
EP 0 386 958 B1 Description Background of the Invention 5      This
invention relates to optical switching networks and, more particularly, to
optical switching network architectures that reduce crosstalk noise through
judicious routing of signals. Wideband optical signals can be switched with
electronic control using electrooptic waveguide couplers using [err]
waveguides on a [err] crystal. The basic switching element is a couplerwith
two active inputs and two active outputs. Depending on the amountof voltage
at the junction of the two waveguides which 10  carry the two input
signals, the two inputs can be coupled to either of the two outputs.
Several architectures have been proposed to construct an NxN switch with
the 2x2 directional coupler as the basic component. These architectures are
essentially analogs of similar architectures for electronic switching and
interconnection net- works. However, due to the difference in
characteristics of the electronic and optical switching elements, per-
formance of the optical architectures is significantly different. 15
Specifically, regeneration of signals in optical systems is difficult. This
difficulty leads to the desire to re- duce losses and eliminate noise
sources so that the need for regeneration can be diminished. In light of
this desire, some architectures that are useful when realized with
electronics are less favored for optical realiza- tions. The attenuation of
light passing through a waveguide optical coupler switch has several
components: (a) 20  fiber-to-switch and switch-to-fiber coupling loss, (b)
propagation loss in the medium, (c) loss at waveguide bends, and (d) loss
at the couplers on the substrate. Often, the last factor predominates and,
therefore, a sub- stantial part of the attenuation in a switch fabric is
directly proportional to the number of couplers that the optical path
passes through. Optical crosstalk results when two signals Interact with
each other. There are two primary ways in which 25  signals flowing in
optical paths can interact in a planar substrate. First, the channels
(waveguides) carrying the signals could cross each other in order to imbue
a particulartopology and the interaction occurs in the neigh- borhood of
the crossover. Secondly, two paths sharing a switching element experience
some undesired cou- pling from one path to the other. We call the former
path crossover crosstalk, and the latter switch crossover crosstalk. The
easiest way to reduce path crossover crosstalk is to reduce the size of the
neighborhood within 30   which the interaction occurs. This can be
accomplished by keeping the intersection angles above a certain minimum
amount A more difficult approach is to make the interaction neighborhood
precisely long enough to couple the signal entirely from one path to the
other and back. With path crossover crosstalk reduced to a neg- ligible
level, switch crossovers remain as the major source of crosstalk in optical
switching networks construct- ed out of electrooptic waveguide couplers. 35
The effort to reduce crosstalk is hence directed at the switch design, at
the number of switches that a par- ticular architecture requires in the
optical path, and at the signal flow patterns within the network. In the
IEEE Transactions on Communications, Vol. COM-35, No. 12, December 1987, we
published an article titled "Dilated Networks for Photonic switching". The
article presents a number of networks where the third approach to reducing
crosstalk is disclosed. We call this the dilated networks approach.
Specifically, we 40   disclosed a design for the Benes network that, while
maintaining the rearrangeable non-blocking characteristic of the network,
insures that no 2x2 switch in the network has optical signals applied
concurrently to both its inputs. We also mentioned that a corresponding
design for the Omega network is possible. What we have not described,
however, is a method for modifying the structure of any given network to
create a corresponding network that is dilated. 45 Summary of the Invention
In accordance with the principles of our invention, our method can be
applied to any given switching net- work design that employs 2x2 switches
the method yeilds a corresponding dilated switching network design. 50
The dilated switching network differs from the original switching network
in only two characteristics. First our dilated network guarantees that at
no point In the network can two active signals concurrently appear at the
two inputs (or two outputs) of a 2x2 switch. This eliminates crosstalk.
Eliminating crosstalk extracts a price, however, and that price is the
second difference between the networks. Specifically, the number of 2x2
switches in our dilated network (an corresponding connection links) is
approximately twice the number of 55  switches in the original network. Our
method calls for three steps: first, replacing each 2x2 switch with a dual
rail switch that contains a pair of 2x2 switches; second, replacing each
link that connects an output lead of one switch to an input lead of another
switch with a pair of links that connect a pair of output links of one dual
rail switch to a pair of input 



2    EP 0 386 958 B1 links of another dual rail switch; and third,
combining pairs of output leads at the last stage of the network to form
single output leads. Brief Description of the Drawing 5 FIG. 1 illustrates
a crossbar switch design using 2x2 switches; FIG. 2 presents our dual rail
2x2 switch; FIG. 3 presents a slight variation on the dual rail switch of
FIG. 2; FIG. 4 shows a dilated switching network realization for the Omega
network with 8 inputs and outputs; 10      FIG. 5 shows an undilated and a
dilated realization of a diamond array; FIG. 6 shows an undilated and a
dilated realization of a Banyan network; and FIG. 7 shows an undilated and
a dilated realization of a mesh-connected crossbar. Detailed Description 15
The only condition on deriving a dilated version of a network is that no
switch should concurrently carry two active signals, regardless of the
permutation that is being realized. If every switch in the network has only
one of its inputs connected, or only one of its outputs connected, then the
network is dilated, by definition. We call such an implementation a
"fan-In/fan-out" implementation. A fan-in/fan-out implementation of a four
20  line crossbaris shown in FIG. 1. Elements 11, 12, and 13,for example,
are one-to-two splitterelements. Though structurally they are 2x2 switches,
each accepts an optical signal at only one input. As interconnected, they
combine to develop fouroutputs. At any instant, no more than one of the
four outputs can carry an optical signal. The four outputs of elements 12
and 13 are connected to two-to-one combiner elements such as element 21.
