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ABSTRACT. We have proposed an arrayed waveguide grating router (AWGR) network
with a loopback function by optical switches (OSWs) that are located on optical nodes
that allow the arbitrarily reconfigured wavelength path architecture. In order to easily
manage the architecture, we have also proposed the method expressed network topology
so that it could also calculate network information based on topologies and be helpful
for a network controller that needed topology information. However, since the proposed
method outputs the wavelength path from the OSW state, it is impossible to calculate the
required OSW states from the information between the nodes where the wavelength path
is multiplexzed. If we employ the inverse matriz calculation to know the required OSW
states, we must know all matrices except OSW state in advance, which is unrealistic.
Thus, in this study, our proposed method simulates the case that the target network
has only the required path and, calculates wavelength path routes and required OSW
states. In addition, from the network management perspective, we need an interface
easy for metwork administrators to manage, but previous proposals have only considered
basic calculation methods. In this study, we develop an application with a graphical user
interface for network administrators, which can show the required wavelength path and
OSW states when the information between the modes where the wavelength paths are
multiplexed is inputted into the application.

Keywords: Path planning, Wavelength routing, Network topology

1. Introduction. Recently, communication traffic in data centers has been increasing
due to the rapid increase in the use of cloud applications. The data center traffic was
expected to increase from 6.0 ZB per year in 2016 to 19.5 ZB per year in 2021 [1]. Thus,
data center networks are required to have low-power consumption, low latency, capacity
scalability, and flexibility. For communication capacity expansion, various multiplexing
technologies, e.g., wavelength division multiplexing (WDM) and space division multiplex-
ing, have been introduced in information communication networks [2,3]. WDMs, such
as arrayed waveguide grating (AWG), have also been employed in data center networks
to realize low-power and low-latency communication networks. An AWG-STAR network,
which uses AWGs as wavelength routers and can logically realize a full-mesh wavelength
path configuration with a physical star topology, has been studied [4-6]. Previously, we
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proposed a network architecture that can reconfigure wavelength paths using an AWG
router (AWGR) for relatively small-scale networks, which was possible because the wave-
length path topology of the AWG-STAR network is generally fixed, despite fluctuations
in traffic demands [7].

Figure 1 shows a scheme of the proposed network. The figure shows how the nodes
and AWGR are connected. The nodes comprise a multiplexer (MUX), a demultiplexer
(DEMUX), optical switches (OSWs) corresponding to each wavelength, and a layer-3
switch (L3SW) that can transmit WDM signals. MUX/DEMUX is needed to connect
the WDM network and L3SW with colored interfaces. OSWs are essential components
that enable reconfiguring the topology by switching an optical path from connection with
AWGR and L3SW to connection with the output and input ports of AWGR. Flexible
optical path relocation by OSW before L3SW’s routing enables low latency and efficient
capacity usage. Signals transmitted from nodes are input into the AWGR. These signals
are routed to each output port following the AWGR wavelength routing characteristics.
The signals routed by the AWGR are received at each node when the OSW state is Cpr
and input again to the AWGR by looping back the signal when the OSW state is Cpp
(Figure 1). Consequently, the optical path is relocated by routing the signal again. Figure
1 shows an example where a 4 x 4 AWGR and 3 wavelengths are used. In this case, A\; in
Node 2 and A3 in Node 4 are looped back, and the others are the path through, resulting
in a threefold increase in the number of wavelength paths from Nodes 3 to 1. Further, we
demonstrated that the multiple wavelength paths could be dynamically relocated in the
proposed AWG-STAR network [8-11].

+y | Nodel — M

—Node I I :—— ;2

)

AIREE

2 :: = Y=

SHEL|E] |3

= z S

AR | B

N H

= = OSW

=) e =

Loop-back

FiGURE 1. Scheme of AWG-STAR network with loopback function

2. Conventional Matrix Calculation. The wavelength path relocation in the pro-
posed AWG-STAR network complicates the wavelength path topology, thereby making
it extremely difficult to manage wavelength path and network capacity. A calculation
method for wavelength path topology using a wavelength transfer matrix was proposed
for an AWG-STAR network with fixed wavelength path topology [12,13]. However, the
calculation method could not be directly applied to the proposed AWG-STAR network
because it could not express the relocation of a specific wavelength path. Therefore, we
proposed a calculation method that could calculate path topology, which includes the
transit nodes and optical margins in the AWG-STAR network, with a loopback function
[14]. We briefly describe how to calculate the wavelength path of the proposed AWG-
STAR network using matrix calculation. The matrix O, which represents the connection
between each node by wavelength path, can be calculated using matrices I, L, and S.
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Each matrix is an N x N matrix, where N is the number of nodes in the network. The
number of wavelengths used in the network is also N. Here, I, O, and S represent the
characteristics of the input wavelength from the nodes to the AWGR, the relationship be-
tween the connection nodes and wavelength paths, and the state of an OSW, respectively.
Each element i, 4, 0;%, and s, 4 is, respectively, expressed as follows:

