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Abstract

Recently, audio and video delivery services are widely
spread in the Internet. In order to deliver these data to
multiple receivers at the same time, the multicast tech-
nologies are indispensable. In such a situation, the
performance analysis of multicast traffic will be impor-
tant in order to design and operate the Internet. Multi-
cast traffic is controlled by its own routing protocol and
the multicast routing protocol is more complex than con-
ventional unicast routing protocols. In this paper, we
propose a new multicast performance analyzer consider-
ing DVMRP and PIM-SM routing protocols. It captures
messages of a multicast routing protocol as well as mul-
ticast IP datagrams. It also analyzes DVMRP and
PIM-SM messages in order to investigate the behaviors
of multicast IP datagrams and measures the statistics of
multicast traffic in detail. This paper describes the de-
tailed design of the multicast performance analyzer and
the results of analyzing multicast datagrams transmitted
over networks.

1. Introduction

Recently, audio and video data delivery is widely
spread in the Internet. In order to deliver these data to
multiple receivers at the same time, the multicast tech-
nologies are indispensable [1]. MBone (Multicast
Backbone) [2] conveys multicast traffic in a worldwide
scale. Currently, multicast traffic itself is not a major
one. However, as the bandwidth of the Internet be-
comes wider and the broadband video transmission be-
comes more popular, multicast traffic will increase and
become a major traffic like WWW traffic and email traf-
fic.

In this situation, the performance analysis of multicast
traffic will be important in order to analyze the volumes,

the sources/destinations and the impacts on other traffic
of multicast traffic. Multicast traffic uses its own
communication mechanism. For example, the destina-
tion IP address of a multicast IP datagram is a class D
address representing a multicast group, not a specific
computer system. The multicast routing protocols,
which are completely different from unicast routing pro-
tocols, provide the function to start and stop multicast
traffic as well as that to exchange routing information.
Therefore, the performance analysis of multicast traffic
requires tools designed for multicast trafiiself.

So far, several tools for analyzing multicast traffic
have been developed. Most of them are intended to
analyze multicast network topologies [3,4]. For exam-
ple, MantaRay [3] developed by CAIDA (Cooperative
Association for Internet Data Analysis) asks multicast
routers on the connectivity with other routers, combine
connectivity information obtained from multiple multi-
cast routers, and calculates the possible multicast routes.
UCLA and Xerox PARC Multicast Route Monitor [4]
listens to route update information of multicast routing
protocols and creates the multicast routing tables.

However, those tools cannot measure the multicast
traffic performance. The other type of tools is proposed,
which captures IP datagrams over a communication link
and measures the volume of multicast traffic transmitted
over the link. An example is MultiMON [5], developed
by CRC (Communications Research Centre) in Canada.
It collects packet counts and byte counts of multicast
traffic captured at one point of Internet.

However, current measurement tools do not consider
multicast routing protocols at all, and therefore, they
cannot analyze the dynamical behaviors of multicast traf-
fic. For example, a widely used multicast routing pro-
tocol, DVMRP (Distance Vector Multicast Routing Pro-
tocol) [6,7] uses 8roadcast & Prune mechanism That
is, a broadcast tree is build from a source by exchanging
routing information, and the per-source-group multicast
trees are created dynamically by pruning (removing



branches from) the source's broadcast tree.
there are three possible reasons for transmitting multicast
datagrams over a particular link.

e Asource starts the transmission of multicaafftc.

e Aprune is timeout in a multicast router and it starts
forwarding multicast datagrams.

e Anew member has joined the multicast group.

In order to identify why multicast datagrams are
transmitted over a link, the examination of the behaviors
of DVMRP is indispensable, which the tools proposed so
far do not support.

