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QLIFHAEIT HE[FHAE! (1/13)

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

- Bl EHEt2E, Ol Y, Tt
OH= 2|71 00| A AtEH

Legend
5 Ethernet switch

\ {- ===+ Point-to-point WANJ

-~
- ~a
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QLIFHAEID HE[FHAE! (2/13)

- HE|FHAE] (Multicasting)

ege
S Ethernet switch
\ ====: Point-to-point WAN
l O Multicast router
R1
- T ~y
]
1
1

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab.
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- HE|FHARI2 S AKX StLES| TfZlo = A|EfE|0
LI RE{0A 220 o5 FALE
. elolo| 2 E| ZHoll stLES| T AHEEFO| X|LIZE

. =40l LIFHARIS SAIRZEE] Cho| THZ/0| MEE
 e.g., CHe 0 2 Alxfof 4| Ol YU B2

Legend

Multicast rotuer
Source Source
nicast router
i nicast destination <Y
i ulticast destination

a. Multicasting b. Multiple unicasting

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab.



SULIFHAEID HE|FHAE! (4/13)

20| QLIFHAE

- HE|FHAE O|ZE|0|M2 2 AIESHK| 2fE Olw
» S0 RLIFHAER2 HE[FHAE| H|sH H
o E"|E|9H/\E|01| ngH ] % EHO=|;&° A'.Rol-
« SRt THZ! O] SAHEO] el SEHA Rl X[ AlZhE 7Y

Multicast rotuer
Source Source
nicast router
i nicast destination C
i ulticast destination

a. Multicasting b. Multiple unicasting
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S LIFNAE T HE|FHAE! (5/13)
- HE[FHAE F4~ (1/9)

o Ad O|
. HEHAE 20l 7HUE BAE IS0l ChE XK FA

« E K|
- O
C HEIFHAE FAZ AFSE B2 4 AIxko| TEJ F|otof
olst ZLE MoBtT ZE I8 HHol MEE &+ 23
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QLIFHAEID HE|FHAE! (6/13)

« HE|FHAE F A (2/9)

e |Pv40: HE[FHAE T4 (1/4)
- HE|FHARO| & E =52 224.0.0.0/4Y
« 224.0.0.004 A 239.255.255.2557)t K| 228 7HQ| =AT} QS

X
|O
2

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.
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* |Pv40{| Q]

E|IFHAE T4 (3/9)

12
m
=
>
Im
N
1Y
N
2

- =5 (Local Network Control Block)
e O %%Ql FAELS T ZEE KXo ECEICE AIEH
- HE[FHAE SAIE 26 AISER|E AS
« O| EBO| FAE SHMXIZE ANESI=IPIHZI2 TTLIUZS 12
MASHOoF &
- BI2EE 3l0i5 o] WS MESIX| =8 57| H Y

224.0.0.0 Base address (reserved) 224.0.0.10 IGRP routers
224.0.0.1 All systems (hosts or routers) on this network 224.0.0.11 Mobile Agents
224.0.0.2 All routers on this network 224.0.0.12 DHCP servers
224.0.04 DMVRP routers 224.0.0.13 PIM routers
224.0.0.5 OSPF routers 224.0.0.14 RSVP encapsulation
224.0.0.7 ST (stream) routers 224.0.0.15 CBT routers
224.0.0.8 ST (stream) hosts 224.0.0.22 IGMPv3
224.0.0.9 RIP2 routers
TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab.
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SLIFHAE D HE|FHAE (8/13)

« HE|FHAE

A (4/9)

e IPv40{ Mo HE|FHAE F4 (3/4)

o OF
o

7t o1 25 (Internetwork Control Block)

« TZEZ No| ECHEICE AIEE
« 2IE0] Q8 MA| eIEElo g MEE

. SSM (Source Specific Multicast) ==

A ol
== T AAE

L

& AIRE (Source) X|%& HE|FHAEl0]| AIZ E

o

. |G|\/|Pv3TE1 AMNEE|7] AlEHE

- = EHQE SR ECiE ~4E YX|5I0d HERT EEES

o
ST

TCP/IP ZEE =

Jeongmin Lee, Protocol Engineering Lab. 11



|-2 | E _JI\_ AAE ECE'IK-IOE et
Z AISE

e.g., 233.x.y.00 A 233.x.y.2559]

III|II

= -4
° El'El I:||=-I_|_ EE

(Administratively Scoped Block)
. OIE{4lio] EX] Qo4 E X

S BN, 5 7[Erol SHEE[oM AAEE
. &Ijﬂoﬂ 58 A4S EE.XIE = mZl2 sl EHE SoiLEK|
=

TCP/IP ZEE =
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- MEtE OE
- ASHS S A8 = el §8 1
el Ha 2 9

. BE|KF] OBt TA AR £9010| TR E
e R O
. SSM 220|M TAE MEiE £ 92
« 22 ZAE AR 5 FEES FE et e
+ SR XM HEFHAE MO HZEL T8 U SAIKH FA0f
o|7{dl| EIREE|EE2 TRSIAH AHE=E = 7| MEY
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« HE|FHAE F A (7/9)

e HIO|IEHEI T HS o2 o| ML
« 2N

(1/3)