Structurally, the combiner elements are also 2x2 switches, but they are
arranged with the understanding that 25  the control signals will insure
that whatever optical signal Is received at a combiners input, it will be
delivered to the combiner's selected output. The disadvantage inherent in
the fan-in/fan-out dilation of FIG. 1 is, of course, the large number of
switches that is required. For an NxN crossbar, for example, the numberof
required 2x2 switches is 2N(N-1). This number is not the minimum numberof
switches with which an NxN network can be implemented. As shown Inourafore-
30   mentioned article by way of a counter example, we created a Benes
network with a number of 2x2 switches on the order of [err]. Neither the
FIG. 1 architecture nor the Benes architecture are satisfactory for all
applications. What would be useful, and what the instant invention offers,
is the ability for artisans to select a particular network topology based
on their specific set of system performance requirements, and then permit
the developed network to 35   be converted to a dilated realization. In
accordance with the principles of our invention, a canonical implemen-
tation approach can be employed to achieve a dilated version of any
interconnection network constructed from 2x2 switches. Under the condition
that no switching element carry at any instant an optical signal in both
its input ports and/or both its output ports, the simplest switching
function of two inputs is shown in FIG. 2. That is, In accor- 40   dance
with the principles of our invention, the FIG. 2 circuit is a direct
substitute of a conventional 2x2 switch. Just as the conventional 2x2
switch has a "pass-thru" state and a "crossover" state, so does the circuit
of FIG. 2. We call the arrangement of FIG. 2 a dual rail switch. In FIG. 2,
each of the two inputs signals is assumed to comprise two rails. One rail
carries an active signal, while the other one does not. Each input pair
(the two rails) is connected to a different 2x2 switch. In FIG. 2, 45   one
input pair is applied to input leads 31 and 32 of switch 30, while the
other input pair is applied to input leds 33 and 34 of switch 40. As drawn,
the active inputs (marked by "1") are at leads 31 and 33. Given that at
most one of the two input leads of a 2x2 switch carry a signal, the
switching state of switches 30 and 40 is well de- fined. Specifically, when
the active signals are at the same spatial sense (i.e., leads 31 and 33
active or leads 32 and 34 active), then the states of switches 30 and 40
are reversed from one another. Conversely, when so  the active signals are
at a crossed spatial sense (leads 31 and 34 active or leads 32 and 33
active) then the states of switches 30 and 40 are identical (i.e., both
crossover", or both "pass-thru"). A more detailed speci- fication of the
states of switches 30 and 40 is presented in the table below. 55 



3    EP 0 386 958 B1 input       input     connection      switch
switch 31   32    33   34         type           30           40 1    0
1    0      pass-thru    pass-thru      pass-thru 1    0      1    0
crossover    crossover   crossover 1    0      0     1     pass-thru
pass-thru    crossover 10                1    0      0     1    crossover
crossover    pass-thru 0     1     1    0      pass-thru    crossover
pass-thru 0     1    1    0       crossover    pass-thru    crossover 0
1    0      1     pass-thru    crossover    crossover 15                0
1    0      1    crossover    pass-thru    pass-thru FIG. 3 presents a
variation on the dual rail switch of FIG. 2. Its only difference is in the
spatial sense that the outputs exhibit for different spatial senses of the
input. Specifically, the FIG. 3 dual rail switch forces the 20  two output
pairs to have a like spatial sense. Either the top rail of both output
pairs is active, or the bottom rail of both output pairs is active. In
accordance with the principles of our invention, any network topology or
architecture that employs 2x2 switches can be realized in a dilated form by
(1) replacing the single rail 2x2 switches of the network with the dual
rail switches of FIG. 2 (or FIG. 3), (2) interconnecting the dual rail
switches with pairs of lines in a manner 25  that essentially replaces the
single line interconnections of the undilated network with line pairs, and
(3) in- suring with appropriate control signals as described above that
each pair of lines has, at most, one lead that carries active signal
information. The latter, of course, is an operational requirement rather
than a structural one. FIG. 4 illustrates the use of our approach in
connection with the network known as the omega network 30  (with the input
shuffle deleted for sake of simplicity). The dual rail switches are marked
by dashed blocks 41- 52. In blocks 41-44 only one input of each input pair
is connected to the incoming signal. The other inputs are simply not used.
This insures the first of the requirements for blocks 41-44; that of no
more than one active input at each pair of inputs to each 2x2 coupler
within the dual rail switch. The requirement that no pair of out- puts
should contain a signal in both of the output leads is satisfied by a
judicious application of control signals 35  to the couplers within the
dual rail switches, as described above. The final stage of the network,
which in the case of FIG. 4 is dual rail switches 49-52, the output pairs
contain an active signal in only one of the leads. Each of the output pairs
should be combined to a single output lead and, accordingly, FIG. 4
includes combiners 53-60 which serve this function. It may be noted that
switches 41-44 could be constructed from switches that are simpler than the
dual rail switch of FIG. 2. Conversely, the combiner switches 53-60 can be
realized with 40  the dual rail switches used elsewhere in the network. It
Is simply a designer's choice. FIG. 4 depicts a very small network; only 8
inputs and outputs. Because of its small size, the connectivity pattern
perhaps is not obvious from the figure itself but, of course, the omega
network is well known in the art. Nevertheless, for the sake of
completeness, the description below presents the connectivity pattern of
the omega network In "closed form". The nomenclature developed for the
omega network is also used in connec- 45  tion with other networks that are
described infra. The omega network is one of a class of networks that
require log2N stages of switching elements for an N input and N output
network. The connectivity of the switching elements can be described by
designating each stage with a variable, such as i, ranging from 0 to [err].
Each input and output lead of a stage is labeled from 0 to N (starting, for
example, from the top of the figure), and the label is expressed in binary
form. Aspe- 50  cific input link is thus identified by [err] where I =
[err], i is the stage number and I designates the link as an input link.