Therefore, we have developed a multicast perform-
ance analyzer considering multicast routing protocols.
It captures messages of a multicast routing protocol as
well as multicast IP datagrams. It also analyzes a mul-
ticast routing protocol in order to investigate the behav-

Therefore,

Multicasting schemeThat is, when a DVMRP router
receives a datagram from a network interface, it forward
this datagram only if the network interface is in the
shortest path for the source of the datagram. This de-
fines the ordering of upstream and downstream routers.
In order to realize the Reverse Path Multicasting, the
DVMRP routing table includes tupples with the source
network address (prefix and subnet mask), the address of
upstream router and the metric to the source network.
After a DVMRP router has established a neighbor rela-
tionship, it sends information included in the DVMRP
routing table to neighbor routers in BVMRP Report
message

Moreover, DVMRP uses the route information ex-
changes as a mechanism for an upstream router to deter-
mine if any downstream routers depend on it for for-
warding multicast IP datagrams. If a downstream router

iors of multicast IP datagrams and measures the statistics selects an upstream router as the best from_gateway for a

of multicast traffic in detail. As a multicast routing
protocol which the analyzer supports, we have selected
DVMRP and PIM-SM (Protocol Independent Multicast —
Sparse Mode) [8,9], both of which are used widely in
Japanese MBone (JP-MBone) [10]. This paper de-
scribes the detailed design of the multicast performance
analyzers for DVMRP or PIM-SM, and the results of
analyzing multicast datagrams transmitted over the
Internet by using the analyzers. In the rest of the paper,
the next section describes the overview of DVMRP and
PIM-SM. Section 3 describes the overall design of the
multicast performance analyzer. Section 4 describes the
detailed design of the analyzer for DVMRP (DVMRP
performance analyzer) and results of adapting the ana-
lyzer to an actual network. Section 5 described the de-
tailed design of the analyzer for PIM-SM (PIM-SM per-
formance analyzer) and results of adapting the analyzer
to experimental network.

2. Overview of DVMRP and PIM-SM
2.1. Overview of DVMRP

2.1.1. Neighbor Discovery. DVMRP router sends
Neighbor Probe messageriodically to all of its capable
network interfaces and tunnel pseudo interfaces.
contains a list of neighbor DVMRP routers from which

It

particular source network, it sends the route information
including the original metric plus infinity (32 is used as
infinity). This mechanism is calleBoison Reverse

2.1.3. Building Multicast Tree. As described above,
DVMRP uses a Broadcast & Prune mechanism. If a
DVMRP router does not have any members of a particu-
lar multicast group and any dependent downstream
routers about the multicast group, it sendBrane mes-
sageto the upstream router to ask for stopping the for-
warding of multicast IP datagrams of the multicast group.
A Prune message includes source network address, mul-
ticast group address and lifetime of this message. The
upstream router receiving this message stops the for-
warding during the indicated lifetime, and after the life-
time has elapsed, it will start forwarding again. If a new
member for a particular multicast group is added, a cor-
responding multicast router sendsGaaft messagein-
cluding source network address and multicast group ad-
dress, to the upstream router.

2.2. Overview of PIM-SM

2.2.1. General FeaturesPIM-SM is designed for the

environment where multicast group members are distrib-
uted across a wide area sparsely. In contrast with
DVMRP, a PIM-SM multicast router forwards datagrams

Neighbor Probe messages have been received. Once apnly when it receives an explicifoin messagerom
router has received a Probe message that contains its ad-qownstream routers.

dress in the neighbor list, the router has established a
two-way neighbor relationship with the neighbor sending
this Probe message.

2.1.2. Building Broadcast Tree.The forwarding of mul-
ticast datagrams is performed based onRlegerse Path

Another feature of PIM-SM is that it uses a shared
multicast delivery tree among multicast traffic of the
same group. A multicast router call&P (Rendezvous
Point) is set up for an individual multicast group and
multicast datagrams of the group are transmitted via this
RP. This delivery tree is called aRPT (Rendezvous



Point Tree) When multicast traffic from a specific Multicast Performance Analyzer

sender becomes large, this specific traffic is transmitted Capturing Module
through the shortest path from the sender. This delivery, 3
tree using shortest path is called @RT (Shortest Path PDU Log
Tree)

