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SLIFHAEI D HE|FHAE! (1/14)

« FLIFHAE (Unicasting)
« J9|
L HET Sxx|of YTHYR HAIKIE Hashs wA

- EFRE{7F A8 TS stLte| QIEH|O|AE Sl TEH
- @ e E, olHlY, oY ME S OF =2 elFY
O & 2|71 0[]0l M ALE

urce en
6 Ethernet switch
\ ====: Point-to-point WAN
‘ Unicast router
RSS-.

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab.
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SULIFHAEID HE|FHAE! (2/14)

- HE|FHAE] (Multicasting)

Legend

{5 Ethernet switch

==+ Point-to-point WAN

Multicast router

-~
- -y

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab.
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SLIFHA ST HE[FHAE (3/14)
= AO|E

. YEPHAEIR SR Ll TS AIEHE|0;
St E{ofl A E 2ol ofs ZAFE

. 2jojo] 212 E| ZHolls Lol ! AL EHO| XLt
L 240 RLIHALI2 SAXZRE CH0 HZI0| S E

P

a. Multicasting b. Multiple unicasting

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab. 6
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a. Multicasting b. Multiple unicasting

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab. 7



FLIFHAR 0 BE|FHAT (5/14)
« HE[FHAE F=4 (1/10)

o -IO|
C HEPHAE JEOf JHUE FAE JS0f ChE 2| Fa
e = Kl
-1 O
. HE|FHA

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab. 8



« HE|FHAE

o IPv40i Aol & | HAE 4 (1/5)
- HE[FHA RN SHHEI EE2 224.0.0.0/4&
« 224.0.0.00{| A 239.255.255.2557)} K| 228 7HQ| TATI /US

A
v

CIDR

224.0.0.0/24 224.0.0.0 - 224.0.0.255 Local Network Control Block
224.0.1.0/24 224.0.1.0 - 224.0.1.255 Internetwork Control Block
224.0.2.0 - 224.0.255.255 AD HOC Block
224.1.0.0/16 224.1.0.0 - 224.1.255.255 ST Multicast Group Block
224.2.0.0/16 224.2.0.0 - 224.2.255.255 SDP/SAP Block
224.3.0.0 - 231.255.255.255 Reserved
232.0.0.0/8 232.0.0.0 » 224.255.255.255 Source Specific Multicast (SSM)
233.0.0.0/8 233.0.0.0 » 233.255.255.255 GLOP Block
234.0.0.0 - 238.255.255.255 Reserved
239.0.0.0/8 239.0.0.0 » 239.255.255.255 Administratively Scoped Block

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab.



A (3/10)

DI E

© SMXIZ ABHE PHIET
] CENE TR

224.0.0.0
224.0.0.1
224.0.0.2
224.0.04
224.0.0.5
224.0.0.7
224.0.0.8
224.0.0.9

Base address (reserved)

All systems (hosts or routers) on this network
All routers on this network

DMVRP routers

OSPF routers

ST (stream) routers

ST (stream) hosts

RIP2 routers

IWAE F=4 (2/5)
= (Local Network Control Block)

TTL 2f2

Chabx| Of = 5H7| I

224.0.0.10
224.0.0.11
224.0.0.12
224.0.0.13
224.0.0.14
224.0.0.15
224.0.0.22

ZZEE KXo ECECoZE AIEE

12 2l AFSEIXRIE =

2 Mxsfiof &

IGRP routers

Mobile Agents
DHCP servers

PIM routers

RSVP encapsulation
CBT routers
IGMPv3

TCP/IP Z=2EF

Jeongmin Lee, Protocol Engineering Lab.
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LL|IFHAEID} BHE|FHAE] (8/14)
- HE|FHAE =4~ (4/10)

. & 7t X|o{ £ & (Internetwork Control Block)

« AFS

- IEEZ N0 EBEICE AIRE

=

o IPv40{Me| HE|FHAE F= 4 (3/5)

u
40
m
o

|| ol MA| QIE{H oz MEtEl &

o
Ojo

A

>

ZAYKNoi=5F, Y ¢t Mol =50 XX A2 E S8

LS =

fu[r

of &&=
o OFX|GF F=AT} 224.2.255.2550|0{0¢F

o
« M| EE0|CIDR EVIE E3E £ o

|.

=)
=

=]
=

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab. 11



S LIFHA B0 HE[FHAE] (9/14)
« HE|FHAE F A (5/10)

e IPv40i Mo HE[FHAE F 4 (4/5)
« AEE| HE|FHAE J& =5 (ST Multicast Group Block)

. AER HEPHAEE QI8 HTE

- SAP/SDP £2
c HM MU Z2ES UMM CIMEE Z2E S0 ALSE

e AR XM HE|FHAE 0| AIR =

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab. 12



QLIFHAEIT HE|FHAE! (10/14)

s HE|FHAE =4 (6/10)

0

2

4

KI-

|

{|

™

LL
ol 0{0
T o
20z
S I .
M ),
P o

« AS LHOJIA] A}

SE|0{M AFEH

|.