Similarly, a specific output link is identified by [err] 55   where O
designates the link as an output link. The connectivity pattern for the
undilated omega network Is [err] where [err] designates a connection
between the links identified on the two sides of the arrow. Note that it
merely 



4    EP 0 386 958 B1 is a circular left shift. The dilated omega network of
our invention has twice as many links between the switching stages as there
are in the undilated omega network. Accordingly, the link labels require an
additional bit,[err] The connectivity pattern of the dilated network is
therefore, 5                       [err] With respect to the
above-mentioned control signals, the table describing the behavior of the
FIG. 2 dual rail switch is couched in terms of the spatial sense of the
incoming signals. However, It may be noted that the spatial sense of the
signals throughout the remainder of the network is strictly a function of
the route selected for the signal. Since the control circuitry is aware of
the desired routing, the actual control signals of the cou- 10  plers in
each of the dual rail switches can easily be ascertained. Expanding on the
above, the control of networks that employ 2x2 switches can be external or
embedded in the signals that flow through the network. Typically, forthe
latter approach the signals are arranged in pack- ets that contain a fixed
number of information bits, and each packet contains a header section which
holds the destination address of the packet. That destination address
controls the packets routing. In some net- 15   works, the packets'
destinations directly control the routing. In others, the routing is
dependent on other pack- ets. For example, in a Batcher network where each
2x2 switch is called upon to sort the two incoming packets, the destination
address of both packets needs to be known before the state of the 2x2
switch can be deter- mined. Applications with external routing control
typically relate to "circuit switching" situations. Circuit switching 20
is used, for example, when a call is established from point A to point B
and the call remains in effect for a rel- atively long period of time.
Centralized external switching is also possible with packetized data. In
such situa- tions, the external circuitry (rather than the distributed
control intelligence within each switch) develops the necessary routing
signals. It is also possible for the external circuitry to mimic the
routing algorithm that is otherwise implemented within the routing
switches. 25      Indeed, in some applications it may be even advantageous
to separate the routing control function from the actual routing of
signals. For example, in waveguide electrooptic applications the routing
control is elec- tronic whereas the signals and the switching element are
optic. Even though the bandwidth of the information signal modulated upon
the optic carrier is very high, the packet rate may be quite reasonable for
electronic implementations. Consequently, it is possible to create an
electronic circuit that basically deals only with the 30   address portions
of each packetand evaluates the necessary routing control information. This
electronic circuit can be centralized, or it can be distributed. Indeed, it
can be distributed and appear identical in its Intercon- nection of the
distributed control circuitry portions to the network that it Intends to
control. We call this arrange- ment of the control circuitry, a "shadow
network". With a shadow network arrangement, even sorting can be easily
accomplished. 35      To illustrate the above control principles, FIG. 4
includes, by way of example, a particular interconnection pattern of four
input signals to particular output ports; to wit, inputs A, B, C, and D at
input ports [err] and 14, are to be connected to output ports 04, 05, 02,
and 07, respectively. The figure also depicts the states of the relevant
switches. FIG. 5 presents the undilated and the dilated structures of the
diamond array. In the dilated version, the 40  inputs are applied to the
dual rail switches that are situated at the top left diagonal; to wit,
switches 61,62, and 63. These switches, and the switches on the diagonal
immediately below and to the right (i.e., switches 64 and 65) can be
thought of as the i=0 stage. With such an arrangement, the input
connections of the diamond array in the first stage (i=0)can be said to be:
a) input signals are injected into input links 0, and 2 of stage O (two
inputs in dilated switch 61), input links 45      8, and 10 of stage O (two
inputs in dilated switch 62), and input links 16, and 18 of stage O (two
inputs In dilated switch 63); b) output links 2-3 (switch 61) and 8-9
(switch 62) are connected to input links 4, 5, 6, and 7 of stage O (switch
64), and output links 10-11 (switch 62) and 16-17 of stage O (switch 63)
are connected to input links 12, 13, 14 and 15 of stage 0. 50 Output links
0, 1, 4, 5, 6, 7, 12, 13, 14, 15, 18 and 19 are connected to the next
stage. Generalizing, the con- nectivity of the diamond array is not
accounting for the edge links 0, 1, 18 and 19: 



1) [err] for all non-negative [err] 2) [err] and 3) (err) 55      FIG. 6
depicts the undilated and the dilated structures of the banyan network. The
connectivity pattern of the undilated network at any stage i is [err] It is
ba- sically a swap of bits po and [err]. In the dilated banyan, [err] In
other words, a swap of bits [err] 5    EP 0 386 958 B1 FIG. 7 illustrates
the undilated  and the dilated structures of the mesh-connected crossbar
network. The connectivity of the mesh-connected crossbar is most easily
defined in terms of rows and columns. Each dilated switch has one pair of
links connected to its neighbor in the same row, and one pair of links
connected to its neighbor in the same column. 5       The above figures
illustrate fully dilated networks, but a skilled artisan would clearly
recognize that a par- tially dilated network can be easily obtained by
simply implementing only a portion of a given network with dual rail
switches. The simplest way to create a partially dilated network is to
divide the given network into a dilated portion preceded by an undilated
portion. It is simplest because no additional components are neces- sary.
However, reversing the arrangements is not much more difficult It merely
requires the inclusion of a com- 10 bining stage after the dilated portion
and before the undilated portion. Claims 15  1.  A network for routing
signals comprising: an input stage including a plurality of initial routing
elements, each comprising a first pair of output leads and a second pair of
output leads, a first input lead connected to an input port of said
network, and a second Input lead connected to another Input port of said
network; an output stage including a plurality of terminal routing
elements, each comprising a pair of input 20      leads and an output lead
connected to an output port of said network; a plurality of intermediate
routing elements, each comprising a first pair of input leads, a second
pair of input leads, a first pair of output leads and a second pair of
output leads; and an interconnection arrangement wherein said first pairof
input leads of an intermediate routing element is connected to a pairof
output 25      leads of either one of said initial routing elements or one
of said intermediate elements, said second pair of input leads of said
intermediate routing element is connected to a pair of output leads of
either one of said initial routing elements or one of said intermediate
elements, and said pair of input leads of a terminal routing element is
connected to a pair of output leads of one of said intermediate elements.
