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(54) METHOD AND APPARATUS FOR DETERMINING IDENTIFICATION INFORMATION ABOUT 
CROSS-DOMAIN PATH, AND STORAGE MEDIUM

(57) Provided are a method and apparatus for deter-
mining identification information about a cross-domain
path, and a storage medium. The method comprises: re-
ceiving a path computation request from a first sub-path
computation element (PCE), wherein the path computa-
tion request carries a compression identifier, for identi-
fying the execution of compression on a path segment,
and a path set-up type (PST); after identification infor-
mation about a path from a source node to a destination
node is acquired, instructing, according to the compres-

sion identifier and the PST, a sub-PCE corresponding to
each path segment to compress identification informa-
tion about the respective corresponding path segment;
and receiving the compressed identification information
about each path segment which is returned by the
sub-PCE corresponding to the path segment, and ac-
cording to the identification information about the path,
combining the compressed identification information
about the path segments into the compressed identifica-
tion information about the path.



EP 3 651 423 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

[0001] This application is based on and claims priority
to a Chinese patent application No. 201710532649.1
filed on July 03, 2017, disclosure of which is incorporated
herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present application relates to the field of
communications and specifically, relates to a method and
apparatus for determining identification information
about a cross-domain path, and a storage medium.

BACKGROUND

[0003] In the RFC 5623, the computing cross-domain
Traffic Engineering (TE) paths by adopting a hierarchical
Path Computation Element (PCE) architecture has been
discussed. A parent PCE is able to acquire connections
between all domains from each sub-PCE and maintain
a domain-level topology. When the parent PCE is re-
quested by a certain sub-PCE to compute the cross-do-
main TE path, the parent PCE firstly obtains according
to the domain-level topology, which domain sequences
may be passed through by the TE path, and then for each
domain sequence, requests each sub-PCE to compute
a path segment in a corresponding domain. After the par-
ent PCE receives the computation result of the each sub-
PCE, all the path segments are spliced to obtain a com-
plete cross-domain TE path. The parent PCE selects one
optimal path from the complete TE paths corresponding
to these domain sequences, and replies to the sub-PCE
requesting the computation path, which replies to the cor-
responding Path Computation Client (PCC) with the com-
putation path.
[0004] The draft-ietf-pce-segment-routing-09 discuss-
es how the PCE uses a segment list to represent the
computed TE path for applying to a scenario of segment
route forwarding. In general, in the segment routing sce-
nario, a strict explicit next hop within a domain in the TE
path may be represented by using an adjacency seg-
ment-identification (SID) of a segment routing, while a
strict explicit next hop between domains in the TE path
may be represented by using a Peer-Adj SID of the seg-
ment routing. As described above, when the parent PCE
is requested by a certain sub-PCE to compute a cross-
domain TE path, the sub-PCE may specify a Path Setup
Type (PST) as "path setup using a segment routing tech-
nique". When the parent PCE requests the sub-PCE to
compute the path in the domain for each domain se-
quence, the parent PCE also specifies that the PST as
"path setup using the segment routing technique". Then,
path segment information with which the each sub-PCE
replies to the parent PCE may be represented by an ad-
jacency SID list, and the parent PCE may also use an
adjacency SID + Peer-Adj SID list to represent a com-
plete TE path when the parent PCE finally replies, with

an optimal path, to the sub-PCE that requests the parent
PCE to compute the path. However, a major problem
here is that the complete TE path is generally long, a
deep label stack corresponding to the adjacency SID +
Peer-Adj SID list is resulted in, label encapsulation ca-
pability of a device is easily exceeded, and forwarding
efficiency and maximum transmission unit (MTU) prob-
lems are introduced. Another problem is that the each
sub-PCE may not necessarily return the information
about the path segment in the domain to the parent PCE
according to a local strategy. For example, a concept and
a mechanism of a path-key are defined by RFC 5520,
the sub-PCE may reply to the parent PCE with the path-
key replacing the path segment information in an explicit
routing, and then a head node PCC of a final TE path
cannot obtain a complete adjacency SID + Peer-Adj SID
list.
[0005] In order to shorten the segment routing SID list
corresponding to the complete TE path, a binding seg-
ment is defined in draft-ietf-spring-segment-routing-ll,
and may be used for referring to forwarding information
about one tunnel. That is, if one tunnel is additionally
created for a certain path segment in the complete TE
path, and then the path segment may be represented by
using one corresponding binding segment-identification
(Binding SID). Based on the idea, many protocols have
been extended accordingly, and examples are descried
below.
[0006] 1) An Intermediate system to intermediate sys-
tem (ISIS) is extended and a SID/Label Binding TLV
(where T represents Tag, L represents Length and V rep-
resents Value) and the usage method thereof are defined
in draft-ietf-isis-segment-routing-extensions-12. Howev-
er, only a Binding SID/Label for a SR-TE path (that is,
the TE path established by using the segment routing
technique) is defined and a Binding SID/Label corre-
sponding to the Resource Reservation Protocol-Traffic
Engineering (RSVP-TE) path (that is, the TE path estab-
lished by using the RSVP-TE signaling) is not defined
(note: when the RSVP-TE path is served as a Forward-
ing-adjacency, and an Interior Gateway Protocol (IGP)
adjacency SID but not the Binding SID may be allocated).
In addition, the method is only applicable in the IGP area,
and not applicable in the cross-domain TE path.
[0007] 2) A Border Gateway Protocol-Link State (BGP-
LS) (see RFC7752) is extended and a notification method
of the Binding SID TLV is defined in the draft-ietf-idr-bgp-
ls-segment-routing-ext-01. Since the BGP-LS generally
imports link state data from IGP instances, the method
is similar to the above-mentioned ISIS-SR, and only de-
fines the Binding SID/Label for the SR-TE path, and does
not define the Binding SID/Label corresponding to the
RSVP-TE path. In addition, Explicit Route Object (ERO)
information corresponding to the path segment is to be
provided with the Binding SID in the method, while as
mentioned above, the sub-PCE does not necessarily ex-
pose the path segment information in its domain to the
parent PCE, so in the hierarchical PCE architecture, the
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method is only applicable to the PCC reporting a Binding
SID to the sub-PCE at most, but not to the sub-PCE re-
porting the Binding SID to the parent PCE. In addition,
the method is generally only used for synchronizing data
in the direction from the PCC to the PCE, and not for the
tunnel initiatively created by the PCE. Finally, the method
only describes how the BGP-LS carries the Binding SID
as a channel, and does not focus on providing solutions
for the cross-domain TE path computation and packet
forwarding.
[0008] 3) A Path Computation Element Protocol
(PCEP) (see RFC 5440) is extended and a method for
notifying a tunnel segment is defined in the draft-li-pce-
tunnel-segment-02. The tunnel segment is similar to the
above-mentioned Binding SID, and the RSVP-TE tunnel
and the SR-TE tunnel are supported. The method relates
to a plurality of channels, a PCE-LS similar to the BGP-
LS (seen draft-dhodylee-pce-pcep-ls-07) is used to per-
form notification in a direction from the PCC to the PCE,
and a PCLabelUpd (see draft-zhao-pce-pce-pcep-exten-
sion-for-pce-controller-04) similar to a NETCONF is used
in a direction from the PCE to the PCC. Both the PCE-
LS and the PCLabelUpd are nominally extension proto-
cols of the PCEP, but differ greatly, and are complex
when implemented and deployed. Similarly, the method
only describes how the PCEP notifies the tunnel segment
as a channel, and does not focus on providing solutions
for the cross-domain TE path computation and packet
forwarding.
[0009] 4) The PCEP is also extended in the draft-siva-
balan-pce-binding-label-sid-02 so as to notify the Binding
label to the RSVP-TE path, and notify the Binding SID to
the SR-TE path, and the binding label/SID is reported by
the PCC to the PCE. The method is only used for syn-
chronizing data in the direction from the PCC to the PCE,
and not for the tunnel initiatively created by the PCE.
Similarly, the method only describes how the PCEP no-
tifies the binding label/SID as a channel, and does not
focus on providing solutions for the cross-domain TE path
computation and packet forwarding.
[0010] In view of the problem that the path identification
information is too long in the related art, no effective so-
lution has yet been proposed.

SUMMARY

[0011] Embodiments of the present application provide
a method and apparatus for determining identification
information about a cross-domain path, and a storage
medium, to solve at least the problem of excessive length
of the path identification information in the related art.
[0012] According to one embodiment of the present
application, a method for determining identification infor-
mation about a cross-domain path is provided. The meth-
od includes steps described below. A path computation
request from a first child path computation element (PCE)
is received, where the path computation request is used
for making a request to acquire a path from a source

node to a destination node, the source node and the des-
tination node are located in different domains, the path
includes one or more path segments, and the path com-
putation request carries a compression identifier for iden-
tifying compression of the one or more path segments
and a path setup type (PST). After identification informa-
tion about the path from the source node to the destina-
tion node is acquired, each of sub-PCEs corresponding
to the one or more path segments is instructed according
to the compression identifier and the PST to compress
identification information about the respective each cor-
responding path segment. The compressed identification
information about the one or more path segments re-
turned by the each of sub-PCEs corresponding to the
one or more path segments is received, and, the com-
pressed identification information about the one or more
path segments is combined into the compressed identi-
fication information about the path according to the iden-
tification information about the path.
[0013] Optionally, the step in which the each of sub-
PCEs corresponding to the one or more path segments
is instructed according to the compression identifier to
compress the identification information about a respec-
tive one of the one or more path segments includes steps
described below. According to the compression identifi-
er, a creation message is sent to the each of sub-PCEs
corresponding to the one or more path segments, where
the creation message is used for requesting the each of
sub-PCEs corresponding to the one or more path seg-
ments to create a tunnel, and assign a binding segment-
identification (Binding SID) to the created tunnel, where
the creation message carries path information about the
one or more path segments.
[0014] Optionally, the creation message being used for
requesting the each of sub-PCEs corresponding to the
one or more path segments to create the tunnel includes
one of the following: the creation message is used for
requesting the each of sub-PCEs corresponding to the
one or more path segments to create a Resource Res-
ervation Protocol-Traffic Extension (RSVP-TE) tunnel;
the creation message is used for requesting the each of
sub-PCEs corresponding to the one or more path seg-
ments to create a Segment Routing -Traffic Engineering
(SR-TE) tunnel; or the creation message is used for re-
questing the each of sub-PCEs corresponding to the one
or more path segments to create the RSVP-TE tunnel or
the SR-TE tunnel.
[0015] Optionally, the step in which the compressed
identification information about the one or more path seg-
ments returned by the each of sub-PCEs corresponding
to the one or more path segments is received, and in
which the compressed identification information about
the one or more path segments is combined into the com-
pressed identification information about the path includes
steps described below. The Binding SID assigned to the
created tunnel and returned by the each of sub-PCEs
corresponding to the one or more path segments is re-
ceived; and received Binding SIDs returned by the sub-
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PCEs corresponding to the one or more path segments
are combined into compressed identification information
about the path.
[0016] Optionally, the path information includes: a path
name of the path, segment information about the one or
more path segments, starting node information and des-
tination node information about to be created tunnel, and
the PST.
[0017] Optionally, after the compressed identification
information about the one or more path segments are
combined into the compressed identification information
about the path according to the identification information
about the path, the method includes that: the compressed
identification information about the path is returned to the
first sub-PCE.
[0018] According to another embodiment of the
present application, a method for determining identifica-
tion information about a cross-domain path is further pro-
vided. The method includes steps described below. A
path computation request is sent to a parent path com-
putation element (PCE), where the path computation re-
quest is used for making a request to acquire a path from
a source node to a destination node, the source node
and the destination node are located in different domains,
the path includes one or more path segments, and the
path computation request carries a compression identi-
fier for identifying compression of the one or more path
segments and a path setup type (PST). A creation mes-
sage from the parent PCE is received, where the creation
message is sent by the parent PCE according to the com-
pression identifier and the PST. The identification infor-
mation about a path segment is compressed according
to the creation message. The compressed identification
information about the one or more path segments is re-
turned to the parent PCE.
[0019] Optionally, the step in which the identification
information about the one or more path segments is com-
pressed according to the creation message includes
steps described below. Path information about the one
or more path segments carried in the creation message
is determined. A tunnel is created according to the path
information, and a binding segment-identification (Bind-
ing SID) is assigned to the created tunnel.
[0020] Optionally, the creation message is used for
making a request to create at least one of following tun-
nels: a Resource Reservation Protocol-Traffic Engineer-
ing (RSVP-TE) tunnel; or a Segment Routing-Traffic En-
gineering (ST-TE) tunnel.
[0021] Optionally, the step in which the tunnel is cre-
ated according to the path information includes that: the
tunnel is instantiated according to the path information,
and that the creation message is forwarded to a path
computation client (PCC) as a starting node of the tunnel
to be created, where the creation message is used for
instructing the PCC to initiate, according to the path in-
formation, a process of creating the tunnel.
[0022] Optionally, the method includes one of the fol-
lowing: when the creation message is used for making a

