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Abst ract

Thi s docunent describes simul ati ons of statel ess best effort
Multicasts and lists a set of simulation results for different |arge
network sizes and different tree sizes.

Requi renment s Language

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in [RFC2119] [ RFC8174]
when, and only when, they appear in all capitals, as shown here.

Status of This Meno

This Internet-Draft is submtted in full conformance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunents of the Internet Engineering
Task Force (I ETF). Note that other groups may also distribute
wor ki ng documents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.
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Internet-Drafts are draft documents valid for a maxi num of six nonths
and may be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress."

This Internet-Draft will expire on 30 Septenber 2025.
Copyright Notice

Copyright (c) 2025 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

Thi s docunent is subject to BCP 78 and the | ETF Trust’'s Legal
Provisions Relating to | ETF Documents (https://trustee.ietf.org/
license-info) in effect on the date of publication of this docunent.
Pl ease revi ew these docunents carefully, as they describe your rights
and restrictions with respect to this docunent. Code Conponents
extracted fromthis docunment nust include Revised BSD License text as
described in Section 4.e of the Trust Legal Provisions and are

provi ded without warranty as described in the Revised BSD License.
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1. Introduction
For a tree given by its root/ingress and | eaves/ egresses, a few
solutions are proposed to multicast data fromthe ingress to the
egresses using the shortest 1GP paths to the egresses. They incl ude:

0 BEMMRH. Stateless Best Effort Miulticast Using MRH
[1-D. chen-pi mbe-nrh].

o BIER Milticast Using Bit Index Explicit Replication [ RFC8279].

0 RGB: RGB (Replication through dobal Bitstring) Segnent for
Mul ticast Source Routing over IPv6 [I-D.|x-nsr6-rgb-segnent].
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Thi s docunent describes sinulations of statel ess best effort
Multicasts and lists a set of simulation results for different |arge
network sizes and different tree sizes.

1.1. Acronyns
The foll owing acronyns are used in this document:
CE: Custoner edge/equi pnent.
MRH. Ml ticast Routing Header.
P2MP:  Point 2 Milti-Point.
PE: Provider Edge.
2. Sinulations of BE Miulticasts

A simulation of a BE Miulticast nmeans a conputation of the encoding of
a tree in a given network according to the BE Multicast. The tree
has a nunber of egresses/l|eaves, which is the size of the tree. The
network has a nunmber of nodes, which is the size of the network.

For a given network size (i.e., a nunber of nodes in the network), we
assunme that half of the nodes are PEs. For a given tree size (i.e.,
a nunber of |eaves/egresses) T, we select T egress nodes fromthe PEs
randomy first. And then we compute the encoding of the tree with
these T sel ected egress nodes. The conputation results include the
total size of the encoding of the tree and the nunber of packet
copies that the ingress/root of the tree will encapsul ate and send.

For simulating Statel ess Best Effort Multicast Using MRH ( BEM MRH)
defined in [I-D. chen-pi mbe-nrh], we conpute the encodi ng according
to BE-MRH for each of the trees with different tree sizes in each of
the networks with different network sizes.

3. Sone Sinulation Results

Suppose that we have a set of network sizes netSizes = {4096, 8192,
16384} and a set of tree sizes treeSizes = {16, 24, 32, 48, 64, 80,
96, 128}. W sinulate the BEM MRH and BIER for each tree size in
treeSi zes for each network size in netSizes. For BIER we use
BitString length 256 (bits).

Figure 1 shows the results of simulating the BEM MRH and BI ER for
every tree size for network size 4096
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| | BEM MRH | Bl ER |
| Tree | Encoding | Nunber of | Encodi ng | Number of |
| Size | Size | Packet Copies | Size | Packet Copi es

[ ety ey e —j—————r gl —_———(— g —_———(———————— o
| 16 | 32 | 1 | 224 | 7 |
+------ R i I R i I +
| 24 | 47 | 1 | 256 | 8 |
+------ F--- - - I i T F--- - - I i T +
| 32 | 62 | 1 | 256 | 8 |
+------ I I I I +
| 48 | 93 | 1 | 256 | 8 |
+------ R i I R i I +
| 64 | 128 | 1 | 256 | 8 |
+------ F--- - - I i T F--- - - I i T +
| 80 | 154 | 1 | 256 | 8 |
+------ I I I I +
| 96 | 164 | 1 | 256 | 8 |
+------ R i I R i I +
| 128 | 196 | 1 | 256 | 8 |
B ool et e sy ey ool

Figure 1. Results of sinulating BEM MRH and BIER for network with
4096 nodes

Fromthe simulation results of BEMMRH in the figure, we see that the
nunber of packet copies is 1 for any tree size (refer to the third
columm of the table). This indicates that after receiving a

mul ticast packet froma traffic source such as a CE, the ingress/root
of the tree can encapsul ate one packet copy and send the packet to
the egress/leaf nodes of the tree through usi ng BEM MRH

Fromthe simulation results of BIER in the figure, we see that the
nunber of packet copies is 7 for tree size 16 and 8 for any ot her
tree size (refer to the last colum of the table). This indicates
that after receiving a nulticast packet froma traffic source such as
a CE, the ingress/root of the tree need to nake 7/8 packet copi es,
encapsul ate each of the copies and send the packet copies to the
egress/|l eaf nodes of the tree through using Bl ER

Fromthe simulation results of BEMMRH in the figure, we see that the
total size of the encoding tree is 32 (bytes) for a tree with 16

| eaves/ egresses, 47 (bytes) for a tree with 24 | eaves/egresses, ...,
196 (bytes) for a tree with 128 | eaves/egresses (refer to the second
colum of the table). The total size of the encoding tree is always
| ess than or equal to two tines the tree size.
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Fromthe simulation results of BIER in the figure, we see that the
total size of the encoding tree is 224 (bytes) for a tree with 16
| eaves/ egresses, and 256 (bytes) for any other tree size (refer to
the fourth colum of the table).

