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where two inputs tune to the same wavelengths and contend for the same
output must be avoided. Similar The present invention relates to optical
switching  problems exist when tunable filters are used at the systems and
in particular to wavelength division mul-  outputs. tiple access switching
systems which use multiple   5  Passive optical switches avoid active
compo- wavelengths to route data from a multiplicity of input  nents by
using fixed input to output wavelength as- nodes to a multiplicity of
outputs nodes. In this system  signments so that the switching function
does not re- the switching is achieved, in part, by means of wave-  quire
any modification of either the switch fabric or length assignment schemes
and by passive multi-    the input and output adapters, and also avoids the
plexing and demultiplexing devices in the switching   10  need for control
elements. Such a system has been network itself.
described in Japanese Pat No. JA 60-237793 to K. In recent years the rapid
increase in transmission  Nagashima, issued No. 1984. This patent uses a
cy- speed introduced by the use of optical fibers has em-  clic wavelength
assignment scheme which allows si- phasized the need for high speed optical
switches  multaneous communications between all inputs and (see [13]) and
such products are (e.g., NEC NEOX32   15  all outputs. An Nx Nswitch
requires a setofNdistinct photonic switching system), or will be made
commer-  wavelengths {W1,...,WN} and an input is assigned cially available.
Multiple optical switch structures  distinct wavelengths to transmit to
each of the N out- have been investigated (see [14] or a brief review),
puts. The output wavelength assignment is cyclically and as these
structures consist of Time Division,  shifted from Input to input to ensure
that no outputs Space Division and Wavelength Division switches.  20
receive the same wavelength from different inputs. Optical switches fall
into two major categories: non-  The cyclic assignment scheme is, however,
entirely integrated and Integrated switches.                independent of
the type of multiplexors and demulti- Non-integrated switches are typically
intended  plexors used in the system, and does not attempt to for
applications which do not require high speed re-  make use of their
structure and characteristics. configuration. Such systems can be simple
mechan-  25 ical fiber switches [3,16] or use piezo-electric or even
References holographic arrays [1, 7]. Most advanced optical switches are,
however, integrated switches that rely   1. J. Bainerman, "Piezoelectric
Switch Optical on optical couplers, splitters (demultiplexors) and
Signals", Laser and Applications, vol. 3, no. 12, combiners (multiplexors).
Early work on such inte-  30  pp. 49-51, December 1984. grated optical
switches concentrated on space         2. R.A. Becker and W.S.C. Chang,
"Electroopti- switches where electronically controlled crosspoints  cal
Switching in Thin Film Waveguides for a Com- achieved connectivity between
inputs and outputs      puter Communication Bus, Applied Optics, vol. [2,4
- 6, 10, 12, 15, 19, 20]. However, as the number  18, no. 19, October 1979,
pp. 3296-3300. of wavelengths at which lasers and optical fibers  35  3. A.
EL Fatatry, "1 x n Optical Fibre could operate Increased, wavelength based
switches    Switch," Electronics Letters, vol. 21, no. 14, pp. became
feasible [8]. One major advantage presented    618-619, July 1987. by this
latter class of switches is that control of the  4. P. Granestrand, B.
Stoltzang, L. Thylen, K. switch can now be distributed to the inputs or
outputs  Bergvall, W. Doldissen, H. Heinrich and D. Hoff- rather than be
centralized. This helps overcome the   40  mann, Strictly Non-Blocking 8 x
8 Integrated speed limitation of electronic controllers to take full
Optical Switch Matrix," Electronics Letters, vol. advantage of the high
speed available from optical    22, no. 15, pp. 816-818, July 1988.
technology.                                           5. K. Habara and K
Kikuchi, "Optical Time- Wavelength division based switching systems fall
Division Space Switches Using Tree-Structured into two categories: active
and passive switches. Ac-  45  Directional Couplers," Electronics Letters,
vol. tive switches require that the inputs/outputs of the  21, no. 14, pp.
631-632, July 1985. switch are capable of adjusting the wavelength at
6. K. Habara and K. Kikuchi, "Geometrical De- which they are
transmitting/receiving. This requires  sign Considerations for a
Tree-Structured Opti- active components such as tunable lasers/filters. Ex-
cal Switch Matrix," Electronics Letters vol. 23, amples of such systems are
given in U.S. Pat. No.  50  no. 8, pp. 376-377, April 1987. 3,912,876 to
J.J. Muller, issued Oct. 14,1975; in U.S.  7. J.P Herriau and A. Delboulbe,
B. Loiseaux and Pat. No. 3,986,020 to H. W. Kogelnik, issued Oct. 12,  J.P.
Huignard "Commutation Spatiale par Rea- 1976 and in U.K Pat. No. GB
2,043,240 AtoA.M. Hill,   seau Holographique Photo-Indurt', Rec. Tech.
Issued Oct. 1, 1980. The use of active devices not    Thomson-CSF, vol. 15,
no. 3, pp. 749-755, Sep- only limits the reconfiguration time of the
switches,  55  tember 1983, pp. 749-775. In French. but also requires
coordinated control between all in-  8. G.R. Hill, "AWavelength Routeing
Approach to put/output connections. For example, in a system      Optical
Communication Networks", Telecom. where tunable lasers are used at the
inputs, the case  Technol. J., vol. 6, no.3, July 1988, pp. 24-31. 2   



r 3                   EP 0 410 096 B1                 4 9. A. Himeno and M.
Kobayashi, "Single-Mode        at gigahertz rate," Electronic Design, vol.
36, no. Guided-Wave Optical Gate Matrix Switch Using       21, page 35,
22nd September 1988. Mach-Zehnder Interferometer Gates," Electron-      It
is, therefore, an object of this invention to pro- ics Letters, vol. 23,
no. 17, pp. 887-888, August  vide a wavelength division-based switching
system 1987.                                      5   with fixed wavelength
assignment schemes that take 10. T. Matsunaga, K Kikuchi and M. Ikeda,
"Opt-  advantage of the characteristics of the multiplexors Ical Space
Division Switching System Using Las-  and demultiplexors. This results in a
simple and com- er Diode Optical Switches," Proceedings of      pact
structure for the switch fabric and allows for a ISS'87, 1987.
high level of integration. 11. S.P. Shipley, G. Georgiou and A.C. Boucou-
10  It is also an object of this invention to provide a valas, "Compact
All-Fibre Mach-Zehnder Devic-   passive integrated wavelength division
optical switch- es," IEE Proceedings vol. 134, Pt. J., no. 3, pp.  ing
system for a wavelength division switching net- 203-207, June 1987.
work. 12. RA. Spanke, "Architecture for Large Non-      It is another
object of this invention to use N dis- blocking Optical Space Switches,"
IEEE J. Quan-  15  tinct wavelengths to allow simultaneous and conten- tum
Electron, vol. QE-23, no. 6, pp. 964-967,   tion free transmission between
all input and output June 1986.                                      ports
of an N x N switching system. In the description 13. P.R. Strauss, "Optical
Switches Herald a New  of the preferred embodiment, it is assumed that N =
Age  of Enlightenment Data  Communica-          2[err]where n is an
integer, butothervalues are feasible. tions," pp. 81-90, March 1988.
20      It is another object of this invention to provide a 14. S.F. Su, L
Jou and J. Lenart, "A Review on  wavelength assignment scheme taking into
account Classification of Optical Switching Systems," IEEE  the structure
and characteristics of the demultiplex- Commun. Mag., vol. 24, no. 5, pp.
50-55, May    ors and multiplexors to eliminate line cross- 1986.
connections In the switch fabric. This assignment is, 15. S. Suzuki, M.
Kondoi, K. Nagashima, M. Mit-  25  in particular, detailed for
demultiplexors and multi- suhashi H. Nishimoto, T. Miyakawa, M. Iwasaki
plexors made up of Mach-Zehnder filters of the inter- and Y. Ohta, "A
32-Line Optical Space Division  ferometer type. Switching System Using 8 x
8 Optical Matrix        It is a further object of this invention to provide
a Switches," NEC Res. and Develop., no. 87 pp.    method to arrange the
demultiplexors and multiplex- 44-50, October 1987.                       30
ors used in the switch fabric to obtain an integrated 16. M. Tatedaon,
[err]. Furukawa and H. Miyoka-  and compact structure. This method is again
detailed wa, "Low-Loss Large-Scale 1 x N Optical         for demultiplexors
and multiplexors made up of Mach- Switch," Trans. IEICE, vol. E 70, no. 10,
pp. 890-  Zehnder filters of the interferometer type. 892, October 1987.
In this invention, a number of (N) of input nodes 17. H. Toba, K. Inoue and
K. Nosu, "A Concep-  35  having a plurality of sources are connected,
through tional Design on Optical Frequency-Division-Mul-  a central
switching fabric, to a number (N) of output tiplexing Distribution Systems
with Optical Tuna-  nodes consisting of a plurality of destinations. Each
ble Filters," IEEE J. Selec. Areas Commun. vol.  input node has the
capability to send data simultane- SAC-4, no.9, pp. 1458-1467, December
1986.      ously to all output nodes and, conversely, each output 18. H.
Toba, K. Oda, N. Takato and K. Nosu, "5  40  node can receive data
simultaneously from all input Ghz-Spaced, Eight-Channel, Guided-Wave Mul-
nodes. Each input node uses an input interface to the ti/Demultiplexer for
Optical FDM Transmission    switch fabric. The Interface modulates
wavelengths Systems," Electronics Letters, vol. 23, no. 15, pp.  with data
according to their intended output node. 788-789, July 1987.
Similarly, each output node uses an output interface 19. P. Li Kam Wa, J.E.
Sitch, N.J. Mason, J.S. Ro-  45  which identifies data received at a
particular wave- berts and P.N. Robson, "All Optical Multiple-    length as
originating from a given input node. Quantum-Well Waveguide Switch,"
Electronics        In the input interface, data for each of the N out-
Letters, vol. 21, no. 1, pp. 26-28, January 1987.  put nodes are forwarded
to optical transmitters (e.g., 20. J.E. Watson, M.E. Mildbrot and T.C.
Rice, "A  lasers) operating at different wavelengths. Each indi-
Polarization-Independent 1 x 16 Guided-Wave Opt-  50  vidual data stream is
used to modulate its own trans- ical Switch Integrated on Lithium Niobate,"
IEEE J.  mitter, and the N resulting modulated wavelengths Lightwave
Technol., vol. LT-4, no. 11, pp. 1717-  are then multiplexed and sent over
a single fiber to 1721, November 1986.                           the
central switch fabric. 21. S.S. Wagner, 'WDM applications in broad-
In the central switch fabric the optical signals band telecommunication
networks," IEEE Com-  55  coming from each input interface are received at
a munications Magazine, vol. 29, no. 3, pages 22-  switch input port, which
is actually the input port of a 30, March 1989.
demultiplexor of the fabric. The signals are then de- 22. B.W. Phillips,
"Optical crossbar switch works  multiplexed and recombined or multiplexed
according 3 