request to create the RSVP-TE tunnel, the creation mes-
sage is used for instructing the PCC to initiate an RSVP-
TE signaling setup path; or when the creation message
is used for making a request to create the SR-TE tunnel,
the creation message is used for instructing the PCC to
compute forwarding information about the path accord-
ing to segment routing information.
[0023] Optionally, the step in which the Binding SID is
assigned to the created tunnel includes: in condition that
the segment-identification (SID) is assigned by a control-
ler globally and uniformly, after the tunnel is instantiated
according to the path information, the Binding SID is as-
signed to the tunnel and reported to the parent PCE and
the PCC; and/or that in condition that the SID is assigned
by a forwarding device and where the assigned SID is
reported to the controller, the Binding SID assigned by
the PCC to the tunnel after the PCC creates the tunnel
is received and the Binding SID is reported to the parent
PCE.
[0024] Optionally, after the compressed identification
information about the one or more path segments is re-
turned to the parent PCE, the method further includes
steps described below. Compressed identification infor-
mation about the path from the parent PCE is received.
In condition that the path computation request is initiated
by a predetermined path computation client (PCC), the
compressed identification information about the path is
returned to the predetermined PCC. In condition that the
path computation request is not initiated by the predeter-
mined path computation client (PCC), the compressed
identification information about the path is sent to a PCC
as a starting node of the tunnel.
[0025] According to another embodiment of the
present application, an apparatus for determining iden-
tification information about a cross-domain path is further
provided. The apparatus includes: a first receiving mod-
ule, an instruction module and a second receiving mod-
ule. The first receiving module is configured to receive a
path computation request from a first child path compu-
tation element (PCE), where the path computation re-
quest is used for making a request to acquire a path from
a source node to a destination node, the source node
and the destination node are located in different domains,
the path includes one or more path segments, and the
path computation request carries a compression identi-
fier for identifying compression of the one or more path
segments and a path setup type (PST). The instruction
module is configured to instruct, according to the com-
pression identifier and the PST, each of sub-PCEs cor-
responding to the one or more path segments to com-
press the identification information about a respective
one of the one or more path segments after identification
information about the path from the source node to the
destination node is acquired. The second receiving mod-
ule is configured to receive the compressed identification
information about the one or more path segments re-
turned by the each of sub-PCEs corresponding to the
one or more path segments, and combine, according to
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the identification information about the path, the com-
pressed identification information about the one or more
path segments into the compressed identification infor-
mation about the path.
[0026] Optionally, the instruction module includes a
sending element. The sending element is configured to
send a creation message to the each of sub-PCEs cor-
responding to the one or more path segments according
to the compression identifier, where the creation mes-
sage is used for requesting the each of sub-PCEs cor-
responding to the one or more path segments to create
a tunnel, and assign a binding segment-identification
(Binding SID) to the created tunnel, where the creation
message carries path information about the one or more
path segments.
[0027] According to another embodiment of the
present application, an apparatus for determining iden-
tification information about a cross-domain path is further
provided. The apparatus includes: a sending module, a
third receiving module, a compression module and a first
returning module. The sending module is configured to
send a path computation request to a parent path com-
putation element (PCE), where the path computation re-
quest is used for making a request to acquire a path from
a source node to a destination node, the source node
and the destination node are located in different domains,
the path includes one or more path segments, and the
path computation request carries a compression identi-
fier for identifying compression of the one or more path
segments and a path setup type (PST). The third receiv-
ing module is configured to receive a creation message
from the parent PCE, where the creation message is sent
by the parent PCE according to the compression identi-
fier and the PST. The compression module is configured
to compress identification information about a path seg-
ment according to the creation message. The first return-
ing module is configured to return the compressed iden-
tification information about the one or more path seg-
ments to the parent PCE.
[0028] Optionally, the compression module includes:
a determination element and a creation element. The de-
termination element is configured to determine path in-
formation about the one or more path segments carried
in the creation message. The creation element is config-
ured to create a tunnel according to the path information,
and assign a binding segment-identification (Binding
SID) to the created tunnel.
[0029] Optionally, the apparatus further includes: a
fourth receiving module, a second returning module and
a third returning module. The fourth receiving module is
configured to receive compressed identification informa-
tion about the path from the parent PCE after the com-
pressed identification information about the one or more
path segments is returned to the parent PCE. The second
returning module is configured to return the compressed
identification information about the path to a predeter-
mined path computation client (PCC) in condition that
the path computation request is initiated by the predeter-

mined PCC. The third returning module is configured to
send the compressed identification information about the
path to a path computation client (PCC) as a starting
node of the tunnel in condition that the path computation
request is not initiated by the predetermined PCC.
[0030] According to another embodiment of the
present application, a storage medium is further provid-
ed. The storage medium includes stored programs
which, when run, execute the method of any one of the
embodiments described above.
[0031] According to another embodiment of the
present application, a processor is further provided. The
processor is configured to run programs which, when run,
execute the method of any one of the embodiments de-
scribed above.
[0032] According to the present application, after iden-
tification information about the path from the source node
to the destination node is acquired, the identification in-
formation about the path is compressed, and thereby the
length of the identification information about the path is
effectively reduced, and the problem of excessive length
of the path identification information in the related art is
solved.

BRIEF DESCRIPTION OF DRAWINGS

[0033] The drawings described herein are used to pro-
vide a further understanding of the present application
and form a part of the present application. The exemplary
embodiments and description thereof in the present ap-
plication are used to explain the present application and
not to limit the present application in any improper way.
In the drawings:

FIG. 1 is a flowchart of a first method for determining
identification information about a cross-domain path
according to an embodiment of the present applica-
tion;
FIG. 2 is a flowchart of a second method for deter-
mining identification information about a cross-do-
main path according to an embodiment of the
present application;
FIG. 3 is a schematic diagram of a Request Param-
eters (RP) object according to an embodiment of the
present application;
FIG. 4 is a schematic diagram of a Path Setup Type
TLV according to an embodiment of the present ap-
plication;
FIG. 5 is a schematic diagram of a TE-PATH-BIND-
ING TLV according to an embodiment of the present
application;
FIG. 6 is a diagram of a hierarchical PCE network
architecture according to an embodiment of the
present application;
FIG. 7 is a structure diagram of a first apparatus for
determining identification information about a cross-
domain path according to an embodiment of the
present application; and

7 8 



EP 3 651 423 A1

6

5

10

15

20

25

30

35

40

45

50

55

FIG. 8 is a structure diagram of a second apparatus
for determining identification information about a
cross-domain path according to an embodiment of
the present application.

DETAILED DESCRIPTION

[0034] The present application will be described here-
inafter in detail through embodiments with reference to
the drawings. It is to be noted that if not in collision, the
embodiments and features therein in the present appli-
cation may be combined with each other.
[0035] It is to be noted that the terms "first", "second"
and the like in the description, claims and drawings of
the present application are used to distinguish between
similar objects and are not necessarily used to describe
a particular order or sequence.

Embodiment one

[0036] FIG. 1 is a flowchart of a first method for deter-
mining identification information about a cross-domain
path according to an embodiment of the present appli-
cation. As shown in FIG. 1, a process includes the steps
described below.
[0037] In step S102, a path computation request from
a first child path computation element (PCE) is received,
where the path computation request is used for making
a request to acquire a path from a source node to a des-
tination node, the source node and the destination node
are located in different domains, the path includes one
or more path segments, and the path computation re-
quest carries a compression identifier for identifying com-
pression of the path segments and a path setup type
(PST).
[0038] In step S104, after identification information
about the path from the source node to the destination
node is acquired, each of sub-PCEs corresponding to
the one or more path segments is instructed according
to the compression identifier and the PST to compress
identification information about a respective one of the
one or more path segments.
[0039] In step 106, the compressed identification infor-
mation about the one or more path segments returned
by the each of sub-PCEs corresponding to the one or
more path segments is received, and the compressed
identification information about the one or more path seg-
ments is combined into the compressed identification in-
formation about the path according to the identification
information about the path.
[0040] The above operations may be performed by a
parent PCE. The processing on the parent PCE side is
described in the embodiment one.
[0041] According to the above steps, after identifica-
tion information about the path from the source node to
the destination node is acquired, the identification infor-
mation about the path is compressed, and thereby the
length of the identification information about the path is

effectively reduced, and the problem of excessive length
of the path identification information in the related art is
solved.
[0042] In an optional embodiment, the step in which
the each of sub-PCEs corresponding to the one or more
path segments is instructed according to the compres-
sion identifier to compress the identification information
about the corresponding path segment includes: a cre-
ation message is sent to the each of sub-PCEs corre-
sponding to the one or more path segments according
to the compression identifier. The creation message is
used for requesting the each of sub-PCEs corresponding
to the one or more path segments to create a tunnel, and
a binding segment-identification (Binding SID) is as-
signed to the created tunnel. The creation message car-
ries path information about the one or more path seg-
ments.
[0043] In an optional embodiment, the above-men-
tioned creation message being used for requesting the
each of sub-PCEs corresponding to the one or more path
segments to create the tunnel includes one of the follow-
ing: the above-mentioned creation message is used for
requesting the each of sub-PCEs corresponding to the
one or more path segments to create a Resource Res-
ervation Protocol-Traffic Engineering (RSVP-TE) tunnel;
the above-mentioned creation message is used for re-
questing the each of sub-PCEs corresponding to the one
or more path segments to create a Segment Routing-
Traffic Engineering (ST-TE) tunnel; or the above-men-
tioned creation message is used for requesting the each
of sub-PCEs corresponding to the one or more path seg-
ments to create the RSVP-TE tunnel or the SR-TE tunnel.
[0044] In an optional embodiment, the step in which
the compressed identification information about the one
or more path segments returned by the each of sub-PCEs
corresponding to the one or more path segments is re-
ceived, and in which the compressed identification infor-
mation about the one or more path segments is combined
into the compressed identification information about the
path includes: the Binding SID assigned to the created
tunnel and returned by the each of sub-PCEs corre-
sponding to the one or more path segments is received;
and that the received Binding SIDs returned by the sub-
PCEs corresponding to the one or more path segments
are combined into the compressed identification informa-
tion about the path.
[0045] In an optional embodiment, the above-men-
tioned path information includes: a path name of the path,
segment information about the one or more path seg-
ments, starting node information and destination node
information about the tunnel to be created, and the
above-mentioned PST.
[0046] In an optional embodiment, after the com-
pressed identification information about the one or more
path segments are combined into the compressed iden-
tification information about the path according to the
above-mentioned identification information about the
path, the method further includes: the compressed iden-
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tification information about the path is returned to the first
sub-PCE. In other words, in response to the path com-
putation request sent by the first sub-PCE, the com-
pressed identification information about the path is re-
turned to the first sub-PCE, and the first sub-PCE may
continue to perform subsequent operations after acquir-
ing the compressed identification information about the
path. For example, the first sub-PCE may send the ac-
quired compressed identification information about the
path to the corresponding PCC, and the PCC encapsu-
lates a packet according to the identification information
about the path, and forwards the packet.

