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ROUTER

(57) Provided are a method for implementing multi-
cast and a Bit-Forwarding Router. The method includes
acquiring Bit Index Explicit Replication (BIER)-related
BitStringLength information on a present node; encap-

sulating BIER-related information including the BitStrin-
gLength information in a same type-length-value (TLV)
field of BIER information; and notifying of the TLV of the
BIER information through a routing protocol.
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Description

TECHNICAL FIELD

[0001] The present invention relates to, but is not lim-
ited to, IP multicast technologies and, in particular, re-
lates to a method for implementing multicast and a Bit-
Forwarding Router.

BACKGROUND

[0002] The Bit Index Explicit Replication (BIER) tech-
nology is a multicast technology developed by the Inter-
net Engineering Task Force (IETF) in recent years. As
shown in FIG. 1, the basic principle of the BIER technol-
ogy is as follows. Each node in a BIER domain is allocated
a unique Bit-Forwarding Router Identifier (BFR-id) and
each bit in a BitString corresponds to one BFR-id. For
example, a BitString for BFR-1 with a BFR-id of 1 is
00001, a BitString for BFR-2 with a BFR-id of 2 is 00010,
and so on. When a multicast message reaches BFR-1,
BFR-1 serves as a Bit-Forwarding Ingress Router (BFIR)
and determines in some way which Bit-Forwarding
Egress Routers (BFERs) need this multicast traffic. For
example, if BFR-2 and BFR-3 need the multicast traffic,
the BFR-ids corresponding to the BFERs that need the
multicast traffic are combined into a BitString 00110 and
encapsulated in a BIER header, and then a multicast
data message in which the BIER header is encapsulated
is forwarded according to a Bit Index Forwarding Table
(BIFT) generated by Interior Gateway Protocol (IGP).
The multicast data message is forwarded through BFR-
5 with a BFR-id of 5. The BFR-5 can also be connected
to BFR-4. BFR-2, BFR-3 and BFR-4 interacting with re-
ceiver 2, receiver 3 and receiver 4, respectively.
[0003] Basic concepts in the BIER technology are de-
scribed below.
[0004] Sub-domain: Sub-domains are used to form dif-
ferent BIER topologies that can correspond to multiple
topologies of Open Shortest Path First (OSPF)/Interme-
diate System-to-Intermediate System (ISIS). Each BIER
domain may contain multiple sub-domains. Each sub-
domain is identified by a sub-domain-id. Each sub-do-
main-id has a value range from 0 to 255 and has a length
of 8 bits.
[0005] BFR-prefix: The address of each BFR node,
which may be an IPv4 address or an IPv6 address. The
address of each BFR is unique in one BIER domain and
is equivalent to a router identifier (Router-id). A BFR-
prefix is generally a loopback address of a BFR device.
[0006] Bit-Forwarding Router Identifier (BFR-id): A
BFR-id is a natural number and indicates ID information
allocated to each BFR. A same BFR can be allocated
different BFR-ids in different sub-domains. Each BFR-id
has a value range from 1 to 65535 and has a length of
16 bits. In general, the BFR-id is identified in the format
of <SI:XYZW>, where SI is Set Identifier and will be de-
scribed below. XYZW is a BitString, and obviously, the

