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INTEGRATED HIGH-RADIX NON-BLOCKING OPTICAL SWITCHING FABRIC

CROSS REFERENCE TO RELATED APPLICATION
[0001] This application claims priority to U.S. Provisional Application number
62/390,529, filed on April 1, 2016, entitled: “INTEGRATED HIGH-RADIX NON-
BLOCKING OPTICAL SWITCHING FABRIC,” the entirety of which application is

hereby incorporated herein by reference.

TECHNICAL FIELD
[0002] This disclosure generally relates to optical switching, including for use in

interconnections within data center racks.

BACKGROUND
[0003] Data services based on data centers, such as used in cloud computing,
large data analysis and social network service environments are becoming well
known in computing. To operate such data centers, powerful servers need to be
interconnected in a way that provides for the rapid exchange of information between
them. Relatively high bandwidth and energy efficient interconnections based on
switch fabrics are in use, including for the intra-rack interconnections between
servers. Such a switching fabric is generally a high-radix switching fabric that is able

to support tens or even hundreds of interconnection ports.

[0004] Conventional electrical switches are reaching their usability limits for such
switching fabrics, generally as a result of their relatively large latency and power

dissipation. Silicon photonics devices are thus being investigated and used to some
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extent for switching fabrics because of their high data transmission and low power

consumption for optical interconnections.

[0005] However, many of the known optical switching fabric topologies /
architectures are either blocking structures or rearrangeable non-blocking structures,
which suffer larger latency compared to strictly non-blocking ones (where strictly
non-blocking refers to the ability to simultaneously use the paths from any input port
to any output port). Some non-blocking optical switching fabric structures are
known, however the losses in these structures are considerably large, making them
incapable of being used as a high-radix optical switching fabric. Note that it is
feasible to use relays in the optical links to reduce the losses in such structures,
however relays consume power and have other negative impacts on the system,
including introducing extra delay due to optical-electrical-optical conversions, and

making chip fabrication more difficult.

SUMMARY

[0006] This Summary is provided to introduce a selection of representative
concepts in a simplified form that are further described below in the Detailed
Description. This Summary is not intended to identify key features or essential
features of the claimed subject matter, nor is it intended to be used in any way that

would limit the scope of the claimed subject matter.

[0007] Briefly, one or more aspects of the technology described herein are directed
towards receiving, by a routing controller coupled to a strictly non-blocking optical
circuit switching fabric, input comprising a source optical block and a destination

optical block, the input requesting a coupling of the source input block to the
-2
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destination output block to provide an optical signal path. Aspects include
establishing, by the routing controller, the optical signal path from the source input
block to the destination output block, comprising determining, based on a total
number of ports of the strictly non-blocking optical circuit switching fabric and a first
position of the source input block relative to a second position of the destination
output block, a selected loop, whether to turn on the source input block or turn on the
destination output block, and a respective on state or a respective off state of each

optical switching element on the selected loop

[0008] Other advantages may become apparent from the following detailed

description when taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The technology described herein is illustrated by way of example and not
limited in the accompanying figures in which like reference numerals indicate similar

elements and in which:

[0010] FIG. 1 is an example block diagram representation of a non-blocking
integrated optical switching fabric that is used in a top of rack switch to interconnect

servers in a server rack, according to one or more example implementations.

[0011] FIG. 2 is an example representation of the topology of a 6-port optical
switching fabric of a non-blocking integrated optical switching fabric, according to

one or more example implementations.

[0012] FIG. 3 is an example block diagram representation of an optical switching

element, according to one or more example implementations.

-3-
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[0013] FIGS. 4 and 5 are example block diagram representations of an optical input

block, according to one or more example implementations.

[0014] FIGS. 6 and 7 are example block diagram representations of an optical

output block, according to one or more example implementations.

[0015] FIG. 8 is an example representation of the topology of an 8-port optical
network of a non-blocking integrated optical switching fabric using single
microresonators as optical switching elements to establish paths, according to one or

more example implementations.

[0016] FIGS. 9 and 10 are example representations the off-resonant state (FIG. 9)

and the on-resonant state (FIG. 10) of a microresonator group.

[0017] FIG. 11 is an example representation of the topology of an 8-port optical
network of a non-blocking integrated optical switching fabric using one or more
microresonators as optical switching elements, and also representing insertion of
clusters to increase a number of ports, according to one or more example

implementations.

[0018] FIG. 12 is an example representation of the topology of a 12-port optical
network of a non-blocking integrated optical switching fabric, demonstrating insertion
of clusters and an increase in optical switching elements to increase a number of

ports, according to one or more example implementations.

