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Abstract

Optical multistage interconnection networks (OMINs), based on 2x2
directional coupler photonic switches, are an essential approach for all-optical
lightwave networks. OMINs have been proposed as the routing component in IP
over DWDM architecture in all-optical high-performance networks. Network
dilation is a space domain approach is to reduce the negative effect of optical
crosstalk. In this paper, we focus on the two dilated blocking networks
concatenated dilated re-arrangeable networks, such as NxN

dilated_blocking_network-dilated_blocking_network architectures. We propose
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and evaluate the performance of a class of isomorphic networks of the NxN
Dilated_Baseline_Network-Dilated Baseline_Network™(DBN-DBN™)

architecture based on a three-stage Clos network and the Slepian-Duguid Theorem.
Topological equivalence is to prove the isomorphic networks are non-blocking
dilated re-arrangeable networks. Two types of center-stage connection between
dilated blocking networks are summarized: straight and skewed straight. The

general routing algorithm is also developed.

Key words:OMINSs, dilated re-arrangeable networks, isomorphic network,

three-stage Clos network, Slepian-Duguid Theorem.

-64-



On A Class of Two Dilated Blocking Network Concatenated
e-Arrangeable Photonic Switching Networks

— ;gé&jj?%#r“}j IKIQJ:\)H f“ﬁfﬂr“&"

%ﬂ' ~EI

[ Ea O
PLEE S

TSR A AT

w

CHFS N R AR - WA 2 X 2 POy £ R Rl 7
FLA R AW RAE o TS AR A B B T SRR T
ESE SR Ea i il R "ﬁ‘.ﬁ'@ﬁﬁ A ISR T !
O 8 (OB Y I IR Ol e ok R 2 RIS
F IV PRV ASHIRRIATESR - B90T N x NI TR AqEEe 8 B g
B o T = TR U ASSLEAEE 2 Slepian-Duguid R E o 7 MEELS R i
EIEY N x N [ BL A A LS 1 9 5L 4 325 (DBN-DBN ) U352 4
£ o T IRB SRR EIAEEE ALY B W PRI o PyE el el
B AT e A s s hpspy o ORE p i = T A

%E%ﬂ LIRS A EIET' (P PR A - RIS o = R
I AR > Slepian-Duguid EEFFU o

-65-



OEEEH $I1Y@

| ~ Introduction

The emerging wide-band photonic switching networks is an essential
approach in all-optical (the third generation) lightwave networks [1], offering
virtually unlimited bandwidth, as well as protocol-transparent in the data rate and
encoding format; and also avoiding repeated O/E and E/O signal conversion.
Optical Multistage Interconnection Networks (OMINS), based on 2x2 directional
coupler photonic switches, have been studied extensively in the optical domain as
an important interconnection for communication and parallel computing systems
[2,3,4,5,6,7]. OMINs have been proposed as the routing component in IP over
DWDM architecture in all-optical high-performance networks [8,9,10]. This
architecture will bring scalability and cost-effectiveness and it is a significant
topic in current research. The 2x2 directional coupler can be fabricated on several
substrate materials, such as Titanium-diffused Lithium Niobate (Ti:LiNbO3).
Ideally, each 2x2 directional coupler operates in either cross state or bar state and
the transition between the two states is controlled by the applied voltage on the
electrode. However, undesirable coupling signals between the two waveguides,
and optical crosstalk, is generated [3,6]. Various approaches using the concepts of
dilation in the space, time, or wavelength have been proposed to reduce the
negative effect of crosstalk [7,11,12].

