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(57) Abstract: A Path Computation Element (PCE) in a Multi-Protocol Label Switching (MPLS) network receives initial informa-
tion of all Traffic Engineering (TE) links that is reported by a Label Switching Router (LSR), and stores the initial information into a
TE database (TEDB) (201). For the information of each TE link, the PCE determines initial values of pending bandwidth, reserved
bandwidth and unreserved bandwidth of each TE-Class in the information of the TE link, and stores the initial values into the TEDB
(202). The PCE receives a Constraint-based Routed Label Switched Path (CRLSP) calculation request from a Path Computation Cli -
ent (PCC), calculates a Label Switched Path (LSP) according to the information of each TE link stored in the TEDB, and updates
pending bandwidth, reserved bandwidth and unreserved bandwidth of TE-Class in the information of TE link corresponding to the
LSP, wherein the information of TE link corresponding to the LSP is stored in the TEDB (203).
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MAINTAINING INFORMATION OF TE LINK

Background

10601} Tratfic Engineering (TE) may solve a congestion problem caused by load
imbalance. The TE may dynamically adjust traffic management paramecters, routing
parameters and resource constraint pararneters through mounitoring network traffic
and load of network clements in real time. Accordingly, a desired network running
state may be achieved, network resources may be optirnized and the congestion
problem caused by load imbalance may be avoided.

190062} Multi-Protocol  Label Switching (MPLS) TE combines a MPLS
technology with the TE, and performs resource reservation through a
Constraint-based Routed Label Switched Path (CRLSP). In this way, network traffic
may bypass congested nodes so as to be balanced. The establishment of a CRLSP
not only depends on routing information, but also satisfics other constraint

conditions such as bandwidth and an explicit path.

Briel Descrintion of the Drawings

[0003] Features of the present disclosure are illustrated by way of example
and not limited in the following figure(s), in which like numerals indicate like

elements, in which:

10004] FIG 1 is a flowchart iHustrating a method for maintaining information of TE
fink according to an example of the present disclosure.

[0005] FIG. 2 is a flowchart illustrating a method for maintaining information of TE
link according to another example of the present disclosure.

10006} FIG 3 is a diagram illustrating a network structure according to an example
of the present disclosure.

{0067} FIG. 4 is a diagram iHustrating a structure of an apparatus for maintaining
information of TE link according to an example of the present disclosure.

10068} FIG 5 is a diagram illustrating a hardware structure of an apparatus for

maintaining information of TE link according to an example of the present disclosure.
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Detailed Description

HHBA For simplicity and illustrative purposes, the present disclosure is
described by referring mainly to an example thereof.  In the following description,
numerous specific details are set forth in order to provide a thorough understanding
of the present disclosure. It will be readily apparent however, that the present
disclosure may be practiced without limitation to these specific details. In other
instances, some methods and siructures have not been described in detatl so as not o
unnecessarily obscure the present disclosure. Throughout the present disclosure,
the terms “a” and “an” arc intended to denote at least one of a particular element.
As used herein, the term “includes” means includes but not limited to, the term
“inchiding” means including but not limited to.  The term “based on” means based

at feast in part on.

{0010} Path calculation in MPLS TE may includc three parts.
19011} 1) Path Computation Element (PCE)
10012} The PCE is a module for calculating a constraint-based path based on a

TE database {(TEDB). In an example, the PCE may be a component or an application,
and may be located on a Label Switching Router (LSR) or a server. When each LSR

in a MPLS network starts or, a link state or property in a Link State DataBase

(LSDB) of each LSR changes, the LSR reports information of TE link to the PCE,

and the PCE establishes a TEDB according to the information of TE link, For

example, when each LSR in the MPLS network starts or, a link state or property in a

LSDB of each LSR changes, the LSR sends information of s TE link to a

designated LSR. The designated LSR may report collected information of TE links

of all LSRs to the PCE through a Border Gateway Protocol-Link State (BGP-LS).

The information of each TE link that is reported by the designated LSR may include

a LSR identity, a link identity, an IP address of local interface of the TE link, an TP

address of adjacent interface of the TE link, Maximum Reservable Bandwidth (MRB)
of the TE link, a TE measurement value of the TE link, and unreserved bandwidth of
each TE-Class of the TE link.

[8013] 2} Path Computation Client (PCC)

[6014] The PCC sends a CRLSP calculation reguest to the PCE, and receives a

CRLSP calculation response from the PCE. The PCC may be located on a LSR or a
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management station. When receiving one or more Label Switched Path (LSP)
parameters from the PCE, the PCC may initiate or reinitiate a CRLSP signaling
procedure, for instance, Resource reSerVation Protocol-Traffic Engineering
{RSVP-TE) establishes or updates a CRLSP signaling procedure.
[0015] 3) PCC-PCE communication protocol (PCEP)
1B8316] I two entities such as the PCC and the PCE or two PCHEs are not located
on the same LSR or server when communicating, the two entitics may communicate
according to the PCEP.
{0617} FI1G. 1 is a flowchart illustrating a method for maintaining information of TE
link according to an example of the present disclosure. The method includes following
blocks.
[6618] At block 201, a PCE in a MPLS network receives initial information of al
TE links that is reported by a LSR after the LSR starts, and stores the initial information
of all TE links into a TEDB.
18019} At block 202, for the information of each TE link, the PCFE determines initial
values of pending bandwidth, reserved bandwidth and worescrved bandwidth of each
TE-Class in the information of the TE link and stores the initial values into the TEDB.
[6026] Al block 203, the PCE receives a CRLSP calculation request from a PCC,
calculates a LSP according to the information of each TE link stored in the TEDB, and
apdates pending bandwidth, reserved bandwidth and unreserved bandwidth of TE-Class
in the information of TE link corresponding to the L8P, wherein the information of
TE link corresponding to the LSP is stored in the TEDB,
18021 The initial information of each TE link at block 201 may include:

1) a LSR identity,

2} a link identity,

3} an IP address of local interface of the TE link,

4} an 1P address of adjacent interface of the TE link,

5y MRB of the TE link,

6) a TE measurement value of the TE link, and

7y MRB of each Class Type (CT) of the TE link.
60221 In an example, the PCE i the MPLS network receiving the initial
information of all TE links that is reported by the LSR after the LSR starts may be

iaplemented through a following method.
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18023 The PCE receives the inttial information of each TE link of each LSR that is
reported by the LSR after the LSR starts, and stores the information of each TE link into
the TEDB. The initial information of each TE link includes a LSR identity, a link identity,
an IP address of jocal interface of the TE link, an IP address of adjacent interface of the
TE link, MRB of the TE link, MRB of cach CT of the TE link and a TE measurement
value of the TE link.
[6024] In another example, the PCE in the MPLS network receiving the initial
information of all TE links that is reported by the LSR after the LSR starts may be
implemented through a following method.
1B025] The PCE recetves the information of all TE links of all LSRs that is reported
by a designated LSR through BGP-LS. The information of cach TE link includes a L8R
identity, a link identity, an IP address of local interface of the TE link, an IP address of
adjacent interface of the TE link, MRB of the TE link, MRB of each CT of the TE link, a
TE measurement value of the TE link, and an mnitial value of unreserved bandwidth of
gach TE-Class of the TE link. Though the designated LSR reports the initial value of
unreserved bandwidth of each TE-Class, the PCE still calcolates the initial value of
unreserved bandwidth of each TE-Class at block 202 or the PCE initializes the unreserved
bandwidth of each TE-Class to MRB of the CT corresponding to the TE-Class,
[0026] When any content in the information of any TE link that is reported by any
LSR changes, the LSR reports an updated value of the content to the PCE. According to
the update value, the PCE updates content in the stored information of the TE link of the
LSR. The updated content in the information of the TE link may include one or any
combination of the following:

an IP address of local interface of the TE link,

an 1P address of adjacent interface of the TE ok,

MRB of the TE link,

a TH measurement value of the TE link, and

MRB of each CT of the TE link.
10027} In an example, block 202 may be imaplemented as follows,
[06628] The PCE initializes the pending bandwidth and reserved bandwidth of cach
THE-Class in the information of the TE link to 0. The PCE calculates the initial value of
unreserved bandwidth of each TE-Class in the information of the TE link according to a

predefined bandwidth reservation model, the initial valoe of reserved bandwidth of each
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TE-Class in the information of the TE link, MRB of the TE link and MRB of each CT in
the initial information of the TE link that is reported by the LSR.
10029] The PCE stores the initial values of the pending bandwidth, reserved
bandwidth and unreserved bandwidth of each TE-Class in the information of the TE link
mnto the TEDB.
160361 In another example, at block 202, the PCE initializes the unreserved
bandwidth of cach TE-Class to the MRB of the CT corresponding to the TE-Class rather
than calculate the initial vaine of unreserved bandwidth of cach TE-Class.
0031} The unreserved bandwidth is bandwidth having not been reserved.
18832] After block 202, the information of the TE link stored in the TEDB may
imclude the following:

1) a LSR identity,

2} a link identity,

3} an 1P address of local 1nterface of the TE link,

4} an IP address of adjacent interface of the TE link,

5y MRB of the TE link,

6} a TE measurement value of the TE link,

7} MRB of each CT of the TE link,

8) pending bandwidth of each TE-Class of the TE link,

9y reserved bandwidth of each TE-Class of the TE link, and

I0yunreserved bandwidth of each TE-Class of the TE link.
[0033] In an example, the PCE receiving the CRLSP calculation request from the
PCC and calculating the LSP according to the information of each TE link stored in the
TEDB includes the following.
16634] The PCE receives the CRLSP calculation request containing a LSP identity
and a LSP constraint condition from the PCC. The PCE calculates a LSP satistying the
LSP identity and the LSP counstraint condition according to the information of each TE
link stored in the TEDB. If calculation is successful, the PCE returns information of the
LSP to the PCC. The LSP constraint condition inchudes a TE-Class identity and
bandwidth required by the LSP.
[6035] The PCE apdating the pending bandwidth, reserved bandwidth and
unreserved bandwidth of the TE-Class in the information of the TE link corresponding to

the L8P inclades the following,
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[03036] After calculating the LSP, the PCE updates the pending bandwidth of the
TE-Class in the information of each TE link corresponding to the LSP according to the
bandwidth required by the LSP. The PCE updates the unreserved bandwidth of the
TE-Class in the information of each TE link corresponding to the LSP according to the
predefined bandwidth reservation model, the MRB of the TE link and the MRB of CT
corresponding to the TE-Class in the initial information of the TE link that is reported by
the LSR and by taking the pending bandwidth of the TE-Class in the information of the
TE link as the reserved bandwidth. Herein, the information of each TE link corresponding
to the LSP is stored in the TEDB,

160371 The information of each TE link corresponding to the LSP refers to
mformation of cach TE link of cach LSR located on the LSP, which 1s stored in the
TEDB.