[0019] FIG. 13 is an example representation of the topology of an N-port optical
network of a non-blocking integrated optical switching fabric using one or more
microresonators as optical switching elements, and demonstrating a port numbering

scheme, according to one or more example implementations.

-4 -
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[0020] FIGS. 14 and 15 comprise a flow diagram directed towards operations of a
routing controller to establish paths in a non-blocking integrated optical switching

fabric, according to one or more example implementations.

[0021] FIG. 16 is a representation of a routing controller accessing saved
information to establish paths in a non-blocking integrated optical switching fabric,

according to one or more example implementations.

DETAILED DESCRIPTION
[0022] Various aspects of the technology described herein are generally directed
towards an integrated high-radix strictly non-blocking optical switching fabric
configurable with any (practical) number of ports, such as for use within racks in a
data center. A general topology is provided by the technology, which, along with a
routing controller (e.g., algorithm / mechanism), results in an optical switching fabric
architecture that is extensible with respect to providing a desired number of ports. In
general, the technology significantly reduces the optical devices through which
optical signals need to pass to achieve bidirectional routing, (relative to other
technologies). As will be understood, the high-performance, low-power
interconnections of the technology result in ultra-high bandwidth and low latency
intra-rack communication among tens or even hundreds of nodes, with low power

consumption low loss and high robustness.

[0023] It should be understood that any of the examples herein are non-limiting.
For example, implementations of the optical switching fabric may be shown as
incorporated into a top of rack switch that interconnects a rack of servers, but this is

only one beneficial use; indeed the optical switching fabric is neither limited to top of
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rack switches nor to server interconnections. As another example, various optical
circuits comprising two crossbar-like loops (an inner loop and an outer loop) are
exemplified herein, however optical circuits having more than two loops and/or
different (e.g., stacked) configurations may achieve benefits from and be
encompassed by the technology described herein. As such, the technology
described herein is not limited to any particular implementations, embodiments,
aspects, concepts, structures, functionalities or examples described herein. Rather,
any of the implementations, embodiments, aspects, concepts, structures,
functionalities or examples described herein are non-limiting, and the technology
may be used in various ways that provide benefits and advantages in switching

concepts in general.

[0024] In general and as represented in the example of FIG. 1, a rack of servers S1
— Smis shown, with the servers S1 — Sm being interconnected via a top of rack
switch 102. The top of rack switch 102 comprises a non-blocking integrated optical
switching fabric 104 and a routing controller 106 as described herein. As is
understood, although generally shown as separate in FIG. 1, the routing controller
106 may be considered part of the non-blocking integrated optical switching fabric
104, as represented by the dashed block 108; for example, both may be fabricated
together, e.g., in a single chip. Alternatively, the routing controller 106 may be

coupled to the optical switching fabric 104 in any suitable way.

[0025] FIG. 2 exemplifies a 6-port optical switching fabric 216 comprising an optical
network 218 and a routing controller 106. In FIG. 2, there are six clusters 220 — 225
(represented by dashed rectangles) corresponding to the six ports, in which each

cluster comprises an input block (represented by the squares labeled with an “I”), an

output block (represented by the squares labeled with an “O”) and a plurality of

-6-
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optical switching elements (represented by unlabeled squares). In general, relevant

ones of these components are connected with each other by waveguides.

[0026] The optical switching elements may comprise 2x2 optical switches, the input
blocks may comprise 1x2 optical switches with optical pins (e.g., grating couplers,
mirrors, prisms or the like), and the output blocks may comprise 2x1 optical switches
with optical pins. More particularly, each pair of input and output blocks is bounded
with a plurality of several optical switching elements in the radial direction, which are
referred to as the optical switching elements of that input-output pair (or that input-
output pair’s cluster). For example, in FIG. 2, the input-output cluster 220 comprises
an input-output pair (input block 1030, output block 1031) and the optical switching
elements labeled 1033 — 1035; (note that for purposes of clarity, not all of the input
blocks, output blocks and optical switching elements are individually labeled for the

other clusters 221 - 225).

[0027] As represented in FIG. 2 by the dashed diagonal lines, the routing controller
106 controls the on and off states of each input block, output block and optical
switching element. Although for purposes of clarity the dashed diagonal lines are
only shown from the routing controller 106 to the input block, output block and optical
switching elements of the cluster 223, it is understood that the routing controller 106
likewise controls the on and off state of each other input block, output block and
optical switching element. By turning on or turning off these function blocks
appropriately, optical signals from different inputs can be routed to different outputs

simultaneously.

