t h ttmcbaﬁ% r&bd@ wor@de Y‘HégeadThbicﬁa?]:l i i g{&@i@é&

using a network h 8 ¢creates a si i nclu é.
conpl ement T Wit ofa‘i hea di papn rdpulse W l%cohﬂ?ngato xegcortieg pect

of the presentelatdonstiip to ther€odé Mord dsdlse 2edlieSShuradsr Hiy-
detecting and_1 reco nj SI the address associated W|th a packet carried
on an opff J'Eyst i c?'?‘ﬁ“é&i i ER8 FAtURaPulse may

said neans ar ecanrarlgédm rpmug:dseadﬂm'eidﬂieaﬁta&yc ®f the EddY; iIdF a
accordance wi Lo jhe f'fﬁ&saégﬁgrﬁsﬁ%léé"%.so enfusad[ éﬂl Sgr?g{'r:-xﬂ{]%%rﬁ aEst ity

Al t hough the present invent
to readi ng adgeéased tep &leo eivgsit Word GbrimuniAd®iing weiytdt arhe iincbweisnegf f er

particulps ad¥saka@esd. Thiib hBySbé! Gofle, FOFCTkMblY 'dsﬂip% [ hedifric Zk her

capability of %gr ating at, ultra-gl gabl rat rra‘kl ng
25 speed patRifh § F&ﬁlsn@ sllﬁnéévd-ﬂ%dl g;-p‘-talcaomplemem Wor ks.

Enbodi nents obft bhepeazget wovantion will now be descri bed, by way of
exanpl e only, and éhe t heoreti cal background to the invention

di scussed with 7ef8FEREEIPY tRA HFcong Phg la?mﬁ%nt iRvgmtden,
BRI EF DESCRI PEhéie OR s HhrbRABELNGSan address Freader 1 ﬁoa&- addtae@tﬁﬁ@ aclild
-] L ustratd n 0, str cte rd set .us I n
the pr e?'eént gl %%gﬂgﬂﬂfﬁg éhg\qﬁris lf'l'ses cz.ﬁ: w%: aft P %%ﬁ%'fmﬁﬁ%
optical 35 %@mﬁie&luwm@%mmmmmz heharaeter bsed and tmamltdxe

f7orm' Ng NetWoEXid means arél WrRnged'OVS FYdic AL Wikess by a
method in accordance with the first aspect of the present
invention.

20 Although the present invention is by no means limited
in applicability to reading addresses in an optical
communication system, it does offer particular advantages
in this field. Potentially it offers the capability of
operating at ultra-gigabit rates making possible higher

25 speed packet switching in advanced broadband optical
networks. .

Embodiments of the present invention will now be
described, by way of example only, and the theoretical
background to the invention discussed with reference to the

30 accompanying drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a diagram illustrating the number of words

in the restricted word set used in the present invention;
Figures 2a and 2b are schematics of an optical
35 communication system embodying the invention, and a word-
forming network;
Figure 3 shows an optical AND gate;
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,Fi-gures 4a and 4b illustrate the use of the system of Figure.2 in

recogni sing a header address field; Figure 5 is a schematic of an
alternative enbodi nent of the present invention; 5 Figure 6 is
a nore detailed view of the passive et wor k of Figure 5; )

Figures 7a to 7e are timng diagrams illustrating the operation of the

network of Figure &igures 4a anp 4br él3upsrateuchrensexafipthe Fystem @t cal

AND gate; 10 pigure. E' a4y ﬁha»‘%:c:k_:iiz:.%:.fr@r aheadidye 't Riresds eﬂ"‘i"&@i ;ment of the
AND gat e; ure 1071s a_Schematic of an alter native enbodi nment

using a conflgurabFé tedsfdtsmanﬁcﬁéf‘\ﬁ&:‘i& of an altemafjve embodiment
schemati c of affuhbh@&-e@m;tdllmhﬂ&n, configurable to select different
header figel ds and ure 1(b)_sho he dlfferent r flelds and
Figure 12is a sch r’rg € of 4% u%t H'é‘?reamﬁgﬁ;ﬁ‘a‘tle\% @IE g SeMassive
DESCRI PTI ON Cre EXaRL B Zﬁ.gure 5; In the enbodi mrent shown in Figure 2a, a

broadband ont gl et var KocaLrdes bagkel saelaoRtl oft1yegade iRl o

At an electro-optic uting swtc he pac are |rected
to one or ot hepesatimp fatdiecsesworkeof Figudendrik. Upstream of the

switch 2, part of w@u%tegaahs2§ fufaaéfealxaﬂpiaeoﬁeéwgftic%ﬁ'mb%%eand

gat ed sothat t he header a packet of traffic data I s fed fo a
pul se- 10  coinci BéAvEed& &8 |%nf‘g’a’i1ée§ altRrpatiNe BFRIAFTRBE oW/ the
form ng the agpegates conpared with the conpl ement of a target word T

suppl 160 to the Sabeolia™d ¥ d SRS, S00e IR B LIl i ¢ e
out put of theusing gat:en&:.lgurabﬂteewbed-fomngl ere!tquekl S|gnal by a
g\et)ﬁ]?; g; 1 del gygngfiﬁ %F; ﬁ?‘ﬁ‘: t)o gsthe pa '{"?Eg? gﬁcgng@tg}t&%gﬁw‘,ﬁiﬁﬁﬁ
until tH& rouconfigurabhenso sedrctedifferent| neader fieldsThadgFiguze
gg[;' rer;yogf)n3ggﬁg%ﬁ8w§°%‘éa&%¥@rent heage?! iFaR 13 1 hgygrul se tga' n. The
Figure 12 is a schematic of a further alternative
embodiment .
DESCRIPTION OF EXAMPLES
20 In the embodiment shown in Figure 2a, a broadband
optical network carries packets of optically encoded data.
At an electro-optic routing switch 2 the packets of data
are directed to one or other of two branches of the
network. Upstream of the switch 2, part of the signal
25 carried on the network is diverted and gated so that the
header of a packet of traffic data is fed to a pulse-
coincidence detection gate 3. There the binary word W
forming the address-is compared with the complement of a
target word T supplied to the gate from a word-forming .
30 network 3. The input to the word-forming network 3 is
provided by a clock-recovery unit CR. The output of the
gate 3 is converted to an electrical signal by a detector
5 and the resulting signal used to control the switch 2.
A buffer 1 'delays the arrival of the packet at the routing
35 switch 2 until the routing switch has been set correctly.
The gate 3 carries out a bit-wise Boolean AND
operation on the pulse train. The gate may consist of a
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. suitable non-linear crystal, oriented in such a way that the two
optical pulse trains give rise to efficient generation of second
harmoni ¢ radiation only if two input pul ses A and B are incident
sinmul taneously at the crystal 5 and inwersect in the crystal at
different angles. This is a techni que known as non-col |l inear SHG
(second har noanétable gemerlimeay crimsalyxmientednint seahsat weli ehathe

phase mag phi newsonsggueglt BL RIS A0 51981 Tirad! FCEIitne

with a S|ngle pul se on secon armoni ¢ out put
from the crysparatisgn of sgecng darawaigseadigtion: PBILY RE EMecdm®ptic

switch 2 to ulsébVﬁ biAE BOERRCH nicddien®d st 1thfepashiet at tBEec&Qﬁkbﬂg
switch could for example, a planar %@Vﬁgd%ﬁ? | ithium Rat ¢ 2x2
svi tch wilh sABEniRGSEEERE i FBRI SEVET toyent, Enalefmy BdRuited by
E- Tek Dynam ca teachruigyd ikfowy as ndipiddlddnearni SHE mée%haohaltﬁmms: |
The phot odet ect or onverts the.o t| rlca
sional ot GeBerariop] Ca A crap AL SR AE ERS LR PRkt sEi8satLe, Rhbpel
the crystal fmancheaghmgdumophdmaateeaewes bot sagm\flltcaatstG Sleleurs
signal to ﬁnggg ?gqggyon 3dpg glgctronic di scrim nator may
0

bé pl aced after the p ctor to set a decision threshold level so
that thel®ut put i sTBge ®meAnd hamanacs PukRME ofeomr ddveht FviaHalandsusl y.

