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(57) ABSTRACT

A communication apparatus stores topology information that
is shared by communication apparatuses included in a net-
work and representing connection states between the com-
munication apparatuses. The topology information includes
port identification information for identifying ports that are
connectable to each other within each communication appa-
ratus. The communication apparatus determines a route by
sequentially selecting a port that can be connected to a port, to
which transmission data is input based on the port identifica-
tion information.
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COMMUNICATION APPARATUS AND
METHOD OF DETERMINING ROUTE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the ben-
efit of priority of the prior Japanese Patent Application No.
2011-086788, filed on Apr. 8, 2011, the entire contents of
which are incorporated herein by reference.

FIELD

[0002] The embodiments discussed herein are directed to a
communication apparatus and a method of determining a
route.

BACKGROUND

[0003] Conventionally, there is multi-protocol label
switching (MPLS) that enables the operation of a network
based on end-to-end paths a network including a plurality of
nodes by introducing the concept of a label switch to an
internet protocol (IP) network. In addition, not only for the IP
network, as a technique for operating a network based on
various kinds of paths in an autonomous and distributed man-
ner, generalized multi-protocol label switching (GMPLS) is
used. The GMPLS operates a time division multiplexing
(TDM) network such as a synchronous digital hierarchy
(SDH)/synchronous optical network (SONET) in an autono-
mous and distributed manner. In addition, as another
example, the GMPLS operates a wavelength switching net-
work or an optical transport network (OTN) in an autono-
mous and distributed manner.

[0004] In the MPLS or the GMPLS, as a technique for
signaling through an end-to-end path, a resource reservation
protocol-traffic engineering (RSVP-TE) is used. Specifically,
in the MPLS or the GMPLS, a route from a start node to an
end node is calculated by using topology information of a
network that is collected by open shortest path first extended
for traffic engineering (OSPF-TE). Then, in the MPLS or the
GMPLS, the RSVP-TE is autonomously transmitted and
received between nodes. Accordingly, in the MPLS or the
GMPLS, the communication of a main signal is started by
stretching a label switched pass (LSP) on the end-to end. Such
a technique has been discussed in the internet engineering
task force (IETF), the optical internetworking forum (OIF),
the international telecommunication union (ITU), and the
like, and a standardization operation thereof is in progress.
(see, for example, International Publication Pamphlet No.
WO 2004/102903, Japanese Laid-open Patent Publication
No. 2008-60755, Japanese Laid-open Patent Publication No.
2008-85642, and International Publication Pamphlet No. WO
2005/101759.)

[0005] However, according to a conventional technique, in
anetwork that includes a plurality of nodes, there is a problem
in that an error occurs in the selection of a route relating to
data transmission. Specifically, according to the conventional
technique, in a case where there is a restriction on the con-
nection destination of a route relating to data transmission, it
is difficult to calculate a route to which the restriction is
applied, and accordingly, an error occurs in the selection of a
route relating to the data transmission.

[0006] FIG. 25A is an explanatory diagram illustrating a
conventional problem occurring in a case where there is a
restriction on the connection destination. In FIG. 25A, each
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node of Node A to Node D, for example, includes ports #1 to
#8, and, in a network including the nodes, a cost value is
assigned to each route connecting the ports between nodes.
The cost value represents a data transmission state in a route
up to a node as a link destination and, for example, is a value
corresponding to a parameter such as a band, a speed, a
distance, or a time relating to communication. FIG. 25A
illustrates that a smaller cost value represents a route that is
more optimal than other routes. For the calculation of a route,
for example, a Dijkstra algorithm, a Bellman-Ford algorithm,
or the like may be used, which acquires a shortest route as a
constrained shortest path first (CSPF). In the calculation of a
route using such an algorithm, a route having the minimum
sum of assigned cost values is calculated. Here, it is assumed
that all the bands are in a vacant state in each port, and each
node maintains topology information that is advertised by the
OSPF-TE. Here, the number of ports may be different from
node to node.

[0007] In FIG. 25A, in Node A and Node D, routes each
having a restriction on the connection are denoted by broken
lines. Specifically, there are restrictions on the connection
destinations between ports #3-1 to #3-4 and port #4 of Node
A, and between port #4 and ports #3-1 to #3-4 of Node D. In
the description of FIG. 25A, for example, a case will be
described in which a start point is port “#1” of Node A and an
end point is port “#1” of Node D in a network including a
plurality of nodes from Node A to Node D. In addition, it is
assumed that the calculation of a route is performed by Node
A

[0008] In the above-described configuration, Node A cal-
culates a route in which the sum of assigned cost values is the
minimum. As the route selected as above, a route is selected
in the order of “port “#1” and “#2” of Node A”, “ports “#1”
and “#4” of Node B”, and “port “#4” of Node D”. As a result,
in the network illustrated in FIG. 25A, a route denoted by a
dotted line is selected. Here, in Node D, connection destina-
tions that can be connected to port #4 are ports #3-1 to #3-4.
Thus, according to a conventional technique, in the network
illustrated in F1G. 25 A, it is difficult to select a route reaching
port #1 of Node D as the end point, so that an error occurs. In
addition, the route that is to be originally selected is a route,
which is denoted by a solid line illustrated in FIG. 25A,
passing through port #3 of Node B.

[0009] Accordingly, a supervisor is aware of the presence
of a node having a restriction on the connection destination
within the network and sets information that selects a route
passing through a specific port. FIG. 25B is a diagram illus-
trating an example in which information used for selecting a
route passing through a specific port. In the example illus-
trated in FIG. 25B, a supervisor, for example, sets informa-
tion used for selecting a route passing through port #2 of Node
A and port #2 of Node D. For example, the information used
for selecting a route passing through a specific port may be
referred to as “Include designation™. In FIG. 25B, ports that
are designated for “Include designation™ are denoted by black
circles. Node A, as illustrated in FIG. 25B, selects a route that
includes “ports “#1” and “#3” of Node B” based on “Include
designation”.

[0010] However, originally, one of the advantages of the
MPLS or the GMPLS is to autonomously calculate a route
without involving a supervisor therein. However, when a
system is configured such that the supervisor-has to set
“Include designation” and additional maintenance step will
be added to a conventional one for considering the setting of
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“Include designation” to a specific port of a specific node. In
addition, “Include designation” may be set when a restriction
is newly set in a network in which there has been originally no
restriction. When a restriction is newly set, a maintenance
sequence for performing setting not using the GMPLS is
required, compared to a conventional case.

SUMMARY

[0011] According to an aspect of an embodiment of the
invention, a communication apparatus includes a memory
that stores topology information shared by nodes included in
a network and representing connection states between the
nodes, the topology information including port identification
information used for identifying ports that are connectable to
each other within each node; and a processor that determines
a route by sequentially selecting a port that can be connected
to a port, to which transmission data is input, within each
node, based on the port identification information stored in
the memory.

[0012] The object and advantages of the embodiment will
be realized and attained by means of the elements and com-
binations particularly pointed out in the claims.

[0013] Itisto beunderstood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the embodi-
ment, as claimed.

BRIEF DESCRIPTION OF DRAWINGS

[0014] FIG. 1 is a diagram illustrating an example of the
hardware configuration of a communication apparatus that
passes through a switch;

[0015] FIG. 2 is a diagram illustrating an example of the
hardware configuration of a communication apparatus that
does not pass through a switch;

[0016] FIG. 3 is a diagram illustrating an example of the
functional blocks of a communication apparatus according to
a first embodiment;

[0017] FIG. 4A is a diagram illustrating an example of the
configuration of a restriction information Sub-TLV;

[0018] FIG. 4B is a diagram illustrating an example of the
configuration of a restriction information Sub-TLV;

[0019] FIG. 5 is a diagram illustrating a configuration
example of an Opaque LSA;

[0020] FIG. 6 is a diagram illustrating an overview of a
Sub-TLV;
[0021] FIG. 7A is a diagram illustrating a configuration

example of a transponder card;

[0022] FIG. 7B is a diagram illustrating an example of
restriction information that is set in accordance with the tran-
sponder card illustrated in FIG. 7A;

[0023] FIG. 8A is a diagram illustrating a configuration
example of a muxponder card;

[0024] FIG. 8B is a diagram illustrating an example of
restriction information that is set in accordance with the mux-
ponder card illustrated in FIG. 8A;

[0025] FIG. 9A is a diagram illustrating a configuration
example of a muxponder card in which a SW, in which a
connection destination is restricted, is built;

[0026] FIG. 9B is a diagram illustrating an example of the
restriction information that is set in accordance with the mux-
ponder card illustrated in FIG. 9A;

[0027] FIG. 10A is a diagram illustrating a configuration
example of an IF card in which a SW is built;
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[0028] FIG. 10B is a diagram illustrating an example of
restriction information that is set in accordance with the IF
card illustrated in FIG. 10A;

[0029] FIG. 11A is a diagram illustrating a configuration
example of an IF card that passes through a SW card;

[0030] FIG. 11B is a diagram illustrating an example of
restriction information that is set in accordance with the IF
card illustrated in FIG. 11A;