[0028] In one or more implementations, the optical network comprises two

crossbar-like loops, within which the input and output ports are located. When



WO 2017/167231 PCT/CN2017/078808

viewed from the perspective of FIG. 2, an optical signal from any input block can be
routed to a half of the output blocks via an inner loop clockwise, and to the other half
of the output blocks via an outer loop counterclockwise. Note however that the term
“half” is not exact, as an input block does not couple to its own paired output block; in
other words, a U-turn is not supported, as it is meaningless to exchange information
within a node by the switching fabric. Note that except with respect to the longest
path on either the inner and outer loop, signal routing by the routing controller 106
needs to turn on one (and only one) optical switching element per path, along with

turning on either the input block or output block.

[0029] Thus, in a 6-port switching fabric, any input block, referred to as a “source”
input block may be coupled to a “destination” output block by the routing controller
106, wherein the destination output block is one of the five other possible output
blocks (that is, other than the source input block’s own paired output block). For
example, optical signals from a source input block 1030 can be routed to destination
output blocks 1431 and 1531 by selecting the inner loop, and can be routed to
destination output blocks 1131, 1231 and 1331 by selecting the outer loop, but
cannot be routed to output block 1031. No optical switching element needs to be
turned on to route optical signals from the source input block 1030 to the destination
output block 1331 or the destination output block 1431. Further, only the optical
switching element 1034 needs to be turned on to route optical signals from the
source input block 1030 to the destination output block 1131, and only the optical
switching element 1033 needs to be turned on to route signals from the source input
block 1030 to the destination output block 1231. Similarly, only the optical switching
element 1035 needs to be turned on to establish a path from the source input block

1030 to the destination output block 1531.

-8-
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[0030] In one or more implementations, microresonators may be used to
implement an optical switching element 330 (FIG. 3), in which the circles labeled 332
represent microresonators. An input block 440 or 550 (FIGS. 4 and 5, respectively)
may use microresonators 442 or 552; an optical pin such as a grating coupler 444 is
also shown in FIG. 4 as configured to receive optical signals. An output block 660 or
770 (FIGS. 6 and 7, respectively) may use microresonators 662 or 772; an optical
pin such as a grating coupler 664 is shown in FIG. 6 as configured to output optical
signals. In general, the optical pin in an input block couples light from optical fiber
into the network, while the optical pin in the output block couples light from the

network out to optical fiber.

[0031] One microresonator, in which the optical switching elements are shown as
circles in FIG. 8, (including the circle 880), is sufficient in these blocks for single
wavelength operation. However, a microresonator group comprising multiple
microresonators with different resonant wavelengths allows the use of the
wavelength-division multiplexing (WDM) technique, which may provide advantages.
Thus, as used herein, the terms “optical switching element,” “input block” and “output
block” include a single microresonator as well as a microresonator group for
implementations that employ microresonators. Note however that the technology
described herein is not limited to microresonators, and indeed, for example, Mach-
Zehnder Interferometers (MZIs) may be utilized as optical switches as well; in other
words, optical switching elements, input blocks and output blocks can be
implemented with MZIs, and a network may have a combination of optical switch

types. Further, an output block may be built with Y-branch combiners as well,

(although they tend to introduce more insertion loss than microresonators).
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Moreover, the relative position of inputs and outputs may be exchanged, and thus

the structures shown herein are only non-limiting examples.

[0032] To turn on the optical switching elements, one technique with
microresonators is to change the temperature of the microresonator in the optical
switching element. Another is to inject a free carrier into the microresonator in the
optical switching element to change the microresonator from off-resonance (as
represented in FIG. 9, block 990) to on-resonance (as represented in FIG. 10, block
1000). These two switching methods may be referred to as thermal switching and
carrier-injection switching, respectively. As is understood, when the state of a

microresonator varies, the established optical signal path varies.

[0033] Turning to aspects related to extensibility, FIGS. 8 and 11 show 8-port
optical networks 816 and 1116, respectively. Relative to the 6-port optical network,
FIG. 11 shows how two input-output clusters (the dashed blocks 1110 and 1111 with
bolded cluster components) may be inserted between two adjacent input-output
clusters to provide the an 8-port optical network 1116. Note that although not shown,
it is understood that one input-output cluster may be added to provide a 7-port
optical network. Relative to the 8-port optical network, FIG. 12 shows how four
input-output clusters (the dashed blocks 1210, 1211, 1212 and 1213 with bolded
cluster components) may be inserted between two adjacent input-output clusters to
provide an 8-port optical network 1216. Again, inserting one input-output cluster
provides a 9-port optical network, two input-output clusters a 10-port optical network,
and so on. Indeed, insert any number of input-output clusters may be inserted to

extend the topology to a generic N-port optical network 1316 as shown in FIG. 13.