[6038] When the PCE receives a LSP establishment success report from the PCC,
for the information of ecach TE link corresponding to the LSP, the PCE sabiracts the
bandwidth required by the LSP from the pending bandwidth of the TE-Class in the
information of the TE link stored in the TEDRB, and adds the bandwidth required by the
LSP to the reserved bandwidth of the TE-Class in the information of the TE link stored in
the TEDB.

18039} When the PCE does not receive a L3P establishment success report trom the
PCC, for the information of each TE link corresponding to the LSP, the PCE subtracts the
bandwidth required by the LSP from the pending bandwidth of the TE-Class in the
mformation of the TE link stored n the TEDB, and updates the unreserved bandwidth of
the TE-Class in the information of the TE link stored in the TEDB according to the
predefined bandwidth reservation model, the MRB of the TE link and the MRB of CT
corresponding to the TE-Class in the initial information of the TE link that is reported by
the LSR and by taking the pending bandwidth of the TE-Class in the information of the
TE link as the reserved bandwidth.

10046} FIG 2 is a flowchart illustrating a method for maintaining information of TE
Hok according to another example of the present disclosure. The method includes blocks
301 to 306.

60411 Al block 301, afier starting, a L3R reports information of its all TE links to a
PCE through a predefined TE link information report message. That is, the LSR reports

initial information of its all TE links,
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10042} The TE link information report message may be used to report the
information of TE link to the PCE by the LSR.

10043] The information of cach TE link that is reported to the PCE by the LSR may
include:

1) a LSR identity,
2) alink identity,
3} an IP address of local interface of the TE link,
4) an IP address of adjacent interface of the TE link,
5y MRB of the TE link,
6y a TE measurement value of the TE link,

7y MRB of cach CT of the TE link,
10044] When any content in the information of TE link that is reported by the LSR
is updated, the LSR reports an update value of the content to the PCE. After receiving the
update value, the PCE determines, according to an actual condition, whether to update the
information of the TE link that is maintained by it. For example, the MRB of a CT of a
TE link of a LSR 1s increased from 100M to 200M, five LSPs have becn established for
one of TE-Classes corresponding to the CT |, reserved bandwidth is 75M, and thus
unreserved bandwidth of the TE-Class is updated to 200M-75M=125M from iniiial
unreserved bandwidth 100M-75M=25M. When the MRB of a CT of a TE link of a LSR is
decreased, the PCE may perform processing according to an actual condition. For
example, in order to ensure normal communication of an established 1L.SP, the PCE may
not adjust the unreserved bandwidth of the TE-Class, or may remove part of L5Ps
corresponding to the T, or may prescribe in advance that it is unallowable to decrease
the MRB.
j6845] At block 302, after putting the initial information of all TE links that is
reported by the LSR into the TEDB, the PCE initializes the pending bandwidth and
reserved bandwidth of each TE-Class in the information of each TE link to 0, calculates
the initial value of unreserved bandwidth of each TE-Class in the information of the TE
Huk according to a bandwidih reservation model, the MRB of the TE link, the MRB of
each CT and the initial value of the reserved bandwidth of each TE-Class, and puts the
mitial values of reserved bandwidth, unreserved bandwidth and pending bandwidth of
gach TE-Class in the information of the TE link into the TEDB.

10046} The mformation of each TE hink that is maintained in the TEDB may



(93]

10

i5

26

25

30

WO 2016/015656 PCT/CN2015/085519

nclade:

1} a LSR identity,

2) alink identity,

3} an IP address of local interface of the TH hink,

4} auv 1P address of adjacent interface of the TE hnok,

5} MRB of the TE link,

6) MRB of cach CT of the TE link,

7y reserved bandwidth of each TE-Class of the TE link,

8} pending bandwidth of each TE-Class of the TE link,

9} unreserved bandwidth of each TE-Class of the TE link, and

10)a TE measurement value of the TE link.
[6047] At block 303, the PCE receives a CRLSP calealation request containing a
LSP identity and a LSP constraint condition from a PCC. The LSP constraint condition

mchudes a TE-Class identity and bandwidth required by the LSP,

10048 The TE-Class identity includes a CT and a priority.
10049] At block 304, the PCE calculates a LSP satistying the LSP identity and the

LSP constraint condition contained in the CRLSP calculation request according to the
TEDB.

18056 At block 305, if calculation is successful, the PCE returns a CRLSP
calcalation response containing the information of the calenlated L8P to the PCC.
According to the bandwidth required by the LSP, the TE-Class identity and TE links
contained 1n the LSP, the PCE updates the pending bandwidth of the TE-Class in the
nformation of each TE link corresponding to the LSP. According to the MRB of the CT
and the reserved bandwidth of the TE-Class of each TE link in the TEDB, by taking the
pending bandwidth of the TE-Class as the reserved bandwidth and by the predefined
bandwidth reservation model, the PCE updates the unreserved bandwidth of the TE-Class
in the information of cach TE link corresponding to the LSP. Herein, the information of
gcach TE link corresponding to the LSP is stored in the TEDB. The PCE adds the
imformation of the LSP to a Path state database (PSDB), and marks the state of the LSP as
“pending”. The information of the LSP includes IP address of interface of cach node
focated on the LSP.

0051} When updating the pending bandwidth of the TE-Class in the information of
each TE link corresponding to the L8P, the PCE adds the bandwidth required by the LSP
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to the pending bandwidth of the TE-Class in the information of the TE link.

160521 When calculating the unreserved bandwidth of the TE-Class in the
information of each TE link corresponding to the LSP, the pending bandwidth of the
TE-Class in the information of each TE link participates in the calcunlation as the reserved
bandwidth.