S
—

TA, 5 7|&oi

E x4
= o

o

Jeongmin Lee, Protocol Engineering Lab. 13
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I HE|FHAE! (11/14)

o
SL|FHAE]
« WE|FHAE T4 (7/10)
.18 /¥
- MEtEl O 8
- ASHSEE A = el &8 150 e HE|FHAE =4AF
el HE E58 (239.x.y.0 ~ 239.x.y.255)2 AHEE = US
. e.g., CHEOl| &8t AS B13 7} 23452 (91.156)H, 239.91.156.004| A
239.91.156.255 77t X|2| F7t0| CHEro] Fo{& = RIomd 0| B WA =O|
CHEl AS Q| HIZ o2 MEE = RS
2 O8

i SSM %%O'"A_I 2|S_/|\_% _ = ‘JI\‘ %&I

. & AXF X|% HE|FHA E0f|A
o|7Hsl| Bt RE B2 Saldt
TAE AE5H7| 5l 5

Jeongmin Lee, Protocol Engineering Lab.
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SULIFHAEID HE|FHAE! (12/14)

- HE|FHAE F A (8/10)

- O3 AS2 29| MY (1/3)
- =X

- |P I{Z!I0| HE[FHAE FA

==

g 7hx|c
22 22/ FAE

MESH7| 25l ARP = N =
- SH4& ot (1/2)
- E2/X TEPHAE xI210| 9l B2
e O|HY FTAO| AR 25HIE=TCP/IP ZE2EZ2 Q|8t HE|FHAE FTAE

Hol5fn, 519l 23HIES a2 S Hol5t| sl AFRE
+ IP HEIHAE FAE O[C{l FAZ HeHsy| 213, HE|HAE 2t2ElE
5191 23HIEE X510 O|CIL0] WETHAE 22| ZA0) A8
« IPFA0| OF MEX= 28H|EOIEE, & 9| SHIET MASEIX| BfF
« SAEE P FAE YAMM Apelof 1P =40 sliF K| et A2 w7 |F
32-bit multicast address

|« |

™~ |

1110 uiﬁ;t;d 23 bits of multicast address
0000000100000000010111100 23 bits of physical address =P (1:00:5E:00:00:00 ~ 01:00:5E:7F:FF:FF

le »l

= 1

48-bit Ethernet address

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab. 15



FLIZHIAET HE[FHA R (13/14)
 HE|FHAE F A (9/10)

- O™ 3 ASLS 29| MY (2/3)
« Of|A| 12.2

HE|IFHAE IP A 232.43.14.72 O|HY HE|PHAE S 2| FAE HEH5 2L

- Z0
IP 4 QB 23H|EE 16TIH2 2 X951 H 2B:0E:07H
Ol Lol M BE[FHAE =4 E EO[5t= & 9| 25H|E 01:00:5E:00:00:002 HF

HE|FHAE 22| FA = 01:00:5E:2B:0E:07

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab. 16



SULIFHAEID} HE|FHAE! (14/14)
« WE|FHAE =24 (10/10)

- O|O|E{33 AIS 2 29| MY (3/3)
- & ot (2/2)
. 2|5 HEPHAE x|0| GE B
. CHEE 92| WANO| 047|0f & &t

- EHIE (Tunneling? 3oz HE|FHAE I Zl0| KLIFHIAE 1iZlo]
A
=

245} =lo] FEHE

Multicast [P datagram

Header Data

{

Header Data

Unicast [P datagram

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab. 17
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IGMP (1/21)

.ol
YER3 NSl YEPHAS 18 HUNE BEls
Y
 YE913 T8 Heiol Ot HEE HSn 2T U
. 37h%| BiFIE 1R

« HHZ1 1, 2= ASM (Any Source Multicast)& XS &
. UEIFHAE HIAIR|Sl Bxioh 42gt0] 18 B0l £ 418
« ™ 32 SSM (Source Specific Multicast)& M3 &

- O|E| SallE sS4 =50i| si5sts SUNEFEH 2Le
HE|FHIAE m{ZI0rS |:||-o|.l=o|

[ 1GMP || 1CMP |
Network IP

layer

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab. 19



IGMP (2/21)

« HIA[X] R25 (1/10)

o HIH{ 4 & Oo|(Membership query)
» 28} (General)
& K| (Group-specific)
S & 4IXF X (Group-and-source-specific)
- HH{ 4] 211 (Membership report)

IGMP
messages
Membership Membership
query report

[ General
[l Group-specific

[ Group-and-source-specific

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab. 20



IGMP (3/21)