Analyzing Module
2.2.2. Sending Datagrams to Multicast Group.Be- Internal Information of
tween an RP and a multicast router that accommodates \ Detected Multicast Routers
sender, a multicast datagram is transmitted by encapsy GUl ¥ ) | T =
lating it in a Register messaggansmitted as a unicast W\ v
datagram. When an RP receives a Register message, ¢
decapsulates the original multicast datagram and for
wards it to receivers. If the RP does not have any - -
members of multicast group, then it sendRegister-stop Figure 1. Software structure of multicast

messageo the sender of the Register message. When a performance analyzer

router receives a Register-stop message, it stops sending

multicast datagrams and starts theRegis- ) )
ter-Suppression-Timer If it expired, the sender starts 3. Overall Design of Multicast Performance

transmitting Register messages again. Analyzer
2.2.3. Joining to / Removing from Multicast Group. 3.1. Overview
When a receiver wants to join to a multicast group, a

multicast router accommodating it sendsan message ) - ) )
to the corresponding RP. A Join message includes link through which multicast datagrams are transmitted.

source address, multicast group address, upstream It captures IP d.atagrams. and analyzes multicast data-
neighbor address, wildcard bit and RPT bit. In this case, 9rams and muilticast routing protocol messages. The
the multicast group address in this message is the group analyzer is implemented as software running over UNIX
address to join, and the source address is the address ofWorkstations. Figure 1 shows the software structure of
corresponding RP.  The wildcard and RPT bits are set. @nalyzer. It consists of the capturing module and the
This Join message is forwarded in a hop-by-hop manner 2nalyzing module.
toward the corresponding RP using the multicast to
neighbors. In order to determine an upstream neighbor
multicast router, a multicast router will look up a unicast
routing table. Multicast datagrams are forwarded in the
reverse direction via the path through which the Join
message traversed.

When a receiver wants to leave from a multicast group,

The multicast performance analyzer is attached to a

3.2. Capturing Module

The capturing Module monitors an attached link,
captures datagrams related multicast traffic and saves the
following data in the PDU (Protocol Data Unit) log to-
gether with the timestamp of capturing:

a Prune messagare sent in a similar way with a Join e the header information of IP datagram whose desti-
message. nation IP address is a class D address,

e in DVMRP, the header information of a unicast IP
2.2.4. Switching Delivery Tree from RPT to SPT. datagram encapsulating a multicast IP datagram and
When a multicast router detects that multicast traffic that of the encapsulated multicast datagram, and
from a particular source becomes large, then it tries to e the header and body information of a DVMRP
switch the delivery tree from RPT to SPT. The detect- message and a PIM-SM message.

ing router sends a Join message toward the source. In

this case, the multicast group address in the Join message3.3. Analyzing Module

is that of the multicast traffic and the source address is

the IP address of the source, and the wildcard and RPT  The analyzing module is invoked in an offline manner.

bits are unset. It reads information stored in the PDU log and performs
the following functions.
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(1) Separation of multicast traffic and measurement its
statistics

For information on the multicast datagrams, the ana-
lyzing module separates them according to the pair of
source and multicast group. In DVMRP, multicast routers
may be connected by a tunnel, and it will separate multi-
cast datagrams using encapsuled IP header information.
It then measures the statistics, such as transmitted bytes
and packet counts in every fixed interval, for separated
multicast traffic.

(2) Estimation of router's internal information

Multicast routers have internal information for build-
ing trees to deliver multicast traffic. They also have
information for dynamically removing and adding
branches from and to the multicast delivery tree accord-
ing to dynamical leave and join of receivers. The ana-
lyzing module estimates such internal information by
examining messages of multicast routing protocol stored
in the PDU log.

(3) Mapping between multicast traffic and estimated in-
ternal information

The analyzing module maps the statistics of multicast
traffic and the estaimated internal information of multi-
cast routers. This mapping helps to identify reasons
that the transmission of multicast datagrams is started or
stopped.