Embodiment two

[0047] FIG. 2 is a flowchart of a second method for
determining identification information about a cross-do-
main path according to an embodiment of the present
application. As shown in FIG. 2, a process includes the
steps described below.
[0048] In step S202, a path computation request is sent
to a parent path computation element (PCE), where the
path computation request is used for making a request
to acquire a path from a source node to a destination
node, the source node and the destination node are lo-
cated in different domains, the path includes one or more
path segments, and the path computation request carries
a compression identifier for identifying compression of
the path segments and a path setup type (PST).
[0049] In step S204, a creation message from the par-
ent PCE is received, where the creation message is sent
by the parent PCE according to the compression identi-
fier and the PST.
[0050] In step S206, the identification information
about a path segment is compressed according to the
creation message.
[0051] In step S208, the compressed identification in-
formation about the path is returned to the parent PCE.
[0052] The above-mentioned operations may be per-
formed by a sub-PCE (such as, the first sub-PEC in em-
bodiment one). The processing on the sub-PCE side is
described in the embodiment two.
[0053] According to the above-mentioned steps, after
identification information about the path from the source
node to the destination node is acquired, the identification
information about the path is compressed, and thereby
the length of the identification information about the path
is effectively reduced, and the problem of excessive
length of the path identification information in the related
art is solved.
[0054] In an optional embodiment, the step in which
the identification information about the one or more path
segments is compressed according to the creation mes-
sage includes: path information about the one or more
path segments carried in the above-mentioned creation
message is determined; and that a tunnel is created ac-
cording to the path information, and a binding segment-
identification (Binding SID) is assigned to the created tun-

nel.
[0055] In an optional embodiment, the above-men-
tioned creation message is used for making a request to
create at least one of the following tunnels: a Resource
Reservation Protocol-Traffic Engineering (RSVP-TE)
tunnel; or a Segment Routing-Traffic Engineering (SR-
TE) tunnel. It is to be noted that the embodiment about
the RSVP-TE tunnel and the embodiment about the SR-
TE tunnel are merely two preferred embodiments, and
other types of tunnels may be created according to actual
conditions and technological developments, and are not
limited herein.
[0056] In an optional embodiment, the step in which
the tunnel is created according to the path information
includes: the tunnel is instantiated according to the path
information, and that the creation message is forwarded
to a path computation client (PCC) as a starting node of
the tunnel to be created. The creation message is used
for instructing the PCC to initiate, according to the path
information, a process of creating the tunnel. In the em-
bodiment, the tunnel is created by the PCC.
[0057] In an optional embodiment, when the types of
tunnels to be created are different, specific operations
the PCC is instructed to perform are also different. Op-
tionally, when the above-mentioned creation message is
used for making a request to create the RSVP-TE tunnel,
the creation message is used for instructing the PCC to
initiate an RSVP-TE signaling setup path; and optionally,
when the above-mentioned creation message is used for
making a request to create the SR-TE tunnel, the creation
message is used for instructing the PCC to compute for-
warding information about the path according to segment
routing information.
[0058] In an optional embodiment, how to assign the
Binding SID to the created tunnel is described as follows:
in condition that a segment-identification (SID) is as-
signed by a controller globally and uniformly, after the
tunnel is instantiated according to the above-mentioned
path information, the Binding SID is assigned to the tun-
nel and reported to the parent PCE and the PCC; and/or
in condition that the SID is assigned by a forwarding de-
vice and where the assigned SID is reported to the con-
troller, the Binding SID assigned by the PCC to the tunnel
after the above-mentioned PCC creates the tunnel is re-
ceived and reported to the parent PCE.
[0059] In an optional embodiment, after the com-
pressed identification information about the one or more
path segments is returned to the parent PCE, the method
further includes: compressed identification information
about the path from the parent PCE is received. In con-
dition that the above-mentioned path computation re-
quest is initiated by a predetermined path computation
client (PCC), the compressed identification information
about the path is returned to the predetermined PCC;
and in condition that the path computation request is not
initiated by the predetermined path computation client
(PCC), the compressed identification information about
the path is sent to a PCC as a starting node of the tunnel.
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Embodiment three

[0060] The present application is described from the
parent PCE side and the sub-PCE side in the above-
mentioned embodiments, and will be described below as
a whole.
[0061] In the embodiment, in an SR-TE tunnel that is
initiated and established by the PCC side or an SR-TE
tunnel that is initiatively created by the PCE the ability to
compress possible path segments is explicitly config-
ured. An ability flag (corresponding to the compression
identifier described above) will be included in a path com-
putation request initiated by the PCC to the PCE (and
the sub-PCE to the parent PCE). According to the ability
flag, a parent PCE triggers a sub-PCE of each domain
to additionally create an RSVP-TE tunnel (or SR-TE tun-
nel) according to a corresponding path segment. Each
sub-PCE initiatively assigns a Binding SID to the addi-
tionally created RSVP-TE tunnel (or SR-TE tunnel) or
acquires the Binding SID from a head node PCC of the
RSVP-TE tunnel (or SR-TE tunnel). Each sub-PCE syn-
chronizes the Binding SID to the parent PCE, the parent
PCE applies the Binding SID in a segment routing SID
list corresponding to a complete cross-domain TE path
and replies to the sub-PCE initiating the path computation
request to the parent PCE, and the PCE delivers the Bind-
ing SID to its PCC. The PCC encapsulates a packet by
using the SID list and forwards the encapsulated packet.
[0062] A method of cross-domain TE path computation
and packet forwarding provided in the embodiment spe-
cifically includes the steps below.
[0063] A first step is described below.
[0064] In an SR-TE tunnel that is initiated and estab-
lished by the PCC side or an SR-TE tunnel that is initia-
tively created by the PCE, the ability to compress possible
path segments is explicitly configured. The specific com-
pression capability may be as follows.

Option1: No compression is performed.
Option2: Only the RSVP-TE tunnel is additionally
created for path segments.
Option3: Only the SR-TE tunnel is additionally cre-
ated for path segments.
Option4: The RSVP-TE tunnel or the SR-TE tunnel
is additionally created for path segments, which is
not limited.

[0065] If the ability is configured as Option 1, the meth-
od described in the embodiment of the present applica-
tion is the same as a method described in RFC 6805. In
the embodiment, the description is mainly for Option2 or
Option3 or Option4, and Option2, Option3, and Option4
are uniformly referred to as "to be compressed" for ease
of description. It should be noted that in addition to the
above-mentioned four Options, other options may be ex-
tended and supported similarly in the future.
[0066] A second step is described below.
[0067] For computation of a cross-domain TE path, ac-

cording to the method described in RFC 6805, for the
SR-TE tunnel initiated and established by the PCC side,
the PCC initiates a path computation request to a sub-
PCE (referred to as sub-PCE1) in a domain where the
SR-TE tunnel is located, or for the SR-TE tunnel initia-
tively established by the sub-PCE1, the sub-PCE1 initi-
ates the path computation request to the parent PCE.
The path computation request message indicates that
the PST is "path setup using the segment routing tech-
nique" and also includes a compression ability flag of the
path segment described above. It is assumed that the
request message further includes a path name, i.e., path-
name-SD.
[0068] According to the method described in RFC
6805, the parent PCE firstly computes, according to the
domain-level topology information the parent PCE main-
tains, which domain sequences the cross-domain TE
path may traverse, and then for each domain sequence,
initiates a path computation request within each domain
to a sub-PCE in the each domain. It is to be noted that
the path computation request message sent by the par-
ent PCE to each sub-PCE is only used to acquire poten-
tial paths for selecting an optimal path. Therefore the
path segment compression identifier included in the mes-
sage has to be "No compression is performed", and the
PST may still be "path setup using the segment routing
technique". The parent PCE eventually computes an op-
timal cross-domain TE path from a number of domain
sequences. The TE path may include an IP address list
or a SID list corresponding to a specific path segment
within each domain, or a path-key corresponding to the
specific path segment within each domain.
[0069] It is to be noted that since the PST is "path setup
using the segment routing technique", each sub-PCE
may attempt to reply to the parent PCE with the SID list,
and certainly it is also allowed by the protocol to reply to
the parent PCE with either an IP address list or an IP
address + SID combination list. The description equally
applies when the parent PCE replies to the sub-PCElwith
the complete TE path.
[0070] Each sub-PCE may generally collect, through
the BGP-LS, topology information within the domain the
each sub-PCE is responsible for and inter-domain link
information about connection of the domain to other do-
mains, and each sub-PCE needs to report the inter-do-
main link information to the parent PCE through the BGP-
LS. In addition to the BGP-LS, other channels may also
be used, which is not limited in the embodiment of the
present application.
[0071] A third step is described below.
[0072] Unlike the method described in RFC 6805, now
the parent PCE does not immediately reply to the sub-
PCE1 with the above-mentioned optimal complete TE
path, but finds after checking that the path segment com-
pression identifier included in the path computation re-
quest message sent to the parent PCE by the sub-PCE
1 indicates "to be compressed", so the parent PCE sends
an " initiatively creating tunnel" message to the sub-PCE
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corresponding to each domain for each path segment in
each domain in each optimal complete path. The mes-
sage at least includes: a pathname, the path segment
information, the starting node (that is, the first node of
the path segment) and the destination node (that is, the
last node of the path segment) information about the tun-
nel to be created and the PST. For the pathname, the
complete pathname (i.e., path-name-SD) may be fol-
lowed by something, such as path-name-SD-head node
of the path segment-last node of the path segment, so
as to be globally unique. The path segment information
is returned to the parent PCE by the corresponding sub-
PCE before, but now is in turn provided as an ERO by
the parent PCE to the sub-PCE to create a tunnel. The
starting node and the destination node of the tunnel to
be created are the head node and the end node of the
corresponding path segment respectively. The PST is to
be set accord to the path segment compression identifier
described above. If the path segment compression iden-
tifier is Option2, the PST is set to be "path setup using
the RSVP-TE signaling", if the path segment compres-
sion identifier is Option3, the PST is set to be "path setup
using the segment routing technique", and if the path
segment compression identifier is Option4, the PST is
set to be "path setup using the RSVP-TE signaling or the
segment routing technique".
[0073] A fourth step is described below.
[0074] After the sub-PCE corresponding to each do-
main receives a "initiatively creating tunnel" message
from the parent PCE, the corresponding tunnel is instan-
tiated locally, the "initiatively creating tunnel" message is
forwarded to the starting node PCC of the tunnel to be
created, and the PCC initiates the path setup in the net-
work according to the PST and the ERO given in the
message. For example, the PST is "path setup using the
RSVP-TE signaling", and then the PCC initiates an
RSVP-TE signaling path setup. For example, the PST is
"path setup using the segment routing technique", and
then the PCC directly computes the forwarding informa-
tion about the path according to the segment routing in-
formation. For example, the PST is "path setup using the
RSVP-TE signaling or path setup using the segment rout-
ing technique", and then the PCC chooses, according to
its own actual ability, to initiate the RSVP-TE signaling
path setup or directly compute the forwarding information
about the path according to the segment routing infor-
mation.
[0075] In a deployment scenario in which a SID is as-
signed by a controller globally and uniformly, after the
corresponding tunnel is instantiated, the sub-PCE corre-
sponding to each domain may initiatively assign a Bind-
ing SID to the corresponding tunnel, report the Binding
SID to the parent PCE and delivers the Binding SID to
the PCC. In a deployment scenario in which the SID is
configured by a forwarding device side and reported to
the controller, the starting node PCC of the correspond-
ing tunnel may assign the corresponding Binding SID to
the tunnel and report the Binding SID to the sub-PCE