« HIAIX] 738 (2/10)
o EOo| HAIX] &4 (1/6)
aslein]  gW
2 HolstH, HEHA ol HIAIX|el B¢
0x11 gt 7H&
olst

- |

HH &
g
. HAIX| &
28 (Type) 8 AR =&
Z|C 8 ZE (Response 3 0|7} SEFE(0{0F e AlZHS &
AAFE! (Checksum) 16 AAE 22 XMESHH, A IGMP HIAIX|od| CHEH | AHE]
2 x|x4 al 27 z.\_AI xx-lxl_o_quE_l?l_L-H
& F2A (Group address) 32 = AE #%élgﬁ*g xli;)\-!x-;”opl o B
0 8 16 31
Type: 0x11 Response code Checksum
Group address
Resv QRV QQIC Number of sources (N)
Source Address (1)
Source Address (2)
[ ]
[ ]
°
Source Address (N)
Jeongmin Lee, Protocol Engineering Lab

. 21
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IGMP (4/21)

« HIAIX] 738 (3/10)
o HIB{A A o| HIA|X| A (2/6)

Resv. 4 = E 2l 04|°—F3H-E- Z/f

|A
S. (Suppress) 1 —f—%cﬂﬁfxl ‘Bg%
QRV. E Zto|AMd2 E 2 =]
(Querier’'s Robustness Variable) < LIEST 2218 ZLBZS7] 2isi A8
QQIC. Zlo| 7+z40| FS H|AL 2 =]
(Querier's Query Interval Code) < el Zh=elQal et Alksr7| 21s A
0 8 16 31
Type: 0x11 Response code Checksum
Group address
QRV QQIC Number of sources (N)
Source Address (1)
Source Address (2)
[ ]
[ ]
°
Source Address (N)

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab.



IGMP (5/21)
« HIA[X] 225 (4/10)

=TSR

O| HIAIX] B4 (3/6)

SR =

71 H®
Alo
= (Number of Sources) 16

£10|0f| Zt01k|= 32HIE RLIFHAE &4
G o|%l-
32 HE|FHAE HIA|X|C] &

&S X F A (Source Address)

0 8 16 31
Type: 0x11 Response code Checksum
Group address
QRV QQIC Number of sources (N)

Source Address (1)

Source Address (2)
°
°

Source Address (N)
TCP/IIP ZEEE

Jeongmin Lee, Protocol Engineering Lab. 23



IGMP (6/21)

« HIA[X] R (5/10)

- HIH 4| Elo| HIAIX| &4l (4/6)
- Z|CH 8 AlZt
<1
- Zolof CHEt EEcZ E1E ELH7| ™ol {8k Z|CH AlZt
- 53

Zlo|of| A %|CH SEHA|ZHS A o|8t
« Max Resp Code Zt0| 128 Ct 2o mH %|CH S AlZ

S R{A O]
= — oT =3
- Max Resp Code 2t0| 1282 Ct 2 HLt Z22o™ %|C 8E AlZt2 &5 &+
8-bit Max Resp code 8-bit Max Resp code
nu | | I |0 8 16 31
¢ ¢ ¢ Type: Ox11 | Response code | Checksum
| Integer Value | | Exponent || Mantissa | Group address
MRT = 1/10 of value in seconds L I m QRV | QQIC |

Number of sources (V)
Legend

°
3 : °
o . ) | Floating-point value | o
<< bit-wise shift-left operation

v Source Address (1)
Mantissa | 0x10 << (Exponent + 3) Source Address (2)
MRT: Maximum Response Time
|: bit-wise OR operation

MRT = 1/10 of value in seconds

Source Address (N)
TCP/IIP Z2EZ

Jeongmin Lee, Protocol Engineering Lab
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X|E &

|t Rlo| ZF Z+ZAS LIEFLE 7|2 1259| 2t 7+A
=

OrLt BEO| M&3HoF stE71HE

TCP/IP ZEE =
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IGMP (8/21)

1 (7/10)

110

OF

e 0| Al K]

2 2] 2 =B E
L = =T Y I T
< IR NE REEE
a S mm mum 211%) %
ol
ﬂ _ K _|__+o=
~ KT Rod < X 1og0
s oo ol Mwm;ox_ou_
=T Hfio OF=«0 ol OTO_L_LHE-
IA “_”—ur IV =._ o
p alyr K mgpdd KU oI F5455
|
By < KMol R0 %EEI
N T owil o<k

KK
< < s oy MLl o _:_A_.L 3
==l A

T
I oF 1w = < c_.A__A_o A_

OF T

.I

o] ol m1 i ojiijon KY kKO oG ﬂ 40 TENvd-e)