4. DVMRP Performance Analyzer

4.1. Procedures to Analyze Multicast Datagrams
and DVMRP Messages

4.1.1. Measuring Multicast Datagrams.The DVMRP
performance analyzer measures the statistics in the
following procedures.

e The analyzer identifies the communication between
multicast routers over a link to which it is attached.
In an example shown in Fig. 2, it will identify two
tunnels, one is between MR1 and MR3 and the

r\?gnlngk Subnet Mask GZtrg\;/nay Metric Tir'f\);p(i;ic)
Src1 255.255.255.0 | Unknown 4 Unknown
Src 2 255.255.255.0 MR3 6 80
src3 255.255.255.0 MR3 3 60

Figure 3. Example of estimated DVMRP routing

table for MR1

r\?:n%gfk Subnet Mask GZtrgvTay Metric Tirlf\)((ep(i::c)
src1 255.255.255.0 MR3 6 120
Src 2 255.255.255.0 | Unknown 4 Unknown
src3 255.255.255.0 MR3 50

Figure 4. Example of estimated DVMRP routing

table for MR2
Source From . Expire
Network Subnet Mask Gateway Metric Time (sec)
Src1 255.255.255.0 MR1 5 70
Src 2 255.255.255.0 MR2 5 90
Src 3 255.255.255.0 | Unknown 2 Unknown

Figure 5. Example of estimated DVMRP routing
table for MR3

other is between MR2 and MR3.

Since DVMRP controls the multicast traffic on a

source-group basis, the analyzer discriminates an

individual pair of source IP address and destination
multicast group over an individual link or tunnel.

e The analyzer counts datagrams stored in the PDU
log on a souce-group basis. The datagrams are
counted using the unit of bytes per second. It dis-
plays traffic-vs-time graph through a graphical user
interface.

4.1.2. Estimating DVMRP Routing Table. By analyz-

ing Report messages stored in the PDU log, the DVMRP
performance analyzer estimates a DVMRP routing table
maintained in a detected multicast router. The esti-
mated DVMRP routing table includes source network
address, subnet mask, from gateway, metric and expire
time. “Source network” and “Subnet Mask” indicate a
network that sent multicast datagrams. “From Gateway”
indicates the upstream neighbor router for a source net-
work. The “From Gateway” is identified by analyzing
Poison Reverse mechanism. In the Fig. 2, networks Src
1, Src 2 and Src 3 are reached from MR1, MR2 and MR3,
respectively. In this case, the DVMRP routing tables of
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Figure 6. Estimation of forwarding table

Source . Upstream Router Downstream Routers
Multicast Group - -
Network Address | Prune Lifetime| Addresses | Prune Lifetime
Src1l 2241.1.1 MR1 200 MR2 200
224.2.2.2 MR1 MR2
224333 MR1 MR2
Src3 2242.2.2 MR1, MR2 150, -

Figure 7. Example of estimated DVMRP forward-
ing table (of MR3)

MR1, MR2 and MR3 can be estimated in shown in Figs.
3, 4 and 5, respectively. It should be noted that, in this
example, the upstream router of MR1 for Src 2 is MR3

group address. If there are no corresponding entries,
then it adds a new entry. In this case, it searches the
DVMRP routing table for upstream or dedicated down-
stream router address. Figure 7 shows an example of
estimated forwarding table for multicast router MR3 in
Fig. 2. In this example, some datagrams have been de-
tected from Src 1 to multicast groups 224.1.1.1, 224.2.2.2
and 224.3.3.3, and from Src 3 to a multicast group
224.2.2.2. For datagrams from Src 1, the analyzer only
understands that MR1 is the upstream router of MR3
from the estimated routing table. It also understands
that MR2 is a dependent router of MR3 from the fact that,
for Src 1, the from gateway is MR3 in the MR2’s routing
table. Similarly, for datagrams from Src 3, the analyzer
understands that both MR1 and MR2 are dependent
downstream routers of MR3. Therefore, four entries,
three from Src 1 and one from Src 3, are created for the
above mentioned multicast traffic.