Fi gure 2 shows the results of sinulating the BEM MRH and BI ER for
every tree size for network size 8192

B el st e e el
| | BEM MRH | Bl ER |
| Tree | Encoding | Nunber of | Encodi ng | Nunber of |
| Size | Size | Packet Copies | Size | Packet Copi es

[ oo~ ool el ool s el °}
| 16 | 32 | 1 | 320 | 10 |
+------ F--- - - F-- - - - - - F--- - - F-- - - - - - +
| 24 | 48 | 1 | 352 | 11 |
+------ R I R I +
| 32 | 64 | 1 | 416 | 13 |
+------ R i I i I R i I i I +
| 48 | 96 | 1 | 448 | 14 |
+------ F--- - - F-- - - - - - F--- - - F-- - - - - - +
| 64 | 124 | 1 | 512 | 16 |
+------ R I R I +
| 80 | 159 | 1 | 512 | 16 |
+------ R i I i I R i I i I +
| 96 | 187 | 1 | 512 | 16 |
+------ F--- - - F-- - - - - - F--- - - F-- - - - - - +
| 128 | 235 | 1 | 512 | 16 |
[ ool oo ool oo s oo e ool oo e =3

Figure 2: Results of sinulating BEM MRH and BIER for network with
8192 nodes

Fromthe simulation results of BEMMRH in the figure, we see that the
nunber of packet copies is 1 for any tree size (refer to the third
colum of the table). This indicates that after receiving a

mul ticast packet froma traffic source such as a CE, the ingress/root
of the tree can encapsul ate one packet copy and send the packet to
the egress/| eaf nodes of the tree through usi ng BEM MRH

Fromthe simulation results of BIER in the figure, we see that the
nunber of packet copies is from10 to 16 for tree size from 16 to 128
(refer to the last columm of the table). This indicates that after
receiving a nulticast packet froma traffic source such as a CE, the
i ngress/root of the tree need to nake 10 to 16 packet copi es,
encapsul ate each of the copies and send the packet copies to the
egress/| eaf nodes of the tree through using Bl ER
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Fromthe sinulation results of BEMMRH in the figure, we see that the
total size of the encoding tree is 32 (bytes) for a tree with 16

| eaves/ egresses, 48 (bytes) for a tree with 24 | eaves/egresses, ...,
235 (bytes) for a tree with 128 | eaves/egresses (refer to the second
columm of the table). The total size of the encoding tree is always
| ess than or equal to two tines the tree size.

Fromthe simulation results of BIER in the figure, we see that the
total size of the encoding tree is from 320 to 512 (bytes) for a tree
with size from16 to 128 (| eaves/egresses) (refer to the fourth
columm of the table).

Fi gure 3 shows the results of sinulating the BEM MRH and BI ER for
every tree size for network size 16384.

B el et e el e e el
| BEM MRH | Bl ER |
| Tree | Encoding | Nunber of | Encodi ng | Nunmber of |
| Size | Size | Packet Copies | Size | Packet Copi es
B sl St el e s e s el
| 16 | 32 | 1 | 384 | 12 |
+------ I I I I +
| 24 | 48 | 1 | 480 | 15 |
+------ R i I R i I +
| 32 | 64 | 1 | 704 | 22 |
+------ F--- - - I i T F--- - - I i T +
| 48 | 96 | 1 | 800 | 25 |
+------ I I I I +
| 64 | 126 | 1 | 896 | 28 |
+------ R i I R i I +
| 80 | 158 | 1 | 928 | 29 |
+------ F--- - - I i T F--- - - I i T +
| 96 | 192 | 1 | 992 | 31 |
+------ I I I I +
| 128 | 256 | 1 | 1024 | 32 |
[ ool oo oo ey oo oo oo ey oo )

Figure 3: Results of sinulating BEM MRH and BIER for network with
16384 nodes

Fromthe simulation results of BEMMRH in the figure, we see that the
nunber of packet copies is 1 for any tree size (refer to the third
columm of the table). This indicates that after receiving a
mul ti cast packet froma traffic source such as a CE, the ingress/root
of the tree can encapsul ate one packet copy and send the packet to
the egress/|eaf nodes of the tree through usi ng BEM MRH
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Fromthe simulation results of BIER in the figure, we see that the
nunber of packet copies is from12 to 32 for tree size from16 to 128
(refer to the last columm of the table). This indicates that after
receiving a nulticast packet froma traffic source such as a CE, the
i ngress/root of the tree need to nake 12 to 32 packet copi es,
encapsul ate each of the copies and send the packet copies to the
egress/| eaf nodes of the tree through using Bl ER

Fromthe simulation results of BEMMRH in the figure, we see that the
total size of the encoding tree is 32 (bytes) for a tree with 16

| eaves/ egresses, 48 (bytes) for a tree with 24 | eaves/egresses, ...,

256 (bytes) for a tree with 128 | eaves/egresses (refer to the second

columm of the table). The total size of the encoding tree is always

| ess than or equal to two tines the tree size.

Fromthe simulation results of BIER in the figure, we see that the
total size of the encoding tree is from384 to 1024 (bytes) for a
tree with size from16 to 128 (|l eaves/egresses) (refer to the fourth
colum of the table).
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