30 2.  The network of claim 1, further comprising control means for
accepting at most one active signal at each of said pairs of input leads of
an intermediate routing element, and routing at most one of said signals
accepted at said intermediate routing element to each of said pairs of
output leads of said intermediate routing element. 35 3.  The network of
claim 1 wherein each of said intermediate routing elements comprises: a
first 2x2 switch comprising a pair of input ports connected to said first
input pair, and a pair of output ports with one of said output ports of
said first switch connected to said first pair of output leads and the 40
other of said output ports of said first switch connected to said second
pair of output leads; and a second 2x2 switch comprising a pair of input
ports connected to said second input pair, and a pair of output ports with
one of said output ports of said second switch connected to said first pair
of output leads and the other of said output ports of said second switch
connected to said second pair of output lead 45   4.  A method for creating
an altered version of a given network that employs single rail 2x2 switches
and includes single rail input signals and single rail output signals,
comprising the steps of employing a dual rail switch in said altered
version of a given network in place of a single rail switch 



in said given network, said dual rail switch comprising two input pairs of
leads and two output pairs of leads; employing a pair of links in said
altered version of a given network in place of a single link in said given
network; and employing a combiner stage as the ultimate stage of said
altered version of a given network to com- bine pairs of output signals in
a penultimate stage of said altered version of a given network to form
single 55       rail output signals or said altered version of a given
network that parallel said single rail output signals of said given
network. 5.  The method of claim 4 further comprising a step of developing
a set of control signals, said set comprising 6    EP 0 386 958 B1
*    C     L     M    S    * FIG. 7 illustrates the undilated and the
dilated structures of the mesh-connected crossbar network. The connectivity
of the mesh-connected crossbar is most easily defined in terms of rows and
columns. Each dilated switch has one pair of links connected to its
neighbor in the same row, and one pair of links connected to its neighbor
in the same column. 5      The above figures illustrate fully dilated
networks, but a skilled artisan would clearly recognize that a par- tially
dilated network can be easily obtained by simply implementing only a
portion of a given network with dual rail switches. The simplest way to
create a partially dilated network is to divide the given network into a
dilated portion preceded by an undilated portion. It is simplest because no
additional components are neces- sary. However, reversing the arrangements
is not much more difficult It merely requires the inclusion of a com- 10
bining stage after the dilated portion and before the undilated portion.
Claims 15  1.  A network for routing signals comprising: an input stage
including a plurality of initial routing elements, each comprising a f irst
pair of output leads and a second pair of output leads, a first input lead
connected to an input port of said network, and a second input lead
connected to another input port of said network; an output stage including
a plurality of terminal routing elements, each comprising a pair of input
20      leads and an output lead connected to an output port of said
network; a plurality of intermediate routing elements, each comprising a
first pair of input leads, a second pair of input leads, a first pair of
output leads and a second pair of output leads; and an interconnection
arrangement wherein said first pair of input leads of an intermediate
routing element is connected to a pair of output 25      leads of either
one of said initial routing elements or one of said intermediate elements,
said second pair of input leads of said intermediate routing element is
connected to a pair of output leads of either one of said initial routing
elements or one of said intermediate elements, and said pair of input leads
of a terminal routing element is connected to a pair of output leads of one
of said intermediate elements. 30 2.  The network of claim 1, further
comprising control means for accepting at most one active signal at each of
said pairs of input leads of an intermediate routing element, and routing
at most one of said signals accepted at said intermediate routing element
to each of said pairs of output leads of said intermediate routing element.
35 3. The network of claim 1 wherein each of said intermediate routing
elements comprises: a first 2x2 switch comprising a pair of input  ports
connected to said first input pair, and a pair of output ports with one of
said output ports of said f irst switch connected to said first pair of
output leads and the 40      other of said output ports of said first
switch connected to said second pair of output leads; and a second 2x2
switch comprising a pair of input ports connected to said second input
pair, and a pair of output ports with one of said output ports of said
second switch connected to said first pair of output leads and the other of
said output ports of said second switch connected to said second pair of
output lead 4. A method for creating an altered version of a given network
that employs single rail 2x2 switches and 



includes single rail input signals and single rail output signals,
comprising the steps of: employing a dual rail switch in said altered
version of a given network in place of a single rail switch in said given
network, said dual rail switch comprising two input pairs of leads and two
output pairs of 50      leads; employing a pair of links in said altered
version of a given network in place of a single link in said given network;
and employing a combiner stage as the ultimate stage of said altered
version of a given network to com- bine pairs of output signals in a
penultimate stage of said altered version of a given network to form single
rail output signals or said altered version of a given network that
parallel said single rail output signals of said given network. 5.  The
method of claim 4 further comprising a step of developing a set of control
signals, said set comprising 6    EP 0386958 B1                         *
C  L  M  S  * a pair of control signals for each of said dual rail
switches, with each pair of control signals developed for a dual rail
switch arranged to insure that no more than one of active signals applied
to said said dual rail switch is routed to each of said output pairs of
leads of said dual rail switch. 6.  A network for routing signals
comprising: a plurality of dual rail routing elements, each comprising a
first pair of input leads, a second pair of Input leads, a first pair of
output leads and a second pairs of output leads; a first interconnection
arrangement wherein said first pair of input leads of one of said dual rail
routing elements is connected to a pair 10       of output leads of another
one of said dual rail routing elements, and said second pair of input leads
of said one of said dual rail routing elements is connected to a pair of
output leads of still another one of said dual rail routing elements; a
plurality of single rail muting elements, each comprising one pair of Input
leads and one pair of output leads; 15            a second interconnection
arrangement wherein said input leads of one of said single rail routing
elements are connected to output leads of different ones of said single
rail routing elements; and a combiner element interposed between each
output pair of leads of dual rail switch that commu- nicates the output
signal of said output pair of leads to a single rail switch, with said
combiner element having two inputs and one output. 20 7.  The network of
claim 6, wherein said combiner element performs a logical OR function. 8.