I=(i,,) p=1,...,N: node number

g=1,...,N: wavelength number (1)
O = (0;x) j=1,...,N: source node number
k=1,...,N: destination node number (2)

S =(spy) p=1,...,N: node number
g=1,..., N: wavelength number (3)

where 4, , is the wavelength path of )\, inputted from Node p to AWGR, o;; is the
number of wavelength paths transmitted from Nodes j to k, and s, , is the state of an
OSW installed in Node p to control A,. When the state of the OSW was Cpr, 5,4 was 0;
when the state of OSW was Cyp, s,, was 1. Here, L represents the wavelength transfer
matrix. The L rows were source nodes, and the L columns were destination nodes. The
entry A, of L indicated a wavelength routed by the routing function of the AWGR. In
this study, the AWGR exhibited a cyclic characteristic. Therefore, L and its entries can
be expressed as follows:

Ay Ay Ag - A, o Ay
Av M Ao Ay Ang

L=| Ava1 Av Ao Ay o0 Anos r=1,2,...,N (4)
Ao A Ay Ay o Ay

where 7 is the entry number of L. It is necessary to confirm before calculation whether
the relationship between I and S is contradictory. When the state of the OSW of A,
in Node p was Cyp, the signal of )\, transmitted from L3SW in Node p was looped back
through the OSW and A, was not inputted into the AWGR. Thus, the matrix entry i, ,
of I had to be 0. To confirm this, we define the detection matrix D as follows:

D=I08=(d,,) p=1,...,N: node number
g=1,..., N: wavelength number (5)

where matrix entry d,, was determined by multiplying ¢, , and s,,. When d,, was not
0, it was observed that the signal of A\, in Node p was not inputted into the AWGR as it
was looped back to L3SW. Thus, entries of I or S were changed, with the result that D
was 0. The calculation of path topology that includes transit nodes was performed for a
matrix corresponding to each wavelength; next, I,, §,, and L, were calculated.

First, the I, corresponding to A, was calculated from I. The I, is expressed as follows:

I, =diag (i14,92.4,- -+ ing) (6)

The equation indicates I,, which is created by converting each diagonal element of an
N x N identity matrix into each element (i,,) of the column corresponding to A, of I.
In the same manner, each L, based on L was calculated. Thus, the L, corresponding to
Mg and the element [;; of L, can be expressed as follows:

L,=(l;y) j=1,...,N: source node number
k=1,...,N: destination node number (7)
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Lig, q=r
Lip=14 "7 8
w={ ot 1 )
The OSW state matrix S, and its entries ¢, are expressed as follows:
Sy = (L) (9)
mj, Spq =0
k= =1,2,....N 1
b { A (o)

The equation shows that the mth column of S, was equal to the mth column of the
identity matrix when the state of the OSW of A\, in Node m was Cpr. Alternatively, the
equation shows that the mth column of S, was equal to the mth row of L,, when the
state of the OSW was Cpp. Here, O, corresponding to A, is expressed as follows:

O, = (0;x) Jj=1,...,N: source node number
k=1,...,N: destination node number (11)

and O, is calculated using the following equation:
z T T
Oq = <Sq ) (Lq) 'Iq) (12)

where z is the loopback number and S7 is an identity matrix if z is 0. 7" denotes the
operation of matrix transposition. Finally, O is calculated as follows:

0=> o0, (13)

where the element 0, in O indicates the path topology of the AWG-STAR network and
exhibits the source, transit, and destination nodes by multiplication of i, , and [, 5. The
polynomial expression of 0, that comprises the multiplication terms ¢,, and [;; shows
path information between Nodes j and k. For example, the wavelength path from Nodes
1 to 3 was a direct path when o;;, was 7; 31 3. Similarly, when o;; was 1 201 2 + 1 301 3, we
obtain two wavelength paths, namely, one direct path from Nodes 1 to 3 and a loopback
path from Nodes 1 to 3, transiting through Node 2. Therefore, the proposed calculation
method can show network topology including transit nodes. Furthermore, the polynomi-
al expression of o0 showed path capacity or signal power by substituting capacity and
power or loss thereof for ¢, , and [; ;. We observed that when path capacity and “1” were
substituted for elements i, , and [, x, respectively, O was obtained as path capacity. The
proposed method expressed network topology so that it could also calculate network in-
formation based on topologies, such as distance and latency, and be helpful for a network
controller that needed topology information. The proposed method minimizes the oper-
ating expenses for complex networks by clarifying path relations among nodes. However,
since the proposed method outputs the wavelength path from the internal state of the
OSW, it is impossible to calculate the required internal state of the OSW from the infor-
mation between the nodes where the wavelength path is multiplexed. In addition, from
the network management perspective, we need an interface easy for network administra-
tors to manage, but previous proposals have only considered basic calculation methods.
In this article, we propose a new method for calculating wavelength path routes and OSW
states based on the previously proposed method and present an application with a graph-
ical user interface (GUI) developed for network administrators. The rest of this article is
organized as follows. In Section 3, we propose a new method for calculating wavelength
path routes and OSW states based on the previously proposed method. In Section 4, we
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show concrete examples using developed applications for network management. Finally,
we summarize the findings of this study in Section 5.

3. Description of the Calculation Method for the Required OSW State. In
this section, we propose a calculation method for the required OSW state to establish
the multiplexed path by inputting the number of nodes and the nodes that need more
paths. If we employ the inverse matrix calculation to know the required S, we must know
all matrices except S in advance, which is unrealistic. Thus, we propose a method to
search for candidate OSW states to construct paths to be multiplexed and a method to
select paths from the candidates. In this study, we consider multiplexing a single path,
multiplexing multiple paths, and multiplexing in order of priority, as well as selecting
the route that minimizes the number of transit nodes. First, we propose the calculation
method to search for candidate OSW states. This is the common method to search in
all cases. Afterward, we propose workflows for three cases. The method to calculate the
candidate OSW states is as follows.

1) Input the number of nodes (N) in the AWG-STAR network and the nodes between
which the wavelength paths are to be multiplexed (from Nodes = to y).

2) I, S, and L, which are initial parameters, are obtained from the input information at
the first step.

3) Set all elements except the xth row of I to 0 and all elements except the xth column
of § to 1. Then, I, S, and L are as follows.

0o 0 --- 0
0 0 0
I= Z-:(:,1 Z.x,2 Z-:(:,N (14)
0 0 0
0 0 0
1 1 0 1 1
S = S (15)
1 1 01 1
Ay Ay As - A, - Ay
Ay A Ay oo Ay o An
L=] Ava Ay Av o Ay o Ay r=1,2,...,N (16)
Ay Ag Ay o AN o Ny
4) Next, we calculate O from Equations (12) and (13) based on [14] as follows:
00 --- 0 --- 0
00 - 0 0
o=1|00 X - 0 (17)
00 - 0 0
00 - 0 0
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N  LCM(Jk—z|,N)/N
X=> M Il Hz+0-1k-1}mod N {z+I(k-1)} mod N] (18)
k=1 1=1
where the value of {x+ (I —1)(k—1)} mod N and {x +{(k —1)} mod N are replaced
N when the value is 0 in Equation (13). This shows the path of all incoming signals
from Node z until they are looped back and output to Node x again. For example,
when X is A(1,1) + X2(1,2)(2,3)(3,1) + A3(1,3)(3,2)(2,1), we obtain 3 wavelength
paths, namely, paths from Node 1 to Node 1 via AWGR by A;, from Node 1 to Node
2 to Node 3 to Node 1 by Ay, and from Node 1 to Node 3 to Node 2 to Node 1 by
A3, which gives us the maximum loopback path for all wavelengths coming in from a
single port.
5) From the result of this calculation, we can find the required OSW (Port, Lambda) by
tracing the path to Node y.

Then, we propose a method to multiplex a single required path. This method is the
most basic method for required OSW states because it is a common technique for search-
ing for candidate OSW states, and it is very simple to select the shortest path among
candidates. Figure 2 shows the workflow for searching the required OSW state and show-
ing the result. In this case, the candidate OSW states are calculated using the proposed
method, and the shortest path whose transit node is the least is selected. Figure 3 shows
the workflow for searching multiplexing multiple paths. In this case, the candidate OSW
states for each multiplexed path are calculated individually, and the optimum combina-
tion of candidates in which all paths can be established is selected. In this study, we
employed a recursive algorithm to search for a feasible path. Figure 4 shows the workflow
for searching multiplexing in order of priority. In this case, the candidate OSW state for
each multiplexed path is calculated successively in order of priority and relocated paths
and OSW states are locked not to change by low priority path.