[0031] FIG. 12A is a diagram illustrating a configuration
example of an IF card, which has a restriction, passing
through a SW card;

[0032] FIG. 12B is a diagram illustrating an example of
restriction information that is set in accordance with the IF
card illustrated in FIG. 12A;

[0033] FIG. 13A is a diagram illustrating a configuration
example of an IF card in a case where the IF card having the
SW illustrated in FIG. 11A built therein is removed;

[0034] FIG. 13B is a diagram illustrating an example of
restriction information that is set in accordance with the IF
card illustrated in FIG. 13A;

[0035] FIG. 14 is a diagram illustrating an example of route
calculation in a case where the start and end ports have F Bits
of “17;

[0036] FIG.15is a diagram illustrating an example of route
calculation in a case where ports of which the F Bits are “1”
are continuous;

[0037] FIG.161is a diagram illustrating an example of route
calculation in a case where a muxponder card is an end point;
[0038] FIG.17is a diagram illustrating an example of route
calculation in a case where an F Bit is not used;

[0039] FIG. 18is a diagram illustrating an example of route
calculation in a case where an F Bit is not used;

[0040] FIG. 19 is a flowchart illustrating an example of the
flow of a topology information setting process at the time of
setting the IF card according to the first embodiment;

[0041] FIG. 20 is a flowchart illustrating an example of the
flow of a topology information setting process at the time of
removing an IF card according to the first embodiment;
[0042] FIG. 21 is a flowchart illustrating an example of the
flow of a topology information setting process at the time of
changing an IF card according to the first embodiment;
[0043] FIG. 22 is a flowchart illustrating an example of the
flow of a topology information setting process at the time of
changing a restriction according to the first embodiment;
[0044] FIG. 23 is a flowchart illustrating an example of the
flow of a process of reflecting the restriction item according to
the first embodiment on the route calculation;

[0045] FIG. 24 is a flowchart illustrating an example of the
flow of a route calculating process according to the first
embodiment;

[0046] FIG. 25A is a diagram illustrating a conventional
problem in a case where there is a restriction of a connection
destination; and

[0047] FIG. 25B is a diagram illustrating an example of
setting information used for selecting a route passing through
a specific port.

DESCRIPTION OF EMBODIMENTS

[0048] Preferred embodiments of the present invention will
be explained with reference to accompanying drawings.
[0049] In addition, the invention is not limited to embodi-
ments described hereinafter.
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[a] First Embodiment

[0050] Hardware Configuration of Communication Appa-
ratus
[0051] Hereinafter, the hardware configuration of a com-

munication apparatus according to a first embodiment will be
described with reference to FIGS. 1 and 2. FIG. 1 is a diagram
illustrating an example of the hardware configuration of the
communication apparatus that passes through a switch. FIG.
2 is a diagram illustrating an example of the hardware con-
figuration of the communication apparatus that does not pass
through a switch.

[0052] For example, as illustrated in FIG. 1, the communi-
cation apparatus includes a maintenance managing unit and a
main signal processing unit. Out of these units, the mainte-
nance managing unit, for example, includes a central process-
ing unit (CPU), a random access memory (RAM), and a
non-volatile memory such as a flash memory or a compact
flash (CF). In addition, the maintenance managing unit per-
forms overall control of the CPU, the RAM, and the non-
volatile memory and performs monitoring, various settings,
and the like of the entire apparatus through a control bus.
[0053] Meanwhile, the main signal processing unit, for
example, includes an interface (IF) card and a switch. For
example, the switch is a switch (SW) card that has a cross-
connecting function. The IF card, for example, includes a
small form factor pluggable (SFP)/10 gigabit small form
factor pluggable (XFP) and an IF control circuit. The SFP/
XFP, for example, is in compliance with various main signal
specifications and inputs and outputs various main signals.
The IF control circuit, for example, performs a process
according to each frame format. In other words, the main
signal processing unit performs control relating to synchro-
nous optical network (SONET)/a synchronous digital hierar-
chy (SDH) in the case of a SONET/SDH signal and performs
control relating to an optical transport network (OTN) in the
case of an OTN signal. The SFP/XFP and the IF control
circuit may be included in one card, and the number of the
SFP/XFPs is different in accordance with the number of ports
that can be supported within the same card. The switch is
connected to all of the IF control circuits for the communica-
tion of a main signal between arbitrary ports within the appa-
ratus. In addition, the switch, similarly to the IF card, may be
included in one card. Accordingly, as a mode of the commu-
nication apparatus that has a switch, paths (A), (B), (C), and
the like illustrated in FIG. 1 can be set.

[0054] In addition, for example, as illustrated in FIG. 2, the
communication apparatus includes a maintenance managing
unit and a main signal processing unit. Out of these units, the
maintenance managing unit, for example, includes a CPU, a
RAM, and a non-volatile memory and performs monitoring,
various settings, and the like of the entire apparatus through a
control bus by performing overall control thereof.

[0055] Meanwhile, the main signal processing unit, for
example, includes a transponder card, a muxponder card, an
IF card (IF card with SW) having a SW function, and an IF
card connected to a switch. The transponder card, for
example, is a card to which port #1 and port #2 are fixedly
assigned as one-to-one correspondence and which can be
connectable only between the ports. The muxponder card is a
card that multiplexes a reception signal, for example, input
from a plurality of ports #3-1 to #3-n (here, n is a natural
number) and transmits a resultant signal to port #4 and has a
connection destination that is fixedly assigned. In addition,
there is a case where the muxponder card separates a signal
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that is input in the opposite direction, in other words, input
from port #4 and transmits resultant signals to ports #3-1 to
#3-n. The IF card having the SW function is a card that can
freely determine the connection destination, for example, out
of ports #5-1 to #5-4 arranged inside the card but is not
connected to a port of any other card. In addition, the IF card
connected to the switch performs the same process as that of
the card illustrated in FIG. 1.

[0056]

[0057] Next, the functional blocks of the communication
apparatus according to the first embodiment will be described
with reference to FIG. 3. FIG. 3 is a diagram illustrating an
example of the functional blocks of the communication appa-
ratus according to the first embodiment.

[0058] For example, as illustrated in FIG. 3, a communica-
tion apparatus 100 includes a switch 101, an IF 102, an IF 103,
and an IF 104. Out of these, the IF 102 is an interface that does
not have a SW board, the IF 103 is an interface that passes
through an SW board, and the IF 104 is an interface that
passes through a SW board. In addition, for example, the
communication apparatus 100 includes a user interface (UI)
105, a card managing unit 106, an OSPF-TE control unit 107,
atopology database (DB) 108, a route calculating unit 109, an
RSVP-TE control unit 110, and a non-volatile memory 111.

[0059] Out of these, the IF 102 is an example of an IF
control circuit such as the transponder card, the muxponder
card, the IF card with SW, or the like illustrated in FIG. 2. In
addition, the switch 101, the IF 103, and the IF 104 are
examples of the IF control circuit that passes through a switch
illustrated in FIG. 1. Furthermore, the processes in the U1 105,
the card managing unit 106, the OSPF-TE control unit 107,
the route calculating unit 109, and the RSVP-TE control unit
110 are performed by using a processor such as the CPU
illustrated in FIG. 1 or 2. In addition, the topology DB 108 is
stored in a memory such as the RAM illustrated in FIG. 1 or
2. Furthermore, the non-volatile memory 111 is an example
of the non-volatile memory illustrated in FIG. 1 or 2.

[0060] In the IF 102 and the IF 103, for example, as
descried with reference to FIGS. 1 and 2, a main signal flows
through the switch 101. In addition, in the IF 104, for
example, as described with reference to FIGS. 1 and 2, a main
signal flows not through the switch 101. The IF 102, the IF
103, and the IF 104, for example, are connected to an adjacent
communication apparatus and control communication using
a main signal such as a data packet or an IP packet for the
RSVP-TE orthe OSPF-TE control. In addition, the RSVP-TE
is a signaling protocol, and the OSPF-TE is a routing proto-
col.

[0061] The UI 105 receives various commands, for
example, from a network management terminal such as an
operation system (OPS) that is connected to the communica-
tion apparatus 100. Examples of the various commands
include a setting request relating to the IF card such as the
switch 101, the IF 102, the IF 103, or the IF 104, a request for
calculating a route in a network including the communication
apparatus 100, and the like. In addition, for example, the
various commands are used also in a case where a restriction
on the transmission route is intentionally set by a user or a
case where a restriction is removed. Furthermore, the UI 105
informs the network management terminal of information
relating to the IF card such as the switch 101, the IF 102, the
IF 103, or the IF 104 that is collected by the card managing
unit 106.