the network of claim 6 wherein said combiner element performs a selection
function. 9.  A dilated omega network comprising 25             a plurality
of interconnected stages, where each stage comprises N 2x2 switches that
include 2 input links and two output links each, N being an integer, the
interconnection of said stage comprising links that connect switches in
stage i to switches in stage i+1, where i is an integer, In accordance with
the pat- tern [err] where I is an integer such that [err] repre- sents the
k+1 bit in a binary representation of a designation of a link of a switch,
where such designation 30      is an integer in the range 0 to 2N and is
twice the value of the designation of the switch, and [err] [err]
designates output link (err) at stage i while [err] des- ignates input link
(err) at stage i+1. 10. A dilated diamond array comprising a plurality of
interconnected stages, where each stage comprises 2x2 35       switches
that include 2 input links and two output links each, the interconnection
of said stage comprising links that connect switches in stage i to switches
in stage i+1, where i is an integer, in accordnace with the pattern 1)
[err] for all non-negative [err], where n is an integer, [err], desig-
nates output link 8n+j in stage i and; l[err] designates input link [err]
in stage i; 40         2) [err] where [err] designates input link [err] in
stage [err] and 3) [err] where [err] designates input link [err] in stage
1+1. 11. A dilated banyan network comprising a plurality of interconnected
stages, where each stage comprises N 2x2 switches that include 2 



45       input links and two output links each, N being an integer, the
interconnection of said stage comprising links that connect switches in
stage i to switches in stage i+1, where i is an integer, in accordnace with
the pat- tern [err]. where I is an integer such that [err] represents the
k+l bit in a binary representation of a designation of a link of a switch,
where such designation is an integer in the range 0 to 2N and is twice the
value of the designation of the switch, and O(err) des- 50       ignates
output link (err) at stage i while l(err) designates input link (err) stage
i+1. 12. A mesh-connected crossbar network comprising a plurality of
interconnected 2x2 switches that include 2 input links and two output links
each, arranged in an array of rows and columns, the interconnection of 55
said switches comprising links that connect each switch in row i and column
j, where i and j are integers, to a switch in row i+1 and column j with a
pair of links and to a switch in row i and columns j+1 with a pair of
links. 7    EP O 386 958 B1 Patentanspr~iche 1.  Netzwerk zur Wegffhrung
von Signalen mit einer Eingangsstufe mit einer Vieizahl von
Anfangs-Wegffihrungselementen, die je ein erstes und sin 5       zweites
Paar von Ausgangsleitungen, eine erste, miteinem Eingangsportdes Netzwerks
verbundene Ein- gangsleitung und sine zweite, mit elnem weiteren
Eingangsport des Netzwerks verbundene Eingange- leltung enthalten, einer
Ausgangsstufe mit einer Vieizahl von Endwegfflhrungsulementen, die je ein
Paar von Eingangslel- tungen und sine mit einem Ausgangsport des Netzwerks
verbundene Ausgangsleitung enthalten, 10      einer Visizahl von
Zwischenwegfrlhrungseoementen, die je sin erstes und sin zweites Paarvon
Eingangs- leitungen sowie emn erstes und ein zweites Paar von
Ausgangsleitungen enthalten, und einer Verbindungsanordnung, wobei das
erste Paar von Eingangsleitungen sines Zwlschenwegffihrungselementes mit
einem Paar von Aus- gangsleitungen entweder sines
Anfangswegfflhrungselementes oder eines Zwischenwegfflhrungsele- 15
mentes verbunden ist, das zweite Paar von Eingangsleitungen des
Zwischenwegfflhrungselementes mit einem Paar von Aus- gangsleitungen
entweder eines Anfangswegfihrungselementes oder sines
Zwischenwegfflhrungsele- mentes verbunden let und das Paar von
Elngangsleltungen sines Endwegfuihrungselementes mit elnem Pear von
Ausgangsleitun- 20      gen sines Zwischenwegfuhrungselementes verbunden
ist. 2.  Netzwerk nach Anspruch I mit ferner einer Steuereinrichtung zur
Aufnahme hochstens sines aktiven Si- gnals an jedem Paar von
Eingangsleitungen eines Zwischenwegfrihrungselementes und zur Welterlei-
tung h6chstens eines der am Zwischenwegfflhrungelement aufgenommenen
Signals zu jedem Paar von 25      Ausgangsleitungen des
Zwischenwegfihrungselementes. 3.  Netzwerk nach Anspruch 1, bei dem Jedes
Zwischenwegfahrungselement aufweist eonen ersten 2x2-Kopplermit einem
Paarvon Eingangsports, die mit dem ersten Eingengspaarverbunden sind, und
einem Pear von Ausgangsports, 30      wobei einer der Ausgangsports des
ersten Kopplers mit dem ersten Paarvon Ausgangsleltungen und der andere
Ausgangsportdes ersten Kopplers mitdem zwelten Paarvon Ausgangsleitungen
verbunden sind, und einem zweiten 2x2-Koppler mit einem Pear von
Eingangsports, die mit dem zweiten Eingangspaar ver- bunden sind, und einem
Paar von Ausgangaports, 35      wobei einer der Ausgangsports des zweiten
Kopplers mit dem ersten Pear von Ausgangsleitungen und der andere
Ausgangsport des zweiten Kopplers mitcdem zweiten Paar von
Ausgangsleitungen verbunden sind. 4.  Verfahren zur Erzeugung einer
abgeinderten Version sines gegebenen Netzwerks, des einglelsige 2x2-