BitStringLength is 4 in this format.
[0007] BitStringLength (BSL): A BSL is the length of a
BitString in forwarding according to the BIER technology.
The BSL is at least 64 bits. The BSL may also be 128,
256, 512, 1024 or 2048 bits. The BSL is at most 4096
bits. The BSL may be identified using 4 bits in a message.
For example, when the BSL is 64 bits, the BSL is identified
by 0001 in the message; when the BSL is 128 bits, the
BSL is identified by 0010 in the message; when the BSL
is 256 bits, the BSL is identified by 0011 in the message;
when the BSL is 512 bits, the BSL is identified by 0100
in the message; when the BSL is 1024 bits, the BSL is
identified by 0101 in the message; when the BSL is 2048
bits, the BSL is identified by 0110 in the message; and
when the BSL is 4096 bits, the BSL is identified by 0111
in the message.
[0008] Set Identifier (SI): When a used BSL is not long
enough to include BFR-ids of all nodes in one sub-domain
(e.g., when the sub-domain contains 10 nodes but the
BSL is only 4 bits), the nodes need to be classified into
different layers and each layer is identified by a different
SI. The sense of sub-domain is superordinate to the
sense of SI.
[0009] The relationship among BFR-id, BSL and SI is
as follows: SI = (BFR-id - 1)/BSL. BP = (BFR-id - 1) mod-
ulo (BSL) + 1. BP is the acronym of Bit Position and iden-
tifies a BitString format in which the BFR-id belongs to
the corresponding Set. For example, when a domain con-
tains 10 nodes and BSL is 4, it is calculated that SI = (10
- 1)/BSL= 2 and BP = (BFR-id - 1) modulo (BSL) + 1 =
2. BP = 2 indicates that the second position of the Bit-
String is 1 in this case. Therefore, in this case, a BFR
with a BFR-id of 10 is identified by <10:0010> in the for-
mat of <SI:XYZW>. Similarly, a BFR with a BFR-id of 8
is identified by <01:1000> in the format of <SI:XYZW>.
[0010] Label: When BIER encapsulation is Multi-Pro-
tocol Label Switching (MPLS) encapsulation, not only a
BIER header is encapsulated, but a label header is also
encapsulated outside the BIER header. The label is al-
located to each BFR and has a local meaning. The label
is not allocated for Forwarding Equivalence Class (FEC)
but allocated for a triad <sub-domain/BSL/SI> of each
BFR. When any one of the elements is different, the al-
located label is different. Further, each BFR device noti-
fies of the label information through IGP. Then each BFR
along the way forms a label forwarding table according
to each <sub-domain/BSL/SI>. When the sub-domain-id
is the same as the BSL, the IGP can allocate multiple
labels to different SIs at one time. The definition of this
label is different from the definition of a traditional MPLS
label. This label is notified together with BIER basic in-
formation through IGP, instead of being notified through
Border Gateway Protocol (BGP) or MPLS protocol. When
data-plane encapsulation is performed for a multicast
message, if MPLS encapsulation is supported, it is need-
ed to establish a mapping between the sub-do-
main/BSL/SI and the label on a BFIR. After the mapping
is established, it is not necessary to encapsulate sub-
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domain/BSL/SI information in the BIER header, and it is
needed to encapsulate only the label header and basic
BIER header. The format of the encapsulated header,
as shown in FIG. 2, includes an outer Ethernet header,
an MPLS label, a BIER header and a payload. An inter-
mediate node searches for the label and obtains infor-
mation of corresponding sub-domain/BSL/SI and BFR-
id, which is used as the index for searching the corre-
sponding BIFT. Then the information on a next hop in a
matching forwarding table entry in the BIFT is searched
out according to the value of BitString. Then the label
header and the BIER header are re-encapsulated and
the message is forwarded to the next hop.
[0011] As mentioned above, BIFT is extended based
on IGP. Existing IGPs supporting extension include the
IS-IS protocol and the OSPF protocol. As shown in FIG.
4, the IS-IS protocol is extended to IS-IS LSA that sup-
ports the BIER technology. As shown in FIG. 5, the OSPF
protocol is extended to OSPF LSA that supports the BIER
technology. Here LSA is short for Link-State Advertise-
ment. It can be seen that BIER info sub-TLV carried in
the protocol extension includes sub-domain-id and BFR-
id, and BIER MPLS Encapsulation sub-sub-TLV carried
in the protocol extension includes BSL, together with one
of label value and label range. Here TLV is short for type-
length-value.
[0012] It can be seen that the BIER MPLS encapsula-
tion does not mean that the label layer supports BGP,
MPLS or other label distribution protocols, and just mean
that the concept of labels is used and distribution, notifi-
cation, forwarding and other various capabilities of labels
are used in a scenario where BGP/MPLS label distribu-
tion protocols are not supported. This application brings
certain advantages in a multicast network having com-
plex multi-topology, multiple sub-domains and multiple
sets. For example, the efficiency of table lookup of the
network is improved, because matching of a single label
element is easier than matching of the triad <sub-domain-
id, BSL, Set Identifier>. However, the introduction of the
label concept brings complexity to the control plane and
also adds MPLS-level forwarding to the forwarding plane.
For a simple multicast application scenario such as In-
ternet Protocol Television (IPTV), the multicast source is
relatively fixed and the egress router of the multicast do-
main is also relatively fixed. In this scenario, there is no
need to use complex MPLS as the forwarding technology
of the control plane and the data plane.

SUMMARY

[0013] The following is a summary of a subject matter
described herein in detail. This summary is not intended
to limit the scope of the claims.
[0014] Embodiments of the present invention provide
a method for implementing multicast and a Bit-Forward-
ing Router, which can reduce support of MPLS control
plane and data plane in a BIER domain.
[0015] The solution provided by embodiments of the

present invention is described below.
[0016] A method for implementing BIER, which is ap-
plied to a Bit-Forwarding Router in a BIER domain, in-
cludes:

acquiring BIER-related BitStringLength information
on a present node;

encapsulating BIER-related information including
the BitStringLength information in a same TLV of
BIER information; and

notifying of the TLV of the BIER information through
a routing protocol.