5                   EP0410096B1                     6 to their intended
output node, before being forwarded  signment scheme, along with its
restrictions, if the to the corresponding switch output port, which is ac-
modulated wavelength appearing on each output of tually the output port of
a multiplexor. The input node  each demultiplexor corresponds to a
modulated wa- to output node wavelength assignment ensures that  velength
assigned to each output (n-th branch), there no two Input nodes use the
same wavelength to com-   5   will be N horizontal planes with N distinct
modulated municate with a given output node. In addition, the  wavelengths
appearing in each plane. In addition, for wavelength assignment is such
that the demultiplex-  any given output position in the N horizontal
planes, ors and multiplexors used in the central switch fabric  there will
be N distinct modulated wavelengths. Sin can be simply stacked and butted
so as to achieve an  ce the same output position In N horizontal planes
lies integrated and compact structure. This aspect is de-  l0  in a
vertical plane, there will be N distinct modulated tailed later in the
description of the preferred embodi-  wavelengths in each of the N vertical
planes. The N ment.                                              modulated
wavelengths in each vertical plane are The assignment scheme of this
invention is par-  then multiplexed so that a signal having N modulated
ticularly significant in that it allows for the compact  wavelengths
appears at the output port of each mul- structure of the switch fabric.
This scheme is effected   15  tiplexor. by the demultiplexors of the
switching fabric. To de-  The optical signal coming out on the optical
fiber scribe the assignment scheme the method of demul-  at each output
port of the switch fabric has N, one per tiplexing N = [err] modulated
wavelengths will be descri-  input node, distinct modulated wavelengths.
This sig- bedfor one of the demultiplexors of the switching fab-  nal is
forwarded to a given output node where an out- ric, and the assignment
scheme for each other of the   20  put interface demultiplexes the N
Incoming modulat- N demultiplexors can easily be derived from the as-  ed
wavelengths and applies each of them to its own signment scheme for the one
demultiplexor. First, N  receiver. The original data coming from the N
input modulated wavelengths are demultiplexed by one of  nodes are then
recovered and forwarded to their re- the demultiplexors by separating the N
modulated   spective final destinations. wavelengths at a first branch
point of the demultiplex-  25  The different aspects and components of the
in- or into two distinct first subgroups, each having N/2  vention are
better understood with reference to the modulated wavelengths. Each first
subgroup is then  detailed drawings described below. For simplicity and
assigned to one of a pair of first branches extending  clarity the number N
of Input and output nodes has from the first branch point. Each first
subgroup of N/2  been fixed to four (4) in all drawings. It should, how-
modulated wavelengths is further separated at a cor-  30  ever, be
clearthatthis choice isforillustration purpos- responding second branch
point on each one of the  es only and that the concepts can be extended to
any first branches into two distinct second subgroups of  value of N. N14
modulated wavelengths resulting in four distinct  FIG. 1 is a block diagram
of the embodiment of a second subgroups. Each second subgroup is then as-
switching system as described in the present inven- signed to one of a pair
of second branches extending   35  tion. It consists of 4 input nodes, 4
input interfaces, a from a corresponding second branch point. This sep-
central switch fabric, 4 output interfaces and 4 output aration continues
as above until each n-th subgroup  nodes. Each input interface is connected
to the opti- has only one modulated wavelength therein. The n-th  cal
switch fabric by a dedicated optical fiber. Similar- branches of the
demultiplexor are the N outputs of the  ly, outgoing dedicated optical
fibers connect the opt- demultiplexor. Thus, for the one demultiplexor an
as-  40  ical switch fabric to the 4 output interfaces which are, signment
scheme of subgroups to branches is        in turn, connected to their
respective output node. formed. N modulated wavelengths are demultiplexed
FIG. 2 is a block diagram of an input interface in the same manner as
described above for each     suitable for use in the Wavelength Division
Switching other of the N multiplexors; however, the assignment  Network
system shown in FIG. 1. scheme for the other demultiplexors is a
permutation   45  FIG. 3 is a representation of a demultiplexor of of the
assignment scheme for the one demultiplexor  the switch fabric used in this
invention. with the assignment scheme of subgroups to branch-     FIG. 4 is
a table showing the corresponding be- es being different for each of the N
multiplexors. The  tween wavelengths, to be modulated and transmit-
assignment scheme does, however, have certain re-  ted, and a given input
port and selected output port. strictions. First, no two outputs (n-th
branches) in the   50  FIG. 5 is a schematic illustration of a 4 x 4
central same output position of any two demultiplexors have  switching
fabric with 4 demultiplexors each of whose the samewavelength assigned
thereto. Second, each  outputs lie in a horizontal plane. Also shown are
the subgroup for each assignment scheme still have the  inputs of two of
the four multiplexors, each of whose same wavelengths therein. Third, and
finally, each  inputs lie in a vertical plane. pair of subgroups assigned
to branches extending  55  FIG. 6 is a block diagram of an input interface
from a common branch point must always be as-      suitable for use in the
switching system shown in FIG. signed to branches extending from a common
branch  1. The output interface assumes again that the cen- point in any
assignment scheme. Using the above as-  tral switching fabric has 4 inputs
and 4 outputs. 
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of the invention described be-   switching fabric 150. Within the central
switching fab- low is In the context of a switching system for a digital
ric 150, the optical signal, having N modulated wave- network. An overview
of the wavelength division    lengths from each input port isfirst
demultiplexed Into switching network system is first provided with refer-
its N distinct modulated wavelengths (one for each ence to FIG. I while a
more detailed description is giv-   5   output node). A modulated
wavelength is a wave- en with reference to FIGS. 2-6. For simplicity, the
size  length that has been modulated by data to be trans- of the system is
taken to be N = 4, and this number is  mitted. The N distinct modulated
wavelengthsfrom all used In all figures.                               N
input ports and headed for the same output node In the system described in
FIG. 1, four input/out-  are then re-multiplexed and forwarded to the
corre- put nodes (111-114/131-134) labeled A through D,  10  sponding
central switching fabric output port, which is have ports coupled to the
central switching fabric  an output port of a corresponding multiplexor.
Each through input/output interfaces 115-1181135-138 so  central switching
fabric output port corresponds to a that any input node may communicate
with any other  given output node to which it is linked by means of an
output node. Also schematically illustrated in FIG. 1  optical fiber link
connected to the associated output are the input ports 151i-154i and output
ports 1610-  15  interface (links 161-164 connected tooutputinterfac- 1640
of the central switching fabric 150. Each of the  es 135-138 respectively).
Input ports are actually input ports of demultiplexors  The optical signal
carried by each optical link of the switching fabric, while the output
ports are ac-  (161-164) coming from the central switching fabric tually
output ports of the multiplexors of the switching  150 is received by the
corresponding output interface fabric. Each input/output interface is, on
one side,  20  (135-138 respectively). Each output interface demul- coupled
to the corresponding input/output node while  tiplexes the received optical
signal Into its N distinct the otherside is connected to the switch fabric
150 by  modulated wavelengths. Each modulated wave- means of an otpical
link. With reference to FIG. 1, opt-  length carries data coming from a
different input Ical links from Input interfaces A through D are repre-
node. After the optical signals from different wave- sented by the links
151-154 respectively. Similarly,  25  lengths have been demultiplexed and
the information the optical links from the central switching fabric to
they carried received, data are made available to the output interfaces A
through D are represented by the  output node which then forwards them to
their final links 161-164 respectively. In this embodiment of the
destination. Each output node provides a clock signal switching system, the
optical channels consist of sin-  (RCKA, RCKB, RCKC and RCKD for output
nodes gle mode fibers. Other types of fibers could possibly  30  131-134
respectively) which is used to synchronize be used.
how data are read from the output interface. Note Each input interface
receives data from its input  again that the clock signals from different
output node destined to any of the N output nodes. Data des-  nodes need
not be identical. fined to different output nodes are forwarded to opti-  A
more detailed description of the wavelength di- cal transmitters operating
at different wavelengths   35  vision switching system described above is
now pro- such that, for every input interface (or input port),  vided. The
structure of an input interface is first de- each wavelength is uniquely
associated to a given  tailed and possible implementations of the transmit-
output interface (or output port), and no two input in-  ters and the
multiplexor are discussed. The structure terfaces (or input ports) use the
same wavelength to  of a central switching fabric based on using Mach-
communicate with a given output. A particular wave-  40  Zehnder filters Is
then briefly explained, and the wa- length assignment satisfying these
requirements    velength assignment is presented and related to the while
taking Into account the structure of the multi-  switch fabric itself.
Finally, the structure of the output plexors and demultiplexors used is
detailed below.  interface is detailed. The descriptions are made with Each
input Interface also receives a clock signal (e.g.,  reference to FIG. 2 to
FIG. 6 and N = 4 is assumed. MCKA for input interface 112) from its input
node.  45  As shown in FIG. 2 an input interface receives si- This clock
signal is used to generate the various   multaneously four data streams,
one for each output clocks needed in each input interface. It should be
node. It is assumed that the four signals are received noted that the clock
signals provided by the different  byte-wise and are stored in separate
buffers (220, input nodes to the input interfaces need not be iden-  230,
240 and 250 for output nodes A, B, C and D re- tical. In otherwords MCKA,
MCKB, MCKC and MCKD   50  spectively). The byte format of the received data
is can all be distinct. This allows the system to operate  used for
illustration purposes only and any other for- asynchronously.
mat could potentially be used. The write clock (WCK) In each input
interface a multiplexor multiplexes  for the buffers is provided by a clock
generator 210 to the optical signals at different wavelengths destined
each of the four buffers 220, 230, 240 and 250. The to different output
nodes. The output of each input in-  55  clockgenerator 2l0 also generates
a read clock RCK, terface (115-118) is coupled to one of the optical fiber
used to read data out of the buffers, and a bit clock links (151-154). Each
outgoing optical link is connect-  BITCK eight times faster than RCK
(assuming byte- 



ed to one of the input ports 151i-154i of the central  wide buffers). Note
that, for simplicity, one common 5    9                   EP 0 410 096 B1
10 clock generator is used for the whole input interface.  tains even
numbered modulated wavelengths W2, Different clock generators could,
however, be used  W4, ..., [err]. Each first subgroup is then assigned to
for data stream inputs destined to different output  one of the pair of
first branches extending from afirst nodes as they need not be
synchronized.            branch point. The partition is achieved
byproperlyad- During each cycle of the RCK clock, data bytes   5   justing
the length difference [err] of the two arms of the are read from the
buffers 220, 230, 240 and 250 and                                         c
loaded into the parallel-in-serial-out shift registers
[err] 222,232,242 and 252. Within each cycle of RCK the  where c is the
velocity of light in a vacuum, r is the re- 8 bits loaded into the shift
registers are read out ser-  fractive index of the waveguide, and f Is the
frequency ially at BITCK and forwarded to the respective optical  10
spacing between wavelengths). For a more detailed transmitters 224, 234,
244 and 254 each operating at  explanation see reference 17. Each of the
second a different wavelength. The output signals (modulat-  branch points
of the demultiplexor acts in a similar ed wavelengths of the transmitters
224,234,244 and  manner, by separating again incoming wavelengths 254 are
then multiplexed through a multiplex or 260  into two second subgroups of
equispaced modulated and transmitted over the optical link 151.    15
wavelengths (each second branch point uses Several solutions can be used to
implement the  [err]). Forexample, thefirstsubgroup containing transmitters
and the associated multiplexor in the in-  modulated wavelengths WI, W3,
... W ([err] = 1) are put interface. One solution integrates both the
trans-  partitioned into one second subgroup containing mitter and the
multiplexor on the same device. Such  modulated wavelengthsWI, W5, ...,
W([err]-3) and an- an approach is described in U.S. Pat. No: 3,908,121   20
other second subgroup containing modulated wave- to L.A. Riseberg et al.,
issued Sept. 23,1975. Another  lengths W3, W7, ..., ([err] -1). Each second
subgroup Is possibility is to have separate sources and a multi-  then
assigned to one of a pair of second branches ex- plexor. In otherwords, the
transmitters are, for exam-  tending from a corresponding second branch
point. A pie, individual lasers operating at different wave-  similar
partition is performed with even numbered lengths and the multiplexor is a
separate device such   25   modulated wavelengths. These successive
partitions as the one described in U.S. Pat. No. 4,483,582 to  into smaller
and smaller subgroups with alternate S.K Sheem, issued Nov.20,1984 or a
Mach-Zehnder    modulated wavelengths continue until each of the n- filter
similar to those used in the switch fabric. As we  th subgroups consists of
a single modulated wave- shall see, this solution is potentially preferable
as it re-  length, at which point the demultiplexing is complet- duces the
numberof distinct parts used in the system.   30  ed. The frequency
separation [err] between wave- The wavelengths assigned to the different
trans-  lengths in any x-th subgroup can be obtained by the mitters depend
on both the output node to which the  formulas [err] where f is the
frequencyseparation transmitters send data and the input interface where
in the original group of wavelengths W1, W2, ... WN. they are located. In
other words, a transmitter send-  Then, each n-th subgroup which consists
of only one Ing data to, for example, output node A is assigned a   35
modulated wavelength is assigned to a correspond- different wavelength in
each input interface. This is  ing n-th branch which is actually an output
of the de- required so that output nodes can receive data simul-
multiplexor of the central switching fabric. The above taneously from all
input nodes. In addition to satisfy-  assignment of first, second, ... and
n-th subgroups to Ing the above requirement, the assignementschemes
branches shall be referred to as an assignment described In this invention
takes into account the   40  scheme for a demultiplexor. structure of the
central switching fabric Its purpose is  Shown in FIG. 3.1 is a schematic
Illustration of best understood afterdescribing the central switching  a
demultiplexor of the switching fabric, and the asso- fabric which first
requires a brief explanation of the  ciated assignment scheme for that
demuiltiplexor. The structure of the fabric.
multiplexor in this example has an input port 1511, one We assume that
N=[err]and that the Ndistinctwa-  45  first branch point 30, two first
branches 32 and 34, velengths used are equispaced by frequency f. The  two
second branch points 36, 38, and four second structure of the fabric based
on using Mach-Zehnder  branches or outputs 41-44. Shown are N = 4 modu-
filters Is now described. Such fabric has a tree struc-  lated wavelength
W1, ..., W4 being demultiplexed ture where the multiplexing/demultiplexing
function is  into N distinct modulated wavelengths. The four dis- gradually
performed at the branch points of the tree,  50  tinct modulated
wavelengths are separated at first where a branch point has two branches
extending    branch point 30 into two distinct first subgroups with
therefrom.                                         each first subgroup
having N/2 = 2 modulated wave- With each demultiplexor of the central
switching  lengths. One first subgroup has modulated wave- fabric, the
first branch point receives modulated wa-  lengths W1 and W3, while the
other first subgroup velengths WI, W2, ... [err], and separates them into
55   has modulated wavelengths W2 and W4. The one two equal first
subgroups. One first subgroup con-  first subgroup is assigned to a first
branch 32 extend- 