-10 -
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[0034] To increase the total number of ports in an optical network, a related
increase in the number of optical switching elements is needed. For example, it can
be seen that the 6-port optical network 216 (FIG. 2) has three optical switching
elements per cluster, the 8-port optical network 1116 (FIG. 11) has five optical
switching elements per cluster, the 12-port optical network 1216 (FIG. 12) has nine
optical switching elements per cluster, and so on. More particularly, for a generic N-

port optical network, each cluster comprises N - 3 optical switching elements.

[0035] Note further that (N/2) - 1 optical switching elements are associated with
the outer loops and the remaining (N/ 2) - 2 optical switching elements are
associated with the inner loops. It also should be noted that using more than two
crossbar-like "loops” to construct an optical switching network introduces more
waveguide crossings and results in larger loss and crosstalk, because of the need to
connect these crossbar-like "loops” with input and output blocks by passing at least

one crossbar-like "loop” in a planar optical circuit.

[0036] Turning to one suitable routing algorithm, because the optical network is an
optical circuit switching fabric, a path has is established from a source input block to
a destination output block based on a routing algorithm. Because in one or more
implementations the available path between any input port and output port is unique
within the network, only the control signals of the optical switching element, input
block and output block along this path need to be determined to route the optical
signal from the source to the destination correctly. The following algorithm, also
described with reference to the example operations (exemplified as steps) of FIGS.

14 and 15, is one way that this may be done:

-11 -
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Input: The number N of the ports, source sand destination d
Output: Control signals of optical switching elements (OSEs), input block
(Iny) and output block (Out,)

1. | «d-—s

2: if0 <l <[(N-1)/2] then

3: Ing < of f; Out,; < on; Is_outer « True;

4: elseifl < —[(N —1)/2] then

5: Ing < of f; Out,; < on; Is_outer « True;
[l «N+d-s;

6: elseif —|N —1)/2| < [ < 0then

7: Ing < on; Out,; < of f; Is_outer « False;

8: elseif [ > |N —1)/2] then

9: Ing < on; Out,; < of f; Is_outer « False;
[l «N+s—d;

10: endif

11: if Is outer == True then

12: if | #[(N —1)/2] then

13: OSEsa0uter < ON; OSEotherssaouter < Of f
14:  else

15: OSEqis.d,0uter < Of [

16: end if

17: else

18: if [ #|N —1)/2] then

19: OSEysqinner < ON; OSEothers s imner < Off;
20:  else

21: OSEqus.d,imner < Of [

22:  endif

23: endif

-2
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[0037] Note that the algorithm is based upon the numeric identity of the source and
destination, and thus to be correct, the numbering order needs to be consistent. In
this example, for the above algorithm, the input block and output block at the
topmost left are identified as port 0, with the port number increasing along the
counterclockwise direction, (if viewed from above as for example in FIGS. 8 and 13;

notwithstanding, a clockwise or other consistent numbering scheme is alternatively

feasible). Further note that Ing and Out, represent the input block of source s and
output block of destination d, respectively, OSE| ¢ 4 inner represents the I-th optical

switching element away from s along the path from s to d in the inner loop

(OSE} s 4 outer is for the outer loop), OSE,tpers s a.innerfepresents all the optical
switching element except the I-th optical switching element away from s along the
path from s to din the inner loop (OSEy¢hers s,d.0uter 1S fOr the outer loop) (outer

loop), OSE 1 s q inner Yepresents all the BOSEs in the inner loop (OSE 4y s g outer IS

for the outer loop), and on or off represents the turn-on or turn-off signal, respectively,
which for example in a microresonator-based network makes the microresonators

on-resonant or off-resonant, respectively.

[0038] It should also be noted that the position of the input block relative to the
output block is quite flexible. For example, the input block 0 may be to the right of to
the output block 0 whereas the input block 1 may be to the left of the output block 1.
Thus, the position of the input block and output block within one cluster is

exchangeable.