Functional Blocks of Communication Apparatus
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[0062] Forexample, in a case where a setting request relat-
ing to the IF card is received through the UI 105, the card
managing unit 106 notifies the OSPF-TE control unit 107 of
the setting request. The setting request relating to the IF card
is made, for example, in a case where an IF card is registered
or removed. In addition, in the registration of an IF card, there
is also a case where an IF card having a specific restriction is
registered. For example, when the notification is received
from the card managing unit 106, the OSPF-TE control unit
107 generates topology information in accordance with the
type of the IF card, updates the topology DB 108 in which the
topology information is stored, and advertises the updated
topology information to adjacent communication appara-
tuses. In addition, also in a case where a restriction is set or
removed by a user through the card managing unit 106, the
OSPF-TE control unit 107 generates topology information in
accordance with the setting or removing thereof, updates the
topology DB 108, and advertises the updated topology infor-
mation to adjacent communication apparatuses. The topol-
ogy DB 108 stores the topology information such as opaque
link-state advertisement (LSA) that includes, for example, a
restriction information Sub-type length value (TLV) therein.
[0063] In the generation of the topology information, the
Opaque LSA including the restriction information Sub-TLV
is generated. Hereinafter, the restriction information Sub-
TLV may be referred to as “Rest Info”. In addition, in a case
where the topology information advertised by another com-
munication apparatus adjacent thereto is received, the OSPF-
TE control unit 107 updates the topology DB 108. Accord-
ingly, in the network including the communication apparatus
100, the same topology information is shared by communi-
cation apparatuses.

[0064] The configuration of the topology information that
is used in the calculation of a route, which will be described
later, is specified in Request For Comment (RFC) 3630, 4202,
4230, and the like. Here, the topology information is defined
as the Opaque LSA. In the Opaque LSA, various types of
information are stored in a format called TLV defined for the
GMPLS so as to respond to the functional expansion.
[0065] FIGS. 4A and 4B are diagrams illustrating an
example of the configuration of the restriction information
Sub-TLV. For example, as illustrated in FIG. 4A, the Rest Info
is stored in a Sub-TLV acquired by expanding a vacant por-
tion separately from the Sub-TLVs that are present under the
Link TLV. In addition, as illustrated in F1G. 4B, the Sub-TLV
in which the Rest Info is stored includes “Type” in which a
specified value is used, “Length” that represents the size of
the TLV, and “F” and “ID” that are used by a rule specified in
accordance with each “Type” value. In addition, as illustrated
in FIG. 4B, although the “Length” is set to be “4” or more, the
“Length” may be changed in accordance with the number of
types of the “IDs”. Furthermore, “F” is information that rep-
resents whether or not a connectable port inside the commu-
nication apparatus 100 is fixed to one, and, for example, “1”
is stored therein in a case where the connectable port is fixed
to one, and “0” is stored therein in a case where there are a
plurality of connectable ports. In addition, identification
information that is used for identifying ports that can be
connectable to each other inside the communication appara-
tus 100 is stored in “ID”. “F” and “ID” will be described in
detail later.

[0066] The TLV can be arranged in a nested structure, and
there is a case where “Router TLV” representing node infor-
mation and “Link TLV” representing link information are
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used. FIG. 5 is a diagram illustrating a configuration example
of'the Opaque LSA. FIG. 6 is a diagram illustrating an over-
view of the Sub-TLV. For example, as illustrated in FIG. 5, in
the Opaque LSA, arouter LSA including a “Router TLV” and
aLink LSA including a “Link TLV” are present. Out of these,
the Link LSA is a set of a plurality of Sub-TLVs and is
advertised to nodes within the network as one LSA and
includes the Rest Info as well. In addition, as illustrated in
FIG. 6, in the Sub-TLV, various types of information relating
to links and nodes are present in sections defined as standard,
and the information of the Rest Info is present in a section of
an expanded vacant number. Furthermore, “Traffic Engineer-
ing Metric” of a Sub-TLV type of “5”, which is illustrated in
FIG. 6, is information of cost values of links used for the route
calculation.

[0067] Here, the Rest Info that is set in accordance with the
type of the IF card will be described with reference to FIGS.
7A to 13B. FIG. 7A is a diagram illustrating a configuration
example of the transponder card. FIG. 7B is a diagram illus-
trating an example of the restriction information that is set in
accordance with the transponder card illustrated in FIG. 7A.
[0068] For example, in the transponder card illustrated in
FIG. 7A, a port that can be connected for port “#1” to which
data is input is port “#2”. In addition, in the transponder card
illustrated in FIG. 7A, a port that can be connected for port
“#2” to which data can be connected is port “#1”. In such a
case, the OSPF-TE control unit 107, as illustrated in FIG. 7B,
in the setting of the Rest Info, stores port “#1”, F Bit “1”, and
ID “0x01” in association with one another. In addition, the
OSPF-TE control unit 107 stores port “#2”, F Bit “1”, and ID
“0x01” are stored in association with one another. In other
words, the Rest Info illustrated in FIG. 7B represents that a
connectable port of port “#1” is fixed to one, and the connect-
able port is a port that has an ID of “Ox01”. Similarly, it is
represented that a connectable port of port “#2” is fixed to
one, and the connectable port is a port that has an 1D of
“0x01”.

[0069] FIG. 8A is a diagram illustrating a configuration
example of a muxponder card. FIG. 8B is a diagram illustrat-
ing an example of the restriction information that is set in
accordance with the muxponder card illustrated in FIG. 8A.
Since the IF card described with reference to FIGS. 7A and
7B is included in FIGS. 8A and 8B, the description thereof
will not be repeated here.

[0070] For example, in the muxponder card illustrated in
FIG. 8A, a connectable port for port “#3-17, “#3-2”, “#3-3”,
or “#3-4”to which data is input is port “#4”. In addition, in the
muxponder card illustrated in FIG. 8 A, a connectable port for
port “#4” to which data is input is any one of ports “#3-1”,
“#3-27, “#3-3”, and “#3-4”. In conclusion, in the muxponder
card illustrated in FIG. 8 A, ports, in which a plurality of ports
as multiplexing sources and a port as a multiplexing destina-
tion can be connected so as to have the “n-to-1" relation, are
fixed. Described in detail, “ports #3-1” to “#3-4” are fixedly
connected to ports “#4-1” to “#4-4”. In such a case, the
OSPF-TE control unit 107, as illustrated in FIG. 8B, in setting
of'the Rest Info, stores port “#3-17, F Bit “1”, and ID “0x02
(0b00010)” in association with one another. In addition, the
OSPF-TE control unit 107, stores port “#3-2”, F Bit “1”, and
1D “0x04 (0b00100)” in association with one another. Fur-
thermore, the OSPF-TE control unit 107 stores port “#3-3”, F
Bit “1”, and ID “0x08 (0b01000)” in association with one
another. In addition, the OSPF-TE control unit 107 stores port
“#3-4”, F Bit “1”, and ID “0x10 (0b10000)” in association
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with one another. Furthermore, the OSPF-TE control unit 107
stores port “#4”, F Bit “1”, and ID “Ox1E (0b11110)” in
association with one another. In other words, the OSPF-TE
control unit 107 assigns unique IDs to a plurality of ports as
the multiplexing sources inside the communication apparatus
100 and assigns a value acquired by calculating OR of all the
1D values set to the multiplexing sources to the port as the
multiplexing destination. In addition, as described above,
since port #4, that is, ports #4-1 to #4-4, described in detail,
are fixedly connected to ports “#3-17 to “#3-4”, “1” is
assigned to the F Bits. Furthermore, since ID “0x01” is used
in ports “#1” and “#2”, the OSPF-TE control unit 107 uses
1Ds “0x02”, “0x04”, “0x08”, and “0x10”. Although “0x01”,
“0x02”, “0x03”, . . . may be used for the IDs, by using “0x02”,
“0x04”, . . . for the IDs in consideration of the bit, it can be
represented that a plurality of ports can be connected to one
port.

[0071] In other words, in the Rest Info illustrated in FIG.
8B, port “#3-1” is represented that the number of connectable
ports is fixed to one, and the connectable port is a port that has
“1” at the same bit position as that of “1” in ID “0b00010”.
Similarly, port “#3-2” is represented that the number of con-
nectable ports is fixed to one, and the connectable port is a
port that has “1” at the same bit position as that of “1” in ID
“0b00100”. Similarly, port “#3-3” is represented that the
number of connectable ports is fixed to one, and the connect-
able port is a port that has “1” at the same bit position as that
of “1”in ID “0b01000”. Similarly, port “#3-4” is represented
that the number of connectable ports is fixed to one, and the
connectable port is a port that has “1” at the same bit position
as that of “1”” in ID “0b10000”. Similarly, port “#4” is repre-
sented that the number of connectable ports is fixed to one,
and the connectable port is a port that has “1” at the same bit
position as that of “1” in ID “0Ob11110”.

[0072] FIG. 9A is a diagram illustrating a configuration
example of a muxponder card in which a SW, in which a
connection destination is restricted, is built. FIG. 9B is a
diagram illustrating an example of the restriction information
that is set in accordance with the muxponder card illustrated
in FIG. 9A. Since the IF card described with reference to
FIGS.7A and 7B is included in FIGS. 9A and 9B, the descrip-
tion thereof will not be repeated here.