K

| KMl STHr%0 K of ROJU 77 o Tl <0

<1 =

KIIHr O ___E Ko ____”_H Kl OE-<40 Gl =1

Lol ° M ° _l_

m_l_. [ [ ] [ ]

c. Group-and-source-specific

Jeongmin Lee, Protocol Engineering Lab. 26
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IGMP (9/21)

» HIAIX| & (8/10)
- M4 210 HIAIX] &4 (1/3)
-

78 (Type) 8 HIAIX|O] R332 &Oo|stH 0x22 2t 7HE
: ZAAEE 2SS KBS, T% Al%|0
ZALEH (Checksum) 16 At 2 M3 °|-3||.:|I:|7’:"A|-X-|5|||GMP HIA[X|od| CH

Jg dIaE =+
(Number of group records)
0 8

Type = 0x22

® Group Record (1)

16 ol MZElE I8 ARsol £8 A

Checksum
Number or group records (M)

I Group Record (M)

Each group record

Record type | Aux Data Len | Number or sources (N)
Multicast address
Source Address (1)
Source Address (2)

Source Address (N)

Auxiliary Data

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab. 27




IGMP (10/21)

» HIAIX| 23 (9/10)
- M4 210 HIAIX| &4 (2/3)
P E

=

BHlZE 28 (Record type) 8 6702 &2 7tE
H = d|o|g| Zo| . Zt 1§ 2ol & E EX olo|E{e| ZolE
(Aux Data Len) % olstH, 32H|E Bt

31

T p Reserved Checksum
y e Reserved Number or group records (M)
Category Ty pe Va l ue o Group Record (1)

Mode_lIs_Include 1 -
Current-state-ReCOFd g ——e Group Record (M)
Mode_Is_Exclude 2 &
_ Change_To_Include_Mode 3 5 Roeotope ] AwDuaren ] Numberorsources )
Filter-Mode-Change-Record ey vty
Change_To_Exclude_Mode 4 ., Source Address ()
_ Allow_New_Sources 5 = -
Source-List-Change-Record

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab. 28



IGMP (11/21)

» HA|X] 73 (10/10)
- HEA] 21 HIAIX] B4 (3/3)

e
== ZTetr|= S = AN AE X{O|SH
16 HTo| Z& L= 32HIE AR FA Moz
(Number of sources) = == eE=M T TTE omE
AR =A
(Soirlc_e Lc_ilt_j:e_ss) 32 N7Hel S&IRF £ 48 LI
=% G oJH A BT ARl ZEE Qs BX CloleE et
(Auxiliary Data) o2 HOo|x[X| I3
0 31
Type = 0x22 Checksum
Number or group records (M)
® Group Record (1)
—E -
g - Group Record (M)
f:u B Record type | AuwxDataLen | Number or sources (N)
& Multicast address
Source Address (1)
Source Address (2)
—>
Source Address (N)

Auxiliary Data

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab. 29




IGMP (12/21)
« SAE MOl 2 E(1/5)

AN

« t ZZMNAE AT ZRE HE[FHAE HAIKIE =411t
gl ZF HEGHAE 50 &tet HZEE 7t

e include 2

« NACZRE OF HAIXIE 4I5t7(|2 ®lotes S4A =40 =52 J7HE
e exclude B2
« NIIZ Soll BolE0|7|E |otX| &= 38 HAIXRIS| SAIK FAE 7HE
\
S: Socket
Legend[ b, ...: Source addresses
States Table
Socket | Multicast group Filter Source addresses
S1 S2 83 S1 226.14.5.2 Include a,b,d, e
=h B =
== S2 226.14.5.2 Exclude a, b, c
& S2 228.24.21.4 Include b,c, f
S3 226.14.5.2 Exclude b,c, g
S3 228.24.21.4 Include de, f

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab. 30



IGMP (13/21)
« SAEO|A2| XHE (2/5)

« QIE{m|O|A 2FEY
. Zt HE|FHAE 20 CisH 5tLte| HlmERFS J}A

» TIx| &FEloi CH3H StLEL| QIE{mH O] A EfO|HEF 2 B2 =0
CHSH SkLE A of EtO|HE 7HE

- HZEE 2t o F 7IX[ HAEE IS
- & XAHEHE & StLEtE exclusive EE% 7tXlE B2

« %5 QE{ M 0|A B ZE = exclusive Z!