Koppler verwendet und eingleisige Eingangssignale und eingleisige
Ausgangssignale besitzt, mit den Verfahrensschritten: Verwenden sines
zweigleisigen Kopplers in der abgeanderten Version sines gogebenen
Netzwerks an- stelle eines eingleisigen Kopplers in dem gegebenen Netzwerk,
wobel derzweigleisige Kopplerzwei Paa- 



re von Eingangsleitungen und zwei Paare von Ausgangsleitungen aufwelst, 45
Verwenden sines Paares von Linkleitungen in der abgeinderten Version sines
gegebenen Netzwerks an- stolle einer einzelnen Linkleitung in dem gegebenen
Netzwerk und Verwenden siner Kombinierstufe als letzte Stufe
derabgeanderten Version sines gegebenen Netzwerks, die Paare von
Ausgangssignalen In elner vorletzten Stufe der abgeanderten Version sines
gegebenen Netzwerks kombiniert und eingleisige Ausgangasignale der
abgeanderten Version sines gegebenen co      Netzwerks bildet, die eine
Parallels zu den eingleisigen Ausgangssignalen des gegebenen Netzwerks
darstellen. 5.  Verfahren nach Anspruch 4 mit ferner dem Schritt Erzeugen
sines Satzes von Steuersignalen mit einem Pear von Steuersignalen fOr jeden
zweigleisigen Koppler, wobei jedes Pear von fMr einen zweigleisigen Koppler
erzeugten Steuersignalen so angeordnet 55      ist, dag sichergestellt ist,
da% nicht mehr als sin aktives, an den zweigleisigen Koppler angelegtes
Signal zu jedem der Paare von Ausgangsleitungen des zweigleisigen Kopplers
geft hrt wird. 8    EP O 386 958 B1                 !     11111 Sliii! Ii
111111 6.  Netzwerk zur Wegfu hrung von Signalen mit einer Vielzahl von
zweigleisigen Wegffihrungselementen, die je ein erstes und sin zweites paar
von Ein- gangsleitungen sowie ein erstes und ein zweites Pear von
Ausgangsleitungen enthalten, einer ersten Verbindungsanordnung, bel der s
das erste Paar von Eingangsleitungen sines zweigleisigen
Wegfthrungselementes mit elnem paar von Ausgangsleitungen eines anderen
zweigleisigen Wegf0hrungselementes verbunden ist und das zweite paarvon
Eingangsleitungen eines zusitzlichen zweigleisigen Wegfihrungselementes
verbun- den ist, elner Vieizahl von eingleisigen Wegfflhrungselementen, die
je Gin Paar von Eingangsleitungen und sin 10      Pear von
Ausgangsleitungen besitze, einer zweiten Verbindungsanordnung, wobel die
Eingangsleitungen sines eingleisigen Wegfuhrungsele- mentbs
mitAusgangsleitungen unterschiedlichereingleisigerWegffihrungsolemente
verbunden sind, und elnem Kombinierelement, das zwischen jedes Paarvon
Ausgangsleitungen eines zweigleisigen Kopplers geschaltet ist, der das
Ausgangssignal des Paares von Ausgangsleltungen zu einem eingleisigen
Koppler 15      fflhrt, wobel das Kombinierelement zwei Eingange und eonen
Ausgang besitzt. 7.  Netzwerk nach Anspruch 6, bei dem des Kombinierelement
eine logische ODER-Funktion ausfuhrt. 8.  Netzwerk nach Anspruch 6, bei dem
das Kombinierelement eine Auswihlfunktion ausfflhrt. 20 9.  Erweitertes
Omega-Netzwerk mit einer Vielzahl von miteinander verbundenen Stufen, wobei
jede Stufe N 2x2-Koppler umfa~t, die je zwei Elngangslinkleitungen und zwei
Ausgangslinkleitungen enthalten, N eine ganze Zahl ist, die Verbindung der
Stufe Unkloitungen umfal~t, die Koppler in der Stufe I mit Kopplern in der
Stufe 1+1 verblnden, wobei i eine ganze Zahl entsprechend dem Muster O(pipi
IPI2--- Pl--- P2PAPo)I 4 IPN 1PN-2.- PJ ... P2PIPIPO)+1, Wo- 25      bei I
eine ganze Zahl ist, derart, daM gilt N-2', Pk das (k+1)te Bit in einer
Binardarstellung fOr die Bezeich- nung einer Unldieltung eines Kopplers
darstellt, diese Bezeichnung Gine ganze Zahl im Bereich von 0 bis 2N und
gleich dem doppelten WertderBezeichnung des Kopplers ist, und O(PPIPI-2--..
pJp2pNpO)dieAus- gangslinkleitung (PIN   2 Ps... P2PI Po) der Stufe i
bezeichnet, wahrend l(pI. IpNP2--. PJ... P2PIPIPO)I1 die 30
Eingangslinkleltung (Pi 1PW 2 ...*Pi...- P2PIPIPo) der Stufe 1+1
bezeichnet. 10. Erweiterte Diamantanordnung mit einer Vielzahl von
miteinanderverbundenen Stufen, bei der jede Stufe 2x2-Koppler mit Jo zwel
Elngangslinldeitungen und zwei Ausgangslinkleitungen umfagt, wobei die Ver-
bindung der Stufe Linkleitungen enthilt, die Koppler in der Stufe I mit
Kopplern in der Stufe i1i enthilt, i eine ganze Zahl ist, entsprechend dem
Muster 35         1) 0(8n+j)1fUrj=0,1,2,3-4 t(8n+j2),fOralle
nicht-negativen 8n+j-2, wobei n Gine ganze Zahl ist, 0(8n+j)1 die
Ausgangsinkleitung 8n+j in der Stufe i und 1(8n+j-2)1 die
Eingangslinkleitung 8n+j-2 in der Stufe i bezeichnen, 2) O(Bn+j), furj=4,5
- 1(8n+j-2)1+1, wobei 1(8n+j-2),+1 die Eingangslinkleitung 8n+j-2 in der
Stufe 1+1 be- zeichnet, und 40         3) (8n+j)1fflrj=6,7 -+l(8n+j+2)i+,,
wobei 1(8n+j+2)1+1 die Eingangslinkleitung 8n4j+2 in derStufe i+1 be- 



zeichnet. 11. Erweitertes Banyan-Netzwerk mit einerVielzahl von miteinander
verbundenen Stufen, wobeijede Stufe N 2x2-Koppler mitje zwel Eingangs- 45
linkleitungen und zwei Ausgangslinkleitungen umfal~t, N Gine ganze zahl
ist, die Verbindung der Stufe Linkleitungen enthalt, die Koppler in der
Stufe i mit Kopplern in der Stufe i11 verbinden, i eine ganze Zahl ist,
entsprechend dem Muster ((PIN 1 .-- P -2PH1 .-- Pi Po)A -4(PIPI I *-- P+2Po
... pi p+i)+, wobei I Gine ganze Zahl ist, derart, daS gilt N921, pkdas
(k+1)te Bit in einerBinirdarstellungeinerBezeichnung
fulreineLinkleitungeines Kopplers darsteilt, 50      wobei diese