[0017] Optionally, the BitStringLength information in-
cludes at least one BitStringLength.
[0018] Optionally, the BIER-related information further
includes Sub-domain Identifier information, Set Identifier
information and an identifier of the Bit-Forwarding Rout-
er.
[0019] Optionally, the BIER-related information further
includes multi-topology identifier information.
[0020] Optionally, the TLV of the BIER information fur-
ther includes a label identifier, and a case where the label
identifier is set indicates that a BIER MPLS Encapsula-
tion sub-TLV is compatible and used; and a case where
the label identifier is not set indicates that the BIER MPLS
Encapsulation sub-TLV is not used.
[0021] Optionally, the routing protocol includes any
one of the following protocols:
[0022] Intermediate System-to-intermediate System,
Open Shortest Path First, and Border Gateway Protocol.
[0023] Optionally, the routing protocol supports an
IPv4 network protocol and/or an IPv6 network protocol.
[0024] A Bit-Forwarding Router includes:

an acquisition module, which is configured to acquire
BIER-related BitStringLength information on a
present node;

an encapsulation module, which is configured to en-
capsulate BIER-related information including the Bit-
StringLength information in a same type-length-val-
ue (TLV) of BIER information; and

a notification module, which is configured to notify
of the TLV of the BIER information through a routing
protocol.

[0025] Optionally, the BitStringLength information ac-
quired by the acquisition module includes at least one
BitStringLength.
[0026] Optionally, the BIER-related information further
includes Sub-domain Identifier information, Set Identifier
information and an identifier of the Bit-Forwarding Rout-
er.
[0027] Optionally, the TLV of the BIER information en-
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capsulated by the encapsulation module further includes
a label identifier, and a case where the label identifier is
set indicates that a BIER MPLS Encapsulation sub-TLV
is compatible and used; and a case where the label iden-
tifier is not set indicates that the BIER MPLS Encapsu-
lation sub-TLV is not used.
[0028] A method for implementing Bit Index Explicit
Replication (BIER), which is applied to a Bit-Forwarding
Router in a BIER domain, includes:

receiving BIER information, where BIER-related in-
formation including BitStringLength information is
encapsulated in a same TLV of the BIER information;
and

processing the BIER information.

[0029] Optionally, the BitStringLength information in-
cludes at least one BitStringLength.
[0030] Optionally, the BIER-related information further
includes:
[0031] Sub-domain Identifier information, Set Identifier
information, and an identifier of the Bit-Forwarding Rout-
er sending the BIER information.
[0032] Optionally, the BIER-related information further
includes multi-topology identifier information.
[0033] Optionally, the method further includes receiv-
ing a Broadcast-Unkown-Multicast (BUM) message, en-
capsulating the BIER-related information in a BIER head-
er of the BUM message, and forwarding the BUM mes-
sage according to a BIER forwarding rule.
[0034] Optionally, the processing the BIER information
includes:
[0035] parsing a label identifier in the TLV of the BIER
information, where a case where the label identifier is set
indicates that a BIER Multi-Protocol Label Switching
(MPLS) Encapsulation sub-TLV is compatible and used;
and a case where the label identifier is not set indicates
that the BIER MPLS Encapsulation sub-TLV is not used.
[0036] A Bit-Forwarding Router includes:

a receiving module, which is configured to receive
BIER information, where BIER-related information
including BitStringLength information is encapsulat-
ed in a same TLV of the BIER information; and

a processing module, which is configured to process
the BIER information.

[0037] Optionally, the BitStringLength information re-
ceived by the receiving module includes at least one Bit-
StringLength.
[0038] Optionally, the BIER-related information re-
ceived by the receiving module further includes Sub-do-
main Identifier information, Set Identifier information, and
an identifier of a Bit-Forwarding Router sending the BIER
information.
[0039] Optionally, the Bit-Forwarding Router further in-

cludes:
a forwarding module, which is configured to receive a
BUM message, encapsulate the BIER-related informa-
tion in a BIER message header of the BUM message,
and forward the BUM message according to a BIER for-
warding rule.
[0040] Optionally, the processing module processes
the BIER information as follows: the processing module
parses a label identifier included in the TLV of the BIER
information, where a case where the label identifier is set
indicates that a BIER MPLS Encapsulation sub-TLV is
compatible and used; and a case where the label iden-
tifier is not set indicates that the BIER MPLS Encapsu-
lation sub-TLV is not used.
[0041] A computer-readable storage medium is con-
figured to store computer-executable instructions for ex-
ecuting the above method.
[0042] Embodiments of the present invention provide
a method for implementing multicast and a Bit-Forward-
ing Router, which implement BIER in a non-MPLS net-
work through the BIER technology and thus can reduce
support of MPLS control plane and data plane in a BIER
domain.
[0043] Other aspects can be understood after the ac-
companying drawings and detailed description are read
and understood.

BRIEF DESCRIPTION OF DRAWINGS

[0044]

FIG. 1 is a schematic diagram of a BIER technology
architecture in the related art.

FIG. 2 is a schematic diagram of a data plane in
BIER-MPLS encapsulation in the related art.

FIG. 3 is a schematic diagram of a BIER header in
BIER-MPLS encapsulation in the related art.

FIG. 4 is a schematic diagram of implementing a
BIER control plane by IS-IS protocol extension in the
related art.

FIG. 5 is a schematic diagram of implementing a
BIER control plane by OSPF protocol extension in
the related art.