[0073] For example, in the muxponder card illustrated in
FIG. 9A, a connectable port for port “#3-17, “#3-2”, “#3-3”,
or “#3-4”to which data is inputis port “#4-17, “#4-27, “#4-3”,
or “#4-4”. In addition, in the muxponder card illustrated in
FIG. 9A, a connectable port for port “#4-17, “#4-27, “#4-3”,
or “#4-4” to which data is inputis port “#3-17, “#3-27, “#3-3”,
or “#3-4”. In conclusion, in the muxponder card illustrated in
FIG. 9A, a plurality of ports are present as the multiplexing
destinations for a plurality of ports as multiplexing sources,
and the connections are changed by the SW, but the connec-
tion destination is restricted. In such a case, the OSPF-TE
control unit 107, as illustrated in FIG. 9B, in setting of the
Rest Info, stores port “#3-17, F Bit “0”, and ID “0x02
(0b00010)” in association with one another. In addition, the
OSPF-TE control unit 107 stores port “#3-2”, F Bit “0”, and
1D “0x04 (0b00100)” in association with one another. Fur-
thermore, the OSPF-TE control unit 107 stores port “#3-3”, F
Bit “0”, and ID “0x08 (0b01000)” in association with one
another. In addition, the OSPF-TE control unit 107 stores port
“#3-4”, F Bit “0”, and ID “0x10 (0b10000)” in association
with one another. Furthermore, the OSPF-TE control unit 107
stores port “#4”, F Bit “0”, and ID “0x1E (0b11110)” in
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association with one another. In other words, in the OSPF-TE
control unit 107, it is represented that the connection desti-
nation is not fixed to one by setting the F Bit to “0”, and a
connection destination as a multiplexing destination can be
selected.

[0074] In other words, in the Rest Info illustrated in FIG.
9B, port “#3-1” is represented that there are a plurality of
connectable ports, and the connectable ports are ports having
“1” at the same bit position as “1”in ID “0b00010”. Similarly,
port “#3-2” is represented that there are a plurality of con-
nectable ports, and the connectable ports are ports having “1”
at the same bit position as “1” in ID “0b00100”. Similarly,
port “#3-3” is represented that there are a plurality of con-
nectable ports, and the connectable ports are ports having “1”
at the same bit position as “1” in ID “0b01000”. Similarly,
port “#3-4” is represented that there are a plurality of con-
nectable ports, and the connectable ports are ports having “1”
at the same bit position as “1” in ID “Ob10000”. Similarly,
port “#4” is represented that there are a plurality of connect-
able ports, and the connectable ports are ports having “1” at
the same bit position as “1” in ID “0b11110”.

[0075] FIG. 10A is a diagram illustrating a configuration
example of an IF card in which a SW is built. FIG. 10B is a
diagram illustrating an example of the restriction information
that is set in accordance with the IF card illustrated in FIG.
10A. Since the IF card described with reference to FIGS. 7A
to 8B is included in FIGS. 10A and 10B, the description
thereof will not be repeated here.

[0076] For example, in the IF card illustrated in FIG. 10A,
connectable ports for port “#5”, “#6”, “#7”, or “#8” to which
data is input are ports other than the input port. In such a case,
the OSPF-TE control unit 107, as illustrated in FIG. 10B, in
setting of the Rest Info, stores port “#5”, F Bit “0”, and ID
“0x20” in association with one another. In addition, the
OSPF-TE control unit 107 stores port “#6”, F Bit “0”, and ID
“0x20” in association with one another. Furthermore, the
OSPF-TE control unit 107 stores port “#7”, F Bit “0”, and ID
“0x20” in association with one another. In addition, the
OSPF-TE control unit 107 stores port “#8”, F Bit “0”, and ID
“0%20” in association with one another.

[0077] In other words, in the Rest Info illustrated in FIG.
10B, port “#5” is represented that there are a plurality of
connectable ports, and the connectable ports are ports having
1D “0x20”. Similarly, port “#6” is represented that there are a
plurality of connectable ports, and the connectable ports are
ports having ID “0x20”. Similarly, port “#7” is represented
that there are a plurality of connectable ports, and the con-
nectable ports are ports having 1D “0x20”. Similarly, port
“#8” is represented that there are a plurality of connectable
ports, and the connectable ports are ports having ID “0x20”.
[0078] FIG. 11A is a diagram illustrating a configuration
example of an IF card that passes through a SW card. FIG.
11B is a diagram illustrating an example of the restriction
information that is set in accordance with the IF card illus-
trated in FIG. 11A. Since the IF card described with reference
to FIGS. 7A to 8B, 10A, and 10B is included in FIGS. 11A
and 11B, the description thereof will not be repeated here.
[0079] For example, in the IF card illustrated in FIG. 11A,
connectable ports for port “#9”, “#10”, “#11”, or “#12” to
which data is input are ports other than the input port by
passing through the SW card. In such a case, the OSPF-TE
control unit 107, as illustrated in FIG. 11B, in setting of the
Rest Info, stores port “#9”, F Bit “0”, and ID “0x40” in
association with one another. In addition, the OSPF-TE con-
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trol unit 107 stores port “#10”, F Bit “0”, and ID “0x40” in
association with one another. Furthermore, the OSPF-TE
control unit 107 stores port “#11”, F Bit “0”, and ID “0x40”
in association with one another. In addition, the OSPF-TE
control unit 107 stores port “#12”, F Bit “0”, and ID “0x40”
in association with one another.

[0080] In other words, in the Rest Info illustrated in FIG.
11B, port “#9” is represented that there are a plurality of
connectable ports, and the connectable ports are ports having
1D “0x40”. Similarly, port “#10” is represented that there are
a plurality of connectable ports, and the connectable ports are
ports having ID “0x40”. Similarly, port “#11” is represented
that there are a plurality of connectable ports, and the con-
nectable ports are ports having 1D “0x40”. Similarly, port
“#12” is represented that there are a plurality of connectable
ports, and the connectable ports are ports having ID “0x40”.
[0081] FIG. 12A is a diagram illustrating a configuration
example of an IF card, which has a restriction, passing
through a SW card. FIG. 12B is a diagram illustrating an
example of the restriction information that is set in accor-
dance with the IF card illustrated in FIG. 12A.

[0082] For example, in the IF card illustrated in FIG. 12A,
by passing through the SW card, connectable ports for port
“H1”,H#27, “#37, or “#4” to which data is input are ports other
than the input port. In addition, in the IF card illustrated in
FIG. 12A, by passing through the SW card, connectable ports
for port “#5”, “#6”, “#7”, or “#8” to which data is input are
ports other than the input port. In conclusion, the reason why
there is a restriction is, for example, due to the employment of
a system in which a chassis that houses a plurality of cards
therein is expanded, and the plurality of chassis are managed
as one node. As above, in a case where the plurality of chassis
are managed as one node, connectable ports are set in units of
chassis.

[0083] In such a case, the OSPF-TE control unit 107, as
illustrated in FIG. 12B, in setting of the Rest Info, stores port
“#1”, F Bit “0”, and ID “0x01” in association with one
another. In addition, the OSPF-TE control unit 107 stores port
“#2”, F Bit “0”, and ID “0x01” in association with one
another. Furthermore, the OSPF-TE control unit 107 stores
port “#3”, F Bit “0”, and ID “0x01” in association with one
another. In addition, the OSPF-TE control unit 107 stores port
“#4”, F Bit “0”, and ID “0x01” in association with one
another. Furthermore, the OSPF-TE control unit 107 stores
port “#5”, F Bit “0”, and ID “0x02” in association with one
another. In addition, the OSPF-TE control unit 107 stores port
“#6”, F Bit “0”, and ID “0x02” in association with one
another. Furthermore, the OSPF-TE control unit 107 stores
port “#7”, F Bit “0”, and ID “0x02” in association with one
another. In addition, the OSPF-TE control unit 107 stores port
“#8”, F Bit “0”, and ID “0x02” in association with one
another.

[0084] In other words, in the Rest Info illustrated in FIG.
12B, port “#1” is represented that there are a plurality of
connectable ports, and the connectable ports are ports having
1D “0x01”. Similarly, port “#2” is represented that there are a
plurality of connectable ports, and the connectable ports are
ports having ID “0x01”. Similarly, port “#3” is represented
that there are a plurality of connectable ports, and the con-
nectable ports are ports having 1D “0x01”. Similarly, port
“#4” is represented that there are a plurality of connectable
ports, and the connectable ports are ports having ID “0x01”.
Similarly, port “#5” is represented that there are a plurality of
connectable ports, and the connectable ports are ports having
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1D “0x02”. Similarly, port “#6” is represented that there are a
plurality of connectable ports, and the connectable ports are
ports having ID “0x02”. Similarly, port “#7” is represented
that there are a plurality of connectable ports, and the con-
nectable ports are ports having 1D “0x02”. Similarly, port
“#8” is represented that there are a plurality of connectable
ports, and the connectable ports are ports having ID “0x02”.
[0085] FIG. 13A is a diagram illustrating a configuration
example of the IF card in a case where the IF card having the
SW illustrated in FIG. 11A built therein is removed. FIG. 13B
is a diagram illustrating an example of the restriction infor-
mation that is set in accordance with the IF card illustrated in
FIG. 13A. Since the IF card described with reference to FIGS.
7A and 8B is included in FIGS. 13A and 13B, the description
thereof will not be repeated here.