Al ternative aaéﬁéGEEE”hﬁd”ﬁ¥eEet€S€éin€%1 i @qtéé@o-?o‘ptléwlﬁ&e 2 tol N
particul ar, hase natchln secon rnmoni C generati on nay

be
used. In thls Y?a fPrEYREt O ttmlgﬁﬁt tls'@arga%#%tcom%aroaﬁtmﬁheu

el ectrical fiswiitch cowld Wes ﬁze @aahﬁyslé,eclalplanahoganabulder gdthinsm
The crystal ﬁﬁ %ﬁ? orJe at _SHG i.s btaln d onl,y. when 3
S

i nput pul ses AFePH ss“f‘r&ﬁ é{’rh? § “PRUREERCB Shidtd Pime SuFhon
directi adfs. ag sipecmanuffadthiered| byksE+Tak Dynamp'nst bndnﬁsum_:fhre}itbgy

reach the ph%yﬁﬁ‘fiﬁst imited of Midcble Relfidh! Sh"r‘ﬁqleseB nbt8UEeetor?

cl ock recover ener es an optic ock I n exac
synchroni sm %onvqrt:ﬁ-tbﬁeopth@ahm cﬁa’tgrbib]l igdek ams el@ucté'lcai paggélper

packet). Thi SAﬁ'%rtE@fQVé‘ﬂd' ﬂm}tetiep%%n‘éstﬁg S PPA1 GRgnals iRpRtetbocked
| oop of the t¥ e describe jaili et

o P L BS Rr etk paN st achitg P B ARt ARAP Ty PaksAROw the

20 SHG signal to |©pass. Optionally, an electronic
discriminator may be placed after the photodetector to set
a decision threshold level so that the output is one when
A and B inputs are present simultaneously.
Alternative arrangements may be used for the optical
25 AND gate.- In particular, Type II phase matching second
harmonic generation may be used. 1In this arrangement the
two input beams are collinear but their electrical field
vectors are polarised in orthogonal directions. The
crystal is then oriented so that SHG is obtained only when
30 input pulses are present simultaneously in each of two
polarisation directions. A spectral filter blocks the
input beams before they reach the photodetectdr.
In the circuit shown in Figure 2a, a clock recovery
unit generates an optical clock pulse in exact synchronism
35 with the incoming optical packets (i.e. 1 pulse per
packet). This clock recovery may be done using an optical
phase locked loop of the type described by S P Dijaili et
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optical network that converts the single pulse into a pul se
bi nary word. Thi s word-form ng network may conprise a

represents a

mul ti-wave splitter and reconbiner 5 bet ween which are a nunber of

separate opti

cal paths. The | engt hs Sof these paths are all ‘slightly

di fferent and chosen so that the output pulse train represents the

Ioglcal conpl
t hus "hard-w

paSSI ve network may conveni e

aherBlof The ciogk pudse 1Ls Thenvmagses whrgugh a pasAdve i s

bgélcta@. RESHEER mst r@&wesp& \eﬁféi si% ?leTpulsé_ hirged Weulke
fabrica Uusl n
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hard-wi red

bene%i .ci al to° nggédvé)c?(rj or mnghgm‘%&moé‘gémﬁq'{%%;gkgin Oréb%%'ée%ﬂt;%aytpl%

confi gured, fbpgéxa&pcempheeenneoﬁothe neavgereverd T. Jhet wokrd- fmrsuing of
particul ar USgePQBER ik tRhusCitar8dwi%edr td°

e a conmuni cat i ons networ k Synanlcally, for, exanple in
Teo aTBRENGEYPR Qfaf PRESE¥RRMASWERRK | FaVeHIRER i8Rt hebPfor k

25 fault cosdbtiedted Wsimg %m%ﬂ,lttﬂagz\agﬂfid‘ g&abassﬂﬁgwdether wid@RsSi st's
of a nunber of ogtlcal at hs

whi ch |
el ectro- opt i cPH? 8ﬁtosﬁgéﬁﬁnl%%+g%ﬂ£$%he%egﬁhngg%onE’ %%I 6%

to reconfigur
responset?

s of

pat hs may conexampiechyacmnecatumont etBalngans . of Tiee enptr:uaai] deilgyaline

appl i ed o thgag.anhcORs: riere e frd Rl ORke e, RN UAOLACK !

reconfigure

network 3, a haalleeqncﬁuf@,@@ot dsinien feolrf sbe ebechacng@pmc sw1tqh Itio bne

ers S possSI 0O recon fOI’I’Tl

out put word Téet coErectl gure 10 shows a first exanple of such an

approach. 35
are provided,

corresponds t
alternative
20

10 usi ngodx fErfidhgc hﬁs:worldiaCfb@f sbhe ChifélQIé?%f natsworllts may be
0 a different target wor d % éﬁ) shomg an
LFeasiifial G use a word-forming net whi can be

25

30

35

IS ex a nunmber k of fixed word-form ng networ ks

and ésgﬁveﬁléiﬁw?n@tt’-ﬂ?e tRettie Kese soEhdsakngle hard-wired

flexibly configured, for example under network management
control. This is of particular use where it is required to
change the address of a node or to reconfigure a
communications network dynamically, for example in response
to a change in traffic demands, or in response to a network
fault condition. In this case, the word-forming network
consists of a number of optical paths which can be selected
by means of elé&tro-optic or opto-mechanical switches -
some or all of the optical paths may contain such a switch.
By means of electrical signals applied to these switches,
so as to block some paths and unblock or reconfigure
others, it is possible to reconfigure the word-forming
network in a variety of ways so as in effect to change at
will the output word T.

Figure 10 shows a first example of such an approach.
In this example, a number k of fixed word-forming networks
are provided, and a given one of the networks is chosen
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,It is possible to performthe word-recognition process on 5 di fferent

fields of the header (Figure 11 (b)). As before, t he word-form ng
network N (which may be fixed or re- configurable) is used to
recogni se whet her the input word matiohes a target word T, which in
this case is the sane | ength as the sub-divided fields of the

header . By ugingcdnfxglr iswitdheswi t Each aofl shesehr.ﬁﬁu;elﬂte netwptkaf the
del ay provi dego:pyegﬁs?ﬁgl Egt gddff'fei)émg A l‘b&fe| : d) : S e bep055| ble to

sel ect which part
recogni sed. Figurpglle(2h shews enf%lﬁmaeivermwmmmm 15

of fering evemerfgtgeséhszébtblgaarfohn the Swéf&%éo%‘ﬁ@lon prddisd aet
word and _al so.t heade{% i %é requi red ca é’ Vé$sel ected by
usi ng the swifthECreRt cEie ‘g%r fihe &ea er tfgﬂ-ﬁuFﬁelﬂ-éP et efRFg he
Sﬁcond mggt &m?tP@z@Iﬂd‘z&llng rllet‘Wﬁ'lﬂaNe (wHich may |He \Afike@eoglome%i at ed
that a nunber_of _fur alterpative arrangene e ppssi i ng
appropri ate ﬁﬁggﬂ oh8 Beec&t'e%t;%c%?ﬁ*%e g‘feh ﬁ’el&?‘la’rﬁ "é%"fches
and differ entmalted:hqsl anearget twoerdeX@Bnphlesciof 1k thissch@e is tthe Ishme he

wor d- f or m ng Kk t n S ri e worgl,to be
recogni sed, M% nagé:mzrh% ng?i%scrl %l%afdurt % ‘gg? 1’1tegbdtep'ow Wi
respect % Figpréiguring tlpnsvifickes eandvm c5¢mmmgth@tm9:@rm§/@%o be

used Si rHéPéﬂrYp%HHé@%PQﬂ@@é%&%@ebﬁbedfsknaéia '§§He§’U|§:95;s

in circuit conflgquratlons as describ for exa T ef eléﬁpce to
Figure 2A. Possible tp; select é‘ﬁ’é\ﬁé‘ RALH 1oF nh Fv@eéﬁ]&’r'dl (n‘el‘Pc

overcones thefiekd) fDg eol B&atédo &l ed synchroni sing pul se P in

generating the target wor i ncopm,ng pa split,
with one branch g h%“"f??acaa? 3§ﬁ‘s°w5uf %“‘ftg‘&rt h@lFSEPFﬁbvgw?@??éZ‘ MERF t he
ot her ba&nch dfenging evemedreatprofideibhlioput o tHiesAMEmatie Joth
However, as ,pa ¢

. t he
Fi gure, the mannerar%Et woﬁdt% at her El}ﬁourfeﬁder fle:ﬂ% 1%@‘6‘2{}%@54}‘
gener at ed i s hpdingalddy selected bY'I\h%lmglcrd'm Sy itabest tnoqpnﬁEM§hddY

addi tional plsih the thiGefddbid BHSEheWBbenl GraRs ddigrieasiiiand has

a fixed 5 time rel atlonshlp to the header pul se train
pul se is bit- A EMBnous in relation to the header, i.e

20 It will be appreciated that a number of further
alternative arrangements are possible using appropriate
permutations of electro-optic or opto-mechanical switches
and different delay lines. In the examples of Figures 10
to 12, the word-forming network acts on a datum pulse