FIG. 6 is a schematic diagram of a principle of BIER-
MPLS forwarding in the related art.

FIG. 7 is a flowchart of a method for implementing
multicast on a sending side according to an embod-
iment of the present invention.

FIG. 8 is a schematic diagram of a Bit-Forwarding
Router on a sending side according to an embodi-
ment of the present invention.
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FIG. 9 is a flowchart of a method for implementing
multicast on a receiving side according to an embod-
iment of the present invention.

FIG. 10 is a schematic diagram of a Bit-Forwarding
Router on a receiving side according to an embodi-
ment of the present invention.

FIG. 11 is a schematic diagram of reference format
1 of BIER information for IS-IS according to embod-
iment 1 of the present invention.

FIG. 12 is a schematic diagram of reference format
2 of BIER information for IS-IS according to embod-
iment 1 of the present invention.

FIG. 13 is a schematic diagram of a reference format
of BIER information for OSPF according to embod-
iment 2 of the present invention.

FIG. 14 is a schematic diagram of a reference format
of BIER information for BGP according to embodi-
ment 4 of the present invention.

FIG. 15 is a schematic diagram of a reference format
of a BIER header according to embodiment 5 of the
present invention.

FIG. 16 is a schematic diagram of BIER forwarding
according to embodiment 5 of the present invention.

DETAILED DESCRIPTION

[0045] If not in collision, the embodiments described
herein and the features thereof may be combined with
each other.
[0046] Embodiments of the present invention attempt
to introduce a simplified version of the BIER technology
that does not need to support labels, so as to forward
multicast traffic in an IP network. The principle of BIER-
MPLS forwarding in the related art is shown in FIG. 6 and
described later.
[0047] FIG. 7 is a flowchart of a method for implement-
ing BIER on a sending side according to an embodiment
of the present invention. As shown in FIG. 7, the method
of this embodiment includes steps 11 to 13.
[0048] In step 11, BIER-related BitStringLength infor-
mation on a present node (i.e., a node implementing this
method) is acquired.
[0049] In step 12, BIER-related information including
the BitStringLength information is encapsulated in a
same TLV of BIER information.
[0050] In step 13, the BIER information is notified
through a routing protocol.
[0051] Optionally, the BitStringLength information in-
cludes at least one BitStringLength.
[0052] Optionally, the BIER-related information further
includes at least one of Sub-domain Identifier informa-

tion, Set Identifier information, an identifier of the Bit-For-
warding Router and multi-topology identifier information.
[0053] Optionally, the TLV of the BIER information fur-
ther includes a label identifier, and a case where the label
identifier is set indicates that a BIER Multi-Protocol Label
Switching (MPLS) Encapsulation sub-TLV is compatible
and used; and a case where the label identifier is not set
indicates that the BIER MPLS Encapsulation sub-TLV is
not used.
[0054] Optionally, the routing protocol includes any
one of the following protocols: Intermediate System-to-
Intermediate System (IS-IS), Open Shortest Path First
(OSPF), and Border Gateway Protocol (BGP).
[0055] Optionally, the routing protocol supports an
IPv4 network protocol and/or an IPv6 network protocol.
[0056] FIG. 8 is a schematic diagram of a Bit-Forward-
ing Router on a sending side according to an embodiment
of the present invention. As shown in FIG. 8, the Bit-
Forwarding Router of this embodiment includes:
[0057] an acquisition module, which is configured to
acquire BIER-related BitStringLength information on a
present node (i.e., the present router);
[0058] an encapsulation module, which is configured
to encapsulate BIER-related information including the
BitStringLength information in a same TLV of BIER in-
formation; and
[0059] a notification module, which is configured to no-
tify of the BIER information through a routing protocol.
[0060] Optionally, the BitStringLength information in-
cludes at least one BitStringLength.
[0061] Optionally, the TLV of the BIER information en-
capsulated by the encapsulation module further includes
a label identifier, and a case where the label identifier is
set indicates that a BIER MPLS Encapsulation sub-TLV
is compatible and used; and a case where the label iden-
tifier is not set indicates that the BIER MPLS Encapsu-
lation sub-TLV is not used.
[0062] FIG. 9 is a flowchart of a method for implement-
ing BIER on a receiving side according to an embodiment
of the present invention. As shown in FIG. 9, the method
of this embodiment includes steps 21 and 22.
[0063] In step 21, BIER information is received, where
BIER-related information including BitStringLength infor-
mation is encapsulated in a same TLV of the BIER infor-
mation.
[0064] In step 22, the BIER information is processed.
[0065] Optionally, the BitStringLength information in-
cludes at least one BitStringLength.
[0066] Optionally, the BIER-related information further
includes:
[0067] Sub-domain Identifier information, Set Identifier
information, an identifier of the Bit-Forwarding Router
sending the BIER information, and multi-topology iden-
tifier information.
[0068] In an optional embodiment, the method further
includes:
[0069] receiving a Broadcast-Unkown-Multicast
(BUM) message, encapsulating the BIER-related infor-
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mation in a BIER header of the BUM message, and for-
warding the BUM message according to a BIER forward-
ing rule.
[0070] Optionally, in step 22, the processing the BIER
information includes:
parsing a label identifier in the TLV of the BIER informa-
tion, where a case where the label identifier is set indi-
cates that a BIER MPLS Encapsulation sub-TLV is com-
patible and used; and a case where the label identifier is
not set indicates that the BIER MPLS Encapsulation sub-
TLV is not used.
[0071] FIG. 10 is a schematic diagram of a Bit-For-
warding Router on a receiving side according to an em-
bodiment of the present invention. As shown in FIG. 10,
the Bit-Forwarding Router of this embodiment includes:

a receiving module, which is configured to receive
BIER information, where BIER-related information
including BitStringLength information is encapsulat-
ed in a same TLV of the BIER information; and

a processing module, which is configured to process
the BIER information.

[0072] Optionally, the BitStringLength information re-
ceived by the receiving module includes at least one Bit-
StringLength.
[0073] Optionally, the processing module processes
the BIER information as follows: the processing module
parses a label identifier included in the TLV of the BIER
information, where a case where the label identifier is set
indicates that a MPLS Encapsulation sub-TLV is com-
patible and used; and a case where the label identifier is
not set indicates that the BIER MPLS Encapsulation sub-
TLV is not used.
[0074] In an optional embodiment, the Bit-Forwarding
Router further includes:
a forwarding module, which is configured to receive a
Broadcast-Unkown-Multicast (BUM) message, encap-
sulate the BIER-related information in a BIER header of
the BUM message, and forward the BUM message ac-
cording to a BIER forwarding rule.
[0075] The following describes the solution in conjunc-
tion with embodiments. As shown in FIG. 6, according to
the principle of BIER-MPLS forwarding in the related art,
when a BFIR (i.e., BFR1) node receives a multicast mes-
sage, MPLS header and BIER header are encapsulated
in the message, and then the message is forwarded to
BFR2. After receiving the message, BFR2 searches a
label forwarding table for label information and BIFT in-
formation according to a label, and meanwhile, parses a
triad <sub-domain/BSL/SI> corresponding to the label
according to the label, and then searches BIFT in con-
junction with BitString information in the BIER header.
After information about a next-hop neighbor is found out,
new MPLS header and BIER header distributed by the
next-hop neighbor are encapsulated in the message to
update original MPLS header and BIER header and then

the message is forwarded. The rest are done in the same
manner. Similarly, BFR3 updates MPLS header and
BIER header and forwards the message to BFER4.
BFER4 parses information about the triad <sub-do-
main/BSL/SI> according to label information, removes
MPLS header and BIER header, and forwards the mes-
sage out of the BIER domain. The MPLS header gener-
ally includes an MPLS Label.
[0076] After BIER is deployed using the technology of
embodiments of the present invention, forwarding be-
tween multiple BFRs no longer depends on the MPLS
label and is performed just according to the BIER header.
This simplifies a network processing flow. The technol-
ogy of embodiments of the present invention is applicable
to a scenario where the BIER technology is deployed in
a simple network that does not need to support an MPLS
label.

Embodiment 1:

[0077] Currently, when IS-IS protocol extension imple-
ments a BIER control plane, for an IPv4 network, exten-
sion is performed under Extended IP reachability TLV
(TLV type is 135) and Multi-Topology Reachable IPv4
Prefixes TLV (TLV type is 235) of IS-IS; and for an IPv6
network, extension is performed under IPv6 Reachability
TLV (TLV type is 236) and Multi-Topology Reachable
IPv6 Prefixes TLV (TLV type is 237) of IS-IS. The exten-
sion format is shown in FIG. 4.
[0078] This embodiment of the present invention at-
tempts to reduce support of MPLS control plane and data
plane in a BIER domain and use only a BIER header to
implement data-plane forwarding. Therefore, IS-IS BIER
Info sub-TLV defined in FIG. 4 is modified. The reference
format of BIER Info sub-TLV for IS-IS is shown in FIG.
11 or FIG. 12.
[0079] On the basis of the format of BIER Info sub-TLV
for IS-IS in the related art (as shown in FIG. 4), two new
fields may be defined. Alternatively, a new BIER Info sub-
TLV may be defined. In addition to information carried in
BIER Info sub-TLV in the related art, two new fields are
also defined. One is an M field indicating whether to use
MPLS-BIER, i.e., whether it is needed to carry BIER
MPLS Encapsulation sub-sub-TLV. A case where the M
field is set to 1 indicates that MPLS-BIER is used, i.e.,
carried BIER MPLS Encapsulation sub-sub-TLV is com-
patible and used. A case where the M field is set to 0
indicates that MPLS-BIER is not used, i.e., BIER MPLS
Encapsulation sub-sub-TLV is not carried or used and a
BIER header is used for forwarding. Another important
field is the BSL Identifier field, which identifies at least
one BitStringLength. This field is valid when the M field
is 0. When the M field is 1, it is determined, according to
a rule, whether this field is valid or the BitStringLength
information field carried in BIER MPLS Encapsulation
sub-sub-TLV is valid at this time. In this way, when BIER
information is forwarded, it is not necessary to rely on
MPLS for forwarding.
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[0080] The BSL Identifier field can be implemented by
the following reference formats, where each bit identifies
one BSL. For example:

00000001 indicates that BSL is 64 bits;

00000010 indicates that BSL is 128 bits;

00000100 indicates that BSL is 215 bits;

00001000 indicates that BSL is 512 bits;

00010000 indicates that BSL is 1024 bits;

00100000 indicates that BSL is 2048 bits;

01000000 indicates that BSL is 4096 bits.

[0081] If two bits in a BSL Identifier are set (e.g.,
01000001), the currently supported BSLs are 64 bits and
4096 bits. If three bits in a BSL Identifier are set (e.g.,
00011100), the currently supported BSLs are 1024 bits,
512 bits and 256 bits.

Embodiment 2:

[0082] When OSPF protocol extension implements a
BIER control plane in the related art, for an IPv4 network,
extension is performed under Extended Prefix TLV of
OSPFv2; and for an IPv6 network, extension is per-
formed under Extended LSATLV of OSPFv3. The exten-
sion format is shown in FIG. 5.
[0083] This embodiment of the present invention at-
tempts to reduce support of MPLS control plane and data
plane in a BIER domain and use only a BIER header to
implement data-plane forwarding. Therefore, BIER Info
sub-TLV for OSPF defined in FIG. 5 is modified. The
reference format of BIER Info sub-TLV for OSPF is shown
in FIG. 11, FIG. 12 or FIG. 13.
[0084] On the basis of the format of BIER Info sub-TLV
for OSPF in the related art (as shown in FIG. 5), two new
fields may be defined. Alternatively, a new BIER Info sub-
TLV may be defined. In addition to information carried in
BIER Info sub-TLV in the related art, two new fields are
also defined. One is an M field indicating whether to use
MPLS-BIER, i.e., whether it is needed to carry BIER
MPLS Encapsulation sub-sub-TLV. A case where the M
field is set to 1 indicates that MPLS-BIER is used, i.e.,
carried BIER MPLS Encapsulation sub-sub-TLV is com-
patible and used. A case where the M field is set to 0
indicates that MPLS-BIER is not used, i.e., BIER MPLS
Encapsulation sub-sub-TLV is not carried or used. An-
other important field is the BSL Identifier field, which iden-
tifies at least one BitStringLength. This field is valid when
the M field is 0. When the M field is 1, it is determined,
according to a rule, whether this field is valid or the Bit-
StringLength information field carried in BIER MPLS En-
capsulation sub-sub-TLV is valid at this time.

Embodiment 3:

[0085] OSPF supports establishment of OSPF virtual
links on BFIR and BFER devices in a BIER domain. The
extended TLV information mentioned in embodiments of
the present invention is directly transmitted to an edge
device in the BIER domain through the virtual links. BIER
information is exchanged directed between the BFIR and
BFER devices, reducing information storage of interme-
diate nodes in the BIER domain. The notified format is
still the reference format of BIER Info for OSPF shown
in FIG. 11, FIG. 12 or FIG. 13.
[0086] On the basis of the format of BIER Info sub-TLV
for OSPF in the related art (as shown in FIG. 5), two new
fields may be defined. Alternatively, a new BIER Info sub-
TLV may be defined. In addition to carrying information
carried in BIER Info sub-TLV in the related art, two new
fields are also defined. One is an M field indicating wheth-
er to use MPLS-BIER, i.e., whether it is needed to carry
BIER MPLS Encapsulation sub-sub-TLV. A case where
the M field is set to 1 indicates that MPLS-BIER is used,
i.e., carried BIER MPLS Encapsulation sub-sub-TLV is
compatible and used. A case where the M field is set to
0 indicates that MPLS-BIER is not used, i.e., BIER MPLS
Encapsulation sub-sub-TLV is not carried or used and a
BIER header is used for forwarding. Another important
field is the BSL Identifier field, which identifies at least
one BitStringLength. This field is valid when the M field
is 0. When the M field is 1, it is determined, according to
a rule, whether this field is valid or the BitStringLength
information field carried in BIER MPLS Encapsulation
sub-sub-TLV is valid at this time.