Bezeichnung Gine ganze Zahl im Bereich 0 bis 2N und gleich dem doppelten
Wert der Be- zeichnung des Kopplers ist, und O(pip, ... p -2PJ+ ... piPo)
die Ausgangslinkleltung (PIP,- ... p2pF1 --- piPO) der Stufe I bezeichnet,
wahrend (pip.;, ... Pj+2Po ... PiPp+Oi+i die Eingangslinkieitung (pip,-,
... Pp2Po ... plpj+i) der Stufe 1+1 angibt. 55   12. Vermaschtes
Koordinatennetzwerk mit elner Vielzahl von miteinander verbundenen
2x2-Kopplern, die je zwei Eingangslinkleitungen und zwei
Ausgangslinkleitungen enthalten und in Zellen und Spalten ange- ordnet
sind, wobel die Verbindung der Koppler Linkleitungen umfait, die jeden
Koppler in der Zeile i und Spalte j, i und j sind ganze Zahlen, mit einem
Koppler in der Zeile 1+1 und Spalte j mit einem Paar von 9    EP 0 386 958
B11  1                           1111  1  n   ! Unkleltungen und mit einem
Koppler in der Zeile i und Spalte j+l mit einem Paar von Linkieitungen ver-
bindet. s   Revendications 1.  Un reseau pour I'acheminement de signaux,
comprenant: un 6tage d'entree comprenant un ensemble d'elements
d'acheminement initlaux, comprenant cha- cun une premiere paire de
conducteurs de sortie et une seconde paire de conducteurs de sortie, un
pre- 10      mier conducteur d'entree connecte A un acces d'entree du
reseau, et un second conducteur d'entrie connecti a un autre acces d'entree
du reseau; un etage de sortie comprenant un ensemble d'elements
d'acheminement finals, comprenant cha- cun une paire de conducteurs
d'entree etun conducteurde sortie connecte A un acces de sortie du reseau;
un ensemble d'elements d'acheminement intermediaires, comprenant chacun une
premiere pair. 15      de conducteurs d'entrie, une seconde paire de
conducteurs d'entree, une premiere paire de conducteurs de sortie et une
seconde pair. de conducteurs de sortie; et une structure d'interconnexion
dens laquelle la premiere paire de conducteurs d'entree d'un element
d'acheminement intermediaire est connectee a une pair. de conducteurs de
sortie de l'un des eiements d'acheminement initlaux ou de l'un 20      des
lMments intbrmediaires, la seconde paire de conducteurs d'entree de
i'element d'acheminement intermediaire est connecteie A une paire de
conducteurs de sortie de l'un des elements d'acheminement initiaux ou de
l'un des elements intermediaires, et Ia pair de conducteurs d'entree d'un
element d'acheminement final est connectee A une 25      paire de
conducteurs de sortie de l'un des elements intermbdiaires. 2.  Le reseau de
la revendication 1, comprenant en outre des moyens de commando pour
accepter au plus un signal actif sur chacune des paires de conducteurs
d'entree d'un blement d'acheminement Intermi- dialre, et pour acheminer au
plus l'un des signaux acceptes A cot element d'acheminement Intermidialre
30      vers chacune des paires de conducteurs de sortie de cot element
d'acheminement intermedlalre. 3.  Le reseau de la revendication 1, dans
lequel chacun des elements d'acheminement Intermediaires comprend: un
premier commutateur de 2 x 2, comprenant une paire d'accis d'entree
connectes A la premlere 35      paire d'entrees, et une pair. d'acces de
sortie avec l'un des acces de sortie du premier commutateur connecte a la
premlire paire de conducteurs de sortie, et l'autre acces de sortie du
premier commutateur connecte A la seconde paire de conducteurs de sortie;
et un second commutateur de 2 x 2 comprenant une pair. d'acces d'entr6e
connectes a la seconde 40      paira d'entrees et une pair. d'accAs de
sortie 



avec l'un des accbs de sortie du second commutateur connect A la premiere
pair. de conducteurs de sortie, et l'autre acces de sortie du second
commutateur connecte A la seconde paire de conducteurs de sortie. 45  4.
Un procede pour creer une version modif ie d'un reseau donne qui utilise
des commutateurs de 2 x 2 A un seul rail et qui comport. des signaux
d'entrbe A un seul rail et des signaux de sortie A un seul rail, comprenant
les btapes suivantes: on emploie un commutateur A deux rails dans cette
version modiflee d'un reseau donne, A la place d'un commutateur A un seul
rail dans le reseau donne, ce commutateur A deux rails comprenant deux 50
pares de conducteurs d'entree et deux paires de conducteurs de sortie; on
utilise une paire de maliles dans cette version modifiee d'un reseau donne,
A la place d'une seule maille dans le reseau donne; et on utilise un etage
de combinaison A titre de dernier etage de la version modifiee d'un reseau
don- ne, pour combiner des paires de signaux de sortie d'un avant-dernier
etage de la version modifiee d'un reseau donne, pour former des signaux de
sortie A un seul rail de la version modifiee d'un reseau donne, qui sont
semblables aux signaux de sortie A un seul rail du reseau donne. 5.  Le
procede de la revendication 4, comprenant en outre une etape qui consiste A
elaborer un ensemble 10    '1111      hutll  Billlll lll 111111l EP O 386
958 B1               * c   L  M   S* de signaux de commando, cet ensemble
comprenant une paire de signaux de commande pour chacun des commutateurs A
deux rails, chaque paire de signaux de commando qui eat elabor6e pour un
commu- tateura deux rails etant conque pour faire en sorts que pas plus
d'un des signaux actifs qui sont appliques au commutateur A deux rails, ne
soit acheminb vers chacune des paires de conducteurs de sortie du 5