25 carried with the word to be recognised, in the manner
described in further detail below with respect to Figure 5.
Configurable word forming networks may also be used
similarly with independently generated synchronised pulses
in circuit configurations as described, for example, with

30 reference to Figure 2A. _

Figure 5 shows an alternative embodiment which
overcomes the need for a locally generated synchronising
pulse P in generating the target word. As before, the
incoming packet is split, with one branch going via a

35 buffer 1 to the routing switch 2 and the other branch being
used to provide an input to the AND gate 3. However, as
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it is not separated fromthe header by an integral nunber of bit

"periods. In the presently described exanple, the dat um pul se occurs
1.5 bit periods before the start of the 10 header . The incom ng
packet is split a second time, with one ;7 branch being applied to a
passi ve network 4' and the other branch going directly to the input of
t'he opti cal Ayﬁoaﬁt €n the Pigurddl® trtfet\tehheé mV\bhféh'LShéMbt N rdgdd ey
detail in 15 ure 6, has n arnms, whe E ge total nunber “of zeros
in A, The nef RGr ﬁ?&&u&ésQEH&rﬁééénﬁﬁnEQdF &Sentire packet

i ncl ut[jl ng] t he dat umeu%aeomhggp??keecmwerrmm“ an l&@ﬁl@:ldﬁialyfpﬁhl@)e a
tine [err s, the tine, d ence t t he dat.um

the jth zeroWE gaFBE‘aP gﬁe "glf(ﬁ ?§eﬁedeﬁstane ‘\_/‘\eg era%‘bgakearﬁ afp%l

exanpl e déscrthmd relathismehipg Hic ths headetff pullsel tyadduci nGhe dammmned

out put "‘ﬁﬁgsl 1‘3“'1:“1*& '&%g;p%gxﬁ%ﬁﬁsd%' WﬁﬁiaEEBﬁ‘ EBetﬂfe ‘n@%d‘é%t ol e.

pul ses in eac I't position I'n the
cor r espondi ngibi £ spooitt isepaghtede firomakhadbieaderoby aA 1ntnerellgum@eeUIse

in the bit pogkt kRS peMiRIs .t NeFif dife preséndly "dbberineal eﬁgﬁlﬁiés éheThe
datum pul ses are therefore used |n effect” to generate the binar

conpl ement A GRtufePulse pgeuFsalo? okt periods be e ftamto @t
network ¥0 i shagdkired to-the AND 30 gate 3 and as before the output from
the AND gate 3 is g&g-. .Zero iL His noi.equal to é. % hni
therefore al | 6RE. 3BFP™ABH: PRGTEE S8cHP HFt RoHECPR ﬁé@ﬁ fHF Pnlevel
synchroni sat i bnaatht beingt appkleddteo dpagmEss netweinodd and the og&helye
fabricated us c I
brovi ding a cogBSE BBEherEREEe L L R aee O e SEFTUAT AR qare |
all ow a changé of Bhe: metwdrk 4’, adbieBsis shown in further detail in
12 e t 0 u

15 fgaarks ﬁéé{*ﬁ &19%], ér% %gg.%‘r e 't%t% Wﬁm!b'%r':bg %%ros

wher e again |t |s asslne e | oca ess header H
are 5-bit wor¥@. A. Fofhe| pgkverki aPrRduces QWQHﬂeQRR§¥EE?| %gSPﬁngken

to be A—OlOlJpaanethaﬂndlﬁla:}d tihe déﬁﬁﬁl(iﬁblse | A Elleferse 7eéé!i veesuamom ng
packet has t der

dress, field Fth he bi t
peri od i Redn gnéeﬁﬁé(eala mPp i oficurd 9‘S'FL"’t)et'ﬁ?ﬁ ett"ﬁﬁ fillf.gersppe
of_the headerbétwédnHtﬁBtldapamkptzlse iaypitthe gymassere in the local

20 address A. As will be apparent from the example described
below, this has the effect of producing a combined output
word T’ which has a pulse derived from one of the datum
pulses in each bit position of the header where there is a
zero in the corresponding bit position of the local address

25 A. There is no pulse in the bit positions ‘where there is
a1l in the local address A. The datum pulses are therefore
used in effect to generate the binary complement A of the
local address. -

The output from the network 4’ is applied to the AND -

30 gate 3 and as before the output from the AND gate 3 is non-
zero if H is not equal to A. This technique therefore
allows self-routing to occur without the need for bit-level
synchronisation at the network node. The passive network
4’ can be fabricated using compact planar silica-on-silicon

35 technology, providing a component which can readily be
exchanged, for example, to allow a change of the local
address.
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. network Nwith delays T[err]=1.5T and [err]=3.5T to produce the 10 t wo
del ayed packets shown in Figures 7 (b) and (c) which are conbined to
produce the optical signal shown in Figure .7 (d). This signal is
applied to one input of the optical 12ND gate, whil st the ot her i nput
to the gate is the undel ayed packet shown in Figure 7 (e). In this
case, 15 since H-Ainple exanple qflitdss itechmdguesiisushewaoisl Figure

the two inputg, tgnd a{@ 1§0 i@h@ '§h£'9 Qﬂé'fél:al agdPHéBuﬁ éhamthe
hea

gate (i.e. [erT]A=O however pr.ovi

t aken fromtiféaql%ﬁfmhéadﬁﬁr&* s@a¥e FhbAt WOrC%ﬁ‘r opFP@allJo"tHﬂiﬁars%%}haF Ps

obt ai ned fromddl Gdrestdds?8gaihhtakeautd be AsEbin, $” thae heyt hAd
swi tch acgcor that no significan opt.i cal gut put
i BaGksEl ae ¢

ensur e
s AP0 | Fin ARETEEEG Nl AR | incariig (B8 e the
wi dth of eacthexleraddudsee ﬂzre]tdle{#mcdqm is® that fast aTheabiy pépibdr

th the bit . dJd....Th t. b h b
b L1 b 9 il end iR e oBURRRT, DY BLELELUERRUEREG UL 08
gate, the of pﬂmdze;aeia;cthebénmtlmiay padiet eipoinput hbpea gpasaive

pul ses, and thg ng'wf‘m ﬁ%fﬁ Li ¢aly ’?gseaﬁﬁv?'% si'“to pf?&lﬁ@&ttﬁ@ this

shoul d be determ ned ertor owkver t

approxi Aflt e &WQ éiqle?}@d/epétcb%ﬂ:éeShOWn ipoFiguaesndul ‘eh) cﬂﬂd cks) p‘ﬁhé@b of
width t, we raliddbined tol/ptoduc@ thdl §9E1\éhtlhsighﬁﬂ[pghéhnsﬂﬁppléﬁié i's

sech in nsi t sugh as solito ses), equi re

appr oxi matelj (\tﬂﬁe‘ iss spgoad s \ﬂP&al’reét tﬁaPPerréQPHgnPgStﬁel‘ﬁ?téhg?}y of
the pul se. AND gateln whtletesid oxhapl en.npdme @Rt | ehe weatsd etigt hthe 1. 55
m crons, the i.cal Jine ra s 100, th/s t\he b|t

i o SRieiaed | DEChEL T stk it ELORER | 75 (S sodb, i, case,
W de. 15 sindet HsgA, thermtdoede milsds ANDident smmhaanewsbyu-at

zer o output e/t BpHBLUBP e pitALAReS ds%agggfeyls pagsi ve

network N (and-so occur~iIn the s Iledto one i nput

of the AND gm%lﬁm@etmtﬁate (ipg APt he B a@gwey@@réb@.fuém@ of
the non-del a v1ded 3 gnal AR SHr€aldR)f bt Ehd %eamlﬁeadwbgdt Qetotménl nput

of the an aéxecal Tgﬁépﬁgsgllgia rol@ to téa:r.rrleg ggxr[g!rtl‘t t%e gate, and
20 this would be used to set the routing switch accordingly.
To ensure that no significant optical output is
obtained from the AND gate when H=A, it is necessary that
the width of each optical pulse in the packet is
substantially shorter than the bit period T. The exact
25 amount by -which the pulses must be shorter than T depends
on factors. such as the efficiency of the AND gate, the
photo-detector sensitivity, the temporal shape of the
pulses, and the optical and electrical noise levels. 1In
. practice this should be determined by trial and error;
30 however the following approximate criteria give a guide.
For rectangular optical pulses of width t, we require
t<T/2. For pulses with a temporal shape that is sech? in
intensity (such as soliton pulses), we require t<T/4
approximately, where t is the full width at half-maximum

35 intensity of the pulse.
In the present example, the optical wavelength is 1.55
microns, the optical line rate is 100 Gbit/s (i.e. the bit
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10 datum pul se so that it is out of synchronismwth the rest of the