after the tunnel is established, and the sub-PCE contin-
ues to report the Binding SID to the parent PCE.
[0076] It is to be noted that the Binding SID assigned
to the tunnel has local attributes and generally does not
need to be globally unique. If global uniqueness is re-
quired, a scenario should be deployed in which the con-
troller assigns the SID globally and uniformly, and SID
resource pools controlled by sub-PCEs should not over-
lap each other, either by management or in other dynamic
learning manners.
[0077] A fifth step is described below.
[0078] After the parent PCE receives the Binding SID
of the created tunnel corresponding to the path segment
in the corresponding domain from each sub-PCE, the
SID list corresponding to an original complete TE path
may be shortened and optimized. Actually, regardless of
the path segment information with which each sub-PCE
replies to the parent PCE before being the IP address
list or the SID list or a combination of the IP address list
and the SID list, or even a path-key, the parent PCE does
not care about the specific ERO content of the path seg-
ment information, and the path segment needs only to
be represented by its Binding SID in the SID list corre-
sponding to the complete TE path. In addition, in combi-
nation with the corresponding Peer-Adj SID of the inter-
domain link, the shortened and optimized SID list of the
complete TE path is generally {Binding SID1, Peer-Adj
SID1, Binding SID2, Peer-Adj SID2, ..., Binding SIDn}. It
is to be noted that the node SID of the corresponding
starting node may, but may not necessarily, also be in-
serted before each Binding SID and Peer-Adj SID in the
SID list. In addition, in a special case, the Binding SID1
may not exist, for example, the starting node of the com-
plete TE path happens to be the exit boundary node of
the first domain in the domain sequence.
[0079] A sixth step is described below.
[0080] The parent PCE replies to the sub-PCE1 with
the above-mentioned shortened and optimized SID list
in response to a cross-domain TE path computation re-
quest message previously received from the sub-PCE 1.
The sub-PCE1 continues to reply, with the SID list, to the
PCC from which the corresponding path computation re-
quest is received, or delivers the SID list to the head node
PCC of the tunnel when the sub-PCE1 initiatively creates
a cross-domain tunnel.
[0081] The PCC may use the SID list as the forwarding
information about the cross-domain SR-TE tunnel. It is
to be noted that if the first SID in the SID list is the Binding
SID, the Binding SID actually refers to the forwarding
information about the tunnel corresponding to the path
segment of the domain where the PCC is located, so
when the SR-TE tunnel finally generates the forwarding
information, the first SID (Binding SID) is replaced with
the forwarding information about the corresponding tun-
nel. Similarly, if the first SID in the SID list is the Peer-
Adj SID, the first SID (Peer-Adj SID) is replaced with the
forwarding information about the corresponding inter-do-
main link.
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[0082] Compared with the existing art, the method in
the embodiment of the present application can signifi-
cantly shorten the segment routing SID list of the cross-
domain TE path, reduce a depth of a label stack for en-
capsulating the packet, improve the packet load efficien-
cy and avoid MTU fragmentation.

Embodiment four

[0083] The implementation of the technical solution will
be further described in detail with reference to the draw-
ings.
[0084] FIG. 3 is a schematic diagram of an RP object
according to an embodiment of the present application.
On the basis of RP objects defined in RFC 5440, RFC
5520, RFC 5541 and RFC 5557, a Compress Flag (CF)
intending to occupy three bits is added into a field of Flags
to identify whether a path needs to be compressed, and
the meanings of specific values are as follows.

0 denotes that the path does not need to be com-
pressed.
1 denotes that compression is performed in a man-
ner of additionally establishing only an RSVP-TE tun-
nel for path segments.
2 denotes that compression is performed in a man-
ner of additionally establishing only an SR-TE tunnel
for path segments.
3 denotes that compression is performed in a man-
ner of additionally establishing the RSVP-TE tunnel
or the SR-TE tunnel for path segments.

[0085] FIG. 4 is a schematic diagram of a Path Setup
Type TLV according to an embodiment of the present
application. On the basis of draft-ietf-pce-lsp-setup-type-
04, a PST=2 is added to denote that a path setup tech-
nique may be "an RSVP-TE signaling or a segment rout-
ing technique". The Path Setup Type TLV may be carried
in the RP object (reference to RFC 5440) and a Stateful
PCE Request Parameters (SRP) object (reference to
draft-ietf-pce-stateful-pce-18). At present, draft-ietf-pce-
lsp-setup-type-04 defines PST=0, which denotes that the
path setup technique adopts the RSVP-TE signaling, and
draft-ietf-pce-segment-routing-09 defines PST=1, which
denotes that the path setup technique adopts the seg-
ment routing technique.
[0086] FIG. 5 is a schematic diagram of a TE-PATH-
BINDING TLV according to an embodiment of the
present application. A TE-PATH-BINDING TLV defined
by draft-sivabalan-pce-binding-label-sid-02 is taken as a
basis, and is extended in the usage manner. The draft-
sivabalan-pce-binding-label-sid-02 defines the TE-
PATH-BINDING TLV included in a Label Switched Path
(LSP) object in a PCRpt message and used for reporting
the Binding SID of a corresponding TE path from the PCC
to the PCE. The embodiment follows the method to report
the Binding SID of an additionally created tunnel for a
path segment in a corresponding domain from a PCC to

a sub-PCE and from the sub-PCE to a parent PCE, which
is applicable to a deployment scenario in which a for-
warding device side itself configures a SIDand reports
the SID to a controller. In addition, the embodiment also
extends the usage of the LSP object described in draft-
ietf-pce-stateful-pce-18 and draft-ietf-pce-pce-initiated-
lsp-09, and respectively allows inclusion of the above-
mentioned TE-PATH-BINDING TLV in the LSP object
included in a PCUpd message and a PCInitiate message,
for delivering the Binding SID of an additionally created
tunnel for a path segment in a corresponding domain
from the sub-PCE to the PCC, which is applicable to a
deployment scenario in which the controller assigns the
SID globally and uniformly.

Specific embodiment one

[0087] FIG. 6 is a diagram of a hierarchical PCE net-
work architecture according to an embodiment of the
present application. Three domains are included, and re-
spectively are AS1, AS2 and AS3. The corresponding
sub-PCEs of AS1, AS2 and AS3 are a PCE1, a PCE2
and a PCE3 respectively, and a parent PCE is a PCE4.
In the embodiment, it is assumed that the deployment
scenario is provided in which a centralized controller uni-
formly assigns the SID and delivers the SID to a forward-
ing device; and that the PCE1 wants to initiatively create
an SR-TE tunnel from a source node S to a destination
node D, and that the PCE1 knows that border nodes of
other ASs have been upgraded to be able to support the
segment routing function and that internal nodes of other
ASs (AS2, AS3) only support an RSVP-TE but do not
support the segment routing function. Now, the specific
steps in which the PCE1 initiatively creates one SR-TE
tunnel from the source node S to the destination node D
are described below.
[0088] In step 110, the PCE1 initiatively creates the
SR-TE tunnel, the source node is S, and the destination
node is D. The PCE1 finds, according to its own main-
tained Textease (TE) database (TED) information, that
the destination node D does not belong to AS1, and then
the PCE1 sends a PCReq message to the parent PCE
(PCE4) for requesting computation of a cross-domain TE
path. For a setting method of each field in the message,
reference may be made to the RFC 5440 and draft-ietf-
pce-stateful-pce-18 in combination with the solution in
the embodiment of the present application. Only the main
information strongly related to the processing flow in the
embodiment of the present application is given below.

<RP object>: The PST is set to be 1 indicating the
path setup using segment routing technique; and a
CF flag is set to be 1, so as to perform compression
by additionally creating an RSVP-TE tunnel for the
path segment within each AS.
<END-POINTS object>: The source node is S, and
the destination node is D.
<LSP object>: The path-name is set to be path-
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name-SD-100.

[0089] Other objects such as constraints will not be
described in detail.
[0090] In step 120, after the PCE4 receives a request,
the PCE4 firstly determines, according to the method de-
scribed in RFC 6805, that the domain where the desti-
nation node is located is AS3, and then determines a
possible domain sequence. In the embodiment, only one
domain sequence exists, that is S-(AS1)-A1-
A2-(AS2)-A3-A4-(AS3)-D. For the domain sequence, the
PCE4 sends a PCReq message to the sub-PCE corre-
sponding to each domain in the sequence, requesting
computation of the path segment within each domain.
For example, the PCE4 sends the PCReq message to
the PCE1, requesting computation of the path segment
from the source node S to the destination node A1. The
main information in the message is described below.

<RP object>: The PST is set to be 1 indicating the
path setup using segment routing technique; and a
CF flag has to be set as 0, denoting that the path is
not compressed.
<END-POINTS object>: The source node is S, and
the destination node is A1.

[0091] The PCE4 also sends the PCReq message to
the PCE2 for requesting computation of the path segment
from the source node A2 to the destination node A3 and
sends the PCReq message to the PCE3 for requesting
computation of the path segment from the source node
A4 to the destination node D. Details are not described
here again.
[0092] In step 130, after each sub-PCE receives the
path computation request from the PCE4, the respective
path segment is computed and the PCRep message is
sent to the PCE4. In the embodiment, the PCE1 will com-
pute a path segment S-P1-P2-A1, the PCE2 will compute
a path segment A2-P3-P4-A3, and the PCE3 will com-
pute a path segment A4-P5-P6-D. In general, the path
segment information is provided in an ERO object includ-
ed in a PCERep message with which each sub-PCE re-
plies to the PCE4, and may be an IP address list, a SID
list, an IP address and SID combination list, or even may
be a path-key for security reasons. However, in the em-
bodiment, since the SR is not supported in each AS, the
path segment information returned by each sub-PCE to
the PCE4 may be the IP address list or the path-key.
[0093] In step 140, For domain sequence S-(AS1)-A1-
A2-(AS2)-A3-A4-(AS3)-D, the PCE4 will obtain a com-
plete end-to-end TE path after receiving the path seg-
ments of all domains from all sub-PCEs. In the embodi-
ment, since no other domain sequence exist, the com-
plete TE path described above will serve as an optimal
path. At the moment, the PCE4 does not immediately
reply to the PCE1 with the optimal complete TE path, but
finds after checking that the CF flag in the corresponding
path computation request received from the PCE1 is 1,

and then initiatively creates the RSVP-TE tunnel for each
path segment and sends a PCInitiate message to each
sub-PCE. For example, the PCE4 additionally creates a
corresponding RSVP-TE tunnel internally for a path seg-
ment S-P1-P2-A1 in AS1. An included main path may be
named path-name-SD-100-SA1 (note: the naming meth-
od is to add head and tail key information, i.e., respec-
tively S and A1, of a child path to the tail of a parent path
name, i.e., path-name-SD-100, to ensure global unique-
ness). Accordingly, in the PCInitiate message sent from
the PCE4 to the PCE1, the main information is as follows.