The combination of the proposed OSW state calculation method and workflow en-
ables path optimization under the condition that the numbers of multiplexed paths and
priorities become more complex.

The three workflows shown in this paper use the basic path selection method of min-
imizing the number of transit nodes, but more advanced path selection is possible by
applying path selection algorithms such as those in [15].

4. Calculation Examples. In this section, we use three concrete examples to illustrate
the proposed matrix calculation method using developed applications. We developed two
applications with GUI for network administrators based on our proposal in Section 2. The
first application, which is used as the first example, employs the workflow in Figure 3,
and the second application, which is used as the second and third examples, employs the
workflow in Figure 4. These applications can suggest OSW states and show the result of
path relocation. Table 1 shows the wavelength routing characteristics of an 8 x 8 AWGR.
In the initial state, the nodes were assumed to be logically connected wavelength paths
with a full-mesh topology.

For the first example, we made some changes to the wavelength path topology and
network capacity of the network to increase capacities from Nodes 1 to 2, from Nodes 7 to
8, and from Nodes 4 to 5. In this case, we assumed each path has the same priority, so we
used brute force calculation. Figure 5 shows the GUI for input conditions. The number of
nodes in the AWG-STAR network, number of multiplexed paths, and multiplexed nodes
are input. The GUI also shows OSWs that need to change state after calculation. Figure
6 shows the result of network topology after changing the OSWs. This GUI shows the
result of a calculation based on [14] when OSW states are changed as Figure 5. The
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M

Input the number of nodes: N

¥

Initialize calculation parameters
(1) Input matrix: 7

(2) Switch matrix: S

(3) AWG matrix: L

¥

Input the nodes between which the
wavelength paths are to be multiplexed
(from Node x to Node y)

Input calculation parameters
(1) Input matrix: 1
(2) Switch matrix: §

[Calculate candidate switch state)

¥

(Select the shortest path among candidates)

(Calculate network top ology)

FiGURE 2. Workflow for searching the required OSW state and showing the result

representation of each element is the same as X. In this example, twelve OSW states are
changed as Figure 5, and Figure 6 shows that three wavelength paths are multiplexed as
inputted in Figure 5. On the other hand, there are no paths if elements are 0 shown as
in Figure 6.

In the second example, we made some changes to the wavelength path topology and
network capacity of the network to increase capacities from Nodes 1 to 2, from Nodes 7
to 8, and from Nodes 5 to 4. In this case, the multiplexed paths were prioritized, so we
input them in order of priority in the GUI. Figure 7 shows the GUI for input conditions.
The number of nodes in the AWG-STAR network, number of multiplexed paths, and
multiplexed nodes are input. The GUI also shows OSWs that need change state after
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/ Input the number of nodes: N /

]

/ Input the number of multiplexed paths: multiplexing counts /

CSet loop counter = 0)

]

Cloop _counter = loop_counter + l)e

]

Initialize calculation parameters
(1) Input matrix: I

(2) Switch matrix: §

(3) AWG matrix: L

¥
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wavelength paths are to be multiplexed
(from Node x to Node y)

Input calculation parameters
(1) Input matrix: 1
(2) Switch matrix: .S

CCalculate candidate switch state)

<100p _counter <= multiplexing_count s>\£3

¢no
CSelect the optimum path among candidates)
CCalculate network top ology)

FiGURE 3. Workflow for searching multiplexing multiple paths




INT. J. INNOV. COMPUT. INF. CONTROL, VOL.18, NO.2, 2022 599

/ Input the number of nodes: N /

Input the nodes between which the
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(from Node x to Node )

Initialize calculation parameters
(1) Input matrix: 7

(2) Switch matrix: §

(3) AWG matrix: L

]

Input calculation parameters
(1) Input matrix: 1
(2) Switch matrix: S

>

(Calculate candidate switch state)

Y

Select the shortest path among candidates
except paths which have an impact on
existing multiplexed path

Y

(Calculate network top ology)