" packet, and the use of delays [err] in the passive network N that are
Ron-integer nmultiples of the bit period T. It wll also be noticed
that sonme of the pulses in Figures A(@®) and (c) overlap, so-that when

they are 15 conbi ned at the output of the passive network N they wl|
coherently i periedeT=010ps)handwrhes,imiivieiuasl nopt Hesl t pelses aresipisi ng
intensity in ‘H’l conbi ned signal Figure 7(d) can have any val ue
between zero and the sum of the input intensities, depending on the_
rel ative optical pheaswidl b@engpicegutbat bbenﬁNeogbtneGan Faive asnon-
represented i g d b € Pyl.-se e
JeFb IBLEpGL )0an if theheétqal{rﬁ ﬁéé éh:a%egi»é aeiayéa by

payl oad sequence (not in de
interfer® in R passiygnBetigyk N (Aegessr OCE‘-'Hé%elnl Fﬁ‘@r Fé%ﬁ%eplgﬂﬂféct s

are uni npodf aabpmeeauee bhe daphed dﬂ“t&@ meéa@éfiu&oilhcibé ¥2th

nput of the A ate SI neousl y ul
header addres%‘l“\P?%?d i gE % resg qslr?slt‘%e %I r'i:ttﬁtnﬂ’r" gﬁgﬁysgs
the various opidmal Flgureomne):twﬂehais sppyeedeabl yheedeher IRPAEDOE

ti | t t
ggdl gﬁe j ust éo $0R§Dt 2 \Sgs:ﬂvleé r%\‘f#g %oglr 25% zﬁ%%ergé)exﬁenet C?fs gh fi br e
coupl erd0  Tatumppulsersorthatosit a'.rseourtotof synchaonism awmith thet resk.
e T St sPldg ! eheC PSS NS cne fIBV%R ABLGEO!r 14 0EhS pblgh vavs!
e ac errie

of the energy int I'ncom ng p |stran throu
routing sw t deBPrkyWithat are M‘Iléhtegerraéﬁlc‘}riplleﬁ ofasdedbitoperied

header recognict Impaais@f béh%o%'lrc@& tthathes8ReoRd Hd thersdd hen
one just bef ore t he pas&)ve n V\ﬁék g? uld have a
14 spl iTXgHEESr af VehaP: t e Fh?EnsW‘P?’ésth&V are

i ndi \rﬂ dasl pwmmdthﬁ the dnmtmml s 6P ttllw pg@ésﬁ;aé AbbwoakeN tl-éeyhawsll

roughly equal the 0 ca AND e as seco ar ppni c

Genaration. GRS heRlRE R HEHE SR 0 cere3IR Epds R

inputs to be re#suleiggnintensitsy tin the combrmed lsd gmatlp i gureeA$dl ycan

proportional HaRré henky OOH(fiﬁe betm%nt @eé{wagxﬁpuéhéms‘i{?é'&fe%% Siﬂgﬁ gthere
ave

are two arns eapproprlateto ratio

of say e@mxmesh@m@mm therrelativatoptical phasgcpf the

20 pulses being combined.- This is represented in Figure 7(d)
by the dotted pulses. Pulses in the payload sequence (not
shown in detail in the figures) may also interfere in the
same way. However these interference effects are
unimportant because the dashed pulses never occur at the

25 input of the AND gate simultaneously with .pulses in the
undelayed header address field Figure 7(e).

In the circuit of Figure 5, the various optical
connections are conveniently made in monomode optical
fibre. The two splitters (one at the input to the circuit,

30 and one just before the "passive network N") are standard
fused €£fibre couplers; The splitter ratios are not
particularly critical. The first splitter could perhaps
have a ratio of 10:90% so that most of the energy in the
incoming packet is transferred through the routing switch

35 whilst a smaller fraction is passed to the header
recognition part of the circuit. The second splitter (the
one just before the passive network N) could have a
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10 power went to the input of the device N as went along the | ower

" path direct to the a input of the AND gate. The buf fer may
conveniently be a | ength of nononode opti cal fibre - sufficiently |ong
so that the packet is del ayed such tbat the state of the routing
switch has been set 15 correctly before the packet arrives at the sw tch.
In this spiettingf i dagritd' melybderbe s@ nsthIayhewhﬁmhemmdtdebe of

provi dodoy 209y §2a8Hobuf LB Sar 1 AARS ARV LECe e Bitracar RS GRLET!!Y

be fabricate usin proces et h
pl anar silica2ffyva&Qy Xe%@h% egy r the pPptdcsdr iy geteebanpdeq;y CJ

Beaunont et abebagngharmonI%OE@ﬂe%)ﬁléﬁur '&@'sc\.‘@.bedg b ¥dut 1%39.953 n%@. 3%

Qct ober 199 convert conveni ent | y.
phot omul t3 pl i G?‘CFuB%CPSPF‘SWEQOEthGT?EP%ﬁO%‘?atPfF ekitthejgame mt\ﬂntsﬁté’n

out put pul se yified Lhst oh@PQteﬁ.@tlt@hlstleh@sd o2 i oralUtdd1 & heS Wridducd N
the "activate st at e | ow ctri cgbgout ut uI se framthe

bhot omil t1 pii GF Faetws Laput Aikkpias o 81655, 20 AFAIGR (1 or
exanple, a theSGGVHuce packist wdulld (béhappsopoih e needhakre avvrrb.«tliot ofbe

held'in the couyest eabake:f pheaboefd! Bilitker, HA° cihe RIALATYS Lhlder

tube, in this haveé a ri1se t e sensi |ve
to the slébonct:qnuq:nowentvvatwet:bngunput of( thesdpwicemN 2s= went7 aleng] phe a

sui tabl e devi ggybs b'&%h dlrefﬁPtQBUIthlemé e nbuPCofBE s Ca?&& &redone

Thorn EM . he nonl i near tical device use out the 35
optical AND o*ﬁ'éf%??oﬁ‘%f°n‘f%?1%&fa¥ﬁ)l ke apdenpgtdt v monomoﬁar eptiical

generation crgsbaé, -alédmagﬂémmy o:tb@g Benthatarche pa®RétCak delagREses
may be used. imlarly, the o nents descri bed

above are insTaRted 0 t%ﬁﬁmﬂfe the r8HF§7n9A§%Cthrﬁ)§ea%p &PBnEeSmany
al ternatliSve desrrectypdsefore tity perkathsirirtiviead acnthepseieshi ndr this

i nventi on. " le o n propria tlc D d 5
detector is s %?/\% |rslu(li')|%§'ur "ﬁéhg E?emz?sﬁéco%i 18 ﬂléﬂ\l wg iS B

| i ght proof haerdnided. by Rhoutedd g I@rf fgbrehe 'blusmass:.ve demme e mayo

i nput fibres @on@eﬁ?eﬁf‘fgsa@efocﬂbﬁ%ted ugitigle Congl‘ihﬁ%%#ah‘i% A

fraction of the Input converted to the har
wavel engt h. TECee§Ring together with planar silica wavegu:.de technology

20 (as is described for example by CJ Beaumont et al in BT
Technology Journal Vol. 9, No 4, Pages 30-35, October
1991). The O/E convertor may conveniently be a
photomultiplier tube followed by a TTL monostable circuit
with an output' pulse width just long enough to hold the

25 routing switch in the m"activated" state following an
electrical output pulse from the photomultiplier tube to
allow the complete packet to pass through (for example, a
500 bit packet at 100 Gbit/s would need the switch to be
held in the correct state for at least 5 ns). The

30 photomultiplier tube, in this case, should have a rise time
of ~2ns and be sensitive to the second-harmonic wavelength
(1.55 pm /2 = 0.77 pm) - a suitable device is the
photomultiplier type 9817B manufactured by Thorn EMI.

The nonlinear optical device used to carry out the

35 optical AND operation may, for example, be a second-
harmonic generation crystal, although many other nonlinear
optical processes may be used. Similarly, the other
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10 'is oriented in such a way that a second-harnonic pulse is

produced only if a pulse fromeach of the two fibres is I nci dent
simul taneously at the crystal; if a pul selérom one of the .input
fibres reaches the crystal, wthout simul t aneously a pul se from
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attenuates the input wavelength (1.55 um) strongly and

attenuates the second-harmonic (0.77 um) to a much lesser

degree. A suitable filter would be the glass type KG5

manufactured by Schott Glaswerke. The output from the
25 filter passes to a photomultiplier 65.

Figure 9 shows an alternative AND gate using four-wave
mixing in a semiconductor laser amplifier (SLa). This
configuration is to be preferred for uses, such as header
recognition, which require 1low 1latency (i.e. a short

30 response time to incoming signals).