Network dilation is a space domain approach that uses only one of the two
inputs of the switch at any given time. In other words, no two connections will
pass through the same switch simultaneously. An NxN dilated network is dilated

into a network that is essentially equivalent to a 2Nx2N network. An NxN
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Multistage Interconnection Network can be classified as a blocking network,
non-blocking network, or re-arrangeable network, based on the three-stage Clos
networks proposed by C. Clos [13,14,15,16,17,18]. Similarly, OMINs can also be
classified into three architectures: dilated blocking network, dilated non-blocking
network, and dilated re-arrangeable network [6,7,8]. Of these, the architecture of
dilated re-arrangeable network constructed from the dilated blocking network
[5,7,19] is more versatile and complicated than that of the dilated blocking
network. A dilated network is re-arrangeable if all permutations are possible,
although some existing connections may need to be disassembled and re-arranged
to allow the addition of the new connection. The dilated re-arrangeable multistage
interconnection networks are dynamic networks in which every input/output pair
connection can be realized for a given arbitrary permutation by setting a set of
switching elements. The dilated re-arrangeable network is a more reliable network
when switches are faulty.

In this paper, we propose a class of dilated re-arrangeable networks and begin
with the type of dilated_blocking_network-dilated_blocking_network architecture.
In the dilated_blocking_network-dilated blocking_network architectures, the first
part and the second part of the architecture are all the dilated blocking network,
which is the combination of two blocking networks. Following, we propose some
definitions and assumptions for the dilated_baseline-dilated_baseline™ network.
Then, we convert the dilated baseline-dilated baseline® network into the
three-stage Clos network [13,14]. According to the Slepian-Duguid theorem, we
can prove that the dilated baseline-dilated_baseline® network is a dilated

re-arrangeable network. A class of isomorphic networks of the
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dilated_baseline-dilated_baseline™ architecture have been classified and proven to
be topologically equivalent in this paper. The results show that there are two types
of center-stage connection between two dilated_blocking_networks: straight and
skewed straight [20].

The paper is organized as follows. First, the Dilated_Baseline_Network-
Dilated_Baseline_Network™ (DBN-DBN™) architecture is proposed, and proven to
be a dilated re-arrangeable photonic network based on the Slepian-Duguid
theorem in Section 2. Section 3 investigates and classifies a class of NxN
dilated_blocking_network-dilated_blocking_network architectures that are
isomorphic networks of the NxN DBN-DBN™ network. Two types of center-stage
connection between two dilated_blocking_networks are summarized in the
isomorphic networks of the NxN DBN-DBN™ network: straight and skewed

straight. Conclusion is given in the Section 4.

1 ~ Dilated_Blocking_Network-Dilated_Blocking_Network Architectures

The configuration of a network means the topology and the label of the
components of the network. The topology consists of switching elements, stages,
and the interconnection links between switching elements. The NxN
dilated_blocking_network-dilated_blocking_network architecture consists of two
dilated blocking networks. One dilated blocking network concatenates with the
other dilated blocking network using a straight or skewed straight connection. An
NxN dilated_blocking_network-dilated_blocking_network has (2log,N)+2 stages
of 2x2 switching elements, each switching element with one input and one output.

And the interconnection links between switching elements can be described using
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a set of mathematical rules, called topology describing rules [15]. N is the number
of switching elements in each stage and is also the number of the inputs and the
outputs. The stages are labeled in a sequence from 0 to (2log,N)+1 with 0O for the
leftmost stage and (2logoN)+1 for the rightmost stage. In each stage, each
switching element is labeled by I=log,N binary bits, pjpi.1---p1, which is the binary
representation of its location in the stage. The levels of links are labeled in a
sequence from 0 to (2log,N)+2 with O for the leftmost level and (2log,N)+2 for
the rightmost level. Each link in each level is labeled by I+1=(log,N)+1 binary
bits, pipi-1---p1po. The first | leftmost bits, pipi.1---p1, are the same as the switching
elements; the last bit, po, is equal to 0 if the link is connected to an upper terminal
of the switching element and po is equal to 1 if the link is connected to a lower

terminal.