(2) If the analyzer finds a Prune message in the PDU log,
it searches the DVMRP forwarding table for an entry

corresponding to the source netwrok address and the
multicast group address included in the Prune message.

MR2. *“Metric” indicates a cost for a source network.
“Expire Time” indicates a remaining time in second until
removing this entry from routing table.

4.1.3. Estimating Dynamical Maintenance of Multi-
cast Tree.As described above, a multicast router selects

warding table. In the example shown in Fig. 7, the
analyzer has detected Prune messages transmitted by
MR2 for the multicast traffic from Src 1 to 224.1.1.1 and
the Prune Lifetime value was 200 seconds. Also a
Prune message has been detected from MR1 for the traf-
fic from Src3 to 224.2.2.2 with Prune Lifetime 150 sec-

dependent downstream routers using the Poison Reverse©®nds.

mechanism and the forwarding to downstream routers are
dynamically controlled by Prune and Graft messages.
In order to estimate these DVMRP behaviors, the ana-
lyzer introduces a DVMRP forwarding table for individ-
ual detected multicast routers. This table consists of

e source network address,

(3) If the analyzer finds a Graft message in the PDU log,
it similarly searches the forwarding table for an entry
corresponding to the source network address and the
multicast group address included in the Graft message.
Then it resets Prune Lifetime in the entry. This means

e multicast group for individual source network ad- I
dress,

upstream router and associated Prune Lifetime, and
list of dependent downstream routers and associated

Prune Lifetime.

|
Valid Period

(a) No Prune/Graft messages

The multicast performance analyzer estimates the'
DVMRP forwarding table in the following procedures
(See Fig. 6).

(1) If the analyzer finds a multicast datagram in the PDU |

Prune Prune Prune Prune
| S
Invalid Period
(b) Only Prune messages
Prune Prune Graft
I
Invalid Period Valid Period

log, it detects the source network address corresponding
to the source host address of this datagram. This is
done by looking up the DVMRP routing table. It then
searches the DVMRP forwarding table for an entry cor-
responding to the source network address and multicast

(c) Prune and Graft messaes
Figure 8. Valid and invalid period



cedure can be detected by analyzing Prune and Graft
messages. If there is a Graft message or there are no
4.1.4. Mapping between Traffic and Estimated In- Prune messages, the analyzer considers that one or more
formation. Since DVMRP uses the Broadcast & Prune members exist for this multicast group in the downstream
mechanism, it sometimes occurs that multicast IP data- network and handle this time period as a valid period.
grams are transmitted due to the Prune Lifetime expires If Prune messages are transmitted periodically, the ana-
and another Prune message is generated to stop thislyzer considers that no members exist for this multicast
transmission. This continues until the sender stops the group in the downstream network and handle this time
transmission or a receiver comes up. This kind of pro- period as a invalid period. Figure 8 shows some exam-

that this multicast traffic needs to be forwarded again.
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Figure 9. Aggregated multicast traffic over monitored link
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ples of valid and invalid periods. The analyzer meas-
ures the statistics of multicast traffic for valid and invalid
periods separately.

4.1.5. Graphical User Interface.As described above,
the multicast performance analyzer displays bytes of
multicast traffic transmitted in one second for any pair of
source and multicast group. It also displays the associ-
ated Prune Lifetime value graph in order to indicate valid
and invalid period explicitly. If Prune message is de-
tected, the Prune Lifetime value in the graph in increased

to the value indicated in the Prune message and is de-
If a Graft messageln this table, the valid traffic is only 49.1% from among

creased to zero as the time elapses.
is detected for the pair of source and multicast group
while the Prune Lifetime value in the graph is not zero, it
is decreased to zero at this moment. As the result, the
time period while the Prune Lifetime value graph is not
zero corresponds to the invalid period.