In the gate shown in Figure 9, two signals (A and B)
at wavelength A, are injected into_the SLA in orthogcnal
polarisation states. A CW pump beam P at )\p copolarised
with signal A is also injected into the SLA. Four-wave

35 mixing occurs between signal A and P to produce primary
side-bands at A;-(A,-A,) and A+(A,-A)). A gain modulation
(and hence refractive index modulation) is impressed on the
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beamis on continuously. In the circuit shown in the figure,

"signal A at 1553. 15nmis conbined with a punp P at 1555.08nmfrom a
tunabl e external cavity laser 91 in a 3dB coupler. The 15 conbi ned
signal A+ Pis anplified in an erbiumdagsd fibre ‘anplifier 92 and
passes through a beam splitter/conbiner 93 and is conbined in an
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maximum transmlss:Lon using the fibre pigtailed polarisation

20 beam splitter/combiner. The three signals are then coupled

into a 500um long strained-layer 8-well MQOW buried

heterostructure SLA with a gain peak at ~1.56um when biased

at 340mA. The output from the SLA passes through a fibre

polariser adjusted to extinguish the signals in the A + P

25 polarisation axis. This is followed by a 0.6nm fibre-

grating band pass filter centred at 1551.20nm to isolate

the AND signal. This signal is further amplified before

being detected on a high-speed photodetector (bandwidth

~18GHz) . As before, the output from the photodetector may

30 be used, for example, to control a routing switch. For

demonstration purposes the output may be viewed on a
oscilloscope.

Although for experimental purposes the circuit of

Figure 9 shows the inputs A and B generated using a pulse-

35 pattern generator based on a Mach-Zehnder modulator, when

applied to the codeword recognition systems of the present

invention, the AND gate may take, for example, the word to
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a wde variety of fields. An essential operation in information

processing is to recogni se binary words (such as, for exanple, the
header 15 address sequences in a packet-swi tched tel ecormunications
networ k). The probyem of recognising an n=bit word W= werrfwerr]..
.Werr] is to determ ne whether the given word is |dentdcal to a
hichever

gn:.smisch asd inpugetA ,warnd Ttke t petpht| ofr khe. tjoard-] (where V\,[Ié'rr]

ne%@{lﬁ] éE‘érQEP%&fﬂbg%s)the SXBR%&S?%%VbSt gl ask is to .polometior e

1 where the \ i Qi fies
vord hogwd-ttihen input B4/ = T) and val ue O signifies non- recogrl %%us%ﬁ %@r]
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th%eﬁ€§E§5§xcPG%|%%FQ&@l%ﬂﬁ}[%F@]téénd#@§“@ﬁéqa&glcal conpl ement of x.)
ind Fes enEBARAg! ialgoraamee Wbed! 4+ dgbcribedptincal signal -PEoRRAIRFATL s
ad antqteous to express the logical task differently ot fypts Woshd

Yon is 30 signified by a zero output; thi's can make it easigr |
le Fleaclrn.bedt abeee imerediatdomtoatecoghitbsh@dfapl]. | n thf® CIPIRER G

ujt I ] 1ly requirés8
foz\?m%rggbﬁe@ | e;ﬁ%fdﬂ%%dogtufah PF%‘S"OW[er ﬁ T. Wi ch‘éf/‘ery )
appstEgeateﬁnthetm iishbyt wek of examplecmjy anén in the OF GaRBrPIESse

, _me(t‘ﬁ%ld & @h@'ﬂré@rﬁs)lat ttlt_lllbg.‘s g\?gﬁll\ﬁ%b% Tf?e | operations (or their

| ogi cal equival ents npl ement,gt Ne
arieky & Véedldsyate with ul trafast nonl i near optics hag %égrc%cﬁ °

esséaﬁmaitéﬁéﬁdtmrﬁ RARbrRE8ion proféfsend % ges such as tNP cpgragions

|nterfero te -dr gate [5]. jbese €Rdi ARD are
e hinamy Wqj Tf Si%hcéis gﬂﬁ ﬁF?WHhﬁsttBGt glgnals but ?@%IC&||¥ require
seq‘.liéncese\ierd packetedwiathedt ltes,e@:bmmm@altlbnhre for each®¥ dgFeauc

. The problem of recognising am n-bit word W = 11 ultrafast

is to determine whether the given word is thm therefore

1 to a specified target word T = t,t,...t, (where w, ing desirable

re binary digits). Symbolically, the task is to time between

> whether - rm stability,
gration.

fi(iEEEi) _ r recognising

i=l

to 0 or 1 where the value 1 signifies recognition
and value 0 signifies non- recognition (W # T).
ustomar} in Boolean algebra, sums and products (1)
. the logical OR and AND operations, respectively,
18 exclusive-OR, and x denotes the logical
t of x.) For some applications (e.g. ultrafast
:ignal processing) it is advantageous to express
al task differently so that word recognition is

by a zero output; this can make it easier in

to set the discrimination threshold [1]. 1In that
itable algorithm is

i to any n-bit
e example (for
t T any 3-bit
ned when W = T
1 = 0). Also,
may correctly
and W = 110, W

However some

n . with T = 011
g;(wfatﬂ =0oril . Therefore to



_gate. The present invention uses an alternative approach to

word recognition using an al gorithm based on AND operations at the bit
l'evel. Unlike other |ogic operations, the AND 15 operation, as
represented by the sinple scalar product 18 two optical fields, is
fundanmental to all ultrafast nonl i near optical phenonena [6]. The

algorithmt heappdye the algperithap wenyustwrdetirdietpdds brandge esf havbiig
desirabl e oP&Qp?EhFeEai*g&Ps?stEO&’ LB%SQEYO{E gﬁ%t FGEE%"“ me between 20
i nput and out put si | ong- smal | physical
vol ume and poP@ﬁEF-bF-lﬂ-éﬂ-eBnté‘g‘thﬂ@alt the relatiop (;ir)o;;@seratlnd forl sfyng

al gorithm f or y68QOHUS! Eg.r et é@l@%d’mfgém [tﬂ{é] subset Tt Usigdnbee
not ati on defi neggabov |ied to _any _n-b wor d the al gorithm

(1) is flawedd? 15U%Fn54>e"%&1aﬁw\b|téla<tf é‘Pr 3- blﬁ worgs  dhe (5ets R8s . 01%aki ng
as the targetaffdalmoB (iazt alternéiivelye otuyinod medlt10) [wiIl dA1¥o® is
obt ai ned when V\i f(? ? wth T =011, T [err] T =0[err]l + 1[err]0
+ 1[err]0 = 0y2 lﬁl‘éﬁe oL (faking Wto be a different 3-bit word in (1)
may correctly Wendowatoenﬁdezeaﬂwi@h@@t:(mgo‘fmkmh Targélh awet WE 110,

W e L) A GeElh tanth 0,2 QLErLhOr Rk 39 AU ugdioupyer

sone Wl " wrongly: indi ca |on :

and W= 1(910 W{errweTstata[aeas]a. theprem] Dhato @or 0) evmeréhereax@mum

19 appl y1i5Geadl gati By St | 2 NE aass - Ondidd ing

words (and tar ets? te a sub et o tnn/eﬂrf PZ ;erfz osrél bi | |rt1|es such

that the rel 2B{®n°peP and, A/ Fexosinin all Rémugﬁélp&lsget EQfl et @8ds r om
the subset. thérésapet twe eqilialli-isdwleld tad/anidvalhptexOIudive tmaRidam t he

\s/g][ i goaseoé? ?is,s eaclq comp:g‘gélr?lgt er??t[ I(XE:'LY/ZPH’(nlg}/gfq} 1%8 dWI ] aI | ow

15 set contains words consisting of (n+l)/2 ones and (n-1)/2
zeros in all permutations, whilst the other set is obtained
from the first by interchanging zeros and ones.