- exclusive ZE{E 7F7C|t ZFAE0 EHOH MES=IE=
inclusive Z E-lE IR |lE A EEE0 |:H3._P N %
|

. 82l B E BAEESO0]|inclusive EEQI 3L
x5 °._E-|1L1IO|/\ HZEE inclusive ZEH REE 7[X|D 2E A FE0| &
QIME £AFI0| SAA FTAFSEZS S

Interface state

@ Interface Multicast group Group timer Filter Source address
timer 226.14.5.2 ©) Exclude c
228.24.21.4 @ Include b,c,d, e, f

TCP/IP ZEE =

Jeongmin Lee, Protocol Engineering Lab. 31




IGMP (14/21)
S AE 01IA-IQI ME (3/5)

0|7F_ ’éJEH EE Y MER2 JEf EHEO| 7|gFE 5F0{ 47} K]
MZ CHE $70] ol £ g

* Include-Include, Exclude-Exclude ol 3
=8tet T LIHAIE ofLtel 28 Bl2E

Old-state New-state

filter filter
Allow New_ Source Block Old_Source
5 | | 6 | |
Include Include > >
B-A A-B
Allow_New_Source Block Old_Source
5 ] | 6 | |
Exclude Exclude > A B > B_A

Change To Exclude Mode
4 | |

Include Exclude > B Legend
A Old-state source list J

Ch To Include Mod :
an?%gl o lnc uce_vode {B: New-state source list

- —: Difference operation
Exclude Include > B

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab. 32



IGMP (15/21)

3
A
« 2o| =4
= AN — ~ (=) —_
. Ho|E s AlStH HZtx o2 SEEtx| otm, ME AlZh 5o
oSCte x|o:|A|9l
O H = — /|
o;
° 'IT%=>|
+ Uk Elo| 4l
. 3AEE QIEHO0|A ELOIHE HAME X|Qd 2o 2 MMAXE
- 15 K™ &He| =4
- 5 EtUE 7A4HE X[t 7[E Elo|He| THod Azt S B2 2= Add
« EfO|H7t SEfst /UK EI?IEFWI £ho4 AlZFE FeCiZ 7
- J53F SAIXFX|E 2ol
- 5 XY oot &2 tLE, F71H2 2 SAX = 50| X[
SEH=Z flall 7|5 E

E 02| & (4/5)

TCP/IP ZEE =

Jeongmin Lee, Protocol Engineering Lab.
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IGMP (16/21)

« SAEN|AML HME (5/5)

- E}O|H BF =2

« QI RIO|E £ Al = A EI CIE{IH|O|A EFO|H
« SAEE QlEH oA MEfol Q= 2t OF W2 LS| Current-
State-Record& Z &5l HEHA E1E MESE
.38 XN Holg 4+ 5 HNE I8 soy
+ 3AE = 50| 0q™5| EE3tE R E E- TS0 g
5tLF 2| Current-State-RecordE E &= HH{A E D E A4 Et
L IBT S AIH OB £4IF & AHE 18 EfO|n
« 15 XY 2oot 2 g2 £35tLt HZE 3 S4IK}
SES IE9| HE R0 o|EE

Type Value

Mode_Is_Include

Current-State-

Record Mode_ls_Exclude

Filter-Mode- Change_To_Include_Mode

Change-Record Change_To_Exclude_Mode

Allow_New_Sources

Block_Old_Sources

Source-List-
Change-Record

o o A WIN =

TCP/IP ZEE =

Jeongmin Lee, Protocol Engineering Lab. 34



IGMP (17/21)

. 2FRE{0f A 2] R4 (1/3)

+ ZO|X} | AbES
- HEPHAE 50 Chet B2 & 7rx|= E|Ol=
- HE|FHAE F4H OF E o
A
- 4 SR HRE

rr
of
>
_>I-|_
lo
1
-
Yo
i
o
o
1]
H
o
o

State for interface ml

NI Multicast group Timer Filter Source addresses
[:I 227.12.15.21 ® Excude |(a,@®) (¢, ®)
. 228.21.25.41 ©) Include  [(b, @) d,®) (¢, D)
9 State for interface m2
Multicast group Timer Filter Source addresses
| I 226.10.11.8 ©) Exclude |(b,®)
N2 227.21.25.41 ©) Include [ (@, @) b, ®) (c,®)
228.32.12.40 ©) Include [, @) (. ®) (., ®)

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab.
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IGMP (18/21)
« 2t E0AM L] & (2/3)

. Al 21 4 Alofl CHEt &
. Qb Foofl CHEH SEOZ A5l BT
S X
=]

o

« 2= Current-State-Record §&
. BFSEl0| 7t A AL AEfE HA

HL
d
2
1
.
o
ol
gl
M
2
1o
h
o

. ST Lt b LA \“EAXt Xt }) __
Ty 1{C}/ Action | ype ction
ype 1{C}/ ActionT - : rExclude {(A+C),(B—C)} Category Type Type Value

- (Include {(A), (O)} ) o
("?tl:lrtetm (Excmde{A B}) State - Current-State- Mode_ls_Include
(Exclude {(A. ). (C-A)) [ ((Exclude {(C - B), (B 0))) Record
Type 2{C}/ Action II Type 2{C}/ Action IV Mode_Is_Exclude 2
Actions
ar _ Change_To_Include_Mode 3
Group timer Sources timers Delete Filter-Mode g