4.2. Results of Experiments

We have implemented the DVMRP performance ana-
lyzer and have performed some experiments in an actual
network about one hour. Figures 9 and 10 show some
examples of these experiments. When the analyzer
monitors a link, the multicast traffic with class D address
shown in Fig. 9 was observed. This is an aggregated
traffic over the monitored link. The analyzer then
separated this traffic into source and multicast group ba-
sis. As the result, we obtained four types of multicast
traffic shown in Figs. 10 (a) through (d). The analyzer
also shows the associated Prune Lifetime. The first
type is a traffic in which multicast datagrams are trans-
mitted continuously. The graph in Fig. 10 (a) shows

that there are no Prune messages and therefore it is con-the address of upstream router.
sidered that the source is continuously sending datagrams example of PIM-SM Router Table.

and there are one or more members for this traffic in
downstream networks.
traffic with associated Prune messages. The graph in
Fig. 10 (b) shows that the Broadcast & Prune is per-
formed in this traffic. That is, this traffic is that in the
invalid period. We observed a similar pulse type traffic

Table 1. Statistics of captured multicast traffic

Number of detected groups 52 groups

Transmitted Packet count 112799 packets
Transmitted bytes 52602947 byte
Average throughput 17874 byte/sec

Invalid transmitted packet counts 37185 packets (33.0%)
Invalid transmitted bytes 26781609 byte (50.9%)
Average throughput of invalid traffic 9100 byte/sec

The second one is a pulse type

as shown in Fig. 10 (c). However, there are no Prune
messages detected. This means that this is not a
Broadcast & Prune type traffic, but that a pulse type traf-
fic is transmitted by the source and there are members for
this traffic. The last type consists of a pulse type traffic
and continuous data transmission. From the Prune
Lifetime value graph in Fig. 10 (d), it is concluded that a
Graft message is transmitted for this multicast traffic, and
after that, datagrams are transmitted continuously.

As described in section 4.1.4, the analyzer measures
the statistics of multicast traffic for the valid and invalid
periods. Table 1 shows the result of this measurement.

all traffic over the monitored link.

5. PIM-SM Performance Analyzer

5.1. Procedures to Analyze Multicast Datagrams
and PIM-SM Messages

5.1.1. Measuring Multicast Datagtams Similarly to the
DVMRP performance analyzer, the PIM-SM perform-
ance analyzer counts datagrams stored in the PDU log on
a source-group basis. The datagrams are counted using
the unit of bytes per second. It displays traffic-vs-time
graph and router’s internal information through a
graphical user interface.

5.1.2. Estimating Router’s Internal Information. The
analyzer estimates two tables as a router’s internal in-
formation. One is the PIM-SM Router Table that main-
tains RP information. The other is the PIM-SM For-
warding Table that maintains the relationship among the
multicast group, the source address, the RP address and
Figure 11 shows an

It is estimated by
analyzing Bootstrap messages.

The PIM-SM Forwarding Table is estimated by ana-
lyzing Register messages and Join/Prune messages stored
in the PDU log. Figure 12 shows an example. Figure
13 shows the procedure for estimating PIM-SM For-
warding Table. If the analyzer finds a Register message
in the log, it extracts the source IP address and the multi-
cast group address from the encapsulated multicast data-
gram. It then looks up the Router Table and obtains the
RP’s IP address corresponding to the multicast group.
Based on this information, it creates an entry in the For-
warding Table if there are no corresponding entries in the
table. At this moment, the upstream router in this entry
is null. If a Register-stop message corresponding to the
Register message is detected, the analyzer starts Regis-
ter-Suppression-Timer for this entry.