It is straightforward to verify the theorem directly
for small values of n. We now prove the theorem for

20 arbitrarily large n. The first of three steps in the proof
is to determine, for any chosen n-bit target T, which n-bit
words W have the property W® T = 0. The words that have
this property are: i) the target T itself; ii) all possible
words with zeros in the same positions as the zeros in T,

25 the remaining bits being either ones or zeros (i.e. w; = 0
if t; = 0, and w; =0 or 1 if t; = 1). Therefore all words
W that have this property must contain fewer ones than T,
unless W = T. It follows, therefore, that if Sq denotes
the set of n-bit words that consist exclusively of all

30 possible permutations of q ones and n - q zeros, then all
words and targets in S, must have the desired property (1).
As a simple illustration of this, Table 1 lists all 4-bit
words having 2 ones (the set S, for n = 4). Suppose we
take T = 0101 as the target. It is then easy to verify

35 that W® T = 1 for all words in Table 1, except when W = T
so that W® T = 0-1 + 1-0 + 0:1 + 1:0 = 0.
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We now consider the question of how |arge a set of n-bit words can be
constructed that allows valid use of 10 (1). We state as a theoremthat,

ffor n even, the maxi mum al l owed set conprises n!'/[(n / 2)!][err] words
consi sting of n/2 ones and n/2 zerok0in all pernutations. For n odd,
there are two equal -sized and nutual ly excl usive maxi num sets each

conprising n!/{[ (B¢ /8eéfend] Btepl)i2]|td showsthahe if5 anyeethent ar-bhdtwor ds
i sti /
consi sting Ot"ﬁ(ﬂr uézeoaageanw Rhb) s%t Sar %%%Oi:fd%%é | ﬁfieﬁuﬁ@ﬁi d"Be

whil st the other set 1s 0O he Ti'rs angi ng zeros
and ones. rendered)|inyvalidsaj dint dﬂm m Oebiﬁymféitwwmgeﬁtly

for small valdiss ofp rk %f&yvﬁcaaaé&&d fseoremefeanwhoogébf%arthé

| arge n. The first o ree ste rof is,to determ ne, for
any ‘chosén n IS A5 Syim APTE B (that BagmRIoN9RahE ERE. BPORELOPSW
[err] T = 0. cherespsisdimnt tbathe onesi hiﬁ wr,opanay gre: pi ordwe imrgay T

itself; ii) aII OSSIb| ds_wth_z S | a osi t ons as the
zeros in T ﬁh@°?éﬁé?ﬂ?ngmﬁti t%%?n& Zﬁ?ﬁér Q:&?g‘.s @r os ( el = o
if tlerr] ():,hqa.tghvw o W,=Gortlat fthd ezoriditlion (IZh)erBé omedal inwaluid

W't hat have ti rts St oC f , nLesg. W =
T.- It follows n:r::"]‘%{]'%?orlyef Ia‘}1'J’h‘I'a ggfgé%e%)%s%e t tha P l;bl { alords
that coh8i st mss|choqes yftﬂmaﬂillleSOrlQ’Jp@%]slm% $erannexrd dﬁsh@Yl@ﬁones Bnd n

- g zeros, theircdlin theVBbE3tdBHs! 2632kSpondaing 'do ”%‘ﬁé bayest kg dﬁS' red
property(l) As a sinple illustration of this, %Ptiollsts

4-bit V\mpnavﬂnﬁe§°8né§ MpLthar gasitiong. nIt S&pbesEﬁB\é

takefT |0|101:afsveg tuttad af)f@tw =l 0 b&ehhﬁﬁoﬁgﬁywt@f\ﬁﬂléd Bﬁat againV\(iﬁrr] T
=1 for a wor ds nTa 0 that W/]er
O[err]l : 1[ &% BRI ot VR ﬁi t 1[%“?] ﬁe‘mﬁd Ystep of A8 Pilor’'iS Ehud

cofiipd edmr.ond Tet el Iwssttxatshovhibat the argyrds heoon- End 01liword

vere addec t%{;ﬁ eSLBE 1ahBEaPTaPoLLY (iUl Ddaple Gergeehd

i nval i d. err|” be an d“@ontai nin Ewhi ¢
i s added to Spa@: 1daﬁemgartltﬁ1mqnm e 5 or| gi nal set S[err] a word

Wihat has p ones e st oS to reSPI5ESPARELNAL & 1P SR8, | fhe
Werr], and% Eonesm any ot her positi.ons. | t thenfol'iovvsthat

Werr] - sety 'ﬁq)u@ﬁ Wrbit) wards, 9ach RABLiRGNE (GURF (2FCHES mmde
inval i d20  whSnid & In/2,i fand dy leontadeki Red [An/Ref1qPeworaspt thah Ps> q,

we odd, there are two equal largest sets Sq each containing
n!/{[(n+1) /21t [(n-1)/2]!} words; one set has q = (n-1)/2,

the other has @ = (n+l1)/2. This completes the proof.
To summarise, we have described an algorithm for the
25 recognition of binary words. The algorithm is based on the
logical AND operation at the bit level. The AND operation
is fundamental in ultrafast nonlinear optical phenomena, as
represented by the simple scalar product of two optical
fields. The penalty for using this algorithm is the
30 restricted range of n-bit words that can be used. A
remaining question, therefore, is how serious a restriction
is this in practice? Figure 1 shows the word length n that
is needed, depending on the total number of words required,
when using the restricted word set (S,, for n even or S ..
35 for n odd) or unrestricted coding (2"-1). It can be seen
that in the restricted case typically only 2 or 3
additional bits are needed for the construction of as many
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.10 . may choose fromthe original set S[err] a word Whaving n - p

zeros in the positions corresponding to the zeros in Werr] and p - ¢
zeros in any other positions. It follows in this case that Wlerr]
Werr] = 0 even though Werr] W so that d§ain (1) i s made ‘i nval i d.

The second steg of the roof is thus 15 compl ete. To illustrate this,
the words 00038ad@®®million GQQQ9QKﬂ°€@Saddé@q(ﬁ%ﬁ@?%? | PREediliirml e 1
wi t hout - wovdski dahl fl&t&tﬁuﬁﬁp@iédf with 20 bits ushiRy hidestir@Rted t 0

realise that, if.n Iargest set(ﬁiirr of n- bit mords_
each having 8ﬂé§90cc %?rEGS— #enbgts € aftfs Qi FOMEHEGY 2)2
'1[err] wordsresttiated word sdd, of hehe aametsxbzecm&it | &8k vt vsﬂhsi &seeach
cont ai ni LT CnE1)LE20 [ (n-y1) /2] S - 2,

t he ot hergJ hasog E H(%Hé??é}é'ﬁﬁ“s Q‘o)rrpl et}':'ecgsr V‘ﬁ[—,ﬁ{g ag#bellceétl%% éﬂ ja)s[
summari se, wepaaketddwaderdrecogndsdionhnin orfutt:m'ez Sultrafaghi Iphmtomfic

bi nary words or, ek epat iggn at
the bit | evelnegﬂsrikl% (fﬂe%]g%%gn Q:x%%l tr:r%nflglaqfl%%& %]ggtgnon I near
optical phencReféptable Pef‘éﬂaF—Kseﬁ?eoP%X/ tf"Fé’f siplsiad ganty oeyeradil t wo

opti cal #&8486ion Iﬂecﬁﬁﬁibklti/obfuh'a&ﬂwh&'es atalt%r nelftiork hbae3?
restricted range of n-bit words that can be used remai ni ng
question, therefore, is how serious a réstriction is this in practice?
Figure 1 shows the word I ength n that i s needed, depending on the
total nunber of words required, when using the restricted word set
(S[err] for n even or S[err] 35 for n odd) or unrestricted coding (2
[rr]1). It can be seen that in the restricted case typically only 2 or
additional bits are needed for the construction of as many
21 as 100 mllion unique words.. For exanple, one mllion wrds .can be

constructed with 20 bits using unrestricted codi ng, whereas 23 bits are
needed to construct a restricted word set of the same size that allows
valid use of the algorithm (1). For sone applications, such as packet
header recognition 4in future ultrafast photonic networks, the few

addi tional bits required would be an acceptable penalty to pay for a
significant overall reduction in conplexity of hardware at the network
nodes.

Thszheet

Itk Imll Il IH!