tains all odd numbered modulated wavelengths W1,   ing fromfirst branch
point30, while the otherfirstsub- W3, ..., W([err] - 1), while the other
first subgroup con-  group is assigned to first branch 34. The first sub- 6
11                  EP0410096B1                     12 groups are then
further separated at second branch  vertical plane 505. Note also that the
modulated wa- points 36 and 38 to form four distinct second sub-  velengths
appearing at these inputs correspond to groups. Since the second subgroups
have only one   modulated wavelengths appearing at the first output
modulated wavelength in each second subgroup, no   position of the four
demultiplexors. See FIG. 5. furtherseparation is required. The second
subgroups   5  Referring to FIG. 2, there Is shown a schematic are assigned
to corresponding second branches 41-  illustration of the input interface
(115) node A (111). 44. This assignment of subgroups to branches is re-
The other input interfaces are similar in structure. ferred to as an
assignment scheme for a demultiplex-  With reference to FIG. 2, the
transmitters 224, orof the switching fabric. The second branches in this
234, 244 and 254 are used for transmission to output case (n = 2) are
actually the outputs of the demulti-  10  nodes A, B, C and D using
wavelengths W1, W2, W3 plexor, and these outputs will all appear in one of
the  and W4 respectively. The table given In FIG. 4 gives N horizontal
planes. The position of these outputs rel-  the   complete   wavelength
correspondence, ative to one another is referred to as the output posi-
where 'In' indicates the input interface where the tion In the horizontal
planes. For example, W1 could  transmitters are located and 'Out' gives the
destina- be said to be in the first output position while W3, W2   15  tion
output node. and W4 could be said to be in the second, third and   The
above correspondence satisfies the require- fourth output positions
respectively. As discussed in  ment that each input uses different
wavelengths for the next paragraph, other demultiplexors of the    each
output and that for a given output the wave- switching fabric will also
have assignment schemes  lengths used by each input are different. The main
similar to the above assignment schemes. Further,  20  feature of
correspondence is, however, its impact on there will be four output
positions for each of the de-  the structure of the central switching
fabric as Illu- multiplexors, and the same output position in the four
strated in FIG. 5 when used with the assignment horizontal planes will
appear in one of the N = 4 vert-  scheme for each of the demultiplexors of
the switch- ical planes. Once one assignment scheme for a de-  ing fabric.
multiplexor is obtained, the other assignment  25      Referring to FIG. 5,
the central switching fabric schemes for the demultiplexors is merely a
permuta-  150 receives the optical signals coming from the four tion of the
first assignment scheme obtained. An as-  Input interfaces A, B, C and D
(115-118 of FIG. 1, re- signment scheme, however, is not just any permuta-
spectively) on four incoming optical links 151-154 re- tion of the original
assignment scheme obtained.   spectively. Similarly, the switch fabric
forwards opti- There are certain restrictions. First, no two outputs  30
cal signals to the four output interfaces A, B, C and D (n-th branches) in
the same output position of any two  (135-138 of Fig. 1 respectively on
four outgoing opti- demultiplexors have the same wavelength assigned   cal
links 161-164). For clarity, only two (161 and 162) thereto. Second, each
subgroup for each assignment  of the four outgoing optical links are
represented in scheme will have the same wavelengths therein.     the
figure. Third, and finally, each pair of subgroups assigned to  35  The
incoming optical links 151-154 are connect- branches extending from a
common branch point      ed to the demultiplexors at input ports 151i-154i,
re- must always be assigned to branches extending from  spectively. These
demultiplexors use Mach-Zehnder the common branch point in   any
assignment      interferometer type filters and are obtained by simple
scheme. Using the above assignment schemes,        modification
(permutation) of the  assignment along with the restrictions, if the
modulated wave-  40  scheme shown in FIG. 3.1. Such demultiplexors, as
length appearing on each output of each demultiplex-  described in [18]can
be implemented using an inte- or corresponds to modulated wavelength
assigned to  grated wave-guide structure on a silicon substrate each output
(n-th branch), there will be N horizontal  (othertypes of implementations
are possible, seefor planes with N distinct modulated wavelengths ap-
example [11]). Thisallowsforsmall compactdevices. pearing in each plane. It
should be noted that there  45  The different assignment schemes for the
various are as many assignment schemes as demultiplexors   multiplexors
(510,520,530,540) of the switching fab- in the switching fabric. In
addition, for any given out-  ric can be obtained by simple permutation of
sub- put position in the N horizontal planes, there will be N  groups
between branches extending from the same distinct modulated wavelengths.
Moreover, since the  branch point. The four assignment schemes, one for
same output position in N horizontal planes lies in a   50  each of the
four demultiplexors, are also shown in vertical plane, there will be N
distinct modulated wa-  FIG. 5. Notice that the assignment scheme fordemul-
velengths in each of the N vertical planes. The N  tiplexor 510 is the same
as the assignment scheme modulated wavelengths in each vertical plane are
showninFIG.3.1.Also,observethatthearrayofout- then multiplexed so that a
signal having N modulated  puts of the four multiplexors and the modulated
wa- wavelengths appears at each output port of each mut-  55  velengths
assigned thereto corresponds to the array 



liplexor. Shown in FIG. 3.2 is a schematic illustration  of wavelengths
shown in FIG. 4. These permutations of one (550) of the four multiplexors
of the central  are chosen such that the ordering of the demulti- switching
fabric. Note that the inputs 45-48 all lie in a  plexed wavelengths present
at the n-th branches 7    13                  EP 0 410 096 B1
14 (outputs of the demultiplexors or "leaves") of the tree-  5 where
multiplexor 550 is symmetrical to demulti- structured demultiplexors
510,520, 530 and 540 cor-  plexor 510 and, similarly, multiplexor 560 is
symmet- responds to the ordering specified in rows A, B, C and  rical to
demultiplexor 520. In general, it can be seen D respectively of the
wavelength correspondence ta-  that the multiplexorfor output node k is
identical tothe ble shown in FIG. 4. Other variations of table 4 would   5
demultiplexor for input node k, where k = A, B, C, or also be permissible,
such as permuting the rows or  D. Such a solution presents the additional
advantage columns of table 4.                                of decreasing
the number of parts needed in the sys- Referring again to FIG. 5, in the
switch fabric the  tem. demultiplexors 510, 520, 530 and 540 are stacked on
The optical signals from different wavelengths top of each other so that
their output (leaves) are vert-  l0  and headed for the same output are
recombined In the ically aligned. Notice, that the outputs of each demul-
multiplexors, and then they are transmitted over opt- tiplexor lie in a
corresponding horizontal plane while  ical fiber links (for example, over
link 161 from multi- the inputs of each multiplexor lie in a corresponding
plexor 550) which are connected to a corresponding vertical plane. Shown in
FIG. 5 are four such horizon-  output interface. It should be noted that
the switch tal planes (501-504) and two (505-506) of four such   15  fabric
is entirely passive and simply routes incoming vertical planes, although
the planes could be merely  optical signal to an appropriate output port.
two sets of planes with planes in each set being par-  After being sent
over an optical fiber link leaving allel or non-intersecting within the
fabric. A set of the  the switch fabric 150, the optical signal carrying
infor- latter planes will be referred to as non-intersecting  mation from
all input nodes and destined to a given planes. However, all of the planes
in the first set must  20  output node is received by the corresponding
output Intersect all of the planes in the second set. Because  interface.
The structure of such an output Interface, the wavelength assignment
schemes take into ac-    for example output interface 135, is described in
FIG. count the tree-structure of the demultiplexors, the  6. The optical
signals consisting of four modulated outputs of the demultiplexors which
are aligned along  wavelengths from wavelengths W1, W2, W3 and W4 a
vertical axis carry distinctwavelengths and are des-  25  arrive over the
optical fiber link 161, for example. As tined to the same output node. This
means that wa-  mentioned earlier, the correspondence of wave- velengths
destined to the same output now always lie  lengths W1, W2, W3 and W4 to
input and output ports on the same vertical axis (or in the same output
pos-  depends on which output port they are destined for ition In N
horizontal planes) and can therefore easily  and from which input port they
came. These wave- be recombined while avoiding any line crossing.  30
lengths can be deduced by reference to the table of Referring to FIG. 4,
the input to output wave-  FIG. 4. For example, wavelength W3 from input
port length correspondence is determined by the assign-  A (151i)
corresponds to output port B (162o), and wa- ment scheme used to construct
each demultiplexorof  velength W3, from input port B (152i) corresponds to
the switch fabric. Once the assignment of n-th sub-  output port A. Thus,
if one wished to transmit data groups to n-th branches is complete, the
wavelength  35  from input port A to output port B, one would transmit
correspondence is set. The requirement Is that for any  the modulated
wavelength W3 (modulated by the last output position of the demultiplexors
used in the  mentioned data) through the switching fabric 150. switch
fabric all the associated wavelengths must be   Referring to the output
interface shown in FIG. 6, from distinctwavelengths. As there are [err] N =
N per-  an incoming optical signal is first demultiplexed into mutations of
the tree structure such that, for any out-  40  its individual wavelength
components (or into N dis- put position of the demultiplexors, the
wavelengths  tinct modulated wavelengths) in a demultiplexor 620, are
distinct, It is possible to obtain the complete wa-  for example. The
demultiplexor used can be of any velength correspondence by systematically
con-     type available but, as mentioned earlier, is likely to be
structing all the above assignment schemes of the  identical to the
demultiplexors used in the switch fab- tree structure. The table of FIG. 4
illustrates this con-  45  ric so as to minimize the number of parts used
In the struction in the case N = 4. If one wishes to transmit  system. Once
the optical signal has been demulti- data from input port B (152i) to
output port D (164o),  plexed, each wavelength component is forwarded to
one could see from table 4, that one must modulate  its own receiver (630,
640, 650 and 660 for W1, W3, wavelength W2 with the data.
W2 and W4 respectively). Receivers 630, 640, 650 Multiplexing the
wavelengths heading for a given   50  and 660 convert the optical signal
into an electronic output port simply requires that a multiplexor or cou-
signal and provide an input to the associated clock pier be vertically
butted to the same output position  generators 632, 642, 652 and 662. The
clock gener- of the horizontally stacked demultiplexors which pos-  ators
provide two clock signals. The first one, BITCK, Ition lies along the
appropriate vertical axis, and in the  gives the bit clock for the received
signal and is used 