190531 As shown in FI( 3, suppose LSR A is the PCC, which sends a CRLSP
calculation reguest to the PCE. A head node of the requested LSP 1s LSR A, a tail node is
LSR E, a TE-Class identity is m, and the required bandwidth is 50M.

[0054] A LSP calculated by the PCE according to the TEDB is LSR A-LSR D-LSR
E, and the PCE performs the following.

10055] ay The PCE returns a CRLSP calculation response containing the
information of the LSP. The information of the LSP includes IP addresses of interfaces of
LSR A, LSR D, LSR E located on the LSP.

[0056] b) The PCE searches the TEDB for the information of TE links respectively
according to the IP addresses of interfaces of LSR A and LSR D and according to the 1P
addresses of interfaces of LSR D and LSR E, and adds SOM to the pending bandwidth of
TE-Class m in the found information of each TE link. By taking the pending bandwidth
of TE-Class m in the information of each TE link as the reserved bandwidth, the PCE
updates the unreserved bandwidth of TE-Class m in the information of each TE link
according to the bandwidth reservation model.

[6657] ¢} The PCE adds the information of the LSP into the PSDIB, and sets the
state of the LSP as “pending”.

10058] At block 306, after receiving a PCRpt LSP Up message for the LSP from the
PCC, the PCE modifies the state of the LSP in the PSDB to “Up”, subtracts the
bandwidth required by the LSP from the pending bandwidth of the TE-Class in the
information of each TE link stored in the TEDB, and adds the bandwidth required by the
LSP to the reserved bandwidth of the TE-Class in the information of each TE link stored
in the TEDB, where the TE link corresponds to the LSP.

[6659] In an examuple, during the establishment of the LSP, if the PCC finds that
idle bandwidth of current TE link is lower than the bandwidth required by the LSP, the
PCC may occupy bandwidth of another LSP with a low priority. That is, the PCC may
remove the LSP with a low priority and occupy the bandwidth of the LSP with a low

priority, The PCRpt LSP Up message sent to the PCE by the PCC contains an identity of
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the LSP whose bandwidth is occupied, which is called an identity of a first LSP.
Accordingly, besides updating the information of TE link corresponding to the established
LSP, the PCE updates the information of TE link corresponding to the first LSP whose
bandwidth is occupied.

10066] The PCE subtracts the bandwidth occopied by the fust LSP from the
reserved bandwidth of the TE-Class in the information of each TE link corresponding to
the first LSP. The PCE updates the unreserved bandwidth of the TE-Class in the
information of each TE link corresponding to the first LSP according to the predefined
bandwidth reservation model, the MRB of the TE link and the MRB of CT corresponding
to the TE-Class in the initial information of the TE link that is reported by the LSP and by
taking the pending bandwidth of the TE-Class in the information of the TE link as the
reserved bandwidth, Herein, the information of each TE link corresponding to the first
LSP is stored in the TEDB.

10061} If the PCE receives a PCRpt LSP Down message frorn the PCC, or does not
receive a PCRpt LSP Up message from the PCC within a predefined waiting period, the
PCE deletes the information of the LSP from the PSDB, restores the pending bandwidth
and unreserved bandwidth of the TE-Class in the information of each TE link
corresponding to the LSP. In an example, the PCE subtracts the bandwidth required by the
LSP from the pending bandwidth of the TE-Class in the information of each TE link
corresponding to the LSP. The PCE updates the unreserved bandwidth of the TE-Class in
the information of each TE link corresponding to the LSP according to the MRB of CT
corresponding to the TE-Class and the reserved bandwidth of the TE-Class in the
information of each TE link corresponding to the LSP, by taking the pending bandwidth
of the TE-Class as the reserved bandwidth and by the predefined bandwidth reservation
model. Herein, the information of each TE link corresponding to the LSP is stored in the

TEDB.

10062] In another example, blocks 301 to 302 may be replaced with the following
solutions,
[8063] At block 301, the LSR in the MPLS network reports the information of its

all TE links to a designated LSR after starting, and the designated LSP reports the
collected information of TE links of all LSRs to the PCE.

100664 The information of each TE link that is reported to the designated LSR by
the LSR includes a LSR identity, a link identity, an IP address of local interface of the TE

10
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fink, an IP address of adjacent mterface of the TE hink, initial values of MRB of the TE
link, MRB of each CT of the TE link, and unreserved bandwidth of each TE-Class of the
TE link, and a TE measurement value of the TE link.

16665] At block 302, the PCE puts the information of all TE links that is reported
by the designated LSR into a first TEDB, copies the first TEDB and deletes the inttial
value of unreserved bandwidth of each TE-Class in the information of each TE link stored
in the copied first TEDB to obtain a second TEDB. The PCE mitializes the pending
bandwidth of each TE-Class in the information of each TE link stored in the second
TEDB to 0. The PCE calculates the initial value of unreserved bandwidth of cach
TE-Class in the information of the TE link according to the MRB of each CT of the TE
hink, the mitial value of reserved bandwidth of cach TE-Class and the bandwidth
reservation model, and put the mitial values of unreserved bandwidth and pending

bandwidth of each TE-Class in the information of each TE link into the second TEDB,

[6066] And thus, the information of each TE link that is maintained m the second
TEDB is the same as that in the TEDB described at block 302.

[8067] The TEDB described at blocks 304 to 306 refers to the second TEDB,

[0668] FIG. 4 is a diagram illustrating a structure of an apparatus for maintaining

nformation of TE link according to an example of the present disclosure. The apparatus
is located on the PCE in the MPLS network, and includes a link information maintaining
modale 401, a TEDB 402 and a path calculating module 403.