[0039] To set up a path from an input port to output port, the routing controller
needs to turn on at most one optical switching element in the input-output cluster of

the source, and to also turn on either the input block or output block. At step 1402 of
-13 -
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FIG. 14, the controller receives as input the source port s, destination port d and if

the number of ports is variable (e.g., as opposed to hard-coded into a fabricated chip,

for example), the number of ports N. Step 1402 determines an initial optical

switching element value [, based on the port difference between the source s and

destination d.

[0040] The above algorithm then determines whether the optical signal is to be
routed by the inner loop or the outer loop, as shown from lines 2 to 10 in the
algorithm, and steps 1408 — 1422 in FIG. 14. In general, these lines / steps also

mathematically determine the control signals, that is, the on or off states of the
relevant clusters’ components. Note that the value of [ may change, which occurs at

either line 5 (step 1414) or line 9 (step 1422) if those lines / steps are executed.

[0041] In general, if the signal needs to access the outer loop of the optical network
(Is_outer == True), the controller sets the microresonators off-resonant in the

input block of the source and the microresonators on-resonant in the output block of
the destination. Otherwise, the controller turns on the microresonators in the input
block of the source and turns off the microresonators in the output block of the

destination to use the inner loop to route the optical signal.

[0042] From lines 11 - 23 of Algorithm 1, corresponding to steps 1502 - 1514o0f FIG.
15, the routing controller determines the state of the optical switching elements along
the unique path from the source to the destination. Steps 1504, 1506 and 1508 are
for the outer loop, while steps 1510, 1512 and 1514 are for the inner loop. Note that
via step 1504 (outer loop) or step 1510 (inner loop), to route the optical signal by the
longest path, no optical switching element needs to be turned on (step 1508 outer,

step 1512 inner). Otherwise, the controller turns on an optical switching element
-14 -
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based on the distance between the source and destination, and turns off the rest of
the optical switching elements along the path from the source to the destination (step

1510 outer, step 1514 inner).

[0043] By way of example, to route the optical signal from input port 0 to output port
4 in the 8-port optical network 816 of FIG. 8, marked as the bold dashed line, there is
no need to turn on any optical switching element (the single microresonator) along
the path connecting input port 0 and output port 4. To route the optical signal from
input port 1 to output port 7, marked as the bold solid line in FIG. 8, the controller
uses the inner loop and turns on the optical switching element 880 (marked with an
“X”} in FIG. 8 and turns off other optical switching element along this path according
to lines 9 and 19 in Algorithm 1. Note that this process is somewhat similar to the
routing algorithm of Crossbar if the outer loops and the inner loops of the optical
network are considered similar to two Crossbar-like structures in a polar coordinate

system.

[0044] Turning to another aspect, while the above algorithm is highly efficient and

works for any N-port network with two loops, it is also feasible (at least for networks
having relatively smaller numbers of ports) to run the algorithm in advance for all d
and s values with any fixed number N (e.g., offline, before fabrication) and store the
results in a data structure. For example, in FIG. 16, a routing controller 1606
receives sand d as input as before, but instead of dynamically running the algorithm

(online), accesses an array data structure 1690 that stores the information needed to
output the correct control signals for these two input source and destination values.

Again, because N in this example is fixed at the time of fabrication, algorithm 1

-15-
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above may be run offline before fabrication, with the control signals to output stored

as results in an on-chip data structure for online lookup.

[0045] For example, consider in the example of FIG. 16 that a 6-port optical

switching fabric is to be fixed on chip. The number of ports Nis thus fixed at six in

this example, and the svalues and d values range from zero (0) to five (5). An array

1690 may thus be used that stores for each valid input combination whether the
input block is turned on (and if not, the output block is turned on), and the on state of
any optical switching element (OSE) to be turned on (others are turned off). Note
that the network needs to have its optical switching elements identified and mapped
to by the controller in a suitable way, e.g., each may have a single different number
in the entire network to uniquely identity each optical switching element therein (such
as 0 - 18in FIG. 2), or there may be a cluster (port) number, switching element
within the cluster number pairing (C0, OSEOQ) to uniquely identify each optical
switching element in the entire optical network. Further note that the idle state of the
optical switching element is the off state. When there is no path established, all
optical switching elements are in the off state. When a path is torn down, the optical
switching elements along this path are turned off (that is, any relevant ones,

including any previously turned on).