N horizontal planes. Multiplexing can be achieved us-  55  to load bits
Into the serial-in-parallel-out shift regis- ing either standard couplers
or multiplexors symmet-  ters 634,644,654 and 664. The second signal, WCK,
rical in structure to the switch demultiplexors 510,  is synchronized to
BITCK but eight times slower. It is 520, 530 and 540. This approach is
assumed in FIG.  used to write, every cycle, the byte contained in the 8
15                  EP0410096B1                     16 shift registers 634,
644, 654 and 664 into the corre-     at a first branch point (30) of said
one demul- sponding buffers 636,646,656 and 666. Note that the
tiplexor into two distinct firstsubgroups of N/2 clock signals, WCK and
BITCK, provided by the dif-        modulated wavelengths with each first
sub- ferent clock generators need not be in phase or even      group being
assigned to one of two first identical.
5          branches extending from said first branch Once the data bytes
have been written into the        point, said each first subgroup of N/2
modulat- buffers 636, 646, 656 or 666, each associated to in-      ed
wavelengths being further separated at a formation originating from a given
input node, they       corresponding second branch point (36, 38) are
available to the output node. The output node
oneachoneofsaidfirstbranchesintotwodis- uses the clock RCK to read data
bytes out of buffers  10  tinct second subgroups of N/4 modulated wa-
636,646,656 and 666 and forwards them to theirfinal       velengths
resulting in four distinct second destination.
subgroups with each second subgroup being assigned to one of a pair of
second branches extending from a corresponding second Claims
15         branch point, furtherseparating, if necessary, said second
subgroups as above until each n- 1. Adapted to be used in a wavelength
division            th subgroup has only one modulated wave- switching
network having a central switching fab-     length, with the n-th branches
of said one de- ric (150) which has N demultiplexors (620) with
multiplexor being said N outputs of said one each demultiplexor having one
input port (161)  20    demultiplexor, thereby forming for one said and N
output (WI - [err]), said N outputs for each       demultiplexor an
assignment scheme of sub- said demultiplexor lying in a single plane of a
first  groups to branches with a respective assign- setof N nonintersecting
planes (501 - 504) of said    ment scheme for each other of said demulti-
switching fabric, said fabric also having N multi-    plexors being a
permutation of said assign- plexors (260) witch each of said multiplexors
haV-  25  ment scheme for said one demultiplexorwhen ing N Inputs (W1 -
[err]) and one output port (151),     N modulated wavelengths are
demultiplexed said N inputs of each of said multiplexors lying in   as
above by each other of said N demultiplex- a single plane of a second set
of N nonintersect-     ors, the assignment scheme of subgroups to ing
planes (505, 506) of said switching fabric,       said n-th branches being
different for said each input in each plane of said second set of  30
each of said demultiplexors, with no two out- planes in optical contact
with only one output in     puts in the same output position of any two of
only one of said first set of planes with no two in-  said demultiplexors
having the same wave- puts of said each plane of said second set of
length assigned thereto, with each subgroup planes in optical contact with
outputs on the         for each assignment scheme still having the same
plane of said first set of planes, a method   35  same wavelengths therein
and with each pair of transmitting from any one of said input ports      of
subgroups assigned to branches extending of demultiplexors to any one of
said output ports     from a common branch point still being as- of said
multiplexors characterized by performing      signed to branches extending
from a common the steps of:                                         branch
point, thereby having N distinct modu- a) for each data stream (A- D) to be
transmit-  40  lated wavelengths from said N distinct wave- ted to one of
said output ports of said N mul-     lengths assigned to said N outputs of
said tiplexors, modulating a particular wavelength      each demultiplexor,
the modulated wave- of N wavelengths with said each data stream
length appearing on said each output of said to be transmitted from an
input port (161) on      each demultiplexor corresponding to modulat- one
of said N demultiplexors to an output port  45  ed wavelengths assigned
thereto, with no two (W1 - W4) of a selected one of said N multi-
modulated wavelengths from the same wave- plexors, said particular
wavelength corre-         length appearing in the same output position
sponding to said input port and said selected      of two planes of said
first set of N planes, output port;
thereby having N distinct modulated wave- b) multiplexing, for each said
input port of said  50  lengths from said N distinct wavelengths in
demultiplexors, said N wavelengths, modulat-       the same output position
in said first set of N ed as in step (a), said N wavelengths to be
planes, which said same output position in transmitted to N different said
outputports of     said first set of N planes lies in one plane of 



said N multiplexors;                               said second set on N
planes, thereby having c) demultiplexing N modulated wavelengths,  55
N distinctmodulated wavelengths from said N multiplexed in step (b), with
one of said demul-   distinct wavelengths appearing on said N in- tiplexors
into distinct modulated wavelengths       puts of said each multiplexor,
said N Inputs of by separating said N modulated wavelengths         said
each multiplexor being in one plane of 9    15                  EP 0 410
096 B1                 16 shift registers 634, 644, 654 and 664 into the
corre-    at a first branch point (30) of said one demul- sponding buffers
636,646,656 and 666. Note that the      tiplexor into two distinct first
subgroups of N/2 clock signals, WCK and BITCK, provided by the dif-
modulated wavelengths with each first sub- ferent clock generators need not
be in phase or even     group being assigned to one of two first identical.
5          branches extending from said first branch Once the data bytes
have been written into the        point, said each first subgroup
ofN/2modulat- buffers 636, 646, 656 or 666, each associated to in-      ed
wavelengths being further separated at a formation originating from a given
input node, they      corresponding second branch point (36, 38) are
available to the output node. The output node        on each one of said
first branches into two dis- uses the clock RCK to read data bytes out of
buffers  10  tinct second subgroups of N/4 modulated wa- 636,646,656 and
666 and forwards them to theirfinal      velengths resulting in four
distinct second destination.
subgroups with each second subgroup being assigned to one of a pair of
second branches extending from a corresponding second Claims
15         branch point, furtherseparating, if necessary, said second
subgroups as above until each n- 1. Adapted to be used in a wavelength
division           th subgroup has only one modulated wave- switching
network having a central switching fab-     length, with the n-th branches
of said one de- ric (150) which has N demultiplexors (620) with
multiplexor being said N outputs of said one each demultiplexor having one
input port (161)  20    demultiplexor, thereby forming for one said and N
output (W1 - [err]), said N outputs for each       demultiplexor an
assignment scheme of sub- said demultiplexor lying in a single plane of a
first  groups to branches with a respective assign- setof N nonintersecting
planes (501 - 504) of said    ment scheme for each other of said demulti-
switching fabric, said fabric also having N multi-    plexors being a
permutation of said assign- plexors (260) witch each of said multiplexors
hav-  25  ment scheme forsaid one demultiplexorwhen ing N inputs (W1 -
[err]) and one output port (151),     N modulated wavelengths are
demultiplexed said N inputs of each of said multiplexors lying in   as
above by each other of said N demultiplex- a single plane of a second set
of N nonintersect-     ors, the assignment scheme of subgroups to ing
planes (505, 506) of said switching fabric,       said n-th branches being
different for said each input in each plane of said second set of  30
each of said demultiplexors, with no two out- planes in optical contact
with only one output in     puts in the same output position of any two of
only one of said first set of planes with no two in-  said demultiplexors
having the same wave- puts of said each plane of said second set of
length assigned thereto, with each subgroup planes in optical contact with
outputs on the        for each assignment scheme still having the same
plane of said first set of planes, a method   35  same wavelengths therein
and with each pair of transmitting from any one of said input ports      of
subgroups assigned to branches extending of demultiplexors to any one of
said output ports    from a common branch point still being as- of said
multiplexors characterized by performing      signed to branches extending
from a common the steps of:                                         branch
point, thereby having N distinct modu- a) for each data stream (A- D) to be
transmit-  40  lated wavelengths from said N distinct wave- ted to one of
said output ports of said N mul-     lengths assigned to said N outputs of
said tiplexors, modulating a particular wavelength      each demultiplexor,
the modulated wave- of N wavelengths with said each data stream
length appearing on said each output of said to be transmitted from an
input port (161) on      each demultiplexorcorresponding to modulat- one of
said N demultiplexors to an output port  45  ed wavelengths assigned
thereto, with no two (W1 - W4) of a selected one of said N multi-
modulated wavelengths from the same wave- plexors, said particular
wavelength corre-         length appearing in the same output position
sponding to said input port and said selected      of two planes of said
first set of N planes, output port;
thereby having N distinct modulated wave- b) multiplexing, for each said
input port of said  50  lengths from said N distinct wavelengths in
demultiplexors, said N wavelengths, modulat-       the same output position
In said first set of N ed as in step (a), said N wavelengths to be
planes, which said same output position In 



transmitted to N different said output ports of    said first set of N
planes lies in one plane of said N multiplexors;
said second set on N planes, thereby having c) demultiplexing N modulated
wavelengths,  55     N distinct modulated wavelengths from said N
multiplexed in step (b), with one of said demul-   distinct wavelengths
appearing on said N In- tiplexors into distinct modulated wavelengths
puts of said each multiplexor, said N inputs of by separating said N
modulated wavelengths         said each multiplexor being in one plane of 9
17                  EP 0 410 096 B1 said second set of N planes;
said N multiplexors; and                                                c)
demultiplexing N modulated wavelengths, d) multiplexing N modulated
wavelengths at N       multiplexed in step (b), with one of said demul-
Inputs of each of said N multiplexors, thereby    tiplexors into distinct
modulated wavelengths having N modulated wavelengths from said N   5     by
separating said N modulated wavelengths distinct wavelengths at each single
output         at first branch point (30) of said one demulti- port of said
each multiplexor with each of said    plexor into two distinct first
subgroups of N/2 N modulated wavelengths at each output port
modulated wavelengths with each first sub- being transmitted from a
different input port      group being assigned to one of two first of said
N demultiplexors.               10         branches extending from said
first branch point, said each first subgroup of N/2 modulat- 2. A method as
recited in claim 1, wherein said f irst   ed wavelengths being further
separated at a set of planes (501 - 504) has N parallel planes
corresponding second branch point (36, 38) and said second set of planes
(505, 506) has N        on each one of said first branches Into two dis
parallel planes.                           15        tinct second subgroups
of N/4 modulated wa- velengths resulting in four distinct second 3. A
method as recited in claim 1, wherein said first    subgroups with each
second subgroup being set of planes (501 - 504) has N horizontal planes
assigned to one of a pair of second branches and said second set of planes
(505, 506) has N        extending from  a corresponding second vertical
planes.                           20         branch point,
furtherseparating, if necessary, said second subgroups as above until each
n- 4. Adapted to be used in a wavelengt division            th subgroup has
only one modulated wave- switching network having a central switching fab-
length, with the n-th branches of said one de- ric (150) which has N
demultiplexors (620) with       multiplexor being said N outputs of said
one each demultiplexor having one input port (161)  25    demultiplexor,
thereby forming for one said and N outputs (W1 - W4), said N outputs for
each      demultiplexor an assignment scheme of sub- said demultiplexor
lying in a single horizontal       groups to branches with a respective
assign- plane, said switching fabric thus having N parallel   ment scheme
for each other of said demulti- horizontal planes (501 - 504) with N
outputs in       plexors being a permutation of said assign- each of said
horizontal planes, said fabric also   30  ment scheme for said one
demultiplexorwhen having N multiplexors (260) with each of said mul-    N
modulated wavelengths are demultiplexed tiplexors having N inputs and one
output port,        as above by each other of said N demultiplex- said N
inputs lying in a single vertical plane (505,  ors, the assignment scheme
of subgroups to 506), said switching fabric thus having N parallel    said
n-th branches being different for said vertical planes with N inputs in
each of said vert-  35  each of said demultiplexors, with no two out- ical
planes, each input in each vertical plane in     puts in the same output
position of any two of optical contact with only one output in only one of
said demultiplexors having the same wave- said horizontal planes with no
two inputs of said    length assigned thereto, with each subgroup each
vertical plane in optical contact with outputs  for each assignment scheme
still having the on the same horizontal plane of said N horizontal  40
same wavelengths therein and with each pair planes, a method of
transmitting from any one of      of subgroups assigned to branches
extending said input ports of demultiplexors to any one of      from a
common branch point still being as- said output ports of said multiplexors
character-     signed to branches extending from a common ized by
performing the steps of:                      branch point, thereby having
N distinct modu- a) for each data stream (A- D) to be transmit-  45  lated
wavelengths from said N distinct wave- ted to one of said output ports of
said N mul-    lengths assigned to said N outputs of said tiplexors,
modulating a particular wavelength      each demultiplexor, the modulated
wave- of N wavelengths with said each data stream        length appearing
on said each output of said to be transmitted from an input port (161) of
each demultiplexorcorresponding to modulat- one of said N demultiplexors to
an output port  50  ed wavelengths assigned thereto, with no two (W1 - W4)
of a selected one of said N multi-       modulated wavelengths from the
same wave- 