16669] The link information maintaining module 401 may receive initial
mformation of all TE links that is reported by a LSR after the LSR starts, and store the
nformation of all TE links into the TEDB 402. For the information of each TH link, the
Hok information maintaining module 401 may determine initial values of pending
bandwidth, reserved bandwidth and unreserved bandwidth of each TE-Class in the
information of the TE link and stores the initial values into the TEDB 402.

19076] The TEDB 402 may store the information of all TE hinks.

10671} The path calculating module 403 may reccive a CRLSP calculation request
from a PCC, calculate a LSP according to the information of each TE link stored in the
TEDB 402, and update the pending bandwidth, reserved bandwidth and unreserved
bandwidth of TE-Class in the information of TE link corresponding to the LSP, wherein
the information of TE link corresponding to the LSP is stored in the TEDB 402,

10072} The link information maintaining meoduole 401 may initialize the pending

11
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bandwidth and reserved bandwidth of cach TE-Class in the information of the TE link to
0, and calculate an initial value of unreserved bandwidth of each TE-Class in the
information of the TE link according to a predefined bandwidth reservation model, the
initial value of reserved bandwidth of each TH-Class in the information of the TE link, the
MREB of the TE link and the MRB of each CT in the initial information of the TE link that
is reported by the LSR. The link information maintaining module 401 may store the initial
values of the pending bandwidth, reserved bandwidth and unreserved bandwidth of each
TE-Class in the information of the TE link into the TEDB 402.

[6073] The initial information of all TE links that 1s reported to the link information
maintaining module 401 by the LSR includes: a LS8R identity, a link identity, an IP
address of local interface of cach TE link, an IP address of adjacent interface of cach TE
hink, MRB of cach TE link, a TE measurement value of cach TE link, and MRB of each
CT of each TE link. The link information maintaining module 401 may further receive
updated content of information of any TE link of the LSR, and update content in the
information of the TE link stored in the TEDB 402 according to the updated content. The
apdated content in the information of the TE link includes one or any combination of the
following: an 1P address of local interface of the TE link, an IP address of adjacent
miterface of the TE link, MRB of the TE link, 2 TE measurement value of the TE link, and
MRB of cach CT of the TE link.

10074} The path calculating module 403 may receive a CRLSP calculation request
containing a L8P identity and a LSP counstraint condition from the PCC, calculates a L8P
satisfying the LSP identity and the LSP constraint condition according to the information
of cach TH link stored in the TEDB 402, The LSP constraint condition inchides a
TE-Class identity and bandwidth required by the LSP. If calculation 1s successful, the
path calculating module 403 may return the information of the LSP to the PCC.

[6675] After calculating the LSP, the path calculating module 403 may update the
pending bandwidth of the TE-Class in the information of each TE link corresponding to
the LSP according to the bandwidth required by the LSP, where the information of cach
TE link corresponding to the LSP is stored in the TEDB 402, For the information of
each TE link corresponding to the LSP, the path calculating module 403 may update the
unreserved bandwidth of the TE-Class in the jnformation of the TE link stored in the
TEDB 402 according to the predefined bandwidth reservation model, the MRB of the TE
Hok and the MRB of CT corresponding to the TE-Class in the initial information of the

12
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TE link that s reported by the LSR and by taking the pending bandwidth of the TE-Class
in the information of the TE link as the reserved bandwidth.

16676] After updating the unreserved bandwidth of the TE-Class in the information
of the TE link stored in the TEDB 402 and when receiving a LSP establishment success
report from the PCC, for the information of each TE link corresponding to the LSP, the
path calculating module 403 may subtract the bandwidth required by the LSP from the
pending bandwidth of the TE-Class in the information of the TE link stored in the TEDB
402, and add the bandwidth required by the LSP to the reserved bandwidth of the
TE-Class in the information of the TE link stored in the TEDB 402,

190771 When the LSP establishment success report contains an identity of a first
LSP whose bandwidth is occupied, for the information of each TE link corresponding to
the first LSP, the path calculating module 403 may subtract the bandwidth occupied by
the first LSP from the reserved bandwidth of the TE-Class in the information of the TE
link stored in the TEDB 402, and apdate the unreserved bandwidth of the TE-Class in the
information of the TE link stored in the TEDB 402 according to the predefined bandwidth
reservation model, the MRB of the TE link and the MRB of CT corresponding to the
TE-Class in the initial information of the TE link that is reported by the first LSP and by
taking the pending bandwidth of the TE-Class in the information of the TE link as the
reserved bandwidth, where the TE link corresponds to the first LSP.

16678] After updating the unreserved bandwidth of the TE-Class in the information
of the TE link stored in the TEDB 402 and when the path calculating module 403 does
not reccive the LSP establishment success report from the PCC, for the mformation of
gach TE link corresponding to the L.SP, the path calculating module 403 may subtract the
bandwidth required by the LSP from the pending bandwidth of the TE-Class in the
information of the TE link stored in the TEDB 402, and update the unreserved bandwidth
of the TE-Class in the information of the TE link stored in the TEDB 402 according to the
predefined bandwidth reservation model, the MREB of the TE link and the MRB of CT
corresponding to the TE-Class in the initial information of the TE link that is reported by
the LSR and by taking the pending bandwidth of the TE-Class in the information of the
TE link as the reserved bandwidth.