[0086] For example, in the IF card illustrated in FIG. 13A,
connectable ports for port “#57, “#6”, “#77, “#8”, “#9”,
“#10”, “#11”, or “#12” to which data is input are ports other
than the input port. In such a case, the OSPF-TE control unit
107, as illustrated in FIG. 13B, in setting of the Rest Info,
stores port “#5”, F Bit “0”, and ID “0x40” in association with
one another. In addition, the OSPF-TE control unit 107 stores
port “#6”, F Bit “0”, and ID “0x40” in association with one
another. Furthermore, the OSPF-TE control unit 107 stores
port “#7”, F Bit “0”, and ID “0x40” in association with one
another. In addition, the OSPF-TE control unit 107 stores port
“#8”, F Bit “0”, and ID “0x40” in association with one
another. Furthermore, the OSPF-TE control unit 107 stores
port “#9”, F Bit “0”, and ID “0x40” in association with one
another. In addition, the OSPF-TE control unit 107 stores port
“#10”, F Bit “0”, and ID “0x40” in association with one
another. Furthermore, the OSPF-TE control unit 107 stores
port “#11”, F Bit “0”, and ID “0x40” in association with one
another. In addition, the OSPF-TE control unit 107 stores port
“#12”, F Bit “0”, and ID “0x40” in association with one
another. In conclusion, the OSPF-TE control unit 107 updates
ID “0x20” of ports “#5” to “#8” with “0x40”.

[0087] In other words, in the Rest Info illustrated in FIG.
13B, port “#5” is represented that there are a plurality of
connectable ports, and the connectable ports are ports having
1D “0x40”. Similarly, port “#6” is represented that there are a
plurality of connectable ports, and the connectable ports are
ports having ID “0x40”. Similarly, port “#7” is represented
that there are a plurality of connectable ports, and the con-
nectable ports are ports having 1D “0x40”. Similarly, port
“#8” is represented that there are a plurality of connectable
ports, and the connectable ports are ports having ID “0x40”.
Similarly, port “#9” is represented that there are a plurality of
connectable ports, and the connectable ports are ports having
1D “0%40”. Similarly, port “#10” is represented that there are
aplurality of connectable ports, and the connectable ports are
ports having ID “0x40”. Similarly, port “#11” is represented
that there are a plurality of connectable ports, and the con-
nectable ports are ports having 1D “0x40”. Similarly, port
“#12” is represented that there are a plurality of connectable
ports, and the connectable ports are ports having ID “0x40”.
[0088] Referring back to FIG. 3, the OSPF-TE control unit
107, for example, receives a restriction setting made by a user
through the network management terminal, the UI 105, and
the card managing unit 106. Then, the OSPF-TE control unit
107 sets the ID information of the received port as the Rest
Info and sets the F Bit to “1” in a case where the connection
destination is fixed to one. At this time, in a case where there
is any other port to which the same ID has been assigned, a
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change in the connectable ports occurs, and accordingly, the
OSPF-TE control unit 107 sets the F Bit in accordance with
the change, and re-advertises the changed topology informa-
tion. On the other hand, in a case where there is no other port
to which the same ID has been assigned, the OSPF-TE control
unit 107 advertises the topology information in which a
restriction is newly set.

[0089] In addition, the OSPF-TE control unit 107, for
example, receives a restriction releasing setting made by a
user through the network management terminal, the UT 105,
and the card managing unit 106. Then, the OSPF-TE control
unit 107 removes the Rest Info corresponding to the received
port information. At this time, in a case where there is a port
to which the same ID as the ID of the removed port has been
assigned, there is a change in the connectable port, and
accordingly, the OSPF-TE control unit 107 sets the F Bit in
accordance with the change and re-advertises the changed
topology information. On the other hand, in a case where
there is no other port to which the same ID has been assigned,
the OSPF-TE control unit 107 advertises the topology infor-
mation from which the restriction is removed.

[0090] When a route calculation request, in which the start
port and the end port are designated, is received from the
network management terminal, for example, through the Ul
105, the route calculating unit 109 calculates the route while
referring to the topology DB 108 and notifies the RSVP-TE
control unit 110 of a calculation result. In the route calcula-
tion performed by the route calculating unit 109, the F Bit
included in the Rest Info may not be used. The route calcu-
lation will be described in detail later.

[0091] TheRSVP-TE controlunit 110 performs a signaling
protocol operation from the start node to the end node as
end-to-end based on the calculation result of a route, for
example, notified from the route calculating unit 109.
Accordingly, the RSVP-TE control unit 110 sets the IF, the
switch, and the like in each communication apparatus for the
communication of a main signal. In addition, the RSVP-TE
control unit 110 stores a route used in signaling, information
relating to the signaling, and the like in the non-volatile
memory 111. The storing of the route used in the signaling
and the information relating to the signaling in the non-vola-
tile memory 111 is performed for the recovery at the time of
restarting the communication apparatus 100. The non-vola-
tile memory 111, for example, stores the route used in the
signaling and the information relating to the signaling therein.
[0092] Route Calculation

[0093] Next, the calculation of a route using the Rest Info
will be described with reference to FIGS. 14 to 18. FIG. 14 is
a diagram illustrating an example of route calculation in a
case where the start and end ports have F Bits of “1”. Here, a
value written near each port in FIG. 14 represents the Rest
Info “ID (F Bit)” of the port. In addition, a value written in
each route that connects ports of nodes represents a cost
value. Here, ports “#1” and “#2” of Node A and Node D
illustrated in FIG. 14 are assumed to be transponder cards. In
addition, ports “#3-1" to “#3-4” and “#4” of Node A and
Node D illustrated in FIG. 14 are assumed to be muxponder
cards. FIG. 14 illustrates a case where, in a network including
a communication apparatus from Node A to Node D, a
request for calculating a route, of which the start point is port
“#1” of Node A and the end point is port “#1” of Node D, is
received by Node A.

[0094] For example, as illustrated in FIG. 14, Node A that
has received the request for calculating a route from the
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network management terminal recognizes that an F Bitof “1”
is assigned to port “#1” of Node A and port “#1” of Node D by
referring to the topology DB 108. Then, Node A searches for
a port to which the same ID as that of port “#1” of Node A is
assigned within Node A and, as a result of the search, per-
forms “Include designation” of port “#2” of Node A. In addi-
tion, Node A searches for a port to which the same ID as that
of port “#1” of Node D is assigned within Node D and, as a
result of the search, performs “Include designation™ of port
“#2” of Node D. In addition, the “Include designation™ is
denoted by a black circle in FIG. 14.

[0095] Subsequently, Node A recognizes that the connec-
tion destination node of port “#2” of Node A is Node B, and
the port is port “#1” of Node B, by referring to the topology
DB 108. In addition, Node A recognizes that the connection
destination node of port “#2” of Node D is Node B, and the
port is port “#3” of Node B, by referring to the topology DB
108. Here, since there is no restriction on ports “#1” and “#3”
of Node B, Node A calculates a route of which the start point
is port “#1 of Node B and the end point is port “#3” of Node
B by excluding the ports of “Include designation™. In other
words, Node A outputs a result of calculation of a route in
order of “ports “#1” and “#2” of Node A”, “ports “#1” and
“#3” of Node B”, and “ports “#2” and “#1” of Node D”. Here,
the result of the route calculation is denoted by a dotted arrow
in FIG. 14.

[0096] FIG.151s a diagram illustrating an example of route
calculation in a case where ports having F Bits of “1” are
continuous. Here, a value written near each port in FIG. 15
represents the Rest Info “ID (F Bit)” of the port. In addition,
a value written in each route that connects ports of nodes
represents a cost value. Here, ports “#1” and “#2” of Node A
and Node H illustrated in FIG. 15 are assumed to be transpon-
der cards. In addition, ports “#3-1” to “#3-4” and “#4” of
Node A and Node H illustrated in FIG. 15 are assumed to be
muxponder cards. Furthermore, ports “#1” and “#3” and
ports “#2” and “#4” of Node D illustrated in FIG. 15 are cards
that are physically different from each other, and a chassis
housing a plurality of cards is assumed to be expanded. FIG.
15 illustrates a case where, in a network including a commu-
nication apparatus from Node A to Node H, a request for
calculating a route, of which the start point is port “#1” of
Node A and the end point is port “#1” of Node H, is received
by Node A.