plexors, said particular wavelength corre-         length appearing in the
same output position sponding to said input port and said selected      of
two horizontal planes, thereby having N dis- output port;
tinct modulated wavelengths from said N dis- b) multiplexing, for each said
input port of said  55  tinct wavelengths In the same output position
demultiplexors, said N wavelengths, modulat-      in said N horizontal
planes, which said same ed as in step (a), said N wavelengths to be
output position in said N horizontal planes lies transmitted to N different
said output ports of    in one of said vertical planes, thereby having 10
19                  EP 0 410 096 B1                 20 N distinct modulated
wavelengths from said N    horizontal planes, each demultiplexor of said
fab- distinct wavelengths appearing on said N in-    ric having a tree
structure with Mach-Zehnderfil- puts of said each multiplexor, said N
inputs of  ters as branch points of said structure with a pair said each
multiplexor being in one of said N    of outputs from each filter being
branches of said vertical planes; and                    5       structure,
a method of transmitting from any one d) multiplexing N modulated
wavelengths at N    of said input ports of demultiplexors to any one of
inputs of each of said N multiplexors, thereby  said output ports of said
multiplexors, character- having N modulated wavelengths from said N
ized by performing the steps of: distinct wavelengths at each single output
a) for each data stream (A - D) to be transmit- port of said each
multiplexorwith each of said  10  ted to one of said output ports of said N
mul- N modulated wavelengths at each output port       tiplexors,
modulating a particular wavelength being transmitted from a different input
port      of N wavelengths with said each data stream of said N
demultiplexors.                          to be transmitted from an input
port (161) of one of said N demultiplexors to a selected out- 5. A method
as recited in claim 4, wherein said  15      put port (W1 - W4) of one of
said N multiplex- branch points are Mach-Zehnder filters and said
ors, said particularwavelength corresponding branches are the outputs of
said filters.            to said input port and said selected output port;
6. A method as recited in claim 4, wherein one of        b) multiplexing,
for eachsaid input port of said said first subgroups comprises even
numbered   20     demultiplexors, said N wavelengths, modulat- wavelengths
W2, W4, W6, ... which are equally         ed as in step (a), said N
wavelengths to be spaced by a frequency spacing 2f and the other
transmitted to N different said output ports of of said first subgroups
comprises an odd set of       said N multiplexors; wavelengths W1, W3, W5,
... which are equally         c) demultiplexing N modulated wavelengths,
spaced by frequency spacing 2f.            25         multiplexed in step
(b), with one of said demul- tiplexors into distinct modulated wavelengths
7. A method as recited in claim 4, where two of said     by separating said
N modulated wavelengths second subgroup comprises odd numbered wa-
at a first Mach-Zehnder filter of said one de- velengths separated by
frequency spacing 4f.          multiplexor into two distinct first
subgroups of 30         N/2 modulated wavelengths with each first 8.
Amethod as recited in claim4 wherein two of said      subgroup being
assigned to one of two first second subgroups comprises even numbered
branches extending from said first Mach- wavelengths separated by frequency
spacing 4f.        Zehnderfilter, one of said first subgroups hav- ing even
numbered wavelengths W2, W4, 9. A method as recited in claim 4 wherein each
of  35    W6, ..., which are equally spaced by a fre- said x-th subgroups
has wavelengths separated         quency space 2f and the other of said
first by frequency spacing [err] = [err] where x is an in-     subgroups
equally spaced byfrequencyspac- teger and I [err] x < n.
ing 2f, said each first subgroup of N/2 modu- lated wavelengths being
further separated at 10. Adapted to be used in a wavelength division   40
a corresponding second Mach-Zehnder filter switching network having a
central switching fab-     on each one of said first branches into two dis-
ric (150) which has N demultiplexors (620) with       tinct second
subgroups of N/4 modulated wa- each demultiplexor having one input port
(161)        velengths resulting in four distinct second and N outputs (W1
- W4), said N outputs for each      subgroups with each second subgroup
being said demultiplexor lying in a single horizontal  45   assigned to one
of a pair of second branches plane, said switching fabric thus having N
parallel   extending from  a corresponding second horizontal planes (501 -
524) with N outputs in       branch point, each of said second subgroups
each of said horizontal planes, said fabric also      having wavelengths
which are equally spaced having N multiplexors (260) with each of said mul-
by afrequency space 4f, furtherseparating as tiplexors having N inputs and
one output port,  50    above, said second subgroups into equally 



said N inputs laying in a single vertical plane, said  spaces subgroups
with correspondinglywider switching fabric thus having N parallel vertical
frequency spacing [err] = [err] where x is the x planes (505, 506) with N
inputs in each of said      -th subgroup, said separating continuing until
vertical planes, each input in each vertical plane    each n-th subgroup
has only one modulated in optical contact with only one output In only one
55  wavelength, with the n-th branches of said of said horizontal planes
with no two inputs of       one demultiplexor being said N outputs of one
said each vertical plane in optical contact with      each demultiplexor,
thereby forming for said outputs on the same horizontal plane of said N
one demultiplexor a respective assignment 11    21                  EP O
410 096 B1                22 scheme of subgroups to branches with a re-
Ebene eines ersten Satzes von N sich nicht spective assignment scheme for
each otherof     schneidenden Ebenen (501 bis 504) der Vermitt- said
demultiplexors being a permutation of      lungseinrichtung liegen, die
Vermittlungseinrich- said assignment scheme for said one demul-     tung
hat ebenfalls N Multiplexer (260), wobel je- tiplexor when N modulated
wavelengths are   5   der Multiplexer N Eingange (WI bis Wj und ei-
demultiplexed as above by each other of said    nen Ausgangsport (151)
besitzt, die N Eingange N demultiplexors, the assignment scheme of
vonjedemderMultiplexerin elnereinzelnen Ebe- subgroups to said n-th
branches being differ-   ne sines zwelten Satzes sich nicht schneidender
entfor said each other of said demultiplexors,  Ebenen (505, 506) der
Vermittlungseinrichtung with no two outputs in the same output posi-  10
liegen, jeder Eingang von jeder Ebene des zwei- tion of any two of said
demultiplexors having  ten Satzes der Ebenen steht mit nur einem Aus- the
same wavelength assigned thereto, with      gang in nur einer Ebene des
ersten Satzes der each subgroup for each assignment scheme        Ebenen in
optischerVerbindung und niemalsste- still having the same wavelengths
therein and   hen zwei Eingange von jeder der Ebenen aus with each pair of
subgroups assigned to  15     dem zweiten Satz von Ebenen in optischer Ver-
branches extending from a common branch         bindung mit Ausgingen in
derselben Ebene aus point still being assigned to branches extend-  dem
ersten Satz von Ebenen und das Verfahren ing from a common branch point,
thereby hav-    Obertragungen von jedem beliebigen Eingang- ing N distinct
modulated wavelengths from       sport der Demultiplexer zu jedem
bellebigen said N distinct wavelengths assigned to said  20  Ausgangsport
der Multiplexer gestattet, dadurch N outputs of said each demultiplexor,
the       gakennzeichnet, dal& die folgenden Schritt aus- modulated
wavelength appearing on said          gefohrtwerden: each output of said
each demultiplexor corre-     a) f~rjede zu einem derAusgangsports der N
sponding to modulated wavelengths assigned        Multiplexer zu
Dlbertragende Datenfolge (A thereto, with no two modulated wavelengths  25
bis D) wird eineWellenlinge von N Wellenlin- from the same wavelength
appearing in the         gen mit der Datenfolge moduliert, die von ei- same
output position of two horizontal planes,    nem Eingangsport (161) von
einem der N De- thereby having N distinct modulated wave-
multiplexer zu einem Ausgangsport (WI bis lengths from said N distinct
wavelengths in       W4) ines aus den N Multiplexern ausgewahl- the same
output position in said N horizontal  30  ten Multiplexers iUbertragen
warden soil, wo- planes, which said same output position in        bei die
spezielle Wellenlinge dem Eingang- said N horizontal planes lies in one of
said N    sport und dem ausgewahlten Ausgangsport vertical planes, thereby
having N distinct        entspricht; modulated wavelengths from said N
distinct        b) Multiplexen der N Wellenlingen fOr jeden wavelengths
appearing on said N inputs of  35     Eingangsport der Demultiplexer, die
entspre- said each multiplexor, said N inputs of said      chend Schritt
(a) moduliert aind und zu N ver- each multiplexor being in one of said N
verti-    schiedenen Ausgangsports der N Multiplexer cal planes; and
ubertragen werden sollen; d) multiplexing N modulated wavelengths at N
c) Demultiplexen der N modulierten Wellen- inputs of each of said N
multiplexors, thereby   40  langen,  die  entsprechend  Schritt  b) having
N modulated wavelengths from said N        gemultiplext worden sind, mit
einem der De- distinct wavelengths at each single output        multiplexer
in getrennte modulierte Wellen- port of said each multiplexorwith each of
said    langen durch Trennen der N modulierten Wel- N modulated wavelengths
being transmitted         lenlingen an einem ersten Verzweigungs- from a
different input port of said N demulti-  45  punkt (30) des einen
Demultiplexers in zwei plexors.
verschiedene erste Untergruppen von N12 modulierten Wellenlangen, wobel
jade erste Untergruppe einem derzwei Zwelge zugeord- Patentanspruche
net ist, die von dem ersten Verzweigungs- 



50        punkt ausgehen, jede der ersten Untergrup- 1. AngepaStes
Obertragungsverfahren zur Ver-            pen von N/2 modulierten
Wellenlingen wird wendung innerhalb eines Koppelnetzwerkes,
weiterhin an einem entsprechenden zweiten das mit Wellenlangenteilung
arbeitet und eine        Verzweigungspunkt (36, 38) aufjedem darer-
zentrale Vermittlungseinrichtung (150) besitzt,      sten Zweige in zwei
verschiedene zweite Un- welche N Demultiplexer (620) hat, wobei jeder  ss
tergruppen von N/4 modulierten Wellenlan- Demultiplexer einen Eingangsport
(161) und N         gen unterteilt, was vier verschledene zweibe Ausginge
(WI bis W,) besitzt, die N Ausgange         Untergruppen ergibt,
wobeijedezwelte Unter- von jedem der Demultiplexer in elner einzelnen
gruppe einem Zweig aus einem Pear zweiter 12    23                  EP O
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zugeordnet ist, die von einem ent-          einzelnen Ausgangsportjedes
einzelnen Mul- sprechenden  zweiten Verzweigungspunkt             tiplexers
erhalten werden, wobel Jede der N ausgehen, wenn notig werden die zweiten
Un-        modulierten   Welleningen   an  jedem tergruppen wie oben
beschrieben weiterhin          Ausgangsport von einem anderen Eingang-
unterteilt, bis jede n-te Untergruppe nur noch   5  sport der N
Demultiplexer (2bertragen wurde. eine modulierte Wellenlange besitzt, wobei
die n-ten Zweige des einen Demultiplexers    2. Verfahren nach Anspruch 1,
dadurch gskenn- die N Ausgange des besagten Demultiplexers      zeichnet,
daB dererste Satz von Ebenen (501 bis reprisentieren und somitfurdiesen
elnen De-     504) N parallels Ebenen besitzt und daR der multiplexer sin
Zuordnungsschema der Un-  10    zweite Satz von Ebenen (505, 506) N
parallels tergruppen zu den Zweigen bilden, wobel das     Ebenen besitzt.
entsprechende Zuordnungsschema Jedes an- deren Demultiplexers sine
Permutation des    3. Verfahren nach Anspruch 1, dadurch gekenn-
Zuordnungsschemas dieses einen Demulti-         zeichnet, daR der erste
Satz von Ebenen (501 bit plexers ist, wenn wie oben beschrieben N mo-  15
504) N horizontale Ebenen besitzt und daR der dulierte Welleniangen von
jedem anderen der     zweite Satz von Ebenen (505, 506) N vertikale N
Demultiplexer entschachtelt werden, das       Ebenen besitzt.
Zuordnungsschema der Untergruppen zu den n-ten Zweigen istfurjeden der
Demultiplexer  4. AngepaRtes Obertragungsverfahren zur Ver-
unterschiedlich, wobel niemals zwei Ausgan-  20  wendung innerhalb sines
Koppelnetzwerkes, gen mit derselben Position des Ausgangs in      das mit
Wellenhingenteilung arbeitet und eine jeweils zwei beliebigen
Demultiplexern die-     zentrale Vermittlungseinrichtung (150) besitzt,
selbe Wellenlange zugeordnet ist, wobei jede    welche N Demultiplexer
(620) hat, jeder Demulti- Untergruppe in jedem  Zuordnungsschema
plexer besitzt einen Eingangsport (161) und N immer dieselben Wellenlangen
enthilt und   25   Ausgange (WI bib W), die N AusgAnge von je- wobei jedes
Untergruppenpaar, das Zweigen       dem der Demultiplexer liegen in einer
einzelnen zugeordnet ist, die von einem gemeinsamen       horizontalen
Ebene, die Vermittlungseinrichtung Verzweigungspunkt ausgehen, Zweigen zu-
hat folglich N parallels, horizontale Ebenen (501 geordnet bleibt, welche
von einem gemeinsa-     bis 504) mit N Ausgangen in jeder der horizonta-
men Verzweigungspunkt ausgehen, wodurch   so    len Ebenen, die
Vermittlungseinrichtung hat N getrennte modulierte Wellenlingen von den
ebenfalls N Multiplexer (260), wobei jeder Multi- N verschiedenen
Wellenlangen erhalten wer-      plexer N Eingange und einen Ausgangsport
be- den, die den N Ausgangen jedes Multiplexers     sitzt, die N Eingainge
liegen In einer einzelnen zugeordnet sind, die modulierte Wellenlinge,
vertikalen Ebene (505, 506), die Vermittlungs- die an jedem Ausgang jedes
Multiplexers er-  35  einrichtung hat foiglich N parallels verti kale Ebe-
scheint, entspricht der zugeordneten modu-      nen mit N Eingingen in
jeder dervertikalen Ebe- lierten Wellenlinge, wobei niemals zwei mo-
nen, jeder Eingang in jeder vertikalen Ebene dulierte Wellenlingen aus
derselben Wellen-     steht in optischer Verbindung mit nur einem Aus-
lfinge erhalten werden, die in derselben Posi-  gang in nureinerder
horizontalen Ebenen, wobel tion des Ausgangs von zwei Ebenen des er-  40
niemals zwei Einginge von jeder der vertikalen sten Satzes der N Ebenen
Ebenen in optischer Verbindung mit Ausgangen erscheinen, wodurch man N
verschiedene          in derselben horizontalen Ebene von den N hori-
modulierte Wellenlangen aus den N getrenn-      zontalen Ebenen stehen und
wobei das Verfah- ten Wellenlingen auf derselben Position des     ron
Obertragungen von jedem beliebigen Ein- Ausgangs in dem ersten Satz der N
Ebenen   45   gangsport der Demultiplexerzu jedem beliebigen erhalt, wobei
dieselbe Position des Ausgangs    Ausgangsport der Multiplexer gestatet,
dadurch in dem ersten Satz der N Ebenen in elner Ebe-   gekennzelchnet, daR
die folgenden Schritte aus- ne des zweiten Satzes von N Ebenen liegt,
gefihrtwerden: 