Il ~ Proposed Architecture

1 - Dilated_Baseline_Network-Dilated_Baseline_Network™ (DBN-DBN™)
The dilated_blocking_network-dilated_blocking_network architecture, e.g.
Dilated_Baseline_Network-Dilated_Baseline_Network® ~ (DBN-DBN™Y), s
discussed in this section. The DBN-DBN™ architecture is cascaded by the
dilated baseline network and the inverse of dilated baseline network. Each dilated
blocking network is composed of (log,N)+1 stages and N switching elements in
each stage for half of the NxN DBN-DBN™, where N is the number of terminals

at the input and the output. Thus, the NxN DBN-DBN™ has 2(log,N)+2
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(=2x((log2N)+1)) stages and N switching elements in each stage. The 8x8
DBN-DBN™ is shown in Fig. 1.

Fig. 1 The 8x8 dilated_baseline-dilated_baseline™ network
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The routing algorithm between stages of the DBN-DBN'l is recursive and
symmetrical. Its center-stage connection is straight and its topology describing
rules are defined by

(pl"'pl-i+10p|'i.”p2)i+1 ifo<i<l|

BLI(PP- POl = | (PPra--Pr)ist ifl<i<lI+l
(P PisaPiarPa0)ivs i IH1 <P <2141
for link (pipi-1---p10)i+1 (1)
or

( pl"'pl-i+11p|-i" 'pZ)i+l ifo<i<lI

BiT(Eipra-pi) = | (PiP1--Pa)isa ifl<i<l+l
(pre* Pi-t+Pit-r--P1l)ivr  If 11 <i<2l+1
for link (pipr-1*--P1l)i+1 (2)
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The 8i’s describe the interconnections from a switching element in stage i to
another in stage i+1.
2 ~ The Proof of NxN DBN-DBN™ Network is A Dilated Re-Arrangeable
Network
We will prove that the NxN dilated_baseline-dilated_baseline™ network is
re-arrangeable by the concept of the three-stage Clos networks in this section.
(1) The Three-Stage Clos Network
The multistage interconnection networks may be classified into three types.
The four types are as follows: non-blocking networks, re-arrangeable networks
and blocking networks [13,14,15,16]. A typical class of multistage
interconnection networks is the three-stage Clos networks, shown in Fig. 2,
suggested and studied by C. Clos [13,14]. Such a network consists of two
symmetrical outside stages of rectangular switches, with an inner stage of square
switches. It is completely determined by the integer parameters m, n, and r that
give the switch dimensions. The network defined by the parameter m, n, r will be
denoted by N (m, n, r). From the results of three-stage Clos network, we can
observe the Slepian-Duguid theorem [13,14]. The Slepian-Duguid theorem:
Every three-stage Clos network N (m, n, r) with m > n is re-arrangeable.

Fig. 2 Three-stage Clos network
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Theorem 1:The NxN dilated_baseline-dilated_baseline® network is a
re-arrangeable network.

Proof: From the configuration of NxN dilated baseline-dilated baseline™
network, we can find the characteristic that there are N switching elements, 0 to
N-1, from top to down in each stage, and the upper outputs of the 2i" and (2i+1)"
switching elements in the same stage must enter the same switching element in
the next stage, where 0 < i < N/2 -1, regardless of the inputs and the switching
functions of the 2i™ and (2i+1)™ switching elements. Similarly, the lower outputs
of the 2i™ and (2i+1)™ switching elements in the same stage must enter the same
switching element in the next stage. However, because we have the restriction of
dilation, so only one of the upper outputs between the 2i™ and (2i+1)™ switching
elements in the same stage can enter the switching element in the next stage.
Similarly, the lower outputs are the same. Hence, when one of the 2i"™ and (2i+1)™"
switching elements in the same stage uses the upper output, the other must uses
the lower output regardless of the inputs and the switching functions of the 2i™
and (2i+1)™ switching elements. Otherwise, when one of the 2i" and (2i+1)"
switching elements in the same stage uses the lower output, the other must use the
upper output.