<M ore multiplexed p ath?>L

no

F1cURE 4. Workflow for searching multiplexing in order of priority

calculating. For a feasible candidate of OSW state, the GUI shows the result as “cannot
change switch”. In this case, all candidates were used at a higher priority multiplexed
path. Figure 8 shows the result of network topology after changing the OSWs. This GUI
shows the result of a calculation based on [14] when OSW states are changed as Figure
7. In this example, six OSW states are changed as Figure 5 and Figure 8 shows that two
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TABLE 1. Wavelength routing table in an 8 x 8 AWGR

AWGR port | Out-1 | Out-2 | Out-3 | Out-4 | Out-5 | Out-6 | Out-7 | Out-8
In-1 )\1 )\2 )\3 >\4 >\5 >\6 )\7 )‘8
In-2 )‘8 )\1 )\2 >\3 >\4 >\5 )‘6 )\7
In-3 )\7 )‘8 )\1 >\2 >\3 >\4 )\5 )‘6
In-4 )\6 )\7 )\8 )\1 )\2 )\3 )\4 )\5
In-5 )\5 )\6 )\7 )\8 )\1 )\2 )\3 )\4
In-6 )\4 )\5 )‘6 >\7 >\8 >\1 )\2 )\3
In-7 )\3 )\4 )\5 >\6 >\7 >\8 )\1 )\2
In-8 )\2 )\3 )\4 )\5 )\6 )\7 )\8 )\1

§ AWG path - O x

Node Counts : &
Multplexing Counts : = OKJ

Multiplexed Nodes : |1 —2
Change OSW State (Port.Lambda)— (4.4) (74)
Multiplexed Nodes - |7 —s

Change OSW State (Port Lambda)— (1.6) (3.6) (4.6) (6.6)
Multiplexed Nodes : |4 —35 ﬂ
Change OSW State (Port Lambda)— (1,8) (2,8) (3,8) (6,8) (7.8) (8.8)

FiGURE 5. GUI for inputting conditions in the first sample

# Result - o x
Outl Out2 Out3| |Outd Out5 Out6| |Out? Out$

Inl | A1(1.1) | 22(1.2+24(1AE.TX7.2) | 231.3)| |0 A5(1.5) 0| [270.D 0

2| |0 A12.2) 22(2.3) | 2324 24(2.5) A5(2.6) | 16(2.T) A7(2.8)

In3 | A7(3.1) 0 21(3.3) | 22(3.4) 23(3.5) 24(3.6) | A5(3.T) 0

Ind| |0 A7(4.2) 0| |Al#4)| A2(4.55+A8(4.3)(3.2)2.1)(1.8)8.7X7.6)(6.5) | A3(4.6)| |0 A5(4.8)

InS | A5(5.1) A6(5.2) 27(5.3) | A8(5.4) A1(5.5) 22(5.6) | 23(5.T) 24(5.8)

In6 | 24(6.1) A5(6.2) 0| |A7(64) 0 11(6.6) | 22(6.7) 23(6.8)

In7 | A3(7.1) 0 A5(7.3) |0 A7(7.5) 0| |R1(7.7) | A2(7.8)+A6(7.4)(4.1)(1.6)(6.3)(3.8)

Ing | 22(8.1) 23(8.2) 24(8.3) | A5(8.4) 216(8.5) 278.6) |0 11(8.8)

Ficure 6. GUI for network topology after path reconfiguration in the first sample

wavelength paths are multiplexed as inputted in Figure 5. However, the wavelength path
from Nodes 5 to 4 cannot be established because candidates of OSW states do not exist.
On the other hand, there are no paths if elements are 0 shown as in Figure 8.

In the third example, we made some changes to the wavelength path topology and
network capacity of the network to increase capacities from Nodes 1 to 2 as much as
possible. Figure 9 shows the GUI for input conditions. The number of nodes in the
AWG-STAR network, number of multiplexed paths, and multiplexed nodes are input.
The GUI also shows OSWs that need a change state after calculating. When we input
four times, GUI shows “cannot change switch” because the candidates have only three.
Figure 10 shows the result of network topology after changing the OSWs. This GUI
shows the result of a calculation based on [14] when OSW states are changed as Figure
9. In this example, twelve OSW states are changed as Figure 9 and Figure 10 shows
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§ AWG path - O
Node Counts : g ﬂl
Multiplexed Nodes : 1 iz i‘

Change OSW State (Port Lambda)— (4.4) (7.4)
Multiplexed Nodes :|7
Change OSW State (Port Lambda)— (1.6) (3,6) (4.6) (6.6)
Multiplexed Nodes :|s
Change OSW State (Port Lambda)— can't change switch
Multiplexed Nodes :| '

—

o]