wodurch man N verschiedene modulierte              a) f~rjede zu sinem
derAusgangsports derN Wellenlingen aus den N getrennten Wellen-  6o
Multiplexer zu Obertragende Datenfolge (A lfingen erhalt, welche an den N
Eingangen je-      bis D) wird sine WellenlAnge von N Wellenlin- des
Multiplexers auftreten und diese N Ein-        gen mit der Datenfolge
moduliert, die von ei- gange jedes Multiplexers in einer Ebene des
nem Eingangsport (161) von einem der N De- zweiten Satzes der N Ebenen
liegen; und            multiplexer zu einem Ausgangsport (WI bis d)
Multiplexen von N modulierten Wellenlan-  66    W4) sines aus den N
Multiplexern ausgewahl- gen an N Eingingen von jedem der N Multi-
ten Multiplexers uibertragen werden soil, wo- plexer, wodurch N modulierte
Wellenlangen          bei die spezielle Wellenlange dem Eingang- aus den N
getrennten Wellenlingen an jedem         sport und dem ausgewahIten
Ausgangsport 13    &  25               EP 0 410 096 B1                 28
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den, die den N Ausgingenjedes Multiplexers b) Multiplexen der N
Wellenlangen far jeden        zugeordnet sind, die modulierte Wellenlange,
Eingangsport der Demultiplexer, die entspre-       die an jedem Ausgang
jedes Multiplexers er- chend Schritt (a) moduliert sind und zu N ver-
scheint, entspricht der zugeordneten modu- schiedenen Ausgangsports der N
Multiplexer   5     lierten Wellenlinge, wobel niernals zwel mo-
OLbertragen werden sollen;                         dulierte Wellenlangen
aus derselben Wellen- c) Demultiplexen der N modulierten Wellen-
lange erhalten werden, die in derselben Posi- langen,  die  entsprechend
Schritt  b)            tion desAusgangs von zwei horizontalen Ebe-
gemultiplext worden sind, mit elnem der De-        nen erscheinen,
multiplexer in getrennte modulierte Wellen-  fO    wodurch man N
verschiedene modulierte langen durch Trennen der N modulierten Wel-
Wellenlingen aus den N getrennten Wellen- lenlingen an einem ersten
Verzweigungs-            lAngen auf derselben Position des Ausgangs punkt
(30) des einen Demultiplexers in zwei        in den N horizontalen Ebenen
erhailt, wobel verschiedene erste Untergruppen von N12            dieselbe
Position des Ausgangs in den N ho- modulierten Wellenlangen, wobei jede
erste  15     rizontalen Ebenen in einerdervertikalen Ebe- Untergruppe
einem der zwei Zweige zugeord-         nen liegt, wodurch man N
verschiedene mo- net sind, die von dem ersten Verzweigungs-
dulierte Wellenlangen aus den N getrennten punkt ausgehen, jede der ersten
Untergrup-         Wellenlangen erhilt, welche an den N Eln- pen von N/2
modulierten Wellenlangen wird          gangen jedes Multiplexers auftreten
und die- weiterhin an einem entsprechenden zweiten   20     se N Einginge
jedes Multiplexers In elnerder Verzweigungspunkt (36, 38) auf jedem der er-
N vertikalen Ebenen liegen; und sten Zweige in zwei verschiedene zweite Un-
d) Multiplexen von N modulberten Wellenlin- tergruppen von Nl4 modulierten
Wellenlin-          gen an N Eingingen von jedem der N Multi- gen
unterteilt, was vier verschiedene zweite       plexer, wodurch N modulierte
Wellenlingen Untergruppen ergibt, wobel jede zweite Unter-  25  aus den N
getrennten Wellenlingen an jedem gruppe einem Zweig aus einem Paar zweiter
einzelnen Ausgangsportjedes einzelnen Mul- Zweige zugeordnet ist, die von
elnem ent-          tiplexers erhalten werden, wobel jede der N sprechenden
zweiten Verzweigungspunkt             modulierten   Wellenlangen  an  jedem
ausgehen, wenn notig werden die zweiten Un-        Ausgangsport von einem
anderen Eingang- tergruppen wie oben beschrieben weiterhin  30      sport
der N Demultiplexer Obertragen wurde. unterteilt, bis jede n-te Untergruppe
nur noch eine modulierte Wellenlange besitzt, wobei   5. Verfahren nach
Anspruch 4, dadurch gekenn- die n-ten Zweige des einen Demultiplexers
zeichnet, daW  die Verzweigungspunkte Mach- die N Ausgange des besagten
Demultiplexers      Zehnder-Filter sind und dati die Zweige durch die
reprasentieren und somitfurdiesen einen De-  35  Ausgange dieser Filter
reprasentiert warden. multiplexer ein Zuordnungsschema der Un- tergruppen
zu den Zweigen bilden, wobei das  6. Verfahren nach Anspruch 4, dadurch
gekenn- entsprechende Zuordnungsschema jedes an-        zeichnet, dal3 eine
der ersten Untergruppen die deren Demultiplexers eine Permutation des
geradzahlig numerierten Wellenlingen W2, W4, Zuordnungsschemas dieses einen
Demulti-  40     W6... umfaSt, welche sich durch den gleichmaifi- plexers
ist, wenn wie oben beschrieben N ma-    gen Frequenzabstand 2f
unterscheiden und daB dulierte Welienlingen von jedem anderen der     die
andere der Untergruppen den ungeradzah- N Demultiplexer entschachtelt
werden, das       ligen Satz von Wellenlingen umfaSt, welche sich
Zuordnungsschema der Untergruppen zu den        ebenfalls durch den
gleichmriigen Frequenzab- n-ten Zweigen ist farjeden der Demultiplexer  45
stand 2f unterscheiden. unterschiedlich, wobei niemals zwei Ausgan- 



gen mit derselben Position des Ausgangs in   7. Verfahren nach Anspruch 4,
dadurch gekenn- jeweils zwei beliebigen Demultiplexern die-     zeichnet,
daS zwei derzweiten Untergruppen un- selbe Wellenlinge zugeordnet ist,
wobei jede    geradzahlig numerierte Wellenlangen umfassen, Untergruppe in
jedem Zuordnungsschema   5o      die durch eonen Frequenzabstand von 4f
vonein- immer dieselben Welleniangen enthalt und        ander getrennt
sind. wobei jedes Untergruppenpaar, das Zweigen zugeordnet ist, die von
einem gemeinsamen    8. Verfahren nach Anspruch 4, dadurch gekenn-
Verzweigungspunkt ausgehen, Zweigen zu-         zeichnet, daB zwei
derzweiten Untergruppen ge- geordnet bleibt, welche von einem gemeinsa-  56
radzahlig numerierte Wellenlingen umfassen, men Verzweigungspunkt ausgehen,
wodurch         die durch einen Frequenzabstand von 4f vonein- N getrennte
modulierte Wellenlangen von den     ander getrennt sind. N verschiedenen
Wellenlingen erhalten war- 14    27                  EP 0 410 096 B1
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gekenn-           langen,  die  entsprechend  Schritt  b) zeichnet, dals
jede der x-ten Untergruppen Wel-      gemultiplext worden sind, mit einem
der De- lenlingen umfalt, die durch einen Frequenzab-       multiplexer in
getrennte modulierte Wellen- stand von S, = 2x(f) voneinander getrennt
sind,      langen durch Trennen der N modulierten Wel- wobei x sine ganze
Zahl ist, mit 1 _ x < n.  5       lenlangen an einem ersten Mach-Zehnder-
Filter des einen Demultiplexers in zwel ver- 10. Angepailtes
Obertragungsverfahren zur Ver-          schiedene erste Untergruppen von
N12 modu- wendung innerhalb eines Koppelnetzwerkes,            lierten
Wellenlfingen, wobel jede erste Unter- das mit Wellenlangenteilung arbeitet
und sine        gruppe einem derzwei Zweige zugeordnot let, zentrale
Vermittlungseinrichtung (150) besitzt,  1o  die von dem ersten
Mach-Zehnrder-Filter aus- welche N Demultiplexer (620) hat, jeder Demulti-
gehen, sine der ersten Untergruppen hat die plexer besitzt einen
Eingangsport (161) und N        geradzahlig numerierten Wellenlangen W2,
Ausgange (WI bis W4), die N Ausgange von je-         W4, W6, ..., welche
sich durch einen Fre- dem der Demultiplexer liegen in einer einzelnen
quenzabstand von 2f glelchmaSig voneinan- horizontalen Ebene, die
Vermittlungseinrichtung   15  der unterscheiden und die andere der ersten
hat fbiglich N parallels, horizontale Ebenen (501    Untergruppen besteht
aus den ungeradzah- blis 504) mit N Ausgangen in jeder der horizonta-
ligen Wellenlingen, welche sich ebenfalls len Ebenen, die
Vermittlungseinrichtung hat          durch den gleichmaiigen
Frequenzabstand obenfalls N Multiplexer (260), wobei jeder Multi-    2f
unterscheiden, jede der ersten Untbrgrup- plexer N Eingange und einen
Ausgangsport be-  20     pen von N/2 modulierten Wellenlangen wird sitzt,
die N Eingange liegen in einer einzelnen      weiterhin an einem
enteprechenden zweiten vertikalen Ebene, die Vermittlungseinrichtung
Mach-Zehnder-Filter auf jedem der ersten hat folglich N parallele vertikale
Ebenen (505,      Zweige in zwei verachiedene zweite Unter- 506) mit N
Eingangen in jeder dervertikalen Ebe-     gruppen von N14 modulierten
Wellenlfingen non, jeder Eingang in jeder vertikalen Ebene   25
unterteilt, was vier verschiedene zweite Un- steht in optischer Verbindung
mit nur einem Aus-     tergruppen ergibt, wobei jede zweibt Unter- gang in
nureiner der horizontalen Ebenen, wobei      gruppe elnem Zweig aus einem
Paar zweiter niemals zwei EingAnge von jeder der vertikalen       Zweige
zugeordnet ist, die von elnem ent- Ebenen in optischer Verbindung mit
Ausgangen         sprechenden zweiten Verzweigungspunkt in derselben
horizontalen Ebene von den N hofi-  30  ausgehen, jede derzweiten
Untergruppen be- zontalen Ebenen stehen, jeder Demultiplexer der      steht
aus Wellenlfingen, welche sich durch el- Vermittlungseinrichtung besitzt
eine Baumstruk-      nen Frequenzabstand von 4f glelchmiBlg tur mit
Mach-Zehnder-Filtern als Verzweigungs-       voneinander unterscheiden, die
zweiten Un- punkte dieser Struktur, wobei die Zweige dieser      tergruppen
werden wie oben beschrieben Struktur durch Ausgangspaare von jedem Filter
35    welterhin in Untergruppen unterteilt, deren dargestelit werden und
wobel das Verfahren           Wellenlangen eonen gleichmi~ligen, entspre-
Obertragungen von jedem beliebigen Eingang-          chend weiteren
Frequenzabstand von S, = sport der Demultiplexer zu jedem beliebigen
2x(f aufweisen, wobei x die x-te Untergruppe Ausgangsport der Multiplexer
gestattet, dadurch      reprasentiert, diese Unterteilung wird so Ian-
gekennzeichnet, daa die folgenden Schritte aus-  40  ge fortgesetzt, bis
jede n-to Untergruppe nur gefahrtwerden:
noch elne modulierte Wellenlange besitzt, a) furjede zu einem
derAusgangsports der N        wobel die n-ten Zweige des einen Demultiple-
Multiplexer zu ubertragende Datenfolge (A         xers die N Ausginge des
besagten Demulti- bis D) wird eine Wellenlange von N Wellenlin-     plexers
reprasentieren und somit fOr diesen gen mit der Datenfolge moduliert, die
von ei-  45  eonen Demultiplexer ein entsprechendes Zu- 