First, we propose the following assumptions. Because the 2i™ and (2i+1)"
switching elements have the above characteristic, we can take them to be one
assumptive switching element. Because each switching element has one input and
one output, the assumptive switching element has two inputs and two outputs. So
we can take N switching elements as N/2 assumptive switching elements in each

stage. Then according to the configuration of NxN dilated_baseline-dilated_
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baseline® network and the above assumptions, we can take the NxN
dilated_baseline-dilated_baseline™ network as another topology in a recursive
way.

Fig. 3 shows the first iteration of the recursive process in which the first
stage contains one NxN block, the inter-stage contains two (N/2)x(N/2) subblocks,
Co and Cy, and the last stage contains one NxN block. The NxN block consists of
N/2 assumptive switching elements. The process can recursively be applied to the

subblocks in each iteration until the N/2 subblocks of size 1x1 are reached.

Fig. 3 Recursive process to construct the NxN dilated_baseline-dilated_baseline™
network. The solid line indicates signals from one switching element to

another. The dotted line indicates that there are no signals.
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Fig. 4 The NxN dilated_baseline-dilated_baseline network as the three-stage

Clos network, wherem=2,n=2,r=N/2
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N, .(mn,r), From the recursive process that constructs the NxN N, . (m.n,r)
dilated_baseline-dilated_baseline®  network, we can take the NxN
dilated_baseline-dilated_baseline® network as the three-stage Clos network
shown in Fig. 4. In the NxN dilated_baseline-dilated_baseline™ network, each of
the first and last stages has N/2 assumptive switching elements, which are of size
2x2, and the inter-stage has two subblocks, which are of size (N/2)x(N/2). With
the three-stage Clos network, the NxN dilated_baseline-dilated_baseline™
network can be defined by where m = 2, n = 2, r = N/2. Based on and by the
Slepian-Duguid ~ theorem, we can  conclude that the NxN
dilated_baseline-dilated_baseline™ network with m = n = 2 is re-arrangeable. So
we can say that the NxN dilated baseline-dilated baseline® network is

re-arrangeable.
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11 ~ Isomorphic Networks

In this section, we prove that some networks of the NxN
dilated_blocking_network-dilated_blocking_network architecture are isomorphic

networks of the NxN dilated_baseline-dilated_baseline™ network.

1 ~ Topological Equivalence of Dilated Photonic Networks

There are two types of isomorphic network relationships: topological
equivalence and functional equivalence [18]. In this paper, we focus on the
topological equivalence relationships. An equivalence relationship is defined and
used as a parameter for evaluating other multistage interconnection networks from
[15].

Let{a® ailo<i<}and{BP, Bil0<i<I}betwo setsof topologies
describing rules of two dilated multistage interconnection networks N; and N,
respectively. Dilated Network N is topologically equivalent to dilated network N,
if there is a set of one-to-one and onto mapping rules (7 i) on (pipi-1--P1)i such
that

B v ilep o p)ilE 7o a CLPP - py)], for 0 < i<
@)

or

IN
A

B ity ilepre < p)id= v i a it [Pl oo pa)il, for O
(4)
We say that (pipi-1---p1)i is a physical name. In addition, we use the image of 7 ;

as a logical name, (bjby.; ---b1);, and denote the relation as (biby.1 ---b1)i= 7 i[(PiPr-1 -~
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p1)i]. The above two equations just imply a condition that there exists a mapping
scheme for network N; such that the connectivities of the interconnection paths in
network N; can be described by the topology describing rules of network N,. If
two dilated networks are topologically equivalent, we also say that they have the

isomorphic topology.

2 ~ The Proof of the Isomorphic Networks

This section is to prove that some NxN dilated_blocking_network
-dilated_blocking_network architectures are topologically equivalent to the NxN
dilated_baseline-dilated_baseline™ network. The NxN dilated_blocking_network
-dilated_blocking_network architecture consists of two dilated blocking networks.
One of the dilated blocking networks concatenates with the other dilated blocking

network using straight or skewed straight connections [20] shown in Fig. 5.