<SRP object>: The PST is set to be 0 indicating path
setup using the RSVP-TE.
<LSP object>: The path-name is set to be path-
name-SD-100-SA1.
<END-POINTS object>: The source node is S, and
the destination node is A1.
<ERO object>: The S-P1-P2-A1 specifically may be
the IP address list or the path-key, that is, the path
segment information previously received from the
PCE1 is filled in intact.

[0094] The PCE4 also additionally creates a corre-
sponding RSVP-TE tunnel internally for a path segment
A2-P3-P4-A3 in AS2. An included main path may be
named path-name-SD-100-A2A3, and accordingly, the
PCInitiate message is sent to the PCE2. The PCE4 also
additionally creates a corresponding RSVP-TE tunnel in-
ternally for a path segment A4-P5-P6-D in AS3. An in-
cluded main path may be named path-name-SD-100-
A4D, and accordingly, the PCInitiate message is sent to
the PCE3. Details are not described here again.
[0095] In step 150, after each sub-PCE receives the
PCInitiate message from the PCE4, each sub-PCE will
also initiatively create a corresponding RSVP-TE tunnel
internally and continue to send the PCInitiate message
to a head node PCC of the tunnel. It is to be noted that
in the PCInitiate message that each sub-PCE continues
to send to the head node PCC of the tunnel, the ERO
object includes a clear strict hop-by-hop explicit path,
which may be the IP address list but not the path-key.
Each head node of the tunnel will establish a path within
the network through the RSVP-TE signaling and negoti-
ate labels.
[0096] In the embodiment, after each sub-PCE has
created a corresponding RSVP-TE tunnel, each sub-
PCE will also initiatively assign a Binding SID to the
RSVP-TE tunnel. For example, the PCE1 assigns the
Binding SID=1000 to the above-mentioned created
RSVP-TE tunnel, the PCE2 assigns the Binding
SID=2000 to the above-mentioned created RSVP-TE
tunnel, and the PCE3 assigns the Binding SID=3000 to
the above-mentioned created RSVP-TE tunnel. Each
sub-PCE may deliver the Binding SID to the head node
PCC of the tunnel along with the above-mentioned PCIn-
itiate message or a subsequent PCUpd message, and
may also report the Binding SID to the PCE4 along with
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the PCRpt message. After receiving the Binding SID,
each head node of the tunnel will establish a label table
entry with the Binding SID as a key value to guide the
packet to be forwarded to the tunnel. The label operation
is to exchange the incoming label Binding SID into the
outgoing label included in the RSVP-TE tunnel.
[0097] It is to be noted that each sub-PCE also assigns
a Peer-to-Adj SID to an inter-domain link between the
domain the sub-PCE is responsible for and another do-
main, and reports the Peer-to-Adj SID to the PCE4
through a BGP-LS.
[0098] In step 160, after the PCE4 receives the report-
ed Binding SIDs of all the sub-PCEs, the original com-
plete TE path may be represented by the compressed
SID list and replied to the PCE1 through the PCRep mes-
sage, and the compressed SID list in the embodiment
may be:{1000, Peer-Adj-SID-A1A2, 2000, Peer-Adj-SID-
A3A4, 3000}.
[0099] In step 170, after the PCE1 receives the PCRep
message from the PCE4, the PCE1 continues to send
the PCInitiate message to the S node PCC to trigger the
instantiation of the corresponding SR-TE tunnel on the
S node, where the above-mentioned compressed SID
list is included.
[0100] The corresponding SR-TE tunnel will be creat-
ed on the S node. When a forwarding table entry is gen-
erated for the SR-TE tunnel, the first SID, that is, 1000,
in the SID list described above, will be replaced with the
forwarding information about the corresponding RSVP-
TE tunnel by searching the label table entry, and the other
SIDs will remain unchanged.
[0101] In step 180, on the S node, the packet sent to
the above-mentioned SR-TE tunnel will be pressed onto
the corresponding label stack: {RSVP-TE tunnel-SA1 la-
bel, Peer-Adj-SID-A1A2, 2000, Peer-Adj-SID-A3A4,
3000}, that is, the top layer label is the outgoing label
corresponding to the additionally created RSVP-TE tun-
nel for the path segment in above-mentioned AS1, the
lower layer label is the Peer-Adj SID corresponding to
the inter-domain link A1-A2, the further lower layer label
is the Binding SID corresponding to the additionally cre-
ated RSVP-TE tunnel for the path segment in AS2, the
further lower layer label is the Peer-Adj SID correspond-
ing to the inter-domain link A3-A4, and the further lower
layer label is the Binding SID corresponding to the addi-
tionally created RSVP-TE tunnel for the path segment in
AS3. The packet will be forwarded along a desired cross-
domain TE path.

Specific embodiment two

[0102] The specific embodiment is basically similar to
the specific embodiment one, except that a deployment
scenario in which the SID is assigned by a forwarding
device side and is reported (such as through the BGP-
LS) to the controller is provided in the embodiment. Then,
the PCE1 initiatively establishes one cross-domain SR-
TE tunnel from the source node S to the destination node

D, and the processes are basically similar to those in the
specific embodiment one, except that the Binding SID of
the RSVP-TE tunnel additionally created for the path seg-
ment of each domain involved is assigned by the head
node itself of the tunnel and reported to the corresponding
sub-PCE through the PCRpt message, and that the sub-
PCE continues to report the Binding SID to the PCE4
through the PCRpt message, and the other processes
are the same as those in the embodiment one.

Specific embodiment three

[0103] The specific embodiment is basically similar to
the specific embodiment one, except that the S node es-
tablishes one cross-domain SR-TE tunnel from the
source node S to the destination node D in the embodi-
ment, and that the S node PCC sends the PCReq mes-
sage to the PCE1, where the message is same as the
PCReq message sent by the PCE1 to the PCE4 in the
embodiment one, and the other processes are the same
as those in the embodiment one, and finally the PCE1
sends the PCRep message to reply to the S node PCC
with the path computation result, where the compressed
SID list is included.

Specific embodiment four

[0104] The specific embodiment is basically the same
as the specific embodiment one, except that all domains
have been upgraded to support the segment routing func-
tion and that the RSVP-TE is no longer supported on the
network. Now, the step in which the PCE1 initiatively cre-
ates one SR-TE tunnel from the source node S to desti-
nation node D includes the specific steps described be-
low.
[0105] In step 410, the PCE1 initiatively creates the
SR-TE tunnel, the source nose is S, and the destination
node is D. The PCE1 finds, according to its own main-
tained TE database (TED) information, that the destina-
tion node D does not belong to AS1, and then the PCE1
sends the PCReq message to the parent PCE (PCE4)
for requesting computation of the cross-domain TE path.
For a setting method of each field in the message, refer-
ence may be made to the RFC 5440 and draft-ietf-pce-
stateful-pce-18 in combination with the solution in the
embodiment of the present application, and only the main
information strongly related to the processing flow in the
embodiment of the present application is given below.

<RP object>: The PST is set to be 1 indicating path
setup using the segment routing technique; a CF flag
is set to be 2, so as to perform compression by ad-
ditionally creating an RSVP-TE tunnel for the path
segment within each AS.
<END-POINTS object>: The source node is S, and
the destination node is D.
<LSP object>: The path-name is set to be path-
name-SD-100.
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[0106] Other objects such as constraints will not be
described in detail.
[0107] In step 420, after the PCE4 receives the re-
quest, the PCE4 firstly determines, according to the
method described in RFC 6805, the domain where the
destination node is located is AS3, and then determines
a possible domain sequence. In the embodiment, only
one domain sequence exists, that is S-(AS1)-A1-
A2-(AS2)-A3-A4-(AS3)-D. For the domain sequence, the
PCE4sends the PCReq message to the sub-PCE corre-
sponding to each domain in the sequence, requesting
computation of the path segment within each domain.
For example, the PCE4 sends the PCReq message to
the PCE1 for requesting computation of the path segment
from the source node S to the destination node A1, and
the main information in the message is described below.

<RP object>: The PST is set to be 1 indicating path
setup using the segment routing technique; a CF flag
has to be set as 0, denoting that the path is not com-
pressed.
<END-POINTS object>: The source node is S, and
the destination node is A1.

[0108] The PCE4 also sends the PCReq message to
the PCE2 for requesting computation of the path segment
from the source node A2 to the destination node A3 and
sends the PCReq message to the PCE3 for requesting
computation of the path segment from the source node
A4 to the destination node D. Details are not described
here again.
[0109] In step 430, after each sub-PCE receives the
path computation request from the PCE4, the respective
path segment is computed and the PCRep message is
sent to the PCE4. In the embodiment, the PCE1 will com-
pute the path segment S-P1-P2-A1, the PCE2 will com-
pute the path segment A2-P3-P4-A3, and the PCE3 will
compute the path segment A4-P5-P6-D. In general, the
path segment information is provided in an ERO object
included in a PCERep message with which each sub-
PCE replies to the PCE4, and may be the IP address list,
the SID list, the IP address and SID combination list, or
even may be a path-key for security reasons. However,
in the embodiment, since the SR is supported by each
AS, the path segment information returned by each sub-
PCE to the PCE4 may be the SID list or the path-key.
[0110] In step 440, for domain sequence S-(AS1)-A1-
A2-(AS2)-A3-A4-(AS3)-D, the PCE4 will obtain the com-
plete end-to-end TE path after receiving the path seg-
ments of all domains from all sub-PCEs. In the embodi-
ment, since no other domain sequence exists, the above-
mentioned complete TE path will serve as the optimal
path. At the moment, the PCE4 does not immediately
reply to the PCE1 with the optimal complete TE path, but
finds after checking that the CF flag in the corresponding
path computation request received from the PCE1 is 2,
and then initiatively creates the SR-TE tunnel for each
path segment and sends the PCInitiate message to each

sub-PCE. For example, the PCE4 additionally creates a
corresponding SR-TE tunnel internally for a path seg-
ment S-P1-P2-A1 in AS1. An included main path may be
named path-name-SD-100-SA1 (note: the naming meth-
od is to add head and tail key information, i.e., respec-
tively S and A1, of a child path to the tail of a parent path
name, i.e., path-name-SD-100, to ensure global unique-
ness). Accordingly, in the PCInitiate message sent from
the PCE4 to the PCE1, the main information is as follows.

<SRP object>: The PST is set to be 1 indicating path
setup using the segment routing technique.
<LSP object>: The path-name is set to be path-
name-SD-100-SA1.
<END-POINTS object>: The source node is S, and
the destination node is A1.
<ERO object>: S-P1-P2-A1 specifically may be the
SID list or the path-key, that is, the path segment
information previously received from the PCE1 is
filled in intact.