If the analyzer finds a Join message in the PDU log, it



Holdtime

Group Address Group Mask RP Address Priority (sec)
2240139 | 255255255255 | 192168.10.20 0 0 Table 2. Rules to related Join/Prune mesages to
224.0.1.40 255.255.255.255 | 192.168.10.20 0 0 RPT or SPT
224.0.0.0 240.0.0.0 192.168.10.20 0 120 Message WC-bit RPT.bit Description
. . . Source address in this message is sender’s IP address.
Figure 11. Estimated router table Join 0 0 This message is Join for SPT.
Join 0 1 Invalid message.
Join 1 0 Invalid message.
Join 1 1 Source address in this message is RP’s IP address.
Join Timer Register This message is Join for RPT.
Group Address | Source Address | Upstream Router RP Address pp! i
(sec) Timer (sec) Source address in this message is sender’s IP address.
Prune 0 0 . .
This message is Prune for SPT.
224.1.1.1 INADDR_ANY 192.168.40.20 192.168.10.20 0
224111 | 192.168.60.200 | 192.168.40.60 | 192.168.10.20 0 90 Prune 0 1 ?ﬁ;’fﬂ::gg;e:fs in this message is sender's IP address.
224333 INADDR_ANY 192.168.40.20 192.168.10.20 150 Prune 1 0 Invalid message
224333 192.168.50.200 | 192.168.40.20 192.168.10.20 150 Prune 1 1 Source address in this message is RP’s IP address.
224333 | 102.168.60.200 | 192.168.40.60 | 192.168.10.20 150 0 This message is Join for RPT.

Figure 12. Estimated forwarding table

Rendezvous Point

cource address Multicast Router|
: (MR1)
‘multicast group address|
[ [ pwreaster | e Tl
[multicast group address RP address
Source address Multicast Router Multicast Router|
[ o] o=2) o9
[multicast group address Multicast
source address PIM-SM Performance
- Join Holdtime Forwarding Table Analyzer
[multicast group address g g
E— ——————————— | Multicast Router Multicast Router|
o ] (ura (e
[multicast group address
source address
Figure 13. Procedure of estimating forwarding table @ @
extracts the source IP address, the multicast group ad- Figure 14. Experimental network structure

dress, the address of upstream router and Join Holdtime.

It searches for the corresponding entry and creates a new

entry if there are no corresponding entries. Then, the 5.2. Results of Experiments

analyzer updates Join-Timer to Join Holdtime in the Join

message. It also sets the address of upstream router in  We have also implemented the PIM-SM performance

the entry. If the wildcard bit is set in the message, the analyzer and have applied it to an experimental network

source IP address in the entry is set to INADDR_ANY. shown in Fig. 14. All routers run RIP2 as a unicast

If this bit is not set, the analyzer decides that this Join routing protocol. MR1 works as RP and a Bootstrap

message is used to join SPT and the source IP address inrouter. Hostl and Host2 behave as a sender and a re-

the entry is set to that in the Join message. ceiver, respectively. Hostl joins to some multicast
If the analyzer finds a Prune message in the log, it ex- groups that are sent by Host2.  Also Host2 joins to some

tracts the source IP address and the multicast group ad- multicast groups that are sent by Host1.

dress, and resets Join-Timer value in the corresponding ~ Figures 15 and 16 show some results of these experi-

entry in the PIM-SM Forwarding Table. If the wildcard ~ments. When the analyzer monitors a link, multicast

bit in the message is set, the analyzer set the source IP traffic shown in Fig. 15 was observed. This is an ag-

address in the entry to INADDR_ANY. gregated traffic over the monitored link. In this figure,
the black line shows native multicast traffic and the gray
5.1.3. Mapping between Traffic and Estimated In- line shows Register messages which encapsulate multi-

formation. Since PIM-SM supports two transmission cast datagrams. The analyzer then separated this traffic
schemes, with RPT and with SPT, the analyzer estimates 0N & source-group basis. The separated traffic mapped
that the captured multicast datagrams are transmitted by With RPT/SPT information is shown in Figs. 16 (a)
RPT or SPT. This mapping is performed by analyzing through (c). The top graph shows the multicast traffic
Join and Prune messages. Table 2 indicates the rules tofor every second, the second one shows the Join-Timer
relate Join and Prune messages to RPT or SPT. for SPT, the third one shows the Join-Timer for RPT, and
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Traffic (byte/sec)
SRR ek R g

i L
[ Join-Timer for SPT (sec) ]
1

&% ] i — o il (L)