13679] The apparatus for maintaining information of TE luok wmay be a
programmable device combining software with hardware, referring to FIG 5. FIG. S is a

diagram illustrating a hardware structure of an apparatus for mantaining information of
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TE link according to an example of the present disclosure. The apparatus for maintaining
information of TE link includes a non-transitory storage medium 501 and a processor 502
such as a CPU.

16680] The non-transitory storage medivm 501 may store machine readable
mstructions, including link information maintaining instructions and path calculating
instructions that can be executed by the processor 502,

10081} The processor 502 may read the link information maintaining instructions
and the path calculating instructions stored in the non-transitory storage medium 301 to
implement the functions of the link information maintaining module and the path
calculating module shown in FIG 4.

10082} A TEDB may be set in the non-transitory storage medium 501 or set
separately to store information of TE link.

[6683] The apparatus shown in FIG 5 is one of examples. The apparatus may also
be implemented through a structure different froro that described in the above example.
For example, some or all of the above may be implemented by Application Specific
Integrated Circuits (ASIC) or FPGA instead of by machine readable instructions executed
by a CPU. Further, there may be one or more CPUs. If there are more CPUs, the CPUs
may read and execule the machine readable instractions together.

[0084] In the examples of the present disclosure, the PCE may maintain the pending
bandwidth, reserved bandwidth and anreserved bandwidth of the TE link according to the
establishment condition of the LSP, thereby eunsuring the accuracy of the bandwidth of the
TE link maintained by the PCE and further improving a probability that the LSP is
established successtully.

10085} Although described specifically throughout the entirety of the instant
disclosure, representative examples of the present disclosure have utility over a wide
range of applications, and the above discussion is not intended and should not be
construed to be limiting, but is offered as an illustrative discussion of aspects of the
disclosure.

10086] What has been described and illastrated hercin is an exarople along with
some of its variations. The terms, descriptions and figures used herein are set forth by
way of illustration only and are not meant as hmitations.  Many variations are possible
within the spirit and scope of the subject matter, which is intended to be defined by the

following claims ~ and their equivalents -- in which all termis are meant in their broadest
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reasonable sense unless otherwise indicated.
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What is claimed is;

1. A method for maintaining information of Traffic Engineering (TE)} link,
comprising:

receiving, by a Path Computation Element (PCE) in a Multi-Protocol Label

(93]

Switching (MPLS) network, initial information of all TE links that is reported by a
Label Switching Router (LSR) after the LSR starts, and storing the initial
information into a TE database (TEDB);
for the information of each TE link, determining, by the PCE, initial values of
pending bandwidth, reserved bandwidth and unreserved bandwidth of cach TE-Class
10 in the information of the TE link, and storing the initial values into the TEDB; and
receiving, by the PCE, a Constraint-based Routed Label Switched Path (CRLSP)
calculation reqguest from a Path Computation Client (PCC), calculating a Label
Switched Path (LSP} according to the information of cach TE link stored in the
TEDB, and updating pending bandwidth, reserved bandwidth and unreserved
15  bandwidth of TE-Class in the information of TE link corresponding to the LSP,
wherein the information of TE lnk corresponding to the L8P is stored in the TEDB.
2. The method of claim 1, wherein determining, by the PCE, the initial values of
pending bandwidth, reserved bandwidth and unteserved bandwidth of cach TE-Class
in the information of the TE link and stores the initial values into the TEDB
20 comprises:
nitializing, by the PCE, the pending bandwidth and reserved bandwidth of each
TE-Class in the information of the TE link to 0, and calculating the initial value of
unreserved bandwidth of each TE-Class in the information of the TE link according to a
predefined bandwidth reservation model, the initial value of reserved bandwidth of each
25 TE-Class in the information of the TE link, Maximum Reservable Bandwidth (MRB) of
the TE link and MRB of each Class Type (CT) in the initial information of the TE link
that ts reported by the LSR; and
storing, by the PCE, the initial values of the pending bandwidth, reserved bandwidth
and unreserved bandwidth of cach TE-~Class in the information of the TE link mto the
30 TEDB.
3. The method of claim 1, wherein the initial information of each TE link coruprises
a LSR identity, a link identity, an 1P address of local interface of the TE link, an IP

address of adjacent interface of the TE link, MRB of the TE link, a TE measurement
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value of the TE hink, and MRB of each TE-Class of the TE link;
after the PCE receives the initial information of all TE links that is reported by
the L8R, the method further comprises:

receiving updated content of information of any TE link of the LSR, and updating

(93]

countent in the information of the TE link stored in the TEDB according to the received
updated content; the updated content of the information of the TE link comprises one or
any combination of:
an IP address of local interface of the TE link, an [P address of adjacent interface of
the TE link, MRB of the TE link, a TE measurement value of the TE link, and MRB of
10 each CT of the TE link.
4. The method of claim 1, wherein receiving, by the PCE, the CRLSP calculation
request from the PCC and calculating the LSP according to the information of each
TE link stored in the TEDB comprises:
recetving, by the PCE, the CRLSP calculation request containing a L8P identity and
15 a LSP constraint condition from the PCC, and calculating the LSP satisfying the LSP
identity and the LSP constraint condition according to the information of each TE link
stored in the TEDB, wherein the LSP constraint condition comprises a TE-Class identity
and bandwidth required by the LSP; returning, by the PCE, information of the LSP to the
PCC when the calculation is successful; and
20 updating the pending bandwidth, reserved bandwidth and unreserved bandwidth
of the TE-Class in the information of the TE link corresponding to the LSP
COMPIises:
after calculating the LSP, updating, by the PCE, the pending bandwidth of the
TE-Class in the information of cach TE link corresponding to the LSP according to the
25  bandwidth required by the LSP, and updating the unreserved bandwidth of the TE-Class
in the information of each TE link corresponding to the LSP  according to a predefined
bandwidth reservation model, the MRB of the TE ok and the MRB of CT corresponding
to the TE-Class in the mitial information of the TE link that is reported by the LSR and by
taking the pending bandwidth of the TE-Class in the information of the TE link as the
30 reserved bandwidth, wherein the information of each TE link corresponding to the LSP is
focated in the TEDB.
5. The method of claim 4, after updating the unreserved bandwidth of the TE-Class