[0046] In the example of FIG. 16, for source 0, destination 1, the source (input block)
is turned off, whereby the destination (output block) is turned on, and the optical
switching element identified as S01 (labeled optical switching element 1034 in FIG. 2)
is turned on. For source 0, destination 2, the source (input block) is turned off,
whereby the destination (output block) is turned on, and the optical switching

element identified as S02 (labeled optical switching element 1033 in FIG. 2) is turned
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on. Note that to establish the path from source sto destination d, the controller

controls all of the optical switching elements within the source cluster. In the
example of FIG. 16, therefore, the optical switching elements except S01 in cluster 0

are turned off for the source 0, destination 2 row of the 6-port data structure 1690.

[0047] For source 5, destination 3, the destination (output block) is turned off,
whereby the source (input block) is turned on, and no optical switching element is
turned on. Note that in the data structure 1690, the symbol "-" represents that all
optical switching elements in that source cluster need to be turned off, and, for

example, can be a value such as -1 in the array.

[0048] For source 5, destination 4, the destination (output block) is turned off,
whereby the source (input block) is turned on, and the optical switching element

identified as S54 (labeled optical switching element 1532 in FIG. 2) is turned on.

[0049] Note that an “X” in the data structure 1690 means not possible, that is, when
the source and destination are in the same cluster. Indeed, in one or more

implementations such rows may be removed from the array.

[0050] As can be seen, described herein is a strictly non-blocking optical switch
fabric topology and routing algorithm that support bidirectional routing to accomplish
ultra-high bandwidth and low latency intra-rack communication among tens or even
hundreds of nodes with low power consumption; note that the strictly non-blocking
property is formally provable). Further, relative to other fabrics, the technology
described herein has significantly lower worst-case loss as well as lower average
loss compared with Crossbar. For example, when 32 WDM channels are employed,
the worst-case loss and average loss of a 128x128 optical network is about 30dB
and 15dB lower than those of a Crossbar (a unidirectional) fabric of the same size,
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respectively. Furthermore, compared to Crossbar, the optical switching fabric is less

sensitive to the loss parameter of the devices.

[0051] One or more aspects are directed towards a strictly non-blocking optical
circuit switching fabric comprising clusters, wherein each cluster of the clusters
comprises an input block, an output block and optical switching elements. The input
block of each cluster is capable of being coupled to the output block of each other
cluster of the clusters via at least one loop of a plurality of loops. Aspects include a
routing controller configured to control on and off states of a source input block of
one cluster, a destination output block of another cluster and the optical switching
elements to establish an optical signal path from the source input block to the
destination output block. The routing controller is further configured to, based on a
total number of ports of the strictly non-blocking optical circuit switching fabric and a
source position of the source input block relative to a destination position of the
destination output block, determine a selected loop from the source input block to the
destination output block, turn on the source input block or turn on the destination
output block based on the selected loop, and control an on state or an off state of
each optical switching element of the optical switching elements that is on the

selected loop to establish the optical signal path.

[0052] The plurality of loops may comprise inner loops and outer loops. The optical
signal path from the source input block to the destination output block may be routed
via one of the inner loops in one rotational direction, or is routed via one of the outer

loops in an opposite rotational direction.

[0053] The routing controller may be configured to control respective on and off

states of another input block of another cluster and another output block of a
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different other cluster and other optical switching elements to establish another at
least partially simultaneous optical signal path between the other input block of the

other cluster and the other output block of the different other cluster.

[0054] The source input block may comprise an optical pin that couples light into a
waveguide. The destination output block may comprise an optical pin that receives
light from a waveguide and couples the light into one or more optical fibers. At least
some of the optical switching elements may comprise microresonators, and/or at
least one of the optical switching elements may comprise a coupled-resonator optical
waveguide. An optical switching element of the optical switching elements may
comprise a microresonator group comprising microresonators, wherein each
microresonator of the microresonators has a different resonant wavelength. At least

some of the optical switching elements may comprise Mach-Zehnder interferometers.

[0055] The source position of the source input block relative to the destination
position of the destination output block may be based on a sequential numbering of
the clusters in one rotational direction. Within a cluster, the relative position of the
input block may be to the right of the output block, or the relative position of the input

block may be to the left of the output block.

[0056] The routing controller may be configured to access a data structure to
determine at least one of: the selected loop from the source input block to the
destination output block, whether to turn on the source input block or turn on the
destination output block based on the selected loop, or whether to control respective
on states or respective off states of each optical switching element of the optical

switching elements that is on the selected loop.