. 22 . REFERENCES [1] Islam M N, and Sauer, J. R: "CEO

nodul es as a natural basis for all-optical fiber |ogic systens",
5 | EEE J. Quant. Electron., 1991, 27, 843-8 [2] Nayar, B. K.,
Blow, K. J., and Doran, N. J.: 2271 | -optical switching in
nonlinear fibre loop mrror devi ces", Optical Conmputing and
Processi ng, FRFERENCES 81-89 10 [3] Jinno, M, and Matsunoto,
T.: "Utrafast all-optical | ogi c operat ions in a nonlinear Sagnac

2202 LAY e MY ARPRASAREE v E R Al BB PPAT PRt 3
gates based on crcmstmi‘aabebasﬂsl ﬁbrorallmapmalll rﬁad:eﬂSloglc sydtdms",
interfereneter” VAV nomena

(Techni c§| Di gest eri esNO@LAg E%Jé&e%‘ fo91, 27, %s%ngton DO), pp.
345-7 [502] | NayarM BN : KU t Blicast f.bed .swi ob) nBodani ce¥. and. :
systems” (Canbrl dg%#i‘%tféﬁ%wﬁ&%@ngcink\ llﬁ@&&hfﬁ.brep% g#zrb

Cotter, D.: "The nonl I near _optics Uni v.
Press, 1990) Jeyicest girticak Compbing 304 BReCessingd | 3591R
"Novel peckes ar chi tect ure for all-opt i cal ultraf ast packed-

£ et s oot O 30 i BB, 70 lrdngr a11-d50Ran

synchr oni zati on ofl@gimwea@t)d.dfmdd-d achedldlyxeakasagnac interfextmetgen

h6-20, “To8%). 30 TO o OTro T IRAR L, aesh, UG, o 22972

Ni el d, (4] Meorghurd oM. A andniagpiici,t M.DE M : "Alllmcuunaqaéd ngica

32“?\:: gdeggy%l 'él%cgl Yasel B cr L5548 InodiBltion in a ndBGHHMYP0Y

: fiber interferometer", 1991, Nonlinear Guided Wave
Phenomena (Technical Digest Series 15, Opt. Soc. Am.,
Washington, DC), pp. 345-7

[5] Islam, M. N.: "Ultrafast fiber switching devices and
systems" (Cambridge Univ. Press, 1992)

20 [6] Butcher, P. N., and Cotter, D.: "The elements of
nonlinear optics" (Cambridge Univ. Press, 1990)

[7] Forghieri, F., Bononi, A., and Prucnal, P. R.: "Novel
packet architecture for all-optical ultrafast packed-
switched networks" (Electronics Letters 28, 2289-91,

25 1992)

[8) Dijaili, S. P., Smith, J. S., and Dienes, A.: "Timing
synchronization of a passively mode-locked dye laser
using a pulsed optical phase lock loop" (Applied
Physics Letters 55, 418-20, 1989)

30 [9] Beaumont, C. J., Cassidy, S. A., Welbourn, D., Nield,
M., Thurlow, A., and Spirit, D. M.: "Integrated silica
optical delay 1line for signal processing" (BT
Technology Journal 9, 30-35, 1991)

Tlns Sheet Has

L i llll 1



" 23 [ W 5 1

0011 2 0101 3
0110 4 53 1001 5
1010 10 6 1100

TABLE 1: Word set Slerr] f or n =4

24 CLAI V5 1. A nethod of recognising
an optically encoded binary word characterised in that the word is
recognised by 5 <carrying ogt in the opticwg dormain a bit-w se Bool ean AND
operation on the word Wto be recognised, or a word derived t herefrom
and the target word T of—a—werd—derved———therefrom 2. A nmethod

accordingto claiml, in whiah the word 10 gemcoded is chosen fromthe
subset of binary words for m@ich [err] 0101
0110
1001
1010
1100

A U W
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- TABLE 1: Word set S, for n = 4
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is true, where T is the target word, Wis the word to-be- - —--conpared,—and

[err] is the operation [err . t he
word is recogni sed by carryi ng out the AND oper at lmmmujmlmmmh be
recogni sed and the conpl enent of the24 arget word. "3RS

according to claim1 or 2, in which the AND 20 operation is carried out by
introducing a first optical si gnalCldaiM&ied with the word to be

recogni sed Winto a non- | i near opti caI medi um i ntroducing a second

optical signal “encoded t he co | enent of the tar rd T into
t he non-}i nead® BEEREY V#Ed’elﬁﬂgna}rﬁ 1Lt PR ‘E?‘?&'%Lﬁ'lftgﬂé#%
non-| i near optdedl dlﬁhaﬂnerlsedl inA tRhboclrccapgdingid o rekagmided nby,hl ch

h | of the. |
(e OIS casSWIRYLaR 018l 1oL LEPLRT WOHRSE IO e SSSenREY
30 5. A rrB:ogbmda'a.tcnrcm nthe woxridaiWntd, benredogmisdd, foirr st wand derivedond

optical sign e CY, i ved
2 5 op'?'Tl]:?:e ‘?’gu?aéégﬁ&?g tift?é%%e secon(r}eharrmni cw?fgqu%enz(.::yve

2[err]. @ere&ﬁn%hod according to claim3, 4 or 5, in which the
optical outpuj, si gﬂalmelt%o@ SdéEGrEShed tlg od1ale hl, rSﬁn aPHicR theeGReEd
opti cal S|gnals b irtue of- its ditection of
met hod &fcor FFRP %dc}%ﬁh%sem £goms the, spRseh ?flebmary @Bga £°Bu‘l’lb:t|°fh
signal is distinguished fromthe fllggtr_ nd second optical signals by
virtue of its polarisation state. CFAqut hod according to claim 3,
I n which the out put optical signal is distinguished fromthe first and
second

WAT=1

if wWsT

is true, where T is the -tSrget word, W is the word to be
compared, and ® is the operation

Y (wyT))

i1

15
and the word is recognised by carrying out the AND
operation on the word to be recognised and the complement
of the target worxd.
3. A method according to.claim 1 or 2, in which the AND
20 aoperation is carried out by introducing a first optical
signal encoded with the word to be recognised W intc a non-
linear optical medium, introducing a second optical signal
encoded with the complement of the target word T into the
non-linear optical medium, and detecting the output of the
25 non-linear optical medium. .
4. A method according to claim 3, in which the optical
output signal of the non-linear medium is discriminated
from the first and second optical signals by virtue of its
frequency.
30 5. A method according to claim 4, in which the first and
second optical signals are at a frequency «, and the
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. opti.cal signals by virtue of its phase. 9.- A neth ding to any
one of clains 3 to 8, in whi ch the non-1linear opUcBE"@ mm ﬁlﬁ”m
crystal . 15 10. A nethod according to any one of clai

rncluding introducing an optical signal 2% o a word-form ng net wor K
arranged to generate an output corresponding to the conpl enment of the
target word. optical optputhedgeaioidi A theapgcond barmeripr Exequercy
clains, 20 pg.which the non-linear optical nediumis an optical

wavegui de. 12. A t od accqrding to an gne of the precedj cl ai s,
in which the ﬁrnar? WSNEQ P€°8F§&€§sgd &tla& bty At ity 1 S&hef 10

Gﬁl t{) s. 25 épticAlmeubpdtasigndl ngstdlsﬂ;én@lﬁﬁﬁleddnﬂrmhatll‘m fi]rmtllamlﬂd
t he its err rrl... er.r, corr on (0] N SO .an i
Lo be rechyn BeaPha" dpticdl, “eibpaltl CBPDHA ! BB Vi S eRt 1Bl

whi ch t heropdgatod.Wis provided with a datum puI se having a 30
fixed, bit- as¥”0hr§ ﬁ%%hbh”ﬁc%%kﬁ&h ”%B‘ R1%ih" 3" eip%“zt 40 in v{hitcji}? gt of
t he Word and fhe datum pul s€ génerating a pul se sequence

T dependent entimalt Qtlgptlt signabr és dlStlmlwﬂétﬁwﬂa’éh%r@iw tand ai m

14, in which 5BgoRY! St Beal SYHAARC Sy lvittud ¥eiRiCHohdraBRtYbAGtdtee code
word W I ncl udi ng the datum pul sé to a splitter/del ay network, t he

26 10yi 1 f 8r ent Raf@Ehed ﬁﬁ@%@t’-\ﬁ@r KA F" dét ajd db&Hyithe output

dependi ng on cbbelt:angengnaldlg dlstlnéﬁlshé\i NBi o 0t R COL 50 0and Seécdmd 15,
in which each netvvorg del aB/s t he word W and

he.
cor r espondi ng® ééf'ﬁﬁ:i glgnfi?]?s’a.yb iPCYe 2R (2YF [PU#FLh is the tine difference
between the 9. datmethodsacaodding jtich axgyr cnen ¢fHieclaigst 3wked 8. in

7. A method @RESRCLA hon2DNnLe, Sheiley RESSOh e A Ulacay.  [1 VI

the word Wis an addréss carri e “transmtted
‘on an optd cal 1@et wAr lmetthed necmudmg tiouramer openpe¥ sicAgisentd okbi iy a

ggglt 1;2“9 Z\I/\IVIDt Chqépﬁgﬁégg :I.%tnrocﬁ?&‘i@ anopEEAT AN tihtlg wEsdl foMidde
network arranged to generate an output corresponding to the
complement of the target word.
11. A-method according to any one of the preceding claims,

20 in which the non-linear optical medium is an optical
waveguide.

12. A method according to any one of the preceding claims,
in which the binary words are processed at a bit rate in
excess of 10 Gbit/s.

25 13. A method according to any preceding claim, in which
the bits w,, w,...w, correspond to binary pixels of an image
to be recognised.