Embodiment 4:

[0087] BGP supports establishment of BGP neighbors
on BFIR and BFER devices in a BIER domain. The ex-
tended TLV information mentioned in embodiments of
the present invention is directly transmitted to an edge
device in the BIER domain through BGP extension. BIER
information is exchanged directed between the BFIR and
BFER devices, reducing information storage of interme-
diate nodes in the BIER domain. The notified format is
still the reference format of BIER Info for BGP shown in
FIG. 14.
[0088] On the basis of the format of BIER TLV for BGP,
two new fields may be defined. Alternatively, a new BIER
TLV for BGP can be defined. In addition to information
carried in BIER TLV in the related art, two new fields are
also defined. One is an M field indicating whether to use
MPLS-BIER, i.e., whether it is needed to carry BIER
MPLS Encapsulation sub-sub-TLV. A case where the M
field is set to 1 indicates that MPLS-BIER is used, i.e.,
carried BIER MPLS Encapsulation sub-sub-TLV is com-
patible and used. A case where the M field is set to 0
indicates that MPLS-BIER is not used, i.e., BIER MPLS
Encapsulation sub-sub-TLV is not carried or used and a
BIER header is used for forwarding. Another important
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field is the BSL Identifier field, which identifies at least
one BitStringLength. This field is valid when the M field
is 0. When the M field is 1, it is determined, according to
a rule, whether this field is valid or the BitStringLength
information field carried in BIER MPLS Encapsulation
sub-sub-TLV is valid at this time.

Embodiment 5:

[0089] Based on the extension to BIER information on
a routing protocol on the basis of this embodiment of the
present invention, information carried in an MPLS label
in the related art corresponds to information about a triad
<sub-domain/BSL/SI>, so when the MPLS label does not
participate in forwarding, the information about the triad
<sub-domain/BSL/SI> needs to be added to a BIER
header defined in FIG. 3. A reference format of a BIER
header defined in this embodiment of the present inven-
tion is shown in FIG. 15. Referring to FIG. 16, the mes-
sage forwarding process may include steps 101 to 104
described below.
[0090] In step 101, an ingress node BFIR1 receives a
multicast message, determines a sub-domain and a Set
Identifier to which the multicast message belongs and a
used BSL, determines BitString1 corresponding to the
multicast message according to a pre-acquired mapping
between multicast addresses and BitStrings (where the
mapping is designated by the control plane in advance)
to determine that the multicast message needs to be for-
warded to destination nodes BFER4 and BFER5, encap-
sulates the BIER header (as shown in FIG. 13) and then
forwards the BIER information.
[0091] In step 102, after receiving the message, BFR2
searches for the corresponding BIFT according to the
sub-domain information, the Set Identifier information in
the BIER header and according to BSL information. If it
is found that the corresponding next-hop neighbors are
BFR3 and BFER5, the message is replicated. A BitString
2 of one message is updated to a BitString 3 and then
forwarded to BFR3. A BitString 2 of the other message
is updated to a BitString 5 and then forwarded to BFR5.
[0092] In step 103, after receiving the message, BFR3
searches for the corresponding BIFT according to the
sub-domain information, the Set Identifier information in
the BIER header and according to the BSL information.
If it is found that the corresponding next-hop neighbor is
BFR4, a BitString 3 of the message is updated to a Bit-
String 4 and then forwarded to BFR4. Meanwhile, after
receiving the message, BFER5 searches for the corre-
sponding BIFT according to the sub-domain information,
the Set Identifier information in the BIER header and ac-
cording to the BSL information. If a local BFER is found,
the BIER header is decapsulated and the message is
forwarded to the corresponding receiving device.
[0093] In step 104, after receiving the message,
BFER4 searches for the corresponding BIFT according
to the sub-domain information, the Set Identifier informa-
tion in the BIER header and according to the BSL infor-

mation. If a local BFER is found, the BIER header is de-
capsulated and the message is forwarded to the corre-
sponding receiving device.
[0094] A computer-readable storage medium is con-
figured to store computer-executable instructions for ex-
ecuting the above method.
[0095] It will be understood by those of ordinary skill in
the art that all or part of the steps in the method described
above may be implemented by related hardware instruct-
ed by one or more programs, and these programs may
be stored in a computer-readable storage medium such
as a ROM, a magnetic disk, an optical disk or the like.
Optionally, all or part of the steps in the embodiments
described above may also be implemented using one or
more integrated circuits. Each module/unit in the above
embodiments may be implemented by hardware or a
software function module. Embodiments of the present
invention are not limited to any specific combination of
hardware and software.

INDUSTRIAL APPLICABILITY

[0096] Embodiments of the present invention provide
a method for implementing multicast and a Bit-Forward-
ing Router, which implement Bit Index Explicit Replica-
tion in a non-MPLS network through the BIER technology
and thus can reduce support of MPLS control plane and
data plane in a BIER domain.

Claims

1. A method for implementing Bit Index Explicit Repli-
cation (BIER), which is applied to a Bit-Forwarding
Router in a BIER domain, comprising:

acquiring BIER-related BitStringLength infor-
mation on a present node;
encapsulating BIER-related information com-
prising the BitStringLength information in a
same type-length-value (TLV) of BIER informa-
tion; and
notifying of the TLV of the BIER information
through a routing protocol.

2. The method of claim 1, wherein
the BitStringLength information comprises at least
one BitStringLength.

3. The method of claim 1, wherein
the BIER-related information further comprises Sub-
domain Identifier information, Set Identifier informa-
tion and an identifier of the Bit-Forwarding Router.