I Reset{C} C—A) Change-Record Change_To_Exclude_Mode 4

I Reset Reset{C- A
- Resei{C} i Source-List- Allow_New_Sources 5
v Reset Reset{C—-A-B} [{A-C}&{B-C Change-Record Block_Old_Sources 6

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab. 36



IGMP (19/21

. BFRE{0l M Q] M & (3/3)

- Hefdl 20

o [

Type 5{C} / Action I

—

o i 5

Hel I-II
s

St
=

Next States

= Filter-

2= Alof|

O
Zlo|E0i CHet SEHL=Z
Mode-Change-Record

rInclude 1A+ C}

Type 6{C} / Action Il

) Type 5{C} / Action V (-

EHo'- SH =

Next States

(" Include {a} ) Current

4 Include{A}

Type 6{C} / Action VI

{ Exclude{(A+C), (B-C)} )

( Include {A+C}

Type 3{C} / Action 111\

r
Exclude{(A + (B - Y)), (V)}
)(Exclude{A B} ) Cyrrent S )

Type 4{C} / Action IV

(Exclude(A. C), (C-A)} )

) Type 3{C} / Action VII \C

Exclude{(A + B), (B - C)})

p
Type 4{C} / Action VIII {Exclude{(C - B), (B. C)} )

Actions
Group timer Sources timers Delete Send G-S query | Send G-S-S query

1 Reset{C}

Il Q-GS{A.C}
111 Reset {C} Q-G-S{A-C}
v Reset {A-C} Q-G-S{A . C}
A% Reset{C}

VI Reset{C — A — B} Q-G-S{C-B}
VII Reset{C} Q-G Q-G-S{A - C}
VIII Reset fA-C} &B—C} Q-G-S{A - B}

AMEl=EHT

£ 2 Source-List-Change 8 &

Category Type Value

Current-State- Mode_lIs_Include 1
Record Mode_Is_Exclude 2
SR e Change_To_Include_Mode 3
Change-Record  change To_Exclude_Mode 4
Sonree L Allow_New_Sources 5
Change-Record Block_Old_Sources 6
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IGMP (20/21)

« ME (Forwarding)0l| A 2| 3&t
- 7! ME A E IP HE|FHAE 2t RE 0| E|= 67K
HE AHE 0| IGMPYV3 & X E%IOMI 7|gher
- HE|FHAE SHMX| FAT) EFRH ”EHOH xngpq ofom,
Hrixio 2 mjzlg MUKl g 0| HEE
. =X T4 2 2E AEjol EXECIY, 2He BE 2o
2 SR FL00 2HE

Filter Mode Source Address Source Timer Value

Include In the list grater than zero Forward
Include In the list zero Do not forward
Include Not in the list N/A Do not forward
Exclude In the list grater than zero Forward
Exclude In the list zero Do not forward
Exclude Not in the list N/A Forward
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IGMP (21/21)

- ZH=3}
 IP C|O|E{1 o ZH=SHE
- ZZEZE ZCE2 TTL
|

—
- Hlo[Ea R e =XK|

1l

| 7ol el ek s

®
=
U
(.
r2
N
LQ
lo
fol
i
0%
1o
-0

|51 {7 1, 201 &=

Type Value Message Type
Message Type IP Address : 0x11 Query

General Query 224.0.0.1 0x12 Membership Report
Other Queries Group address 0x11 Query
Report 224.0.0.22 2 0x16 Membership Report
0x17 Leave Group
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O

-l

EIFHAE 28 T2 EZ (1/15)

A | I

- SR 78 EE
+ MOSPF
+ DVMRP

* PIM-DM

- 15 37 EC

- CBT
* PIM-SM

Multicasting
rotocols

| |

Source-based Group-shared
tree tree

I
| I

MOSPF I DVMRP I PIM-DM PIM-SM CBT I

PIM
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HE[FHAE 2IRE ZEEZ (2/15)
« SAIR 7| EE|

. 34of
. 7t pHed 2L EIB0| ZH2ho| T B ol CiEt 2|E K= E2/8
PSR
« E K|
- O
« J5°| = mol CHsH, m7le| x|t B2 EC|IE ERE ®
» A50| £7t S7HE =S ErREH SHT/ A S
¢z 1, Gl. G2 oo ©3 G1,G4,G5
Ty e @ -------n-eee -
R S ] oSS
R2 Table R1 R4
G3,G5 Ej i Destination Next-hop
1 Shortest path tree —> Gl — R2,R4 7,
s : . G2 — R2 ::EE
o : E I ] :3
I Shortest path tree = G5 R2, R4 2
G664 [ 7 R1 Table
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HE|FHAE 2IRE T2 EZ (3/15)