- - = = e

L
[ Join-Timer for RPT (sec) ]
i=
= =

- -] ] - [ fhi

[Register Suppression Timer (sec)]

B L] - - L. ne

[ Time (s:c) ]

(a) Traffic with associated RPT Join message

" " Switching from RPT to SPT
Traffic (byte/sec) [ Traffic (byte/sec)
" Braal Tl L _I_._IF. i} |’ B .'_ i EY

[ Join-Timer for SPT (sec) ] - [ Join-Timer for SPT (sec) ] =
L =
% = = - E iE = 4 W = - W i
[ Join-Timer for RPT (sec) ] [Join-Timer for RPT (sec) ] ol
H q.-
g iz
[Register Suppression Timer (sec)] [Register Suppression Timer (590)] -
] ]
LD ]
\ “ - - - ™ - ! H - - :+. =
( Time (sec) ] { Time (sec) ]
(b) Traffic with associated SPT Join message and (c) Switching delivery tree from RPT to SPT

Register with Register-stop message
Figure 16. Results of per-source-group analysis based on router’s internal information

the bottom one shows Register-Suppression-Timer. If a is detected for the pair of source and multicast group, the
Join message is detected, the Join-Timer value in the timer value is decreased to zero at this moment. In the
graph is increased to the value in the message and is de- Register-Suppression-Timer graph, if a Register-stop
creased to zero as the time elapses. If a Prune messagemessage is detected, the Register-Suppression-Timeout



value is increased to the predefined value. In this graph,
the predefined value is assumed to be 120 seconds.

As a result, we obtained three types of multicast traf-
fic. The first type is that for which Join messages only
for RPT are detected (shown in Fig. 16 (a)). In this case, [4]
the analyzer estimates that the traffic transmitted by way
of RPT. The second type is that for which Join mes-
sages only for SPT are detected, and Register and Regis-
ter-stop messages are detected (shown in Fig. 16 (b)).
In this case, the analyzer estimates that the traffic trans- [6]
mitted by way of SPT. It also estimates that the traffic
transmitted by Register messages is no more required.
The third type is that for which downstream routers sent
Join messages for RPT initially and, after that, it sent
Join messages for SPT (shown in Fig. 16 (c)). The
analyzer estimates that initially this traffic was sent by
way of RPT and then, since multicast traffic increased, a
router switched delivery tree from RPT to SPT.

(2]
(3]

(7]

(8]

[9]
6. Conclusion

In this paper, we have described the multicast per-
formance analyzer, which monitors a network for multi-
cast IP datagrams and multicast routing protocol mes-
sages. It measures the bytes of datagrams transmitted in
every second for an individual pair of source address and
multicast group address. It also analyzes a multicast
routing protocol in order to investigate the behaviors of
multicast IP datagrams in detail. We have implemented
multicast performance analyzer for DVMRP (Distance
Vector Multicast Routing Protocol) and PIM-SM (Proto-
col Independent Multicast - Sparse Mode). The
DVMRP performance analyzer analyzes the DVMRP
Probe, Report, Prune and Graft messages and estimates
the DVMRP routing table and forwarding table of de-
tected routers. As a result, it can estimate the reasons
for starting and stopping multicast datagram transmis-
sions, such as sender’s starting transmission or the prune
timeout. The PIM-SM performance analyzer analyzes
Register, Register-Stop, Join, Prune and Bootstrap mes-
sages and estimates PIM-SM Router table and Forward-
ing table. As a result, it can estimate the multicast traf-
fic changes between RPT (Rendezvous Point Tree) and
SPT (Shortest Path Tree). We believe that this detailed
analysis is helpful to investigate the multicast traffic be-
haviors and to design and operate the Internet from the
multicast traffic point of view.
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