-19-



WO 2017/167231 PCT/CN2017/078808

[0057] One or more aspects are directed towards receiving, by a routing controller
coupled to a strictly non-blocking optical circuit switching fabric, input comprising a
source optical block and a destination optical block, the input requesting a coupling
of the source input block to the destination output block to provide an optical signal
path. Aspects include establishing, by the routing controller, the optical signal path
from the source input block to the destination output block, comprising determining,
based on a total number of ports of the strictly non-blocking optical circuit switching
fabric and a first position of the source input block relative to a second position of the
destination output block, a selected loop, whether to turn on the source input block or
turn on the destination output block, and a respective on state or a respective off

state of each optical switching element on the selected loop.

[0058] Receiving the input may comprise receiving the total number of ports.
Determining the respective on state or the respective off state of each optical
switching element may comprise controlling each optical switching element to the
respective off state, or controlling one optical switching element to the respective on

state and each other optical switching element to the respective off state.

[0059] Also described herein is establishing, by the routing controller, an at least
partially simultaneous, different optical signal path between a different source input

block and a different destination output block.

[0060] One or more aspects are directed towards operations of a routing
mechanism of a strictly non-blocking integrated optical switching fabric, comprising
determining, based on a total number of ports of the strictly non-blocking integrated
optical switching fabric, a first value representing a source input block and a second

value representing a destination output block, whether the source input block is
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routable to the destination output block via an inner loop or an outer loop of the
strictly non-blocking integrated optical switching fabric. In response to the source
input block being determined to be routable to the destination output block via the
inner loop, described herein is determining, from the total number of ports, the first
value and the second value, a first on or off state of the source input block, a second
on or off state of the destination output block, and third respective on or off switch
states of a first group of optical switching elements on the inner loop. Also described
is, in response to the source input block being determined to be routable to the
destination output block via the outer loop, determining, from the total number of
ports, the first value and the second value, the first on or off state of the source input
block, the second on or off state of the destination output block, and fourth
respective on or off switch states of a second group of optical switching elements on
the outer loop and outputting control signals corresponding to the first on or off state,
and the second on or off state, and further corresponding to the third respective on
and off states or the fourth respective on and off states, to route optical signals from

the source input block to the destination output block.

[0061] The operations also may comprise, receiving the first value representing the
source input block and the second value representing the destination output block.
The control signals may be first control signals, and the operations may further
comprise, outputting second control signals to at least partially simultaneously route
other optical signals from a different source input block to another, different
destination output block. Determining at least one of the first on or off state, the
second on or off state, the third respective on and off states or the fourth respective

on or off states may comprise accessing a data structure.
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CONCLUSION

[0062] While the invention is susceptible to various modifications and alternative
constructions, certain illustrated implementations thereof are shown in the drawings
and have been described above in detail. It should be understood, however, that
there is no intention to limit the invention to the specific forms disclosed, but on the
contrary, the intention is to cover all modifications, alternative constructions, and

equivalents falling within the spirit and scope of the invention.

[0063] In addition to the various implementations described herein, it is to be
understood that other similar implementations can be used or modifications and
additions can be made to the described implementation(s) for performing the same

or equivalent function of the corresponding implementation(s) without deviating
therefrom. Accordingly, the invention is not to be limited to any single implementation,
but rather is to be construed in breadth, spirit and scope in accordance with the

appended claims.
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WHAT IS CLAIMED IS:

1. A system, comprising:

a strictly non-blocking optical circuit switching fabric comprising a plurality of
loops and clusters, wherein each cluster of the clusters comprises an input block, an
output block and optical switching elements, and wherein the input block of each
cluster is capable of being coupled to the output block of each other cluster of the
clusters via at least one loop of the plurality of loops; and

a routing controller configured to control on and off states of a source input
block of one cluster, a destination output block of another cluster and the optical
switching elements to establish an optical signal path from the source input block to
the destination output block, wherein the routing controller is further configured to,
based on a total number of ports of the strictly non-blocking optical circuit switching
fabric and a source position of the source input block relative to a destination
position of the destination output block:

determine a selected loop of the plurality of loops from the source input
block to the destination output block,

turn on the source input block or turn on the destination output block
based on the selected loop, and

control an on state or an off state of each optical switching element of
the optical switching elements that is on the selected loop to establish the

optical signal path.

2. The system of claim 1, wherein the plurality of loops comprises inner

loops and outer loops.
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3. The system of claim 2, wherein the optical signal path from the source
input block to the destination output block is routed via one of the inner loops in one
rotational direction, or is routed via one of the outer loops in an opposite rotational

direction.