[0097] For example, as illustrated in FIG. 15, Node A that
has received the request for calculating a route from the
network management terminal recognizes that an F Bitof “1”
is assigned to port “#1” of Node A and port “#1” of Node H by
referring to the topology DB 108. Then, Node A searches for
a port to which the same ID as that of port “#1” of Node A is
assigned within Node A and, as a result of the search, per-
forms “Include designation” of port “#2” of Node A. In addi-
tion, Node A searches for a port to which the same ID as that
of port “#1” of Node H is assigned within Node H and, as a
result of the search, performs “Include designation™ of port
“#2” of Node H. Subsequently, Node A recognizes that the
connection destination node of port “#2” of Node H is Node
D, the port is port “#3” of Node D, and an F Bit of “1” is
assigned thereto by referring to the topology DB 108. There-
after, Node A searches for a port to which the same ID as that
of port “#3” of Node D is assigned within Node D and, as a
result of the search, performs “Include designation™ of port
“#1” of Node D. In addition, the “Include designation™ is
denoted by a black circle in FIG. 15.
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[0098] Then, Node A recognizes that the connection desti-
nation node of port “#1” of Node D is Node C, and the port is
port “#3” of Node C, by referring to the topology DB 108.
Here, since there is no restriction on port “#3” of Node C and
port “#1” of Node B, Node A calculates a route of which the
start point is port “#1 of Node B and the end point is port “#3”
of Node C by excluding the ports of “Include designation”.
Node A selects a route having a smaller cost value in the route
calculation from port “#1” of Node B to port “#3” of Node C
in which there is no restriction. In other words, Node A
outputs a result of calculation of a route in order of “ports
“#1” and “#2” of Node A”, “ports “#1” and “#4” of Node B”,
“ports “#2” and “#3” of Node C”, “ports “#1” and “#3” of
Node D”, and “ports “#2” and “#1” of Node H”. Here, the
result of the route calculation is denoted by a dotted arrow in
FIG. 15.

[0099] FIG.161isadiagram illustrating an example ofroute
calculation in a case where a muxponder card is an end point.
Here, a value written near each port in FIG. 16 represents the
Rest Info “ID (F Bit)” of the port. In addition, a value written
in each route that connects ports of nodes represents a cost
value. Here, ports “#1” and “#2” of Node A and Node D
illustrated in FIG. 16 are assumed to be transponder cards. In
addition, ports “#3-1" to “#3-4” and “#4” of Node A and
Node D illustrated in FIG. 16 are assumed to be muxponder
cards. FIG. 16 illustrates a case where, in a network including
a communication apparatus from Node A to Node D, a
request for calculating a route, of which the start point is port
“#1” of Node A and the end point is port “#3-1" of Node D, is
received by Node A.

[0100] For example, as illustrated in FIG. 16, Node A that
has received the request for calculating a route from the
network management terminal recognizes that an F Bitof “1”
is assigned to port “#1” of Node A and port “#3-1” of Node D
by referring to the topology DB 108. Then, Node A searches
for a port to which the same ID as that of port “#1” of Node A
is assigned within Node A and, as a result of the search,
performs “Include designation” of port “#2” of Node A. In
addition, Node A searches for port “#4” to which the same ID
asthat of port “#3-1” of Node D is connectable in Node D and,
as a result of the search, performs “Include designation” of
port “#4” of Node D. In addition, the “Include designation™ is
denoted by a black circle in FIG. 16.

[0101] Subsequently, Node A recognizes that the connec-
tion destination node of port “#1” of Node A is Node B, and
the port is port “#1” of Node B, by referring to the topology
DB 108. In addition, Node A recognizes that the connection
destination node of port “#4” of Node D is Node B, and the
port is port “#4” of Node B, by referring to the topology DB
108. Here, since there is no restriction on ports “#1” and “#4”
of Node B, Node A calculates a route of which the start point
is port “#1 of Node B and the end point is port “#4” of Node
B by excluding the ports of “Include designation”. In other
words, Node A outputs a result of calculation of a route in
order of “ports “#1” and “#2” of Node A”, “ports “#1” and
“#4” of Node B”, and “ports “#4” and “#3-1" of Node D”.
Here, the result of the route calculation is denoted by a dotted
arrow in FIG. 16.

[0102] FIG.17isadiagram illustrating an example ofroute
calculation in a case where an F Bit is not used. Here, a value
written near each port in FIG. 17 represents the Rest Info “ID
(F Bit)” of the port. In the description presented with refer-
ence to FIG. 17, calculation of a route not using an F Bit will
be described. In addition, a value written in each route that
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connects ports of nodes represents a cost value. Here, ports
“#3” and “#4” of Node A and Node D illustrated in FIG. 17
are assumed to be transponder cards. Similarly, ports “#1”
and “#4” of Node B illustrated in FIG. 17 are assumed to be
transponder cards. FIG. 17 illustrates a case where, in a net-
work including a communication apparatus from Node A to
Node D, a request for calculating a route, of which the start
point is port “#5” of Node A and the end point is port “#5” of
Node D, is received by Node A.

[0103] For example, as illustrated in FIG. 17, Node A
acquires ports “#6”, “#7”, and “#8” that can be connected to
port “#5” of Node A by referring to the topology DB 108.
Here, it is assumed that Node A selects port “#7” out of ports
“#7 and “#8” of Node A that have the same cost value. Then,
Node A recognizes that the connection destination node of
port “#7” of Node A is Node B, and the port is port “#3” of
Node B, by referring to the topology DB 108.

[0104] Subsequently, Node A acquires ports “#5” and “#6”
that can be connected to port “#3” of Node B by referring to
the topology DB 108. Here, Node A selects port “#5” of Node
B having a smaller cost value out of ports “#5” and “#6” of
Node B. Thereafter, Node A recognizes that the connection
destination node of port “#5” of Node B is Node D, and the
port is port “#4” of Node D, by referring to the topology DB
108.

[0105] Then, since port “#5” as the end point is present in
Node D, Node A determines whether or not ports “#4” and
“#5” of Node D can be connected to each other by referring to
the topology DB 108. At this time, since the IDs of ports “#4”
and “#5” of Node D are different from each other, Node A
recognizes that a route (A) illustrated in FIG. 17 is not con-
nectable.

[0106] Thus, Node A recalculates from port “#3” of Node B
that is acquired by returning backward by one hop. In the
recalculation, Node A selects port “#6” that can be connected
to port “#3” of Node B. Then, Node A recognizes that the
connection destination node of port “#6” of Node B is Node
D, and the port is port “#7” of Node D by referring to the
topology DB 108.

[0107] Subsequently, since port “#5” as the end point is
present in Node D, Node A determines whether or not ports
“#7 and “#5” of Node D can be connected to each other by
referring to the topology DB 108. At this time, since the IDs
of ports “#7” and “#5” of Node D are the same, Node A
outputs a route (B) illustrated in FIG. 17 as a calculation
result. In other words, Node A outputs the calculation result of
a route in order of “ports “#5” and “#7” of Node A”, “ports
“#3” and “#6” of Node B”, and “ports “#7” and “#5” of Node
D”.

[0108] FIG. 18is a diagram illustrating an example of route
calculation in a case where an F Bit is not used. Here, a value
written near each port in FIG. 18 represents the Rest Info “ID
(F Bit)” of the port. In the description presented with refer-
ence to FIG. 18, calculation of a route not using an F Bit will
be described. In addition, a value written in each route that
connects ports of nodes represents a cost value. Here, ports
“#3” and “#4” of Node A illustrated in FIG. 18 are assumed to
be transponder cards. Similarly, ports “#1” and “#4” of Node
B illustrated in FIG. 18 are assumed to be transponder cards.
In addition, ports “#3”, “#4”, and “#7” of Node D illustrated
in FIG. 18 are assumed to be IF cards in which a SW is built,
IF cards that pass through a SW card, or the like. FIG. 18
illustrates a case where, in a network including a communi-
cation apparatus from Node A to Node D, a request for cal-
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culating a route, of which the start point is port “#5” of Node
A and the end point is port “#5” of Node D, is received by
Node A.

[0109] For example, as illustrated in FIG. 18, Node A
acquires ports “#6”, “#7”, and “#8” that can be connected to
port “#5” of Node A by referring to the topology DB 108.
Here, it is assumed that Node A selects port “#7” out of ports
“#7 and “#8” of Node A that have the same cost value. Then,
Node A recognizes that the connection destination node of
port “#7” of Node A is Node B, and the port is port “#3” of
Node B, by referring to the topology DB 108.

[0110] Subsequently, Node A acquires ports “#5” and “#6”
that can be connected to port “#3” of Node B by referring to
the topology DB 108. Here, Node A selects port “#5 of Node
B having a smaller cost value out of ports “#5” and “#6” of
Node B. Thereafter, Node A recognizes that the connection
destination node of port “#5” of Node B is Node D, and the
port is port “#4” of Node D, by referring to the topology DB
108.

[0111] Then, since port “#5” as the end point is present in
Node D, Node A determines whether or not ports “#4” and
“#5” of Node D can be connected to each other by referring to
the topology DB 108. At this time, since the IDs of ports “#4”
and “#5” of Node D are different from each other, Node A
recognizes that a route (A) illustrated in FIG. 18 is not con-
nectable.

[0112] Thus, Node A recalculates from port “#3” of Node B
that is acquired by returning backward by one hop. In the
recalculation, Node A selects port “#6” that can be connected
to port “#3” of Node B. Then, Node A recognizes that the
connection destination node of port “#6” of Node B is Node
D, and the port is port “#7” of Node D by referring to the
topology DB 108.