14. A method according to any preceding claim, in which
the code word W is provided with a datum pulse having a

30 fixed, bit-asynchronous time relationship with respect to
the rest of the word, and the datum pulse is used in
generating a pulse sequence T’ dependent on the target
word. '
1S. A method according to Claim 14, in which the pulse

35 sequence T’ is generated by applying the code word W
including the datum pulse to a splitter/delay network, the
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18. 'An address reader (3,5) for detecting and recognisini m|the ad'me S

associated with a packet carried on an optical 15 co U\Hmm !b
2

characterised in that the reader is arranged to re
by a nmeEhod in accordance wi th any Ffe of the precedi ng cl ai ns.

d d I whi.ch. th dd d
|1ch ug\esegl rclg%aff%%?b oﬁ%’ﬁ%l?gl a o }ﬁmrt':% %ﬁcj gt&vgggzcﬁe?% Aﬁﬁtégﬁé‘gﬁ%l ng

I nputs for fldepeladdngeonntiheptargét wordsTgnal s and havi ng a detector

ted t f t -
comoct o 10 ygcel Kopgtneg scOliah talad 01 1t A G Jol 5ok
| i near optic#®f nebBeunetyozk dediays they sprddN md coyresponadingedatusdr di ng

to claimsl9, ma@lxﬁﬂ d ReLa0, which!idqafe Q&Hé@lf@%@bﬁ%‘ Befweb¥Stak-
22. A device_,according to any one of claips 18 to |ncI uding a

wor d- f or mi ng SREWBrRULEES apd 4 dJ'E’é TR¥Rr g cthe ta’ég?'érﬁ‘éF wbrd or a word
derived theref7y DmA3ﬂeth&§ accﬁﬁaawgceoaﬁﬁyr&u@gaﬂ ehe @rabaa.mgncmﬁmb the-
wor d- formr}? et 4@% s. arran t 0~ gener.ate.an oy gg

cor r espondi ng-%¥ o"th %I"é ofst RS A %I\%Ia&rle ina g% of
accordi ng to pagkene tfansmittedl8ono &8, opticahammttwearksedthy amethodcal

pul se_sqGIence dofer a4 hnd cork33A915l % | Sofle AALUMANAE £2r LR Wi th

t he codewor I'ng aq async ronous time relationship
to the racket ine assdawange mtdl prheeresylinod ddieerepical AND

27 out %éf@lglgnpul se sequence T' dependent on said target wor d
T. 25. An_ optical _comrunication system i.n which opti_cal packet s

carry n-bit itfent idR AR BKAGSTr éetsérF‘-?é‘ddPﬁeCSlnﬂhaf‘dtHGCPSEP\FFF&
words Ware allfseddress descdinaid With a pakkey WargdelobnAncoptetal

15 communication-system, characterised in that the reader is
arranged to recognise the address by a method in accordance
with any one of the preceding claims. -

19. A device according to claim 18, in which the address
reader includes a non-linear optical medium configured as

20 an AND gate having inputs for first and second optical
signals and having a detector connected to receive an
output signal from the non-linear optical medium.

20. A device according to claim 19, in which the non-
linear optical medium is an optical waveguide.

25 21. A device according to claim 19, in which the non-
linear optical medium is a crystal. '

22. A device according to any one of claims 18 to 21
including a word-forming network (4) arranged to generate
a target word or a word derived therefrom.

30 23. A device according to claim 22, in which the word-
forming network (4) is arranged to generate an output
corresponding to the complement of -the target word.

24. A device according to any one of claims 18 to 23,
characterised by an optical pulse sequence generator (4’)

35 responsive to a datum pulse carried with the codeword W and
having a fixed, bit-asynchronous time relationship to the
rest of the codeword, said pulse sequence generator
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. where [err] is the operation o err] 10
Lo truertor ey tentrer vors wens carget vera T NG ERRE

dormai n, characterised in that the signal %47s encoded 15 vvit_h a binary word

chosen fromthe subset of binary words for, which [err . wher e
[err] is the VPHHEHRE 2 pulse’ sequence T depen%gp{:] °"!Zd'ald target ye
for any word wdmhdriarget word T in the subset. 27. A method according

to claim?26 fyrth C L1ShN eneratin dat um pul LN b X
bit-asynchr on%gu’s t%ﬁreggp'lcsgl g??%%‘%‘ﬁi’%atf%o? h%y%ég%'ofl h‘é'%g‘&?ev\g?%lﬁég%
28.  An opti gEcksrEneArE | prbdystidentidliedi mpndsail faharactemimrhi $ing an
optical godewgif %@PP&#%E%%GWBPHBCW are chosen from the subsls,at gczfi ved

codeword to be recognise d an optical pulse-sequence

from a tar getoimazy Woxds firnhich AND gate, characterised by neans
for generating the optical pulse sequence T from a datum pul se
carried with the codeword W WOT=0 if W=T
) ' AT=1
_ if WsT

where @ is the operation

) | ZH: (wyty)

1=1

10

is-true for any identifer word W and target word T in the

subset.

26. A method of encoding a signal for transmission in the

optical-domain, characterised in that the signal is encoded
15 with a binary word chosen from the subset of binary words

for which
WdT=0
if W=T
WwT=1
if wWeeT
where ® is the operation
n ——
2 (wi.ti)

20 i=1

is true for any word W and target word T in the subset.
27. A method according to claim 26 further comprising
generating a datum pulse in a fixed bit-asynchronous time
relationship to the rest of the codeword W.

25 28. An optical communication system including means for
recognising an optical codeword by applying the optical
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. 5 .and having a fixed, bit-asynchronous tine relationship the rest
g y

of the wor d. 29. A method according to claim10, 183

11 to 17 when dependent on claim 10, in x\gl ch the word- ”lmmmmﬂmﬂllh“ﬂ“

network i ncl udes optical switching means“@nd is 10 configlrel b

optical swt 0 reco nk se sel ect ed e of a Iurallty of

different ta \ﬂ%‘r?fil e reggs nﬁsﬁg?ﬂ()daﬁéc%?ﬁwgl?%f @i I‘% y one

aof cl ai ns T' ﬂe:tmreﬁ? fintoam aietpmrghmtwondct'al tplén aptdcailmAND, dawe her

compr i Si ng_ ekl A ANRSa fhinal b Uorind 16 dgpal (301181 ddiGalT M0

pul se sequence as e word reco evi ce
recogni si ng 88Weniceal’ yfé'ﬁﬁloée@abﬂmapb} se caypiedcWbbhctke iandewsrd W

optical #ND gake hla%ln'édwlacew M it -asyniitriditud Hite ffylaauwsdu\y e be
recogni sed angﬁa second optical input for a target word T or wor d

derived 20 er8FtoRL &H& ¥oF8rector responsive to the output of the
dAND gate, bt PasAND.aga{eftHw %@S@&aangte@ot @163k M0Qulor rmiyheme of mulcm'ﬁ
omain a bi Baol ean operation o in

A devi ce accﬁndlstﬁ’g 'P Eﬁ%?ngggeggﬁﬂhﬁpnéﬁf%rjoﬂ_ o&n e’géFﬁf ﬁg néﬂﬁﬁir'k
arranged to femediate naemm:getlmlmides)roptlcal \awick ateimg enledn® mahbe itsar get

word fofqi anEf’x %u%%dt ri)ﬁr e ¢ i&a @Rgﬁ{§$ meaxﬁ.s?’%b reéggl \rf]_'g e(?es

according toC e Word-
optical swi tsﬁilngtﬂ-damsmana aspiuralo,@m ofuddd fierentte t@me@awomt chi ng

means to recggnl Sﬁ ﬁhethod %%E%‘H:&ﬂ B8 @1a3mPhl,aldd 3éuﬁzf o@ié %r Nl 1l get

wor ds. devi ce according to claim 32 or 33, ‘inclu n‘qg rreans
for selecti nbloﬁ@ a7 a%mufi&pppslea St Slindmy 4 Opf °&'n c1a1m i2fe0

sequence as &bRpYRsdnd beleetifg v ¥ia Bdurality of sub-fields of an
15 incoming pulse .sequence as the word W to be recognised. )

31. A device for recognising an optically encoded binary
word characterised by an optical AND gate including a first
optical input for a word W to be recognised and a second
optical input for a target word T or a word derived
20 therefrom, and a detector responsive to the output of the
AND gate, the AND gate being arranged to carry out in the
optical domain a bit-wise Boolean AND operation on the
input words.
32. A device according to claim 31, including a word-
25 forming network arranged to generate a target word, or a
word derived from the target word for inputting to the
optical AND gate:'
33. A device according to claim 32, in which the word-
forming network includes optical switching means and is
30 configured by the optical switching means to recognise a
selected one of a plurality of different target words.
34. A device according to claim 32 or 33, including means
for selecting one of a plurality of sub-fields of an
incoming pulse sequence as the word W to be recognised.
35
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