Fig. 5 Two types of center-stage connections between two
dilated_blocking_networks (a) straight and (b) skewed straight
(a) straight (b) skewed straight
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The straight connection of the center-stage can be expressed as follows:
B LL(PPr - POI=(PIPLL - Po)ies, Where I=log,N
for link (pip1-1---Pp10)is1
or
B T(PPL--PL)I=(PiPr1--Poiss, Where I=logoN
for link (pipi-1---p1l)ist

And the skewed straight connection of the center-stage can be expressed as
follows:
B 1P POI= (P2 -Pr-aP)ivs, Where I=logzN
for link (pip1-1---Pp10)i+1
or
Bi'((Pipra---pa))=(Pr - *Prapi)i+1, Where I=log,N
for link (pipi-1---p1l)ist

The NxN dilated_baseline-dilated_baseline network that we mentioned
above is straight in the center-stage connection. It is known that baseline network,
Omega network, data manipulator (modified version), flip network, and
SW-Banyan (S=F=2) network are all blocking networks [15, 20]. We also know
two conditions. One is that an inverse Omega network, or equivalently flip
network is constructed from the N-input omega network with the role of input and
output reversed. The other condition is that an inverse data manipulator (modified
version) network, or equivalently SW-Banyan (S=F=2) network is constructed

from the N-input data manipulator (modified version) network with the role of
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input and output reversed. So we focus on the three following networks: the
baseline network, Omega network, and SW-Banyan (S=F=2) network. We will
demonstrate the combination of the three blocking networks and their inverse
architecture.

Fig. 6 The logical name assignment of an 8x8

dilated_baseline-dilated_baseline™ network

Jo0F A0F A0k A0 o0k Aok HJdo0okHo0 =
1 1 1,><,1!—!1,><,1 1 1 =
=2 2 2 1 2 ] | 2 [T 42 2 ) =
-3 3] ,3,><,3!—!3,><,3, | 3 3 =
-4 4 A4 T A4 444 1¢4 4 =
5 5 5;><:5!—!5;><,5 5 5 =
6 6 6 16 —7 6K 46 6 6 —
a7 F 771 ,7,><,7!—!7,><,7, 1 7 7 =

We classify the above combinational networks of the NxN
dilated_blocking_network-dilated_blocking_network architecture into two types:
networks with straight center-stage connections and networks with skewed
straight center-stage connections. According to this classification, we prove
topological equivalence individually between each of these networks and the NxN
dilated_baseline-dilated_baseline™ network. In the NxN dilated_baseline
-dilated_baseline™ network, the physical name is the same as its logical name. For
example, the logical name assignment of an 8x8 dilated baseline
-dilated_baseline™ network is shown in Fig. 6. The following theorems are proven

by showing that (3) or (4) holds.
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(1) The Networks with Straight Center-Stage Connection
Theorem 2:The NxN dilated omega-dilated_omega™ network with straight
center-stage connection is topologically equivalent to the NxN
dilated_baseline-dilated_baseline™ network with straight
center-stage connection.
Proof: The topology describing rules of the NxN dilated_omega-dilated_omega™

network with straight center-stage connection are defined by

(Pr-1p1-2:--p10)isa  iIFO<i<|
a [(Ppra--p)il =| (PP P)isa ifl<i<lI+1
Opipr1---p2iss IflI+1<i<2I+1
for link (Pipi-1 P10)i+1
()
or
(Pr-1pr-2---p1l)iss iIFO<i<|
a i [(Pipr-Pa)il ={ (PP ifI<i<IHl
Apipr1--p2isn  IfFlI+1<i<2I+1
for link (PiP1- P1l)iva
(6)
We find a mapping rule, 17 j, to show the equivalence:
7 il(PiPr1---Pa)i] = {(pi"'Plpm"-pu)i ifo<i<lI
(Paris1 ==+ P1P2iis2 - P if 1+l < 0 < 21+1
()
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We can see that the mapping rule provides a one-to-one and onto relationship
between the physical and logical names. An example of the logical name
assignment of an 8x8 dilated_omega-dilated_omega™ network is shown in Fig. 7.