4. The system of claim 1, wherein the routing controller is configured to
control respective on and off states of another input block of another cluster and
another output block of a different other cluster and other optical switching elements
to establish another at least partially simultaneous optical signal path between the
other input block of the other cluster and the other output block of the different other

cluster.

5. The system of claim 1 wherein the source input block comprises an

optical pin that couples light into a waveguide.

6. The system of claim 1 wherein the destination output block comprises
an optical pin that receives light from a waveguide and couples the light into one or

more optical fibers.

7. The system of claim 1 wherein at least some of the optical switching
elements comprise microresonators, or wherein at least some of the optical
switching elements comprise Mach-Zehnder interferometers, or wherein at least
some of the optical switching elements comprise microresonators and wherein at
least some of the optical switching elements comprise Mach-Zehnder

interferometers.

-24 -



WO 2017/167231 PCT/CN2017/078808

8. The system of claim 1 wherein at least one of the optical switching

elements comprises a coupled-resonator optical waveguide.

9. The system of claim 1 wherein an optical switching element of the
optical switching elements comprises a microresonator group comprising
microresonators, and wherein each microresonator of the microresonators has a

different resonant wavelength.

10.  The system of claim 1 wherein the source position of the source input
block relative to the destination position of the destination output block is based on a

sequential numbering of the clusters in one rotational direction.

11.  The system of claim 1 wherein within a cluster, the relative position of
the input block is to the right of the output block, or the relative position of the input

block is to the left of the output block.

12.  The system of claim 1 wherein the routing controller is further
configured to access a data structure to determine at least one of: the selected loop
from the source input block to the destination output block, whether to turn on the
source input block or turn on the destination output block based on the selected loop,
or whether to control respective on states or respective off states of each optical

switching element of the optical switching elements that is on the selected loop.
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13. A method, comprising:

receiving, by a routing controlier coupled to a strictly non-blocking optical
circuit switching fabric, input comprising a source optical block and a destination
optical block, the input requesting a coupling of the source input block to the
destination output block to provide an optical signal path; and

establishing, by the routing controlier, the optical signal path from the source
input block to the destination output block, comprising determining, based on a total
number of ports of the strictly non-blocking optical circuit switching fabric and a first
position of the source input block relative to a second position of the destination
output block,

a selected loop,

whether to turn on the source input block or turn on the destination output
block, and

a respective on state or a respective off state of each optical switching

element on the selected loop.

14.  The method of claim 13, wherein the receiving the input comprises

receiving the total number of ports.

15.  The method of claim 13, wherein the determining the respective on
state or the respective off state of each optical switching element comprises
controlling each optical switching element to the respective off state, or controlling
one optical switching element to the respective on state and each other optical

switching element to the respective off state.
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16.  The method of claim 12, further comprising, establishing, by the routing
controller, an at least partially simultaneous, different optical signal path between a

different source input block and a different destination output block.

17. A machine-readable storage medium, comprising executable
instructions that, when executed by a routing mechanism of a strictly non-blocking
integrated optical switching fabric, facilitate performance of operations, comprising:

determining, based on a total number of ports of the strictly non-blocking
integrated optical switching fabric, a first value representing a source input block and
a second value representing a destination output block, whether the source input
block is routable to the destination output block via an inner loop or an outer loop of
the strictly non-blocking integrated optical switching fabric;

in response to the source input block being determined to be routable to the
destination output block via the inner loop, determining, from the total number of
ports, the first value and the second value, a first on or off state of the source input
block, a second on or off state of the destination output block, and third respective on
or off switch states of a first group of optical switching elements on the inner loop;

in response to the source input block being determined to be routable to the
destination output block via the outer loop, determining, from the total number of
ports, the first value and the second value, the first on or off state of the source input
block, the second on or off state of the destination output block, and fourth
respective on or off switch states of a second group of optical switching elements on
the outer loop; and

outputting control signals corresponding to the first on or off state, and the

second on or off state, and further corresponding to the third respective on and off
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states or the fourth respective on and off states, to route optical signals from the

source input block to the destination output block.

18.  The machine-readable storage medium of claim 17, wherein the
operations further comprise, receiving the first value representing the source input

block and the second value representing the destination output block.

19.  The machine-readable storage medium of claim 17, wherein the control
signals are first control signals, and wherein the operations further comprise,
outputting second control signals to at least partially simultaneously route other
optical signals from a different source input block to another, different destination

output block.

20. The machine-readable storage medium of claim 17, wherein the
determining at least one of the first on or off state, the second on or off state, the
third respective on and off states or the fourth respective on or off states comprises

accessing a data structure.
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