[0111] The PCE4 also additionally creates a corre-
sponding SR-TE tunnel internally for a path segment A2-
P3-P4-A3 in AS2. An included main path may be named
path-name-SD-100-A2A3, and accordingly, the PCIniti-
ate message is sent to the PCE2. The PCE4 also addi-
tionally creates the corresponding SR-TE tunnel inter-
nally for the path segment A4-P5-P6-D in AS3. An in-
cluded main path may be named path-name-SD-100-
A4D, and accordingly, the PCInitiate message is sent to
the PCE3. Details are not described here again.
[0112] In step 450, after each sub-PCE receives the
PCInitiate message from the PCE4, each sub-PCE will
also initiatively create the corresponding SR-TE tunnel
internally and continue to send the PCInitiate message
to the head node PCC of the tunnel. It is to be noted that
in the PCInitiate message that each sub-PCE continues
to deliver to the head node PCC of the tunnel, the ERO
object includes a clear SID list, not the path-key. Each
head node of the tunnel will generate a corresponding
SR-TE tunnel, and the forwarding information is gener-
ated by using the corresponding SID list.
[0113] In the embodiment, after each sub-PCE has
created a corresponding SR-TE tunnel, each sub-PCE
will also initiatively assign the Binding SID to the SR-TE
tunnel. For example, the PCE1 assigns the Binding
SID=1000to the above-mentioned created SR-TE tun-
nel, the PCE2 assigns the Binding SID=2000 to the
above-mentioned created SR-TE tunnel, and the PCE3
assigns the Binding SID=3000 to the above-mentioned
created SR-TE tunnel. Each sub-PCE may deliver the
Binding SID to the head node PCC of the tunnel along
with the above-mentioned PCInitiate message or the
subsequent PCUpd message, and may also report the
Binding SID to the PCE4 along with the PCRpt message.
After receiving the Binding SID, each head node of the
tunnel will establish the label table entry with the Binding
SID as the key value to guide the packet to be forwarded
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to the tunnel. The label operation is to exchange the in-
coming label Binding SID into the outgoing label stack
included in the SR-TE tunnel.
[0114] It is to be noted that each sub-PCE also assigns
the Peer-Adj SID to an inter-domain link between the
domain the sub-PCE is responsible for and another do-
main, and reports the Peer-Adj SID to the PCE4 through
the BGP-LS.
[0115] In step 460, after the PCE4 receives the report-
ed Binding SIDs of all the sub-PCEs, the original com-
plete TE path may be represented by the compressed
SID list and replied to the PCE1 through the PCRep mes-
sage, and the compressed SID list in the embodiment
may be:{1000, Peer-Adj-SID-A1A2, 2000, Peer-Adj-SID-
A3A4, 3000}.
[0116] In step 470, after the PCE1 receives the PCRep
message from the PCE4, the PCE1 continues to send
the PCInitiate message to the S node PCC to trigger the
instantiation of the corresponding SR-TE tunnel on the
S node, where the above-mentioned compressed SID
list is included.
[0117] The corresponding SR-TE tunnel will be creat-
ed on the S node. When a forwarding table entry is gen-
erated for the SR-TE tunnel, the first SID, i.e., 1000, in
the above-mentioned SID list will be replaced with the
forwarding information (generally a label stack) about the
corresponding SR-TE tunnel by searching the label table
entry, and the other SIDs will remain unchanged.
[0118] In step 480, on the S node, the packet sent to
the above-mentioned SR-TE tunnel will be pressed onto
the corresponding label stack: {SR-TE tunnel-SA1 SID
list, Peer-Adj-SID-A1A2, 2000, Peer-Adj-SID-A3A4,
3000}, that is, the top layer label is the outgoing label
stack corresponding to the additionally created SR-TE
tunnel for the path segment in above-mentioned AS1,
the lower layer label is the Peer-Adj SID corresponding
to the inter-domain link A1-A2, the further lower layer
label is the Binding SID corresponding to the additionally
created SR-TE tunnel for the path segment in AS2, the
further lower layer label is the Peer-Adj SID correspond-
ing to the inter-domain link A3-A4, and the further lower
layer label is the Binding SID corresponding to the addi-
tionally created SR-TE tunnel for the path segment in
AS3. The packet will be forwarded along the desired
cross-domain TE path.

Specific embodiment five

[0119] The specific embodiment is basically similar to
the specific embodiment four, except that the deployment
scenario in which the SID is assigned by a forwarding
device side and is reported (such as through the BGP-
LS) to the controller is provided in the embodiment. Then,
the PCE1 initiatively establishes one cross-domain SR-
TE tunnel from the source node S to the destination node
D, and the processes are basically similar to those in the
embodiment four, nothing except that the Binding SID of
the SR-TE tunnel additionally created for the path seg-

ment of each domain involved is assigned by the head
node itself of the tunnel and reported to the corresponding
sub-PCE through the PCRpt message, and that the sub-
PCE continues to report the Binding SID to the PCE4
through the PCRpt message, and the other processes
are the same as those in the embodiment four.

Specific embodiment six

[0120] The specific embodiment is basically similar to
the specific embodiment four, except that the S node
establishes one cross-domain SR-TE tunnel from the
source node S to the destination node D in the embodi-
ment, and that the S node PCC sends the PCReq mes-
sage to the PCE1, where the message is same as the
PCReq message sent by the sub-PCE1 to the PCE4 in
the specific embodiment one, and the other processes
are the same as those in the embodiment one, and finally
the PCE1 sends the PCRep message to reply to the S
node PCC with the path computation result, where the
compressed SID list is included.

Specific embodiment seven

[0121] The specific embodiment is basically the same
as the specific embodiment one, except that all AS 1 s
and AS2s have been upgraded to support the segment
routing function and no longer support the RSVP-TE, and
that for the AS3, only boundary nodes are upgraded to
support the segment routing function and that internal
nodes still support the RSVP-TE only. Now, the step in
which the PCE1 initiatively creates one SR-TE tunnel
from the source node S to destination node D includes
the specific steps described below.
[0122] In step 710, the PCE1 initiatively creates the
SR-TE tunnel, the source node is S, and the destination
node is D. The PCE1 finds, according to its own main-
tained TE database (TED) information, that the destina-
tion node D does not belong to AS1, and then the PCE1
sends a PCReq message to the parent PCE (PCE4) for
requesting computation of the cross-domain TE path. For
disposing setting method of each field in the message,
reference may be made to the RFC 5440 and draft-ietf-
pce-stateful-pce-18 in combination with the solution in
the embodiment of the present application, and only the
main information strongly related to the processing flow
in the embodiment of the present application is given
below.

<RP object>: The PST is set to be 1 indicating path
setup using the segment routing technique; the CF
flag is set to be 3, so as to perform compression by
additionally creating the RSVP-TE tunnel or the SR-
TE tunnel for the path segment within each AS ac-
cording to actual abilities.
<END-POINTS object>: The source node is S, and
the destination node is D.
<LSP object>: The path-name is set to be path-
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name-SD-100.

[0123] Other objects such as constraints will not be
described in detail.
[0124] In step 720, after the PCE4 receives the re-
quest, the PCE4 first determines, according to the meth-
od described in RFC 6805, that the domain where the
destination node is located is AS3, and then determines
the possible domain sequence. In the embodiment, only
one domain sequence exists, that is S-(AS1)-A1-
A2-(AS2)-A3-A4-(AS3)-D. For the domain sequence, the
PCE4 sends the PCReq message to the sub-PCE cor-
responding to each domain in the sequence, requesting
computation of the path segment within each domain.
For example, the PCE4 sends the PCReq message to
the PCE1, requesting computation of the path segment
from the source node S to the destination node A1, and
the main information in the message is described below.

<RP object>: The PST is set to be 1 indicating path
setup using the segment routing technique; the CF
flag has to be set as 0 indicating that the path is not
compressed.
<END-POINTS object>: The source node is S, and
the destination node is A1.

[0125] The PCE4 also sends the PCReq message to
the PCE2 for requesting computation of the path segment
from the source node A2 to the destination node A3 and
sends the PCReq message to a PCE3 for requesting
computation of the path segment from the source node
A4 to the destination node D. Details are not described
here again.
[0126] In step 730, after each sub-PCE receives the
path computation request from the PCE4, the respective
path segment is computed and the PCRep message is
sent to the PCE4. In the embodiment, the PCE1 will com-
pute the path segment S-P1-P2-A1, the PCE2 will com-
pute the path segment A2-P3-P4-A3, and the PCE3 will
compute the path segment A4-P5-P6-D. In general, the
path segment information is provided in the ERO object
included in the PCERep message with which each sub-
PCE replies to the PCE4, and may be the IP address list,
the SID list, and the IP address and SID combination list,
or even may be a path-key for security reasons. In the
embodiment, since the SR is supported by each AS1 and
each AS2, the path segment information returned by the
PCE1 and the PCE2 to the PCE4 may be the SID list or
the path-key. Since the SR is only supported by the
boundary nodes of AS3, the path segment information
with which the PCE3 replies to the PCE4 may be the IP
address list or the path-key.
[0127] In step 740, for domain sequence S-(AS1)-A1-
A2-(AS2)-A3-A4-(AS3)-D, the PCE4 will obtain the com-
plete end-to-end TE path after receiving the path seg-
ments of all domains from all sub-PCEs. In the embodi-
ment, since no other domain sequence exists, the above-
mentioned complete TE path will serve as the optimal

path. At the moment, the PCE4 does not immediately
reply to the PCE1 with the optimal complete TE path, but
finds after checking that the CF flag in the corresponding
path computation request received from the PCE1 is 3,
and then initiatively creates the TE tunnel (the RSVP-TE
tunnel or the SR-TE tunnel) for each path segment and
sends the PCInitiate message to each sub-PCE. For ex-
ample, the PCE4 additionally creates the corresponding
TE tunnel internally for the path segment S-P1-P2-A1 in
AS1. An included main path may be named path-name-
SD-100-SA1 (note: the naming method is to add head
and tail key information, i.e., respectively S and A1 of the
child path to the tail of a parent path name, i.e., path-
name-SD-100 to ensure global uniqueness). According-
ly, in the PCInitiate message sent from the PCE4 to the
PCE1, the main information is as follows.

<SRP object>: The PST is set to be 2 indicating path
setup using the RSVP-TE signaling or the segment
routing technique.
<LSP object>: The path-name is set to be path-
name-SD-100-SA1.
<END-POINTS object>: The source node is S, and
the destination node is A1.
<ERO object>: S-P1-P2-A1 specifically may be the
SID list or the path-key, that is, the path segment
information previously received from the PCE1 is
filled in intact.