nem Eingangsport (161) von einem der N De-        ordnungsschema der
Untergruppen zu den multiplexer zu einem Ausgangsport (WI bis
Zweigen bilden, wobei das entsprechende W4) eines aus den N Multiplexern
ausgewahl-       Zuordnungsschema jedes anderen Demulti- ten Multiplexers
Obertragen werden soll, wo-      plexers oine Permutation des Zuordnungs-
bei die spezielle Wellenlainge dem Eingang-  50   schemas dieses eonen
Demultiplexers ist, sport und dem ausgewdhiten Ausgangsport           wenn
wie oben beschrieben N modulierte entspricht;
Wellenlingen von jedem anderen der N De- b) Multiplexen der N Wellenlingen
fur jeden       multiplexer entschachteltwerden, das Zuord- Eingangsport
der Demultiplexer, die entspre-      nungsschema der Untergruppen zu den
n-ten chend Schritt (a) moduliert sind und zu N ver-  55  Zweigen ist
fOrjeden der Demultiplexer unter- schiedenen Ausgangsports der N
Multiplexer        schiedlich, wobel niemals zwei Ausgangen Obertragen
werden sollen;                         mit derselben Position des Ausgangs
in Jo- c) Demultiplexen der N modulierten Wellen-        wells zwei
beliebigen Demultiplexern diesel- 15    29                  EP 0 410 096 BI
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zugeordnet ist, wobei jede       (505, 508) de ladite structure de
commutation, Untergruppe in jedem Zuordnungsschema           chaque entree
dans chaque plan dudit deuxieme Immer dieselben WellenlAngen enthAlt und
ensemble de plans etant en contact optique avec wobel jedes
Untergruppenpaar, das Zweigen       uniquement une sortie dans seulement un
dudit zugeordnet ist, die von einem gemeinsamen   5   premier ensemble de
plans sans que deux en- Verzweigungspunkt ausgehen, Zweigen zu-
trees dudit chaque plan dudit deuxieme ensem- geordnet bleibt, welche von
einem gemeinsa-     ble de plans solent en contact optique avec des men
Verzweigungspunkt ausgehen, wodurch         sorties sur le meme plan dudit
premier ensemble N getrennte modulierte WellenlAngen von den    de plans,
proc6de de transmission A partirde l'un N verschiedene WellenlAngen
erhalten wer-  lo  quelconque desdits ports d'entr6e de demulti- den, die
den N AusgAngen jedes Multiplexers     plexeurs jusque sur lun quelconque
desdits zugeordnet sind, die modulierte Wellenlange,    ports de sortie
desdits multiplexeurs, charact6ri- die an jedem Ausgang jedes Multiplexers
er-     se en ce qu'il comprend les etapes de: scheint, entspricht der
zugeordneten modu-        a) pour chaque d6bit de donnees (A - D) A Herten
WellenlAnge, wobei niemals zwei mo-  15    transmettre sur un desdits ports
de sortie dullerte WellenlAngen aus derselben Wellen-       desdits N
multiplexeurs, moduler une Ion- linge erhalten werden, die in derselben
Posi-     gueur d'onde particulire de N Iongueurs tion des Ausgangs von
zwei horizontalen Ebe-      d'onde avec ledit chaque debit de donn6es A nen
erscheinen, wodurch man N verschiede-         transmettre depuis un port
d'entr6e (161) sur ne modulierte Wellenlangen aus den N ge-  20      I'un
desdits N demultiplexeurs jusque sur un trennten Welienlangen auf derselben
Position       port de sortie (WI - W4) d'un multiplexeur se- des Ausgangs
in den N horizontalen Ebenen         lectionne parmi lesdits N
multiplexeurs, ladite erhalt, wobei dieselbe Position des Ausgangs
longueur d'onde particuliere correspondent in den N horizontalen Ebenen in
einer der ver-    audit port d'entree et audit port de sortie s6- tikalen
Ebenen liegt, wodurch man N ver-  25      lectionne; schiedene modulierte
Wellenlangen aus den         b) multiplexer, pour chacun desdlts ports N
getrennten Welleniangen erhilt, welche an       d'entree desdits
demultiplexeurs, lesdites N den N Eingangen jedes Multiplexers auftre-
longuours d'onde, modul6es comme dans ten und diese N Eingange jedes
Multiplexers       l'etape a), lesdites N longueurs d'onde A in einer der N
vertikalen Ebenen liegen; und   30  transmettre sur N diffirents desdits
ports de d) Multiplexen von N modulierten WellenlIn-       sortie desdits N
multiplexeurs; gen an N Eingangen von jedem der N Multi-         c)
d6multiplexer N longueurs d'onde modu- plexer, wodurch N modulierte
Wellenlingen         leos, multiplexees b l'etape b), avec un des- aus den
N getrennten Wellenlingen anjedem         dits demultiplexeurs en longueurs
d'onde dis- einzelnen Ausgangsportjedes einzelnen Mul-  35    tinctes en
separant lesdites N longueurs tiplexers erhalten werden, wobel jede der N
d'onde modulees A un premier point de bran- modulierten Wellenlangen von
einem ande-          chement (30) dudit un demultiplexeur en deux ren
Eingangsport der N Demultiplexer Ober-        premiers sous-groupes
distincts de N12 Ion- tragen wurde.
gueurs d'onde modulees, chaque premier 40        sous-groupe etant attribud
A un de deux pre- miers branchements se prolongeant A partir Revendlcations
dudit premier point de branchement, ledit cha- que premier sous-groupe de
N/2 longueurs 



1. Adapte pour une utilisation dans un reseau de        d'onde modul6es
etant en outre separe A un commutation A repartition en longueurs d'onde
45   deuxibme point de branchement correspon- ayant une structure de
commutation centrale          dant (36, 38) sur chacun desdits premiers
(150) qui a N demultiplexeurs (620), chaque de-      branchements en deux
deuxiemes sous- multiplexeur ayant un port d'entree (161) et N
groupes distincts de N/4 longueurs d'onde sorties (WI - Wn), lesdites N
sorties pour chacun    modulees donnant finalement quatre deuxie- desdits
demultiplexeurs se trouvant dans un seul  50  mes sous-groupes distincts,
chaque deuxie- plan d'un premier ensemble de N plans non se-        me
sous-groupe etant attribue A l'un d'une cants (501-504) de ladite structure
de commuta-      paire de deuxiemes branchements se prolon- tion, ladite
structure ayant egalement N multi-      geant a partir d'un deuxieme point
de bran- plexeurs (260), chacun desdits N multiplexeurs       chement
correspondent, encore separer, si ayant N entrees (WI - Wn) et un port de
sortie  55   besoin est, lesdits deuxiemes sous-groupes (151), lesdites N
entrees de chacun desdits mul-     comme ci-dessus jusqu'b ce quo chaque
tiplexeurs se trouvant dans un soul plan d'un        enieme sous-groupe ait
uniquement une Ion- deuxtime ensemble de N plans non secants
gueur d'onde modulee, les eniemes branche- 16    * C   L   M   S* ments
dudit un demultiplexeur 6tant lesdites  2. Procide selon la revendication
1, dons lequel le- N sorties dudit un demultiplexeur, formant de   dit
premier ensemble de plans (501 - 504) a N ce fait pour un dit
demultiplexeur un schema    plans paralle-les et ledit: deuxieme ensemble
de d'attribution de sous-groupes a des branches    plans (505, 506) a N
plans paralleles. avec un schema d'attribution respectif pour   5 chaque
autre desdits demultiplexeurs qui est  3. Procede selon la revendication 1,
dans lequel le- une permutation dudit schema d'attribution      dit premier
ensemble de plans (501 - 504) a N pour ledit un demultiplexeur lorsque N
Ion-     plans horizontaux et ledit deuxieme ensemble de gueurs d'onde
modulees sont demultiplexees      plans (505, 506) a N plans verticaux.
comme cl-dessus par chaque autre desdits N   10 demultiplexeurs, le schema
d'attribution de  4. Adapte pour une utilisation dans un reseau de
sous-groupes auxdites eniemes branches          commutation A repartition
en longueurs d'onde etant different pour chacun desdits demulti-    ayant
une structure de commutation centrale plexeurs, sans que deux sorties dans
la         (150) qui a N demultiplexeurs (620), chaque de- m~me position de
sortie de deux quelconques   15  multiplexeur ayant un port d'entree (161)
et N desdits demultiplexeurs aient la meme lon-      sorties (WI - W4),
lesdites N sorties pour chacun gueur d'onde qui leur soit attribuee, chaque
desdits multiplexeurs se trouvant dane un seul sous-groupe de chaque schema
d'attribution      plan horizontal, ladite structure de commutation y ayant
encore les memes longueurs d'onde,      ayant ainsi N plans horizontaux
paralleles (501 - et chaque paire de sous-groupes attribues a   20  504)
avec N sorties dans chacun desdits plans des branches se prolongeant A
partir d'un       horizontaux, ladite structure ayant aussi N multi- point
de branchement commun tout en etant       plexeurs (260), chacun desdits
multiplexeurs encore attribues A des branches se prolon-      ayant N
entrees et un port de sortie, lesdites N geant A partir d'un point de
branchement        entrees se trouvant dans un seul plan vertical commun,
ce qui fait qu'il y a N longueurs  25   (505, 506), ladite structure ayant
ainsi N plans d'onde modulees distinctes A partir desdites    verticaux
paralleles avec N entrees dana chacun N longueurs d'onde distinctes
attribuees aux-   desdits plans verticaux, chaque entree dans cha- dits N
sorties dudit chaque demultiplexeur, la  quo plan vertical etant en contact
optique avec longueur d'onde apparaissant sur ladite cha-    uniquement une
sortie dans seulement un des- que sortie dudit chaque demultiplexeur  30
dits plans horizontaux sans quo deux entries du- correspondant aux
longueurs d'onde              dit chaque plan vertical solent en contact
optique modulees qui lul sont attribuees, sans que      avec des sorties
sur le meme plan horizontal des- deux longueurs d'onde modulees provenant
dits N plans horizontaux, proced6 de transmis- de la memp longueur d'onde
apparaissent         sion depuis l'un quelconque desdits ports d'en- dana
la meme position de sortie de deux plans  35  trWe de demultiplexeurs
jusque sur l'un quelcon- dudit premier ensemble de N plans, ce qui fait
ques desdits ports do sortie desdits multi- qu'il y a N Iongueurs d'onde
modulees distinc-  plexeurs, caracterise en ce qu'il comprend les teaA
partir desdites N longueurs d'onde dis-    itapes suivantes: tinctes dans
la meme position de sortie dans       a) pour chaque debit de donnees (A -
D) A ledit premier ensemble de N plans, ladite  40      transmettre sur un
desdits ports de sortie mime position de sortie dans ledit premier
desdits N multiplexeurs, moduler une lon- ensemble de N plans se
trouvantdans un plan        gueur d'onde particuliere de N longueurs 