in the information of the TE link stored in the TEDB, further comprising:
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when receiving a LSP establishment success report from the PCC, for the
information of cach TE link corresponding to the LSP, subtracting, by the PCE, the
bandwidth required by the LSP from the pending bandwidth of the TE-Class in the

information of the TE link stored in the TEDRB, and adding the bandwidth required by the

(93]

LSP to the reserved bandwidth of the TE-Class in the information of the TE link stored in
the TEDB.

6. The method of claim 5, when the LSP establishment success report contains an
identity of a first LSP whose bandwidth is occupied and after the PCE receives the LSP
establishment success report from the PCC, further comprising:

10 subtracting, by the PCE, bandwidth occupied by the first LSP from the reserved
bandwidth of the TE-Class in the information of cach TE link corresponding to the first
LSP, and updating the unreserved bandwidth of the TE-Class in the information of the TE
link corresponding to the first LSP according to the predefined bandwidth reservation
model, the MRB of cach TE link cormresponding to the first LSP and the MRB of CT
15  corresponding to the TE-Class in the initial information of the TE link that is reported by
the LSP and by taking the pending bandwidth of the TE-Class in the information of the
TE link corresponding to the first LSP as the reserved bandwidth, wherein the
information of each TE link corresponding to the first LSP is stored in the TEDB.
7. The method of claim 4, after updating the unreserved bandwidth of the TE-Class
20 in the information of the TE link stored in the TEDR, further comprising:
when the PCE does not receive a LSP establishment success report from the PCC,
for the nformation of cach TE link corresponding to the LSP, subtracting, by the PCE, the
bandwidth required by the LSP from the pending bandwidth of the TE-Class in the
nformation of the TE link stored in the TEDB, and updating the unreserved bandwidth of
25 the TE-Class in the information of the TE link stored in the TEDB according to the
predefined bandwidth reservation model, the MRB of the TE link and the MRB of CT
corresponding to the TE-Class in the initial information of the TE link that is reported by
the LSR and by taking the pending bandwidth of the TE-Class in the information of the
TE link as the reserved bandwidth.
30 8. An apparatus for maintaining information of Traffic Engineering (TE) link, located
on a Path Computation Element (PCE) in a Multi-Protocol Label Switching (MPLS)
network, comprising:

a link information maintaining module, to receive initial information of all TE
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finks that is reported by a Label Switching Router (LSR) after the L8R starts, and
store the initial information into a TE database (TEDB); for the information of each
TE link, to deterruine initial values of pending bandwidth, reserved bandwidth and
unreserved bandwidth of each TE-Class in the information of the TE link, and store
the initial values into the TEDB; and

a path calculating module, to receive a Constraint-based Routed Label Switched
Path (CRLSP) calculation request from a Path Computation Client (PCC), calculate
a Label Switched Path (LSP) according to the information of each TE link stored in
the TEDB, and update pending bandwidth, reserved bandwidth and unrescrved
bandwidth of TE-Class in the information of TE link corresponding to the LSP,
wherein the information of TE link corresponding to the LSP 1s stored in the TEDB.

9. The apparatus of claim 8, wherein the link information mainiaining wodule is to
mnitialize the pending bandwidth and reserved bandwidth of each TE-Class in the
mformation of the TE link to 0, and calculate the initial value of unreserved bandwidth of
each TE-Class in the information of the TE link according to a predefined bandwidth
reservation model, the initial value of reserved bandwidth of each TE-Class in the
information of the TE link, Maximum Reservable Bandwidth (MRB) of the TE link and
MRBEB of each Class Type (CT) n the inttial information of the TE link that is reported by
the LSR; and to store the initial values of the pending bandwidth, reserved bandwidth and
anreserved bandwidth of cach TE-Class in the information of the TE link into the TEDB.

10. The apparatus of claim 8, wherein the initial information of each TE link
comprises a LSR identity, a link identity, an 1P address of local interface of the TE link,
an IP address of adjacent interface of the TE link, MRB of the TE link, a TE measurement
value of the TE link, and MRB of cach TE-Class of the TE link; and

the link information maintaining module is to receive updated content of information
of any TE link of the LSR, and update content in the information of the TE link stored in
the TEDB according to the recetved updated coutent; the updated content of the
mformation of the TE link comprises one or any combination of: an IP address of local
interface of the TE link, an IP address of adjacent interface of the TE link, MRB of the TE
link, a TE measurement value of the TE link, and MRB of cach CT of the TE link.