4. The method of claim 3, wherein
the BIER-related information further comprises mul-
ti-topology identifier information.
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5. The method of claim 1, wherein
the TLV of the BIER information further comprises a
label identifier, and a case where the label identifier
is set indicates that a BIER Multi-Protocol Label
Switching (MPLS) Encapsulation sub-TLV is com-
patible and used; and a case where the label iden-
tifier is not set indicates that the BIER MPLS Encap-
sulation sub-TLV is not used.

6. The method of any one of claims 1 to 5, wherein the
routing protocol comprises any one of the following
protocols:
Intermediate System-to-Intermediate System, Open
Shortest Path First, and Border Gateway Protocol.

7. The method of claim 6, wherein
the routing protocol supports an IPv4 network pro-
tocol and/or an IPv6 network protocol.

8. A Bit-Forwarding Router, comprising:

an acquisition module, which is configured to
acquire Bit Index Explicit Replication (BIER)-re-
lated BitStringLength information on a present
node;
an encapsulation module, which is configured
to encapsulate BIER-related information com-
prising the BitStringLength information in a
same type-length-value (TLV) of BIER informa-
tion; and
a notification module, which is configured to no-
tify of the TLV of the BIER information through
a routing protocol.

9. The Bit-Forwarding Router of claim 8, wherein
the BitStringLength information acquired by the ac-
quisition module comprises at least one BitString-
Length.

10. The Bit-Forwarding Router of claim 8, wherein
the BIER-related information further comprises Sub-
domain Identifier information, Set Identifier informa-
tion and an identifier of the Bit-Forwarding Router.

11. The Bit-Forwarding Router of claim 8, wherein
the TLV of the BIER information encapsulated by the
encapsulation module further comprises a label
identifier, and a case where the label identifier is set
indicates that a BIER Multi-Protocol Label Switching
(MPLS) Encapsulation sub-TLV is compatible and
used; and a case where the label identifier is not set
indicates that the BIER MPLS Encapsulation sub-
TLV is not used.

12. A method for implementing Bit Index Explicit Repli-
cation (BIER), which is applied to a Bit-Forwarding
Router in a BIER domain, comprising:

receiving BIER information, wherein BIER-relat-
ed information comprising BitStringLength infor-
mation is encapsulated in a same type-length-
value (TLV) of the BIER information; and
processing the BIER information.

13. The method of claim 12, wherein
the BitStringLength information comprises at least
one BitStringLength.

14. The method of claim 12, the BIER-related informa-
tion further comprises:
Sub-domain Identifier information, Set Identifier in-
formation, and an identifier of a Bit-Forwarding Rout-
er sending the BIER information.

15. The method of claim 14, wherein
the BIER-related information further comprises mul-
ti-topology identifier information.

16. The method of claim 12, further comprising:
receiving a Broadcast-Unkown-Multicast (BUM)
message, encapsulating the BIER-related informa-
tion in a BIER header of the BUM message, and
forwarding the BUM message according to a BIER
forwarding rule.

17. The method of any one of claims 12 to 16, wherein
the processing the BIER information comprises:
parsing a label identifier in the TLV of the BIER in-
formation, wherein a case where the label identifier
is set indicates that a BIER Multi-Protocol Label
Switching (MPLS) Encapsulation sub-TLV is com-
patible and used; and a case where the label iden-
tifier is not set indicates that the BIER MPLS Encap-
sulation sub-TLV is not used.

18. A Bit-Forwarding Router, comprising:

a receiving module, which is configured to re-
ceive BIER information, wherein BIER-related
information comprising BitStringLength infor-
mation is encapsulated in a same type-length-
value (TLV) of the BIER information; and
a processing module, which is configured to
process the BIER information.

19. The Bit-Forwarding Router of claim 18, wherein
the BitStringLength information received by the re-
ceiving module comprises at least one BitString-
Length.

20. The Bit-Forwarding Router of claim 18, wherein
the BIER-related information received by the receiv-
ing module further comprises: Sub-domain Identifier
information, Set Identifier information, and an iden-
tifier of a Bit-Forwarding Router sending the BIER
information.
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21. The Bit-Forwarding Router of claim 18, further com-
prises:
a forwarding module, which is configured to receive
a Broadcast-Unkown-Multicast (BUM) message, en-
capsulate the BIER-related information in a BIER
header of the BUM message, and forward the BUM
message according to a BIER forwarding rule.

22. The Bit-Forwarding Router of any one of claims 18
to 21, wherein
the processing module processes the BIER informa-
tion as follows: the processing module parses a label
identifier comprised in the TLV of the BIER informa-
tion, wherein a case where the label identifier is set
indicates that a BIER Multi-Protocol Label Switching
(MPLS) Encapsulation sub-TLV is compatible and
used; and a case where the label identifier is not set
indicates that the BIER MPLS Encapsulation sub-
TLV is not used.
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