—3fa

=

=

o
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Ficure 7. GUI for inputting conditions in the second sample

601

§ Result - m| *
Outl] Out2| Ou3  Ouwd4| |OuwtS |Ous| |Ou Outs|

Il | A1(LD) 20240 9@D0) | 303 o] 150.5)] o] | 2A8(1.8)

m2 | 282.1) AQ2.2) 2202.3) 32.9)| 125 252.6)] 2627 212.8)

3| 276.1) 28(3.2) 2133|269 36.5| 14c.6)] 1567 0

| o A1(4.2) 2843) | A4y 2205 346 |0 254.8)

5| 2565.1) 26(5.2) 2763|2864 1G5 126.6)| 136.7) MG.9)

In6 | 24(6.1) 25(6.2) o] [a16.4)] 2265|1666 2267 23(6.8)

7| 230.1) 0 3503 0] 2705 80.6] 2107 220 59060 HE.D166E3G.S)

g | 228.1) ‘13(_3:2)‘ M{8=3)|k5(_8=4)‘ 2685 276.6)| 2867 MESD)|

FiGUre 8. GUI for network topology after path reconfiguration in the sec-

ond sample

§ AWG path = | X
Node Counts:s k|
Multiplexed Nodes :[1  —32 il
Change OSW State (Port Lambda)— (4.4) (7.4)
Multiplexed Nodes :[y  —2 ﬁ'
Change OSW State (Port Lambda)— (3.6) (5,6) (6,6) (8,6)
Multiplexed Nodes ;i —502 0|(|
Change OSW State (Port Lambda)— (3,8) (4.8) (5.8) (6.8) (7.8) (8.8)
Multiplexed Nodes :[1  —»)2 o |
Change OSW State (Port Lambda)— can't change switch
Multiplexed Nodes :| —| ﬁl

FiGUrE 9. GUI for inputting conditions in the third sample

that one wavelength path is multiplexed threefold as inputted in Figure 9. However, the
wavelength path from Nodes 1 to 2 cannot be multiplexed fourfold because candidates of
OSW states do not exist. On the other hand, there are no paths if elements are 0 shown

as in Figure 10.
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# Result — O X
Outl Out2 Out3! Out4 Out5 Out6| | Out? Out8

Inl | A1(1,1) | A2(1.2+04(1 4)A.T)(T.2+A6(1.6)(6.3)(3.8)(8.5)(5.2)+A8(L8)EB.INT.6)6.5)5.0(E.3)3.2) | 131.3)| [0 [a51.5)| o] |a7am |o

In2 | 28(2.1) A12.2) 22(2.3) | 232.4) | 242.5) [ A5(2.6) | 26(2.7)| 272.8)

In3 | A7(3.1) 0 11(3.3) | 223.4)| 233.5) | 143.6) | 453.7)| |0

In4 | 26(4.1) A7(4.2) 0 Al(4.4)| 22(4.5) | 13(4.6) 0 15(4.8)

InS | 25(5.1) 0 AIG3)| 0 | 21(5.5) [22(5.6) | 33(5.7)| 24(5.8)

In6 | 24(6.1) 15(6.2) 0 17(6.4) 0 11(6.6) | 22(6.7) | 13(6.8)

In7 | 23(7.1) 0 A5(7.3)| A6(7.4) | 2775 |0 |17 22(7.8)

InS | 32(8.1) 13(8.2) 2483)[ 2504 0| (2786 |0 |A188)

Ficure 10. GUI for network topology after path reconfiguration in the
third sample

5. Conclusions. We proposed a new method for calculating wavelength path routes and
OSW states based on our previously proposed method [14] and presented an application
with GUI developed for network administrators. Further, we used concrete examples to
illustrate the applications of the newly proposed method using an 8 x 8 AWG-STAR
network. The newly proposed method calculated OSW state to reconfigure the required
topology, and the developed applications automatically expressed network topology. Since
the conventional method [14] outputs the wavelength path from the internal state of
the OSW, it is impossible to calculate the required internal state of the OSW from the
information between the nodes where the wavelength path is multiplexed. The newly
proposed method makes it possible to not only calculate the current topology from the
current state of the devices but also to calculate the required switch state from the required
topology, making it possible to not only understand the current state but also to plan
the design of the network. The newly proposed method minimizes the operating expenses
for complex networks by calculating required OSW states because network configuration
is based on required network topology. Consequently, we aimed to achieve automatic
relocation and reduce operating expenses of the AWG-STAR network with a loopback
function.
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