11, The apparatus of claim §, wherein the path calculating module s to receive the
CRLSP calculation request containing a LSP identity and a LSP constraint condition from

the PCC, and calculate the L3P satisfying the LSP identity and the LSP constraint
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condition according to the information of cach TE link stored in the TEDB, wherein the
LSP constraint condition comprises a TE-Class identity and bandwidth required by the
LSP: return information of the LSP to the PCC when the calculation is successtul; and to
update, after calculating the LSP, the pending bandwidth of the TE-Class in the
mformation of each TE link corresponding to the LSP according to the bandwidth
required by the LSP, and update the unreserved bandwidth of the TE-Class in the
mformation of cach TE link corresponding to the LSP according to a predefined
bandwidth reservation model, the MRB of the TE link and the MRB of CT corresponding
to the TE-Class in the initial information of the TE link that is reported by the LSR and by
taking the pending bandwidth of the TE-Class in the information of the TE link as the
reserved bandwidth, wherein the information of each TE link corresponding to the LSP is
located in the TEDRB,

12. The apparatus of claim 11, wherein the path calculating module is to, when
receiving a LSP establishment success report frorn the PCC, for the information of each
TE link corresponding to the LSP, subtract the bandwidth required by the LSP from the
pending bandwidth of the TE-Class in the information of the TE link stored in the TEDB,
and add the bandwidth required by the LSP to the reserved bandwidth of the TE-Class in
the information of the TE link stored i the TEDB.

13. The apparatus of claim 12, wherein the path calculating module is further to,
when the LSP establishroent success report contains an identity of a first LSP whose
bandwidth is occupied, subtract bandwidth occupied by the first LSP from the reserved
bandwidth of the TE-Class in the information of cach TE link corresponding to the first
LSP, and update the unreserved bandwidth of the TE-Class in the information of the TE
Hok corresponding to the first LSP according to the predefined bandwidth reservation
model, the MRB of cach TE link corresponding to the first LSP and the MRB of CT
corresponding to the TE-Class in the initial information of the TE link that is reported by
the LSP and by taking the pending bandwidth of the TE-Class in the information of the
TE link corresponding to the first LSP as the reserved bandwidth, wherein the
information of each TE link corresponding to the first LSP is stored in the TEDB.

14. The apparatus of claim 11, wherein the path calculating module is further to, after
updating the unreserved bandwidth of the TE-Class in the information of the TE link
stored in the TEDB, when the PCE does not receive a L3P establishment success report

from the PCC, for the information of each TE link corresponding to the L8P, subtract the
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bandwidth required by the LSP from the pending bandwidth of the TE-Class in the
information of the TE link stored in the TEDB, and update the unreserved bandwidth of
the TE-Class in the information of the TE link stored in the TEDB according (o the
predefined bandwidth reservation model, the MRB of the TE link and the MRB of CT
corresponding to the TE-Class in the initial inforruation of the TE link that is reported by
the LSR and by taking the pending bandwidth of the TE-Class in the information of the
TE link as the reserved bandwidth.
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a PCE in a MPLS network receives initial information of all TE links that is reported by a LSR
after the LSR starts, and stores the initial information of all TE links into a TEDB

201

v

for the information of each TE link, the PCE determines initial values of pending bandwidth,
reserved bandwidth and unreserved bandwidth of each TE-Class mn the mformation of the TE link
and stores the mitial values inic the TEDB

Y

the PCE receives a CRLSP calenlation request from a PCC, calculates a LSP according to the
information of each TE link stored in the TEDB, and updates pending bandwidth, reserved
bandwidth and unreserved bandwidth of TE-Class in the information of TE link corresponding to
the LSP, wherein the information of TE link corresponding to the L3P is stored in the TEDB

FIG 1
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after starting, a L8R reports information of its all TE links to a PCE through a predefined TEj
link information report message. That is, the LSR reports initial information of its all TE
links

'

after putting the initial information of all TE links that is reported by the LSR into the TEDB,
the PCE initializes the pending bandwidth and reserved bandwidth of each TE-Class in the
information of each TE link to 0, calculates the initial value of unreserved bandwidth of each
TE-Class in the information of the TE link according to a bandwidth reservation model, the
MRB of the TE link, the MRB of each CT and the initial value of the reserved bandwidth of
each TE-Class, and puts the initial values of reserved bandwidth, nnreserved bandwidth and

pending bandwidth of each TE-Class in the information of the TE link into the TEDB

l

the PCE receives a CRLSP calculation request containing a LSP identity and a LSP 20
constraint condition from a PCC. The LSP constraint condition includes a TE-Class identity 77
and bandwidth reqoired by the LSP

'

the PCEH calculates a LSP satisfying the L8P identity and the LSP constraint condition
contained in the CRLSP calculation request according to the TEDB

l

if calculation is successfil, the PCE retams a CRLSP caleulation response contaiming the
information of the calculated LSP to the PCC. According to the bandwidth required by the
LSP, the TH-Class identity and TE links contained in the LSP, the PCE updates the pending
bandwidth of the TE-Class in the information of each TE link corresponding to the L3P,
According to the MRB of the CT and the reserved bandwidth of the TE-Class of each TH

link in the TEDB, by taking the pending bandwidth of the TE-Class as the reserved 305

bandwidth and by the predefined bandwidth reservation model, the PCE opdates the
unreserved bandwidth of the TE-Class in the information of each TE link corresponding to
the LSP. Herein, the information of each TE link corresponding to the LSP is stored in the
TEDB. The PCE adds the information of the LSP to a Path state database (PSDB), and marks
the state of the LAP as “pending”. The information of the LSP includes [P address of

interface of each node located on the LSP

l

after receiving a PCRpt LSP Up message for the LSP from the PCC, the PCE modifies the
state of the LSP in the PSDB to “Up”, subtracts the bandwidth required by the LSP from the
pending bandwidth of the TH-Class in the information of each TE link stored in the TEDB,
and adds the bandwidth required by the LSP 1o the reserved bandwidth of the TE~Class in the
information of cach TH link stored in the TEDRB, where the TE link corresponds to the L3P

FIG 2
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