[0128] The PCE4 also additionally creates the corre-
sponding TE tunnel internally for the path segment A2-
P3-P4-A3 in AS2. An included main path may be named
path-name-SD-100-A2A3, and accordingly, the PCIniti-
ate message is sent to the PCE2. The PCE4 also addi-
tionally creates the corresponding TE tunnel internally
for the path segment A4-P5-P6-D in AS3. An included
main path may be named path-name-SD-100-A4D, and
accordingly, the PCInitiate message is sent to the PCE3.
Details are not described here again.
[0129] In step 750, after the PCE1 and the PCE2 re-
spectively receive the PCInitiate messages from the
PCE4, the PCE1 and the PCE2 will respectively and in-
itiatively create the SR-TE tunnel internally according to
their respective self-ability and respectively continue to
send the PCInitiate message to the head node PCC of
the tunnel. After the PCE3 receives the PCInitiate mes-
sage from the PCE4, the PCE3 initiatively creates the
corresponding RSVP-TE tunnel internally according to
the self-ability and continues to send the PCInitiate mes-
sage to the head node PCC of the tunnel. It is to be noted
that in the PCInitiate message that a sub-PCE1 and a
sub-PCE2 continue to send to the head node PCC of the
tunnel, the ERO object includes the clear SID list, not the
path-key. In the PCInitiate message that a sub-PCE3
continues to send to the head node PCC of the tunnel,
the ERO object includes a clear SID list, not the path-
key. The head nodes of the tunnels in AS1 and AS2 will
respectively generate the corresponding SR-TE tunnel,
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and the forwarding information is generated using the
respective SID list. The head node of the tunnel in AS3
will generate the corresponding RSVP-TE tunnel, and
establish the path within the network through the RSVP-
TE signaling and negotiate labels.
[0130] In the specific embodiment, after each sub-PCE
has created the corresponding SR-TE tunnel or RSVP-
TE tunnel, each sub-PCE will also initiatively assign the
Binding SID to the TE tunnel. For example, the PCE1
assigns the Binding SID=1000 to the above-mentioned
created SR-TE tunnel, the PCE2 assigns the Binding
SID=2000 to the above-mentioned created SR-TE tun-
nel, and the PCE3 assigns the Binding SID=3000 to the
above-mentioned created RSVP-TE tunnel. Each sub-
PCE may deliver the Binding SID to the head node PCC
of the tunnel along with the above-mentioned PCInitiate
message or the subsequent PCUpd message, and may
also be reported to the PCE4 along with the PCRpt mes-
sage. After receiving the Binding SID, each head node
of the tunnel will establish the label table entry with the
Binding SID as the key value to guide the packet to be
forwarded to the tunnel. The label operation is to ex-
change the incoming label Binding SID into the corre-
sponding outgoing label stack included in the SR-TE tun-
nel or into the outgoing label included in the RSVP-TE
tunnel.
[0131] It is to be noted that each sub-PCE also assigns
the Peer-Adj SID to the inter-domain link between the
domain the sub-PCE is responsible for and another do-
main, and reports the Peer-Adj SID to the PCE4 through
the BGP-LS.
[0132] In step 760, after the PCE4 receives the report-
ed Binding SIDs of all the sub-PCEs, the original com-
plete TE path may be represented by the compressed
SID list and replied to the PCE1 through the PCRep mes-
sage, and the compressed SID list in the embodiment
may be:{1000, Peer-Adj-SID-A1A2, 2000, Peer-Adj-SID-
A3A4, 3000}.
[0133] In step 770, after the PCE1 receives the PCRep
message from the PCE4, the PCE1 continues to send
the PCInitiate message to the S node PCC to trigger the
instantiation of the corresponding SR-TE tunnel on the
S node, where the compressed SID list is included.
[0134] The corresponding SR-TE tunnel will be creat-
ed on the S node. When the forwarding table entry is
generated for the SR-TE tunnel, the first SID, that is,
1000, in the SID list described above will be replaced
with the forwarding information (generally one label
stack) about the corresponding SR-TE tunnel by search-
ing the label table entry, and the other SIDs will remain
unchanged.
[0135] In step 780, on the S node, the packet sent to
the above-mentioned SR-TE tunnel will be pressed onto
the corresponding label stack: {SR-TE tunnel-SA1 SID
list, Peer-Adj-SID-A1A2, 2000, Peer-Adj-SID-A3A4,
3000}, that is, the top layer label is the outgoing label
stack corresponding to the additionally created SR-TE
tunnel for the path segment in above-mentioned AS1,

the lower layer label is the Peer-Adj SID corresponding
to the inter-domain link A1-A2, the further lower layer
label is the Binding SID corresponding to the additionally
created SR-TE tunnel for the path segment in AS2, the
further lower layer label is the Peer-Adj SID correspond-
ing to the inter-domain link A3-A4, and the further lower
layer label is the Binding SID corresponding to the addi-
tionally created RSVP-TE tunnel for the path segment in
AS3. The packet will be forwarded along the desired
cross-domain TE path.

Embodiment five

[0136] From the description of the above-mentioned
embodiments, it will be apparent to those skilled in the
art that the method in the embodiments described above
may be implemented by software plus a necessary gen-
eral-purpose hardware platform, or may of course be im-
plemented by hardware. However, in many cases, the
former is a preferred implementation mode. Based on
this understanding, the solution provided by the present
application substantially, or the part contributing to the
existing art, may be embodied in the form of a software
product. The computer software product is stored on a
storage medium (such as a read-only memory
(ROM)/random access memory (RAM), a magnetic disk
or an optical disk) and includes several instructions for
enabling a terminal device (which may be a mobile
phone, a computer, a server or a network device) to ex-
ecute the method according to each embodiment of the
present application.
[0137] The present embodiment further provides an
apparatus for determining identification information
about a cross-domain path. The apparatus is used for
implementing the above-mentioned embodiments and
preferred embodiments. What has been described will
not be repeated. As used below, the term "module" may
be software, hardware or a combination thereof capable
of implementing predetermined functions. The apparatus
in the embodiments described below is preferably imple-
mented by software, but implementation by hardware or
by a combination of software and hardware is also pos-
sible and conceived.
[0138] FIG. 7 is a structure diagram of a first apparatus
for determining identification information about a cross-
domain path according to an embodiment of the present
application. As shown in FIG. 7, the apparatus includes
a first receiving module 72, an instruction module 74 and
a second receiving module 76. The apparatus is de-
scribed below.
[0139] The first receiving module 72 is configured to
receive a path computation request from a first path com-
putation element PCE. The path computation request is
used for making a request to acquire a path from a source
node to a destination node, and the source node and the
destination node are located in different domains. The
above-mentioned path includes one or more path seg-
ments, and the above-mentioned path computation re-

29 30 



EP 3 651 423 A1

17

5

10

15

20

25

30

35

40

45

50

55

quest carries a compression identifier for identifying com-
pression of the one or more path segments and a path
setup type (PST). The instruction module 74 is connected
to the first receiving module 72 and configured to instruct,
according to the compression identifier and the PST,
each of sub-PCEs corresponding to the one or more path
segments to compress identification information about a
respective one of the one or more path segments after
identification information about the path from the source
node to the destination node is acquired. The second
receiving module 76 is connected to the instruction mod-
ule 74 and configured to receive the compressed identi-
fication information about the one or more path segments
returned by the each of sub-PCEs corresponding to the
one or more path segments, and combine, according to
the identification information about the path, the com-
pressed identification information about the one or more
path segments into the identification information about
the path.
[0140] In an optional embodiment, the instruction mod-
ule 74 includes a sending element configured to send a
creation message to the each of sub-PCEs correspond-
ing to the one or more path segments according to the
compression identifier, where the creation message is
used for requesting the each of sub-PCEs corresponding
to the one or more path segments to create a tunnel and
assign a binding segment-identification (Binding SID) to
the created tunnel. The creation message carries path
information about the one or more path segments.
[0141] In an optional embodiment, the above-men-
tioned creation message being used for requesting the
each of sub-PCEs corresponding to the one or more path
segments to create the tunnel includes one of the follow-
ing: the above-mentioned creation message is used for
requesting the each of sub-PCEs corresponding to the
one or more path segments to create a Resource Res-
ervation Protocol-Traffic Engineering (RSVP-TE) tunnel;
the above-mentioned creation message is used for re-
questing the each of sub-PCEs corresponding to the one
or more path segments to create a Segment Routing
technology-Traffic Engineering (ST-TE) tunnel; or the
above-mentioned creation message is used for request-
ing the each of sub-PCEs corresponding to the one or
more path segments to create the RSVP-TE tunnel or
the SR-TE tunnel.
[0142] In an optional embodiment, the second receiv-
ing module 76 is configured to receive a Binding SID
assigned to the created tunnel and returned by the each
of sub-PCEs corresponding to the one or more path seg-
ments; and combine the received Binding SIDs returned
by the sub-PCEs corresponding to the one or more path
segments into the compressed identification information
about the path.
[0143] In an optional embodiment, the above-men-
tioned path information includes the following contents:
a path name of the path, segment information about the
one or more path segments, starting node information
and destination node information about the tunnel to be

created, and the above-mentioned PST.
[0144] In an optional embodiment, the above-men-
tioned apparatus further includes a returning module,
which is configured to return the compressed identifica-
tion information about the path to the first sub-PCE after
the compressed identification information about the one
or more path segments are combined into the com-
pressed identification information about the path accord-
ing to the above-mentioned identification information
about the path. In other words, in response to the path
computation request sent by the first sub-PCE, the com-
pressed identification information about the path is re-
turned to the first sub-PCE, and the first sub-PCE may
continue to perform subsequent operations after acquir-
ing the compressed identification information about the
path. For example, the first sub-PCE may send the ac-
quired compressed identification information about the
path to the corresponding PCC, and the PCC encapsu-
lates a packet according to the identification information
about the path, and forwards the packet.
[0145] FIG. 8 is a structure diagram of a second appa-
ratus for determining identification information about a
cross-domain path according to an embodiment of the
present application. As shown in FIG. 8, the apparatus
includes a sending module 82, a third receiving module
84, a compression module 86 and a first returning module
88. The apparatus is described below.
[0146] The sending module 82 is configured to send a
path computation request to a parent path computation
element (PCE), where the path computation request is
used for making a request to acquire a path from the
source node to the destination node, the source node
and the destination node are located in different domains,
the path includes one or more path segments, and the
path computation request carries the compression iden-
tifier for identifying compression of the one or more path
segments and the path setup type (PST). The third re-
ceiving module 84 is connected to the sending module
82 and configured to receive a creation message from
the parent PCE, where the creation message is sent by
the parent PCE according to the compression identifier
and the PST. The compression module 86 is connected
to the third receiving module 84 and configured to com-
press identification information about a path segment ac-
cording to the above-mentioned creation message. The
first returning module 88 is connected to the compression
module 86 and configured to return the compressed iden-
tification information about the one or more path seg-
ments to the parent PCE.
[0147] In an optional embodiment, the compression
module 86 includes: a determination element, which is
configured to determine path information about the one
or more path segments carried in the above-mentioned
creation message; and a creation element, which is con-
figured to create a tunnel according to the path informa-
tion, and assign a binding segment-identification (Bind-
ing SID) to the created tunnel.
[0148] In an optional embodiment, the above-men-
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tioned creation message is used for making a request to
create at least one of following tunnel: the Resource Res-
ervation Protocol-Traffic Engineering (RSVP-TE) tunnel;
or the Segment Routing-Traffic Engineering (ST-TE) tun-
nel. It is to be noted that the embodiment about the RSVP-
TE tunnel and the embodiment about the SR-TE tunnel
are merely two preferred embodiments, and other types
of tunnels may be created according to actual conditions
and technological developments, and are not limited
herein.
[0149] In an optional embodiment, the above-men-
tioned creation element is configured to instantiate the
tunnel according to the path information and forward the
creation message to a path computation client (PCC) as
a starting node of the tunnel to be created. The creation
message is used for instructing the PCC to initiate, ac-
cording to the path information, a process of creating the
tunnel. In the embodiment, the tunnel is created by the
PCC.
[0150] In an optional embodiment, when the types of
tunnels to be created are different, specific operations
the PCC is instructed to perform are also different. Op-
tionally, when the above-mentioned creation message is
used for making a request to create the RSVP-TE tunnel,
the creation message is used for instructing the PCC to
initiate an RSVP-TE signaling setup path; and optionally,
when the creation message is used for making a request
to create the SR-TE tunnel, the creation message is used
for instructing the PCC to compute forwarding informa-
tion about the path according to segment routing infor-
mation.
[0151] In an optional embodiment, how to assign the
Binding SID to the created tunnel is described as follows:
in condition that a segment-identification (SID) is as-
signed by a controller globally and uniformly, after the
tunnel is instantiated according to the path information,
the Binding SID is assigned to the tunnel and reported
to the parent PCE and the above-mentioned PCC; and/or
in condition that the SID is assigned by a forwarding de-
vice and where the assigned SID is reported to the con-
troller, the creation element receives the Binding SID as-
signed by the PCC to the tunnel after the tunnel is created,
and reports the Binding SID to the parent PCE.
[0152] In an optional embodiment, the above-men-
tioned apparatus further includes: a fourth receiving mod-
ule, a second returning module and a third returning mod-
ule. The fourth receiving module is connected to the first
returning module 88 and configured to receive compres-
sion identification information about the path from the
parent PCE after the compressed identification informa-
tion about the one or more path segments is returned to
the parent PCE. The second returning module is con-
nected to the fourth receiving module and configured to
return the compressed identification information about
the path to a predetermined path computation client
(PCC), in condition that the path computation request is
initiated by a predetermined PCC. The third returning
module is connected to the second returning module and