From (1), (5), and (7) we have
Oifo<i<l:

7 i & [P P2 7 ial(Praprze-P10)isa]=(Pi--PrOPisa--Pra)isa

B 7 il(Pipra - Po)il= B LR -PaPisa - P)i=(Pic+-Pa0Pis-+-Pra)ina
Qifl<i<I+l:

7 i @ CLPPE - POil= 7 il - Pl =(P2ri o PaParies -+ Pisa=(P1 -+

P1P1 - PYiv1 = (PiP1 - P1)ivt
B 7 il(Ppra - pa)il= B PL(Pi-Papiva+-PT=(Pi- - Papisr - Pisa=(Pr-+-PaPrea--
i1
=(PiPr1--P1)ina
Qif+1<i<2I+1:

7 i1 & [PPL P2 7 i1 [(OPIPLa-P2)irt]=(Parisa - -P2Parisa-Pi0)ins

B 7 il(Piprs - )il B l(ParisasPaPativa - PI=(P2rivss - PaParivz: - Pi0)iss

By @, @, and ®, we show that (3) holds. Similarly, using (2), (6), and (7),
we can also show that (4) holds. So we can say that the NxN
dilated_omega-dilated_omega™ network with straight center-stage connection is
topologically equivalent to the NxN dilated_baseline-dilated_baseline™ network
with straight center-stage connection.

There are 18 more possible dilated re-arrangeable architectures with straight
center-stage connections based on the different dilated blocking networks

mentioned in Section 3.2 which can be proposed and proved to be topological
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equivalent to the NxN dilated_baseline-dilated_baseline *network.
Forexample,thedilated_omega-dilated_omega™ network, the dilated_SW-Banyan
-dilated_SW-Banyan™ network, and the other possible combinations.

Fig. 7 The logical name assignment of an 8x8

dilated_omega-dilated_omega™ network

o Jok Jo JoF—dof Jo0f Jo0f 10
—14 4 2 1 /1 2 4 4 =
12 2 4 212 4 2 2 [—
—16 6 6 3 —13 6 6 6 —
11 1 1 4 —1 4 1 1 11—
-5 5 3 5F—15 3 5 5 [
—13 3 5 6 —16 5 3 3 =
s 20 s R 0 s A 0 s 3 s 2 e [ 0 s 2 s [ ) e

There are 18 more possible dilated re-arrangeable architectures with straight
center-stage connections based on the different dilated blocking networks
mentioned in Section 3.2 which can be proposed and proved to be topological
equivalent to the NxN dilated_baseline-dilated_baseline™ network [20]. For
example, the dilated_omega-dilated_omega™ network, the dilated_SW-Banyan
-dilated_SW-Banyan™ network, and the other possible combinations.

(2) The Networks with Skewed Straight Center-Stage Connection
Theorem 3:The NxN dilated omega-dilated_omega network with skewed
straight center-stage connection is topologically equivalent to the
NxN dilated_baseline-dilated_baseline® network with straight

center-stage connection.
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Proof: The topology describing rules of the NxN dilated_omega-dilated_omega
network with skewed straight center-stage connection are defined by
{ (Puapro-piO)s  fO<i<l
al(Pper-poil= U (pr-prapiss ifl<i<l+1
(Praprz-pi0)isn  ifH1<i<2I+1
for link (PP P10)is1
(8)
or
(Prapr2---pil)ive - ifO<i<l
a i T(pipre-poil= { (P1**Pr-aPDiva ifl <i<l+1
(Praprz-pil)isn ifHL<i<2I+1
for link (PP P11)ist
(9)