« SAIXL 7|8 EB|: HEIFHAE 213 AME| 2FRE! (1/2)

H=

« X O]
o—
L HEIFHAE HZIS T&sty| st Y2 MEf HEE
Agsts WAl
« E K|
—1 O

e LU} AURIE| T CHdZo| SE S 0 A2 E
« MOSPF (Multicast Open Shortest Path First) 2 £ F¢4E

° OSPF .\.LEE | 2|'X|-O|
Multicasting
rotocols

Source-based Group-shared
tree tree
I
I |
MOSPF I DVMRP I PIM-DM PIM-SM CBT I

PIM
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HE|FHA E 2}

=
=
7
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HE[FHAE 2B T2 EZ (5/15)
- S4IXE 7[dE EE|: HE[PHAE 7{2| HIE 25 (1/5)

o

ZI
A

[0

HE5H7] 2l HEl HEe B2 &

on
rir >

o M
e~

. dm
ofy 02 >=p 1©
O M

i
llIIH 1o

MR 7[EFe| EE|
E[O|2& BH=X
« 4740 EHCF.Z3 %X x-IxHo.” 7|Htet= MEFE AR E
. DVI:/IRIP (Distance Vector Multicast Routing Protocol) =

?.o =

* RIP (Routing Information Protocol)0i| 7|2t}

(u

5L AX[MHo = BIRE

r
52
10 >

I'II'

Multicasting
protocols

tree /
MOSPF DVMRP | PIM-DM PIM-SM CBT

PIM
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= (6/15)

—
AN . - ()
« SAKF 78 EE|: '1.=E|7H—§ 7He| HiE 2t El (2/5)
. EFE-ZAE KA (1/4)
Z 242 (Flooding)
. ol
- IAE eAlotH SHX| I8 FLAE AHEX| 10 48 QIHHO[AE
Nelst 2E QIEEo|AZ LHE L = EAH
« EX|
= O
. HE[FHAEIO| XS BXQI S5t AEfO| HHHE JtxlE 2E Yol IS
T4lslof Bttt He Ede
- HE|FHAEIO| ofL|Z EEEIFHAEIO|H, B RE|E [HEF THZ!0| CHA|
PIE{HO|AE Sl E0{2e FX EA7t e = US
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E|IFNAE BIRE T2 E S (7/15)
QX 7|8 EB|: HEIFHAE HE| HE 2t E (3/5)

5 HH (2/4)
e (RPF, Reverse Path Forwarding)

—

_|
—
A
S

1L
L—

-

-_
\
11

o J
cox oY

[ )
[ ) H O
iy oz prop oyt pr 02 gy 12 HUO

o 1]

>

IRI2FE et RER|L Z|H B2 & Soll =& st= AF2EF

1T

egend
Bl Reccived ]

m

B Forwarded

AR E So TARS S TESHT| £
o| HIE Bl RE ZE2EEZO| RLIFHAE
LB HO|E2 A8
« &AMXEREE 2IRE{}KR]| SHLES]
CH ZAZ 00| EXiSt0{ FZE
X £+ US
. aro| stLto| AFEDOFES £=AlSIE R RS
Ol EXE|X|E AS 1l m3

R6
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HE|FHIAE BIRE ZTEEZ (8/15)
« SAIKE 7|8 EB|: HE[FHAE 72| HE] 2R E! (4/5)

e T2 M (3/4)

- 4 A2 HZ AR (RPB, Reverse Path Broadcasting)
syel
. 2t SAIRHOY THBH, AHAIO| RIHE 25 QIE{HO|AR S TS M sHe WA
e E XKl
-1 O
. RIME 25 BHREE SAKRO| AP BRE JK|E BHRE
mZlo| Zt 2ol R ot El= Aot ZF &of EFEA| StLte| AFEEHO| ME K=
AERCES

R1 is the parent of Netl and Net2.
R2 is the parent of Net3

I

Net2

Netl Net2
a. RPF b. RPB
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E* FHAE BIRE T2 EZ (9/15)

MAR 7|8 EE| HE|FHAE 72| HiE 2F2E (5/5)

- EFEF A% ™ (4/4)
- o A= HE|FHAE! (RPM, Reverse Path Multicasting)
o X Ol
o —
e X7 (Prunmgf I} M= (Grafting)2 RPBO| £715t04 S840l HIEHA A& S
X|2dste HETHAE £/E B2 S AAIsHS Al
[ ] x4 X . Pruned route
= xl- I¢ [2 lgirafteili route J

o MN|7H
arol| AZEl 2t RE{7F HE|FHAE THZ!of| '
CHSH 2t &l0| QiCt= JAE Y US M,
2t E{= A7 HIAIX| (Prune message)&
42| 2t REo0| M&5t0d e QIEHO|AE
M7H=E & Netl Net2