commutateur A deux rails. 6.  Un r6seau pour acheminer des signaux,
comprenant: un ensemble d'elements d'acheminement A deux rails, comprenant
chacun une premlire pairs de conductours d'entr6e, une secondo pairs de
conducteurs d'entree, une premiere pairo de conducteurs 10      de sortie
et une seconds pairo de conducteurs de sortie; une premibre structure
d'interconnexion dans laquelle la premiere paire de conducteurs d'entree de
l'un des el6ments d'acheminementA deux rails eat connectee a une pairs de
conducteurs de sortie d'un autre des elementsd'acheminementA deux rails, et
15                 la seconde pairs de conducteurs d'entr6e de I'un des
blements d'acheminement A deux rails esat connect6e A une paire de
conducteurs de sortie d'encore un autre des bl6ments d'acheminement A deux
rails; un ensemble d'616ments d'acheminement a un soul rail, comprenant
chacun une pairs de conduc- tours d'entree et une pairs de conducteurs de
sortie; 20            une seconds structure d'interconnexion dans laquelle
les conducteurs d'entree de l'un des elb- ments d'acheminement A un soul
rail sont connectes a des conducteurs de sortie de diff~rents el6ments
parmi lea elements d'acheminement A un soul rail; et un 6lement de
combinaison interposb entre chaque pairs de conducteurs de sortie d'un
commu- tateur A deux rails qui transmet le signal de sortie de cette pairs
de conducteurs de sortie A un commu- 25      tateur A un seul rail, cot
e6lment de combinaison ayant deux entrees et une sortie. 7.  Le rbseau de
la revendication 6, dans lequel I'blement de combinaison remplit une
fonctlon logique OU. 8.  Le r6seau de la revendication 6, dans lequel
l'element de combinaison remplit une fonction de selection. 30  9.  Un
r6seau en ombga dilate comprenant un ensemble d'etages interconnectes, dans
lequel chaque etage comprend N commutateurs de 2 x2qui comprennent2 mailles
d'entree etdeux mailles de sortie chacun, N etantun ontler,
l'interconnexion de cetetage 6tantconstitu6 pardes mallies qui connectent
des commutateurs dans l'tMage I A des commu- tateurs dons l'btage i+1, en
designant par I un entier, conformement A la configuration: 35
O~~~~~~~~(PIPI- IPI- 2 .. PJ---P2PIPO)i -+ WI-P IPW2... Pj... (P2PIPO)IWl
dans laquelle I eat un entier tel quo N f 2Y, Pk represente le bit k+1 dans
une representation binaire d'une designation d'une maille d'un commutateur,
cetto dbsignation btant un entler dans la plage de 0 A 2N et 



etantbgale au double de la valeur de dbsignation du commutateur, et O(PgP1.
AP2 ... Pi ... P2PPO)1 designe une maille de sortie (P1P,. 1PI2 ... P1 ...
P2P1PO) A I'etage i, tandis quo I(PK. IP+2 ... PJ... P2P1P1PO)1+l designe
40      une maille d'entr6e (PF1.PI-2 ... Pj ... P2P1PPo) A l'etage i+1.
10. Un r6seau en losange dilate comprenant un ensemble d'etages
interconnectes, dans lequel chaque etage comprend des commutateurs de 2 x 2
qui comportent 2 mailles d'entr6e et 2 mailles de sortie chacun,
l'interconnexion de cet etage comprenant des mailles qui connectent des
commutateurs dans l'etage i A 45      des commutateurs dans l'etage 1+1, en
designant par i un entier, conformement A la configuration: 1) 0(8n+j),
pour j = 0, 1, 2, 3 .- 1(8n+j-2), pour touts valeur non nbgative de 8n+*2,
avec lea notations suivantes: n est un entier, 0(8n+j), dbsigne la maille
de sortie 8n+J dans l'btage 1, et 1(8n*j-2)1 dbsigne la maille d'entr6e
(8n+j-2) dans I'Mtage i; 2) O(8n+j)j pour j = 4, 5 -+ l(8n+j-2)1+1, le
ternie I(8n+j-2)141 dbsignant la maille d'entr6e 8n+J-2 dans 50
I'tage i+1; et 3)0(8n+j), pourj = 6, 71(8n+j+2)1+1, le terms 1(8n+j+2)1+1
dbsignant la maille d'entrbe 8n+j+2 dansa 'etage 11. Un reseau en benian
dilate comprenant 55            un ensemble d'etages Interconnectes, dans
lequel chaque etage comprend N commutateurs de 2 x 2 qui comprennent 2
mailles d'entr6e et 2 mailles de sortie chacun, N etant un entier,
I'interconnexion de cot etage comprenantdes maillesqui
connectentdescommutateursdans l'etage i A des commutateurs dans l'etage
i+1, en designant par i un entier, conformement A la configuration: 11    I
III!ll Illlj 111111 IlJl IfI 11111 EP 0 386 958 B1                       c
L   M   S .-(PIPI1---PJ-2PJ+-p ---PI-. l(PIPp1 ... PJ2PO...PIPJ+1)i+1 .dans
laquelle I est un entier tel que N s 2', Pk represente le bit k+1 dans une
repr6sentation binaire d'une designation d'une maille d'un commutateur,
cette designation 6tant un entier dans la plage de 0 a 2N et 6tant egale au
double de la valeur de la designation du commutateur, et O(PIP- 1
...Pj+2Pj+1...PPo)l designe 5       une maille de sortie (PIP,.. 1...
Pj+2P1+,...P1PO) A I'etage i, tandis que I(PjPj. 1...PI+2Po...PPpl),1.
designe une maille d'entr6e (PIP,. 1...PJ+2Po...P1PJ+1)) A l'etage 1+1. 12.
Un reseau matriciel connecte en treillis, comprenant un ensemble de
commutateurs de 2 x 2 Intercon- nectes qui comportent 2 mailles d'entr6e et
2 mailles de sortie chacun, disposes en une matrice de lignes 10       et
de colonnes, I'interconnexion de ces commutateurs comprenant des mailles
qui connectent chaque commutateur dans la ligne I et la colonne j, en
designant par I et j des entlers, a un commutateur dans la ligne 1+1 et la
colonne J avec une pairo de mallies, eta un commutateur dans la igns i et
la colonne j+1 avec une pairs de mailles. 15 20 25 30 '     35 40 45 50 55
12    