configured to send the compressed identification infor-
mation about the path to a PCC as a starting node of the
tunnel, in condition that the path computation request is
not initiated by the predetermined PCC.
[0153] It is to be noted that the various modules de-
scribed above may be implemented by software or hard-
ware. Implementation by hardware may, but may not nec-
essarily, be performed in the following manners: the var-
ious modules described above are located in the same
processor, or the various modules described above are
located in their respective processors in any combination
form.
[0154] An embodiment of the present application fur-
ther provides a storage medium. The storage medium
includes stored programs which, when run, execute the
method according to any embodiment described above.
[0155] Optionally, in the embodiment, the storage me-
dium described above may include, but is not limited to,
a USB flash disk, a Read-Only Memory (ROM), a Ran-
dom Access Memory (RAM), a mobile hard disk, a mag-
netic disk, an optical disk or various other media capable
of storing program codes.
[0156] The embodiment of the present application fur-
ther provides a processor. The processor is configured
to run programs which, when run, perform the steps of
any above-mentioned method.
[0157] Apparently, it should be understood by those
skilled in the art that each of the above-mentioned mod-
ules or steps of the present application may be imple-
mented by a general-purpose computing apparatus, the
modules or steps may be concentrated on a single com-
puting apparatus or distributed on a network composed
of multiple computing apparatuses, and alternatively, the
modules or steps may be implemented by program codes
executable by the computing apparatus, so that the mod-
ules or steps may be stored in a storage apparatus and
executed by the computing apparatus. In some circum-
stances, the illustrated or described steps may be exe-
cuted in sequences different from those described here-
in, or the modules or steps may be made into various
integrated circuit modules separately, or multiple mod-
ules or steps therein may be made into a single integrated
circuit module for implementation. In this way, the present
application is not limited to any specific combination of
hardware and software.
[0158] The above are only preferred embodiments of
the present application and are not intended to limit the
present application, and for those skilled in the art, the
present application may have various modifications and
variations. Any modifications, equivalent substitutions,
improvements and the like made within the principle of
the present application should fall within the scope of the
present application.

INDUSTRIAL APPLICABILITY

[0159] According to embodiments of the present ap-
plication, after identification information about the path
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from the source node to the destination node is acquired,
the identification information about the path is com-
pressed, and thereby the length of the identification in-
formation about the path is effectively reduced, and the
problem of excessive length of the path identification in-
formation in the related art is solved.

Claims

1. A method for determining identification information
about a cross-domain path, comprising:

receiving a path computation request from a first
child path computation element, PCE, wherein
the path computation request is used for making
a request to acquire a path from a source node
to a destination node, wherein the source node
and the destination node are located in different
domains, wherein the path comprises one or
more path segments, and the path computation
request carries a compression identifier for iden-
tifying compression of the one or more path seg-
ments and a path setup type, PST;
after identification information about the path
from the source node to the destination node is
acquired, instructing, according to the compres-
sion identifier and the PST, each of sub-PCEs
corresponding to the one or more path segments
to compress identification information about a
respective one of the one or more path seg-
ments; and
receiving the compressed identification informa-
tion about the respective one of the one or more
path segments returned by the each of sub-PC-
Es corresponding to the one or more path seg-
ments, and combining, according to the identi-
fication information about the path, the com-
pressed identification information about the one
or more path segments into compressed identi-
fication information about the path.

2. The method of claim 1, wherein the instructing, ac-
cording to the compression identifier, the each of
sub-PCEs corresponding to the one or more path
segments to compress the identification information
about the respective one of the one or more path
segments comprises:
sending, according to the compression identifier, a
creation message to the each of sub-PCEs corre-
sponding to the one or more path segments, wherein
the creation message is used for requesting the each
of sub-PCEs corresponding to the one or more path
segments to create a tunnel and assign a binding
segment-identification, Binding SID, to the created
tunnel, wherein the creation message carries path
information about the one or more path segments.

3. The method of claim 2, wherein the creation mes-
sage being used for requesting the each of sub-PC-
Es corresponding to the one or more path segments
to create the tunnel comprises one of the following:

the creation message is used for requesting the
each of sub-PCEs corresponding to the one or
more path segments to create a Resource Res-
ervation Protocol-Traffic Engineering, RSVP-
TE, tunnel;
the creation message is used for requesting the
each of sub-PCEs corresponding to the one or
more path segments to create a Segment Rout-
ing-Traffic Engineering, SR-TE, tunnel; or
the creation message is used for requesting the
each of sub-PCEs corresponding to the one or
more path segments to create the RSVP-TE tun-
nel or the SR-TE tunnel.

4. The method of claim 2, wherein receiving the com-
pressed identification information about the one or
more path segments returned by the each of sub-
PCEs corresponding to the one or more path seg-
ments, and combining the compressed identification
information about the one or more path segments
into the compressed identification information about
the path comprises:

receiving the Binding SID assigned to the cre-
ated tunnel and returned by the each of sub-
PCEs corresponding to the one or more path
segments; and
combining received Binding SIDs returned by
the sub-PCEs corresponding to the one or more
path segments into the compressed identifica-
tion information about the path.

5. The method of claim 2, wherein the path information
comprises following contents:
a path name of the path, segment information about
the one or more path segments, starting node infor-
mation and destination node information about the
tunnel to be created, and the PST.

6. The method of claim 1, wherein after the combining,
according to the identification information about the
path, the compressed identification information
about the one or more path segments into the com-
pressed identification information about the path, the
method comprises:
returning the compressed identification information
about the path to the first sub-PCE.

7. A method for determining identification information
about a cross-domain path, comprising:

sending a path computation request to a parent
path computation element, PCE, wherein the
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path computation request is used for making a
request to acquire a path from a source node to
a destination node, wherein the source node and
the destination node are located in different do-
mains, wherein the path comprises one or more
path segments, and the path computation re-
quest carries a compression identifier for iden-
tifying compression of the one or more path seg-
ments and a path setup type, PST;
receiving a creation message from the parent
PCE, wherein the creation message is sent by
the parent PCE according to the compression
identifier and the PST;
compressing, according to the creation mes-
sage, identification information about the one or
more path segments; and
returning the compressed identification informa-
tion about the one or more path segments to the
parent PCE.

8. The method of claim 7, wherein the compressing,
according to the creation message, the identification
information about the one or more path segments
comprises:

determining path information about the one or
more path segments carried in the creation mes-
sage; and
creating a tunnel according to the path informa-
tion and assigning a binding segment-identifica-
tion, Binding SID, to the created tunnel.

9. The method of claim 8, wherein the creation mes-
sage is used for making a request to create at least
one of following tunnels:
a Resource Reservation Protocol-Traffic Engineer-
ing, RSVP-TE, tunnel, or a Segment Routing-Traffic
Engineering, ST-TE, tunnel.

10. The method of claim 9, wherein the creating the tun-
nel according to the path information comprises:
instantiating the tunnel according to the path infor-
mation, and forwarding the creation message to a
path computation client, PCC, as a starting node of
the tunnel to be created, wherein the creation mes-
sage is used for instructing the PCC to initiate a proc-
ess of creating the tunnel according to the path in-
formation.

11. The method of claim 10, comprising one of the fol-
lowing:

when the creation message is used for making
a request to create the RSVP-TE tunnel, the cre-
ation message is used for instructing the PCC
to initiate an RSVP-TE signaling setup path; or
when the creation message is used for making
a request to create the SR-TE tunnel, the crea-

tion message is used for instructing the PCC to
compute forwarding information about the path
according to segment routing information.

12. The method of claim 10, wherein assigning the Bind-
ing SID to the created tunnel comprises:

in condition that the SID is assigned by a con-
troller globally and uniformly, assigning the
Binding SID to the tunnel and reporting the Bind-
ing SID to the parent PCE and the PCC after the
tunnel is instantiated according to the path in-
formation; and/or
in condition that the SID is assigned by a for-
warding device and the assigned SID is reported
to the controller, receiving the Binding SID as-
signed by the PCC to the tunnel after the PCC
creates the tunnel, and reporting the Binding SID
to the parent PCE .

13. The method of claim 8, wherein after the returning
the compressed identification information about the
one or more path segments to the parent PCE, the
method further comprises:

receiving compressed identification information
about the path from the parent PCE;
in condition that the path computation request
is initiated by a predetermined path computation
client, PCC, returning the compressed identifi-
cation information about the path to the prede-
termined PCC; and
in condition that the path computation request
is not initiated by the predetermined PCC, send-
ing the compressed identification information
about the path to a PCC as a starting node of
the tunnel.

14. An apparatus for determining identification informa-
tion about a cross-domain path, comprising:

a first receiving module, which is configured to
receive a path computation request from a first
child path computation element, PCE, wherein
the path computation request is used for making
a request to acquire a path from a source node
to a destination node, wherein the source node
and the destination node are located in different
domains, wherein the path comprises one or
more path segments, and the path computation
request carries a compression identifier for iden-
tifying compression of the one or more path seg-
ments and a path setup type, PST;
an instruction module, which is configured to in-
struct, according to the compression identifier
and the PST, each of sub-PCEs corresponding
to the one or more path segments to compress
identification information about a respective one
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of the one or more path segments after identifi-
cation information about the path from the
source node to the destination node is acquired;
and
a second receiving module, which is configured
to receive the compressed identification infor-
mation about the one or more path segments
returned by the each of sub-PCEs correspond-
ing to the one or more path segments, and com-
bine, according to the identification information
about the path, the compressed identification in-
formation about the one or more path segments
into compressed identification information about
the path.

15. The apparatus of claim 14, wherein the instruction
module comprises:
a sending element, which is configured to send a
creation message to the each of sub-PCEs corre-
sponding to the one or more path segments accord-
ing to the compression identifier, wherein the crea-
tion message is used for requesting the each of sub-
PCEs corresponding to the one or more path seg-
ments to create a tunnel and assign a binding seg-
ment-identification, Binding SID, to the created tun-
nel, wherein the creation message carries path in-
formation about the one or more path segments.

16. An apparatus for determining identification informa-
tion about a cross-domain path, comprising:

a sending module, which is configured to send
a path computation request to a parent path
computation element, PCE, wherein the path
computation request is used for making a re-
quest to acquire a path from a source node to a
destination node, wherein the source node and
the destination node are located in different do-
mains, wherein the path comprises one or more
path segments, and the path computation re-
quest carries a compression identifier for iden-
tifying compression of the one or more path seg-
ments and a path setup type, PST;
a third receiving module, which is configured to
receive a creation message from the parent
PCE, wherein the creation message is sent by
the parent PCE according to the compression
identifier and the PST;
a compression module, which is configured to
compress identification information about a path
segment according to the creation message;
and
a first returning module, which is configured to
return the compressed identification information
about the one or more path segments to the par-
ent PCE.

17. The apparatus of claim 16, wherein the compression

module comprises:

a determination element, which is configured to
determine path information about the one or
more path segments carried in the creation mes-
sage; and
a creation element, which is configured to create
a tunnel according to the path information, and
assign a binding segment-identification, Binding
SID, to the created tunnel.

18. The apparatus of claim 17, further comprising:

a fourth receiving module, which is configured
to receive compressed identification information
about the path from the parent PCE after the
compressed identification information about the
one or more path segments is returned to the
parent PCE;
a second returning module, which is configured
to return the compressed identification informa-
tion about the path to a predetermined path com-
putation client, PCC, in condition that the path
computation request is initiated by the predeter-
mined PCC; and
a third returning module, which is configured to
send the compressed identification information
about the path to a PCC as a starting node of
the tunnel in condition that the path computation
request is not initiated by the predetermined
PCC.

19. A storage medium, comprising stored programs
which, when executed, execute the method of any
one of claims 1 to 13.
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