. g=

« MN|7{ HIAIX|7} _‘?'_LH7CI HESZ & & 20l

HE[FHAE WIS =45t TR & Y
M= IHIAIXI (Graft message)% & 504
A2 et RE7I HE|FHIAE TZ!E A& N
XI_-I_g_gl. E o|‘

Netl Net2
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] ‘ H |_o El| 1T =
HE|FHAE B} RE T2 E 2 (10/15)
.J1E ZR EZ
. o
- 30 2t RE{TIO| ZF O 50| ST st 2H G2 EE|E
7HX|= Y4
. EX]
- O
« 54| F0{ 2} 2E{ (Core Center Router)2t 1 2 2|&= 5tLtL
X'SE 22 (Rendezvous) 2R E{7F HEIFHAE
E El--‘i!% _IE_HHEEI- e D 1, G G3 G1,G4, G5
. BI2E{7} WEIPHAE 4TI =
A5 SLFHAE o] reo— 0o o
&3 ofo] 2o{ AR [ N\
HL—H G3,G5 Nt
» 01 2t E= #HEi 9 I e
DE-I El? HAE EH%\I% Z|_SZ§_6I-—_,|— é Shortest path tree —> es(;nla = — ;:.-R;pm £l
ct Y E|O|ES & =50 e : o 0 |5
EHZ&I% EI-_C|>_ EC-DI%EI- Shortest path tree —»- (C:;1 S’PI:: E

Core Router Table
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HEIFHAE 22 B Z2EZ (11/15)

& 37 Egl: Z0{ 7|4t EE2| (CBT, Core-Based
Tree) (1/3)
« O

. 0|2 E|o| RER AR5 18 2R Z2ES

o %Xl

o
« A2 AAEIO| X[¥2 2 L1, 4 X[0rCH 2047 MEE

e
I
MOSPF DVMRP I PIM DM PIM- SM
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-1 2R E2|: 30 7|E 2| (2/3)
- EE[o| ¥

- TR ZRIEJ FEE|MH 2E 2B e O F 2HREQ
SUIIAE ZAE EEES

« Z1 2t REE a50 7t st 7| fls 7H (Join) HIAIX|E
MEE

C O|E BI2E7} 180| DE YHEZRE] 7+ HIAIXIE
> alste 27} AT

. :5—5—% [HLED Ao™ &2 Bt RE{of & E| (Leave) HIAIXIE
x _ﬁ % Shared Tree
L-_O (H

Member Member Member
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| ZZEZ (13/15)

([
m
-
>
| |
| T
40
orn

15 3% E2l: 3o 7|8 E 2| (3/3)
« HE|FHAE THZ] M& ™R}

1. S&X= ZEFHAE WIS Z018 RLIFHAE T4
EZ¥sto Zoi= TEH

2. 0| 2IREHE FUIHAE I Sl|IEE LA T
HE[FHAE mZlE 4l O 50f &et QlEmojla2 MEH

3. HE|ZHAE mZIS = AEH Zf Bl R E{E O |
50 23 Qe o|A = T™MEH

Shared Tree

Member Member Member
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HE[FHAE 28 T2 EZ (14/15)

X2 EZE SEM HE[FHAE (PIM, Protocol
Independent Multicast)

* PIM-DM (PIM-Dense Mode)
» LANI} 20| HE|FHAE #of HET I =2 230 AHEH
- HE|FHARIZ CHR 7| 2|3 RPF2 M7/ T HHS A8 E
* DVMRP2} RAFSILE, 58 FLIFIAY ZZEZ (OSPF)0

O|ESHX| Pi&

* PIM-SM (PIM-Sparse Mode)

- WANZ} ZHo| HEE 7 ZF2 HE|FHAE 2t F0l| AHSEH
-5 S EClM S |XF Z|gtel EE[Z2 HEY = AUF
- SHF 2QIE0|MH HE| Ho{Zl Xof HE[FHAT ¥AH0| YUS

A o
HEE £ 23

- CBT2t fAFSHLY, 7t HIAIX| Q12 EHR = 5K &t 2

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab. 54



HE[FHAE 2IRE T2 EZ (15/15)
« MBONE (Multicast Backbone)

o ggl Logical tunnel
 E{EE Sof HEHAE
EofE MES ?e 7H¥ 2
TN IS
TN
. HEPFHAE BIE{7} B
§I_I-7O=IO-|A-| DE-IElaHAE %Al_l% Logical tunnel
7ts3HAH 57| &
Unicas
y 5753'4 AR P ey = o=
« 34XH77t x| MBONEZ Saor S (Rl) i
Eigdalg xIHsts s\
I 2 EZ2 DVMRPOIO| M & [eeind TSI
© 0|5} ]
B — =
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Thanks!

0| H Zl(jeongmin@pel.sejong.ac.kr)
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