[0113] Subsequently, since port “#5” as the end point is
present in Node D, Node A determines whether or not ports
“#7 and “#5” of Node D can be connected to each other by
referring to the topology DB 108. At this time, since the IDs
of ports “#7” and “#5” of Node D are different from each
other, Node A recognizes that aroute (B) illustrated in FIG. 18
is not connectable.

[0114] Thus, Node A recalculates from port “#5” of Node A
that is acquired by returning backward by one hop further. In
the recalculation, Node A selects port “#8” that can be con-
nected to port “#5” of Node A. Then, Node A recognizes that
the connection destination node of port “#8” of Node A is
Node C, and the port is port “#1” of Node C by referring to the
topology DB 108.

[0115] Subsequently, Node A selects port “#2” that can be
connected to port “#1” of Node C. Thereafter, Node A recog-
nizes that the connection destination node of port “#2” of
Node C is Node D, and the port is port “#8” of Node D by
referring to the topology DB 108.

[0116] Then, since port “#5” as the end point is present in
Node D, Node A determines whether or not ports “#8” and
“#5” of Node D can be connected to each other by referring to
the topology DB 108. At this time, since the IDs of ports “#8”
and “#5” of Node D are the same, Node A outputs a route (C)
illustrated in FIG. 18 as a calculation result. In other words,
Node A outputs the calculation result of a route in order of
“ports “#5” and “#8” of Node A”, “ports “#1” and “#2” of
Node C”, and “ports “#8” and “#5” of Node D”.

[0117] Topology Information Setting Process

[0118] Next, a topology information setting process at the
time of setting an IF card according to the first embodiment
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will be described with reference to FIG. 19. FIG. 19 is a
flowchart illustrating an example of the flow of the topology
information setting process at the time of setting the IF card
according to the first embodiment.

[0119] For example, as illustrated in FIG. 19, the commu-
nication apparatus 100 receives a request for setting an IF
card from the network management terminal in Step S101.
Then, the communication apparatus 100 determines the card
type of the IF card included in the communication apparatus
100 in Step S102. At this time, in a case where the card type
is a transponder card, the communication apparatus 100
assigns the same ID that is unique inside the communication
apparatus 100 to each port included in the transponder card in
Step S103. Thereafter, the communication apparatus 100 sets
“1” to the F Bit in Step S104.

[0120] On the other hand, in a case where the card type is a
muxponder card, the communication apparatus 100 assigns
IDs that are unique inside the communication apparatus 100
to a plurality of ports as multiplexing sources of the mux-
ponder card in Step S105. Then, the communication appara-
tus 100 assigns a value acquired by calculating OR of IDs set
as the multiplexing sources to the port as the multiplexing
destination of the muxponder card in Step S106. Thereafter,
the communication apparatus 100 sets “1” to the F Bit in Step
S107.

[0121] In addition, in a case where the card type is an IF
card in which a SW board is built, the communication appa-
ratus 100 assigns the same ID that is unique inside the com-
munication apparatus 100 to each port included in the IF card
in Step S108. Thereafter, the communication apparatus 100
sets “0” to the F Bit in Step S109.

[0122] On the other hand, in a case where the card type is a
general IF card, the communication apparatus 100 assigns an
ID that is the same for the IF cards and is unique inside the
communication apparatus 100 in Step S110. Then, the com-
munication apparatus 100 sets “0” to the F Bit in Step S111.
Thereafter, the communication apparatus 100 generates an
Opaque LSA including Rest Info in which the F Bitand the ID
are set and advertises the generated Opaque LSA to adjacent
communication apparatuses in Step S112.

[0123] Next, a topology information setting process at the
time of removing an IF card according to the first embodiment
will be described with reference to FIG. 20. FIG. 20 is a
flowchart illustrating an example of the flow of the topology
information setting process at the time of removing an IF card
according to the first embodiment.

[0124] For example, as illustrated in FIG. 20, the commu-
nication apparatus 100 receives a request for removing an IF
card from the network management terminal in Step S201.
Then, the communication apparatus 100 removes the Opaque
LSA including the Rest Info of the corresponding IF card and
changes the Rest Info of other IF cards that occur due to the
removal in Step S202. In addition, the communication appa-
ratus 100 advertises the Opaque LSA including the Rest Info
after the update to adjacent communication apparatuses.
[0125] Next, a topology information setting process at the
time of changing an IF card according to the first embodiment
will be described with reference to FIG. 21. FIG. 21 is a
flowchart illustrating an example of the flow of the topology
information setting process at the time of changing an IF card
according to the first embodiment. FIG. 21 illustrates a pro-
cess in a case where a restriction that is originally included in
an IF card is released due to the revision of hardware or the
like.
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[0126] For example, as illustrated in FIG. 21, the commu-
nication apparatus 100 receives a request for changing an IF
card from the network management terminal in Step S301.
Then, the communication apparatus 100 updates the ID of the
IF card with an ID that is assigned to a general IF card in Step
S302. Subsequently, the communication apparatus 100 re-
advertises the Opaque LSA including the Rest Info to the
adjacent communication apparatuses in Step S303.

[0127] Next, a topology information setting process at the
time of changing a restriction according to the first embodi-
ment will be described with reference to FIG. 22. FIG. 22is a
flowchart illustrating an example of the flow of the topology
information setting process at the time of changing a restric-
tion according to the first embodiment. FIG. 22 illustrates a
case where an intended restriction of a port is set or removed
by a user.

[0128] For example, as illustrated in FIG. 22, the commu-
nication apparatus 100 receives a notification for setting or
removing an ID of a port from the network management
terminal in Step S401. Then, the communication apparatus
100 determines whether or not the received notification is a
notification used for setting an ID in Step S402. At this time,
in a case where the received notification is the notification
used for setting an ID (Yes in Step S402), the communication
apparatus 100 sets the ID information to a target port and sets
“1” to the F Bit in a case where a connectable port is fixed in
Step S403.

[0129] In addition, when there are a plurality of connect-
able ports in a case where the port having the same ID is
already present, the communication apparatus 100 sets the F
Bit to “0” in a case where there is a plurality of connectable
ports and sets the F Bit to “1” in a case where the connectable
port is fixed to one and advertises the changed Opaque LSA in
Step S404. In addition, the communication apparatus 100
re-advertises the Opaque LSA to which the Rest Info of the
port of which the ID has been newly set in Step S405.
[0130] On the other hand, when there is any other port to
which the same ID is assigned in a case where the received
notification is a notification used for removing an ID (No in
Step S402), the communication apparatus 100 updates the F
Bit ofthe other port in accordance with the connection state in
Step S406. In other words, the communication apparatus 100
updates the F Bit to “0” in a case where there are a plurality of
connectable ports and updates the F Bitto “1” in a case where
the connectable port is fixed to one and re-advertises the
Opaque LSA in a case where there is a change in the F Bit. In
addition, the communication apparatus 100 re-advertises the
Opaque LSA from which the Rest Info of the port, of which
the ID has been removed, is removed in Step S407.

[0131] Route Calculating Process

[0132] Next, a process of reflecting the restriction item
according to the first embodiment on route calculation will be
described with reference to FIG. 23. FIG. 23 is a flowchart
illustrating an example of the flow of the process of reflecting
the restriction item according to the first embodiment on the
route calculation.

[0133] For example, as illustrated in FIG. 23, the commu-
nication apparatus 100 receives a route calculating request
from the network management terminal in Step S501. In the
route calculating request, information of designated start and
end ports and the like is included. Then, the communication
apparatus 100 determines whether or not the F Bit of the
designated start port is “1” by referring to the topology DB
108 in Step S502. At this time, in a case where the F Bit of the
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start port is “1” (Yes in Step S502), the communication appa-
ratus 100 searches for a port that can be connected to the start
port in Step S503. Then, the communication apparatus 100
performs “Include designation™ of the retrieved port in Step
S504. Subsequently, the communication apparatus 100
searches for a port of the communication apparatus that
opposes the retrieved port by referring to the topology DB
108 in Step S505. Thereafter, the communication apparatus
100 determines whether or not the F Bit of the opposing port
of the communication apparatus is “1” in Step S506. At this
time, in a case where the F Bit is “1” (Yes in Step S506), the
communication apparatus 100 performs the process of S503
in which a connectable port is further searched.

[0134] On the other hand, in a case where the F Bit is “0”
(No in Step S506), the communication apparatus 100 deter-
mines whether the F Bit of the designated end port is “1” by
referring to the topology DB 108 in Step S507. At this time, in
acase where the F Bitofthe end port is “1” (Yes in Step S507),
the communication apparatus 100 searches for a port that can
be connected to the end port in Step S508. Then, the commu-
nication apparatus 100 performs “Include designation” of the
retrieved port in Step S509. Subsequently, the communica-
tion apparatus 100 searches for a port of the communication
apparatus that opposes the retrieved port by referring to the
topology DB 108 in Step S510. Thereafter, the communica-
tion apparatus 100 determines whether or not the F Bit of the
opposing port of the communication apparatus is “1” in Step
S511. At this time, in a case where the F Bit is “1”” (Yes in Step
S511), the communication apparatus 100 performs the pro-
cess of Step S508 in which a connectable port is further
searched.