We find a mapping rule, v j, to show the equivalence:
7 il(PiPrapa)i] = {(pi"'plpiﬂ"'pl)i ifo<i<lI
(Pi1 =+ PiPiL 0t Pa)i if +1 < i < 21+1
(10)

We can see that the mapping rule provides a one-to-one and onto relationship

between the physical and logical names. An example of the logical name

assignment of an 8x8 dilated_omega-dilated_omega network is shown in Fig. 8.
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Fig. 8 The logical name assignment of an 8x8

dilated_omega-dilated_omega network

Hok folk Jok doF—Tol 1ok {0l 0 [—
— 4 4 2 1 4 1 1 11—
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—6 6 6 3 6 5 3 3 =
—1 1 1 4 1 2 4 4 —
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—3 3 5 6 3 6 6 6 I —
[y s R 0 O I 2 O B ) s [ 2 O I O I ) O I

From (1), (8), and (10) we have
@ifo<i<l:
7 i1 & [P P2 7 ial(Praprze s Pa0)isa]=(Pi- - PrOPiss s -Pra)ist
B 7 il(Pipra - Pa)il= BL(Pie-PaPisaPiI=(Pic+-Pa0Pis-+-Pra)ina
@ifl<i<lI+l:
7 ier @ CLPPr o POil= 7 LRy Prapina]=(P2ri o PrParien -+ Pisa=(Pr -+
P1Pr+1Privs = (PiP1*Pa)iva
B 7 il(Ppra - pa)il= B PL(Pie+Papisa+-POT=(Pi- - PaPisr - Pisa=(Pr-*-PaPres- -
Pi+1
=(PiPr-1--Pr)int
Qifl+1<i<2I+1:
7 i1 & [P P2)i]= 7 ial(Praprze s P10)isa]= (Piae+Prapiae-Pa0)ins
B 7 il(Pipra - Po)i= BL(Pie PP P2 = (i -PraPitas-Pr0)ia
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By ©, @, and ®, we show that (3) holds. Similarly, using (2), (9), and (10),
we can also show that (4) holds. So we can say that the NxN
dilated_omega-dilated_omega network with skewed straight center-stage
connection is topologically equivalent to the NxN
dilated_baseline-dilated_baseline™ network with straight center-stage connection.

Similarly, there are 15 more combinations of dilated re-arrangements for
different dilated blocking networks with skewed straight center-stage connections
that can be proved topologically equivalent to the NxN
dilated_baseline-dilated_baseline™ network with straight center-stage connection
[20]. For example, the dilated_SW-Banyan-dilated SW-Banyan network, the

dilated_omega*-dilated_baseline network, and other possible combinations.

IV ~ Conclusion and Future Works

In this paper, we primarily prove that the dilated Benes network (i.e., the
dilated_baseline-dilated_baseline™ network) is a dilated re-arrangeable network.
We first make some definitions and assumptions for the
dilated_baseline-dilated_baseline™ network. Then we can convert the
dilated_baseline-dilated_baseline™ network into a class of the three-stage Clos
network. By the Slepian-Duguid theorem, we can obtain the result that the
dilated_baseline-dilated_baseline™ network is a dilated re-arrangeable network.

The main contribution of this paper is to define and evaluate the performance of
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the dilated re-arrangeable networks based on the three-stage Clos network and the
Slepian-Duguid theorem. We propose new definitions and make some
assumptions for this proof. Then we use mathematical methods to classify and
prove that a class of isomorphic networks of the dilated_blocking_network
-dilated_blocking_network architecture with the center-stage connection is
straight or skewed straight. These networks are topologically equivalent to the
dilated_baseline-dilated_baseline™ network. For the future work, there are some
topics that have not yet been explored in dilated re-arrangeable photonic
switching networks. For example, we believe that there are some possible kinds of
dilated optical networks, which are not isomorphic networks of the
dilated_baseline-dilated_baseline® network, which belong to the dilated

re-arrangeable networks [17].
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