dudit deuxieme ensemble de N plans, ce qui         d'onde avec ledit chaque
debit de donnies a fait qu'il y a N longueurs d'onde modulees dis-
transmettre depuis un port d'entree (161) de tinctes a partir desdites N
longueurs d'onde   45  I'un desdits N demultiplexeurs, sur un port de
distinctes qui apparaissent sur lesdites N en-     sortie (WI - W4) d'un
multiplexeur selection- trie dudit chaque multiplexeur, lesdites N en-
ne parmi lesdits N multiplexeurs, ladite lon- tries dudit chaque
multiplexeur etant dans un      gueurd'onde particuliere correspondant
audit plan dudit deuxieme ensemble de N plans; et        port d'entree et
audit port de sortie selection- d) multiplexer N longueurs d'onde modulees
A   6o  ni; N entries de chacun desdits N multiplexeurs,       b)
multiplexer, pour chacun desdits ports ce qui fait qu'il y a N longueurs
d'onde modu-     d'entree desdits demultiplexeurs, lesdites N lies A partir
desdites N longueurs d'onde dis-     longueurs d'onde, modulees comme dans
tinctes A chaque port de sortie unique dudit      l'etape a) lesdites N
longueurs d'onde Atrans- chaque multiplexeur, chacune desdites lon-  55
mettre sur N diffirents desdits ports de sortie gueurs d'onde modulees N A
chaque port de          desdits N multiplexeurs; sortie etant transmise A
partir d'un port d'en-    c) demultiplexer N longueurs d'onde modu- trie
different desdits N demultiplexeurs.         Ides, multiplexees A l'itape
b), avec un des- 17    33                 EP 0410 096B1
34       lli 111111 1ll a  11 I!f, dits demultiplexeurs en longueurs d'onde
dis-     dulees provenant de la meme longueur tinctes on separant lesdites
N longueurs          d'onde apparaissent dans la mbme position d'onde
modulees a un premier point de bran-       de sortie de deux plans
horizontaux, ce quifait chement (30) dudit un demultiplexeur en deux
qu'il y a N longueurs d'onde modul6es distino- premiers sous-groupes
distincts de N/2 lon-   5   tes a partir desdites N longueurs d'onde dis-
gueurs d'onde modulees, chaque premier            tinctes dans la mime
position de sortie dans sous-groupe -tant attribue a un de deux pre-
lesdits N plans horizontaux, ladite meme po- miers branchements se
prolongeant a partir        sition de sortie dans lesdits N plans horizon-
dudit premier point de branchement, ledit cha-    taux se trouvant dans un
desdits plans verti- que premier sous-groupe de N/2 longueurs  10
caux, ce qul fait qu'il y a N longueurs d'onde d'onde modulees etant en
outre separe A un        modulees distinctes A partir desdites N lon-
deuxieme point de branchement correspon-          gueurs d'onde distinctes
qui apparaissent sur dant (36, 38) sur chacun desdits premiers
lesdites N entries dudit chaque multiplexeur, branchements en deux
deuxibmes sous-              lesdites N entrees dudit chaque multiplexeur
groupes distincts de N/4 longueurs d'onde   15    etant dans un desdits N
plans verticaux N, et modulees donnant finalement quatre deuxil-        d)
multiplexer N longueurs d'onde modulees A mes sous-groupes distincts,
chaque deuxie-        N entrees de chacun desdits N multiplexeurs, me
sous-groupe etant attribue A l'un d'une        ce qui fait qu'il y a N
longueurs d'onde modu- paire de deuxiemes branchements se prolon-
lees A partir desdites N longueurs d'onde dis- geant A partir d'un deuxieme
point de bran-  20   tinctes A chaque port de sortie unique dudit chement
correspondant, encore separer, sl         chaque multiplexeur, chacune
desdites lon- besoin est, lesdits deuxibmes sous-groupes        gueurs
d'onde modulees N A chaque port de comme ci-dessus jusqu'A ce que chaque
sortie itant transmise A partir d'un port d'en- enlime sous-groupe ait
uniquement une lon-        trie diffirent desdits N dimultiplexeurs. gueur
d'onde modulee, les enibmes branche-  25 ments dudit un demultiplexeur
etant lesdites  5. Procede selon la revendicatlon 4, dans lequel les- N
sorties dudit un demultiplexeur, formant de   dits points de branchement
sont des filtres ce fait pour un dit demultiplexeur un schema
Mach-Zehnder et lesdites branches sont les sor- d'attribution de
sous-groupes A des branches   ties desdits filtres. avec un schema
d'attribution respectif pour  30 chaque autre desdits demultiplexeurs qui
est  6. Procede selon la revendication 4, dans lequel I'un une permutation
dudit schema d'attribution      desdits premiers sous-groupes comprend des
pour ledit un demultiplexeur lorsque N lon-    longueurs d'onde de
numerotation palreW2, W4, gueurs d'onde modulees sont dimultiplexdes
W6, ... qul sont espacees de fagon igale par un comme ci-dessus par chaque
autre desdits N   35  intervalle de frequence 2f, at l'autre desdits pre-
dimultiplexeurs, le schema d'attribution de     miers sous-groupes comprend
un groupo Impair sous-groupes auxdites enibmes branches          de
longueurs d'onde W1, W3, W5, ... qul sont es- etant different pour chacun
desdits demul-      pacees de fagon igale par un Intervalle de fre-
tiplexeurs, sans que deux sorties dans la       quence 2f. mime position de
sortie de deux quelcon-  40 ques desdits demultiplexeurs aient la mime  7.
Procede selon la revendication 4, dans lequel 



longueur d'onde qui leur soit attribuie, cha-   deux desdits deuxiemes
sous-groupes compren- que sous-groupe de chaque schima d'attri-       nent
des longueurs d'onde de numirotation Im- butlon y ayant encore les memes
longueurs       paire siparies parun intervalledefrequence4f. d'onde, et
chaque paire de sous-groupes   45 attribues a des branches se prolongeant A
8. Procede selon la revendication 4, dans lequel partir d'un point de
branchement commun         deux desdits deuximes sous-groupes compren- tout
en etant encore attribuis A des bran-      nent des longueurs d'onde de
numerotation pairs ches se prolongeant a partir d'un point de      siparies
par un intervalle de frequence 4f. branchement commun, ce qui fait qu'il y
a   5o N longueurs d'onde modulees distinctes A    9. Procede selon la
revendication 4, dans lequel partir desdites N longueurs d'onde distinc-
chacun desdits xime sous-groupes a des lon- tes attribuies auxdits N
sorties dudit cha-     gueurs d'onde separies par un intervalle de fre- que
dimultiplexeur, la longueur d'onde mo-      quence Sx = 2X(f), ob x est un
nombre entler et I dulie apparaissant sur ladite chaque sortie du-  5S  _ x
< n. dit chaque demultiplexeur correspondent aux longueurs d'onde modulees
qui lui sont attri-  10. Adapte pour une utilisation dans un rnseau de
buees, sans que deux longueurs d'onde mo-       commutation A repartition
en longueurs d'onde 18    35                  EP 0 410 096 B1
36       !         c1  M ayant une structure de commutation centrals
dudit premierfiltre Mach-Zehnder, un desdits (150) qui a N demultiplexeurs
(620), chaque de-       premiers sous-groupes ayant des longueurs
multiplexeur ayant un port d'entree (161) et N        d'onde de
numerotation paire W2, W4, sorties (WI - W4), lesdites N sorties pour
chacun     W6,..., qui sont espacees de fagon egale desdits multiplexeurs
se trouvant dans un seul   5    par un intervalle de frequence 2f, et
l'autre plan horizontal, ladite structure de commutation      desdits
premiers sous-groupes etant espa- ayant ainsi N plans horizontaux
paralleles (501 -     ce de fagon egale par un intervalle de fre- 504) avec
N sorties dans chacun desdits plans         quence 2f, ledit chaque premier
sous- horizontaux, ladite structure ayant aussi N multi-    groupe de
longueurs d'onde modulees N/2 plexeurs (260), chacun desdits multiplexeurs
10      6tant en outre separe A un deuxieme filtre ayant N entrees et un
port de sortie, lesdites N      Mach-Zehnder correspondant sur chacun
entrees se trouvant dans un seul plan vertical, la-   desdits premiers
branchements en deux dite structure ayant ainsi N plans verticaux paral-
deuxibmes sous-groupes distincts de N/4 leles (505, 506) avec N entrees
dans chacun des-     longusurs d'onde modulees donnant finale- dits plans
verticaux, chaque entree dans chaque  i1
mentquatredeuxibmessous-groupesdistincts, plan vertical etant en contact
optique avec uni-      chaque deuxieme sous-groupe etant attribue A quement
une sortie dans seulement un desdits         l'un d'une pairededeuxibmes
branchements so plans horizontaux sans que deux entries dudit
prolongeant A partir d'un deuxieme point de chaque plan vertical soient en
contact optique        branchement correspondant, chacun desdits avec des
sorties surle mime plan horizontal des-  20  deuxibmes sous-groupes ayant
des longueurs dits N plans horizontaux, chaque demultiplexeur       d'onde
qui sont espacees de facon egale par do ladit structure ayant une structure
arbores-       un intervalle de frequence 4f, encore s6parer, cente avec
des filtres Mach-Zehnder comme             comme ci-dessus, lesdits
deuxibmes sous- points de branchement de ladite structure, une
groupes en sous-groupes d'espacements paire de sortie provenant de chaque
filtre etant  25  egaux avec un intervalle de frequence plus des branches
de ladite structure, procidi de         large Sx = 2x(t), oO x est le xAime
sous-groupe, transmission depuis l'un quelconque desdits          ladite
separation se poursulvantjusqu'a ce que ports d'entree de demultiplexeurs
jusque sur l'un     chaque enieme sous-groupe alt seulement une quelconque
desdits ports de sortie desdits mul-      longueur d'onde modulee, les
enibmes bran- tiplexeurs, caracterise en ce qu'il comprend les  3o
chementsduditun demultiplexeur6tantlesdites etapes suivantes:
N sorties de chaque demultiplexeur, formant a) pour chaque debit de donnees
(A - D) a          de ce fait pour un dit demultiplexeur un sche-
transmettre sur un desdits ports de sortie         ma d'attribution de
sous-groupes A des deadits N multiplexeurs, moduler une lon-
branches avec un schema d'attribution res- gueur d'onde particuliere de N
longueurs  35       pectif pour chaque autre desdits demulti- d'onde avec
ledit chaque debit de donnees A        plexeurs qui est une permutation
duditsche- transmettre depuis un port d'entree (161) de       ma
d'attribution pour ledit un demultiplexeur l'un desdits N dbmultiplexeurs,
sur un port de     lorsque N longueurs d'onde modulees sont sortie
selectionne (WI - W4) d'un desdits N        demultiplexees comme ci-dessus
par chaque multiplexeurs, ladite longueur d'onde particu-  40  autre
desdits N demultiplexeurs, le schema 



llere correspondant audit port d'entree et au-     d'attribution de
sous-groupes auxdltes enie- dit port de sortie selectionne;
mes branches etant different pour chaque b) multiplexer, pour chacun
desdits ports          autre desdits demultiplexeurs, sans que d'entree
desdits dimultiplexeursb lesdites N       deux sorties dans la mime
position de sortio longueurs d'onde, modulees comme dans   45         de
deux quelconques desdits dimulti- 'Wtape a), lesdites N longueurs d'onde A
plexeurs aient la mime longueurd'onde qui leur transmettre sur N differents
desdits ports de      soit attribuie, chaque sous-groupe de cha- sortie
desdits N multiplexeurs;                    quo schema d'attribution y
ayant encore les c) demultiplexer N longueurs d'onde modu-          memes
longueurs d'onde, et chaque paire de lies, multiplexies A l'etape b), avec
un des-  5o  sous-groupes attribues A des branches se dits demultiplexeurs
en longueurs d'onde dis-      prolongeant a partir d'un point de branche-
tinctes en separant lesdites N longueurs           ment commun tout en
etant encore attribues d'onde modulees A un premier filtre Mach-          A
des branches se prolongeant a partir d'un Zehnder dudit un dimultiplexeur
on deux            point de branchement commun, ce qui fait premiers
sous-groupes distincts de N/2 lon-  55    qu'il y a N longueurs d'onde
modulies distino- gueurs d'onde modulees, chaque premier            tbs a
partir desdites N longuours donde dis- sous-groupeo tant attribu6 A un de
deux pre-       tinctes attribuees auxdites N sorties dudit miers
branchements se prolongeant A partir         chaque demultiplexeur, la
longueur d'onde 19    37                  EP 0 410 096 B1
38    |       |||  |||||   1 modulee apparaissant sur ladite chaque sor-
tie dudit chaque demultiplexeur correspon- dant aux longueurs d'onde
modulees qui lui sont attribuees, sans que deux longueurs d'onde modulees
provenant de la meme Ion-   5 gueurd'onde apparaissent dans la meme po-
sition de sortie de deux plans horizontaux, ce qui fait qu'il y a N
longueurs d'onde modulees distinctes A partir desdites N longueurs d'onde
distinctes dans la meme position de   10 sortie dans lesdits N plans
horizontaux, ladite meme position de sortie dans lesdits N plans
horizontaux se trouvant dans un desdits N plans verticaux, ce qui fait
qu'il y a N Ion- gueurs d'onde modulees distinctes A partir  15 desdites N
longueurs donde distinctes qui ap- paraissent sur lesdites N entries dudit
cha- qua multiplexeur, lesdites N entrees dudit chaque multiplexeur etant
dans un desdits N plans verticaux, et                     20 d) multiplexer
N longueurs d'onde modulees a N entrees de chacun desdits N multiplexeurs,
ce qui fait qu'il y a N longueurs d'onde modu- lees & partir desdites N
longueurs d'onde dis- tinctes a chaque port de sortie unique dudit  25
chaque multiplexeur, chacune desdites N Ion- gueurs d'onde modulees a
chaque port de sortie etant transmise A partir d'un port d'en- treo
different desdits N dimultiplexeurs. 30 35 40 45 50 55 20    