[0135] On the other hand, in a case where the F Bit is “0”
(No in Step S511), the communication apparatus 100 per-
forms route calculation for a route that is positioned on the
inner side of a portion that has been designated through
“Include designation” in Step S512. Then, the communica-
tion apparatus 100 outputs a route acquired by combining the
route for which the route calculation has been performed and
the port that has been designated through “Include designa-
tion” as a result of the route calculation in Step S513. In
addition, in a case where the F Bit of the start port is “0” (No
in Step S502), the communication apparatus 100 performs the
process of Step S507. In addition, in a case where the F Bit of
the end port is “0” (No in Step S507), the communication
apparatus 100 performs the process of Step S512. Further-
more, in a case where the F Bits of the start and end ports are
“0” or the Rest Info has not been assigned, the communica-
tion apparatus 100 does not perform “Include designation”.

[0136] Next, a route calculating process according to the
first embodiment will be described with reference to FIG. 24.
FIG. 24 is a flowchart illustrating an example of the route
calculating process according to the first embodiment.

[0137] For example, as illustrated in FIG. 24, in a case
where the route calculation is performed, the communication
apparatus 100 acquires the Opaque LSA of a port as a route
searching source from the topology DB 108 in Step S601.
Then, the communication apparatus 100 determines whether
or not the port as the route searching source is a port located
inside the communication apparatus including the end port in
Step S602. At this time, in a case where the port is determined
not to be a port inside the communication apparatus including
the end port (No in Step S602), the communication apparatus
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100 determines whether or not Rest Info has been assigned to
the port as the route searching source inside the Opaque LSA
in Step S603.

[0138] In a case where the Rest Info has not been assigned
to the port as the route searching source (No in Step S603),
there is no restriction on the connection destination, and
accordingly, the communication apparatus 100 selects an
optical route from the port to which the Rest Info has not been
assigned in Step S604. Here, for example, the optical route is
a route having the smallest cost value. On the other hand, in a
case where the Rest Info has been assigned to the port as the
route searching source (Yes in Step S603), the communica-
tion apparatus 100 determines whether or not the F Bit is “1”
in Step S605.

[0139] At this time, in a case where the F Bit is “0” (No in
Step S605), the communication apparatus 100 selects an opti-
mal route from among ports having connectable IDs in Step
S606. On the other hand, in a case where the F Bitis “1” (Yes
in Step S605), the communication apparatus 100 selects a
port having a connectable ID as the next route in Step S607.
Then, the communication apparatus 100 sets the selected port
as the route searching source in Step S608 and performs the
process of Step S601 again.

[0140] On the other hand, in a case where the port is deter-
mined as a port located inside the communication apparatus
including the end port (Yes in Step S602) in Step S602, the
communication apparatus 100 acquires the Rest Info of the
route searching source in Step S609. In addition, the commu-
nication apparatus 100 further acquires the Rest Info of the
end port in Step S610. Then, the communication apparatus
100 determines whether or not the port as the route searching
source and the end port can be connected to each other in Step
S611.

[0141] At this time, in a case where the port as the route
searching source and the end port can be connected to each
other (Yes in Step S611), the communication apparatus 100
outputs the ports that have been selected until then as a cal-
culation result in Step S612. On the other hand, in a case
where the port as the route searching source and the end port
are not connectable (No in Step S611), the communication
apparatus 100 performs the process of Step S613. In the
process of Step S613, the communication apparatus 100 sets
aport acquired by returning backward by one hop as the route
searching source and sets the port that has notbeen selected as
the route not to be selected next time. In addition, in the
process of Step S613, in a case where a route is not selected at
the port acquired by returning backward by one hop, the
communication apparatus 100 performs a process of return-
ing the route searching source backward by one hop and
re-searching for a route and returns the route searching source
up to the port of the start node in a case where the route is not
selected. Then, the communication apparatus 100 determines
whether or not the search has been completed for all the routes
in Step S614. At this time, in a case where the search has been
completed for all the routes (Yes in Step S614), there is no
selectable route for the route from the start port to the end port
that are designated, and accordingly, the communication
apparatus 100 outputs an error and ends the process. On the
other hand, in a case where the search has not been completed
for all the routes (No in Step S614), the communication
apparatus 100 performs the process of Step S601.

Advantages of First Embodiment

[0142] As described above, even in a case where there is a
restriction on the route calculation, the communication appa-
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ratus 100 selects a route to which the restriction is applied,
and accordingly, compared to a conventional technique that
causes an error without performing route calculation to which
the restriction is applied, a route relating to data transmission
can be accurately selected. In addition, since the communi-
cation apparatus 100 autonomously performs the route cal-
culation in a case where the start and end ports are designated,
the operation of the GMPLS in a network including a plurality
of communication apparatuses can be performed without
allowing a user such as a maintenance staff to recognize the
restriction relating to the data transmission. In addition, in the
route calculation, the communication apparatus 100 deter-
mines a route that is necessarily to be passed through and sets
the route that is necessarily to be passed through to be
excluded from a target of the route calculation, whereby the
calculation amount can be decreased, and the processing load
can be reduced.

[b] Second Embodiment

[0143] Until now, although an embodiment of the commu-
nication apparatus 100 disclosed here has been described, an
embodiment other than the above-described embodiment
may be employed. Thus, another embodiment having a “con-
figuration” different from that of the above-described
embodiment will be described.

Configuration

[0144] The processing sequences, the control sequences,
specific names, and information including various types of
data or parameters (for example, information stored in the
topology DB 108 or the like) presented in the description or
the diagrams as above may be arbitrary changed unless oth-
erwise mentioned. For example, the information stored in the
topology DB 108 may differ in accordance with the type of
the IF card or various restrictions in each communication
apparatus.

[0145] Inaddition, the constituent elements of the commu-
nication apparatus 100 illustrated in the diagrams are in a
functional or conceptual sense and are not necessarily con-
figured as illustrated in the diagrams in a physical manner. In
other words, a specific form of the separation or integration of
each apparatus is not limited to that illustrated in the dia-
grams, and the whole or a part of the apparatus may be
functionally or physically separated or integrated in arbitrary
units in accordance with various loads, the use status, or the
like. For example, although the non-volatile memory 111 has
been described as an example of the non-volatile memory
illustrated in FIG. 1 or 2, it may be an example of the RAM
illustrated in FIG. 1 or 2. In addition, the numbers or the
configurations of the switch 101 and the IF 102 to the IF 104
are not limited to those illustrated in the drawings.

[0146] According to an aspect of a communication appara-
tus and a method of determining a route, which are disclosed
here, there is an advantage of accurately selecting a route
relating to data transmission even in a case where there is a
connection restriction on a node included in a network.
[0147] All examples and conditional language recited
herein are intended for pedagogical purposes to aid the reader
in understanding the invention and the concepts contributed
by the inventor to furthering the art, and are to be construed as
being without limitation to such specifically recited examples
and conditions, nor does the organization of such examples in
the specification relate to a showing of the superiority and
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inferiority of the invention. Although the embodiments of the
present invention have been described in detail, it should be
understood that the various changes, substitutions, and alter-
ations could be made hereto without departing from the spirit
and scope of the invention.

What is claimed is:

1. A communication apparatus comprising:

a memory that stores topology information shared by
nodes included in a network and representing connec-
tion states between the nodes, the topology information
including port identification information used for iden-
tifying ports that are connectable to each other within
each node; and

a processor that determines a route by sequentially select-
ing a port that can be connected to a port, to which
transmission data is input, within each node, based on
the port identification information stored in the memory.

2. The communication apparatus according to claim 1,

wherein the memory further stores fixed port information
relating to a port, for which connectable port within the
node is fixedly determined, and

wherein the processor determines the route by sequentially
selecting a port that can be connected to a port, to which
the transmission data is input, within each node, based
on the fixed port information stored in the memory.

3. The communication apparatus according to claim 2,

wherein the processor acquires the port identification infor-
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mation or the fixed port information that is assigned to each
node in accordance with a type of interface card, and sets the
portidentification information or the fixed port information in
the memory.

4. The communication apparatus according to claim 3,
wherein, when a configuration of the ports is updated within
any of the nodes, the processor sets the topology information
in accordance with the update.

5. The communication apparatus according to claim 1,
wherein, when a plurality of connectable ports are present,
the processor determines the route, based on cost values that
represent data transmission states in routes, to a node as a
linking destination.

6. A method of determining a route that is executed by a
computer, the method comprising:

acquiring topology information shared by nodes included

in a network and representing connection states between
the nodes, the topology information including port iden-
tification information for identifying ports that are con-
nectable each other within each node; and

determining a route by sequentially selecting the port that

can be connected to a port, to which transmission data is
input, within each node, based on the port identification
information.