- IP I{Z!0| HE[FHAE FAE 7HX|H, OIO|IEHE A HE2= miZ!
MEStY| IS ARP Z2EEZEE ESC| TAE 32 = i3
- SH4& ot (1/2)
- =C|M HE|FHAE X|HHO| %Jt 8%
« Ol FAO| AR 25HIEE TCP/IP ZEEEE I8t HEIFHAE FTAE

Hol5fn, 519l 23HIES a2 S Hol5t| sl AFRE
+ IPHE|AE FAE O FAZ Hetsty| I, WEPIAE 2LeE(E
st9l 23HIE B XS stod O[EA0] TEIFHAE 22| FA0] AU
. IP 740 1F AERHE 28HIE0|2 2, 49| SHIETH AL EIR| 2
. BAEL P FAE MM KHAIQ| 1P FA0f SHTEHK| o THZIE B[R

32-bit multicast address

>
|

1110 uizisd 23 bits of multicast address
0000000100000000010111100 23 bits of physical address

=——=9p (01:00:5E:00:00:00 ~ 01:00:5E:7F:FF:FF

le

»l

I*

48-bit Ethernet address

1

TCP/IP ZEE =

Jeongmin Lee, Protocol Engineering Lab.
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S LIFHAEID HE|FHAE! (12/13)
« HE[FHAE F 4 (8/9)

- 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. 15



SQL|IFHAED HE|FHAE! (13/13)
« HE[FHAE F 4 (9/9)

- 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

- EHHEE (Tunneling? WMoz HE|IFHAE 1iZ!0| RLIFHAE THZ o]
3|0 MEH

=

Multicast IP datagram
Header Data

{

Header Data

Unicast IP datagram

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



Eﬂ.

- RLIFHAEID HEFHAE

* Internet Group Management Protocol (IGMP)
- HE|FHAE 212 &

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab. 17



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)2 XS &
. UEIFHAE HIAIK|Sl Bxioh 42gt0] 18 HiHE Ol £ 418
« ™ 32 SSM (Source Specific Multicast)2 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. 18



IGMP (2/21)

« HIA[X] R25 (1/10)

A E

Sjel C’|(Membership Query)
« 2 RE7t O50l| &ojste EAETL JUeER] 23F
. &8
- 28t (General)
- & K| (Group-specific)
- 251 S 4IXF X|™H (Group-and-source-specific)
- M4 2 11 (Membership Report)

c BAEJOE Fodol B HEE 21

=
IGMP
Messages
I
| |
Membership Membership
Query Report

[ General
[ Group-specific

[ Group-and-source-specific

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



IGMP (3/21)

- |

« HIAIX] 738 (2/10)
Of HIA[X| &4l (1/6)
ERC T
2ES Holstm, YA Fo| HAIX|| AL
0x11 gt 7H&
xo|t

HAl &
N HAIX| &
28 (Type) 8 AR =&
Z0i SE FE [e) Ct
o7t SEtElofof sHe AlZte
(Response code) e 7k SEE|0{0F 3HE AlZHE BOlH
AAFE! (Checksum) 16 AAEE 2 XESHH, Al IGMP HIAIX|od CHEH Al AHE]
E xXMH o gEn SAIRF XA 2o HAIXRIE B [
J& 24 (Group address) 32 = x% IP%EPI;QAEF xlf;k!leokl & =20
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
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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 ‘Bs%
QRV E Zto|AMd2 E 2 =
(Querier's Robustness Variable) 3 HEHZ 2288 2URZS7] Fisl A3
QQlIC Rlo| Z+740]| FS 7| AF =]
(Querier’'s Query Interval Code) 8 el ZhAglQaiahs Aldrst 7| s 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. 22



IGMP (6/21)

« HIA[X] R (5/10)
. HEH{A

- Zlojof Ciet SH2=ZE E1E sS4tV K| 18 &= ZICH AlZ

Z10|0{| A %|CH SEHA|ZHS ol
+ Max Resp Code 2t0| 1282 Ct %2 =|Cf SE Al

S X{A0]
= — ©oT =
« Max Resp Code 4/0| 1282 LCt I 7HLI Z oM %[t SH AlZI2 &8 A+
8-bit Max Resp code 8-bit Max Resp code
nn | | I | 0 8 16 31
¢ i ¢ Type: 0x11 | Response code | Checksum
| Integer Value | | Exponent || Mantissa |

Group address
MRT = 1/10 of value in seconds

. S ] o
Legend

Number of sources (V)

°
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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IGMP (8/21)

« HIA[X] R (7/10)
X

- HEHA 2o HAIX] B4 (6/6)
- At ZOf HAIX|
- LIEQIS 40| ZE HEPHAE

50 Cish = AlRE7L U= K|
2to|5t
- — (=
« 15 X8 &2 HAIK]
- S HE|FHAE T F0i = AIKHIE
A= K| B QIES
« 53t SAXFX|E 2ol HAK]
- SM HEPHIAE JF0M §F
SAXEREQ ERTEE gt
= ARE7E s K| EelE

i ‘ ‘ 4 All 0’s )

a. General

Group address: x.y.z.t

All 0’

b. Group-specific

Group address: : x.y.z.t

| N

Source Address (1)

Source Address (2)

L]
Source Address (N)

c. Group-and-source-specific

TCP/IP ZEE =

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

e 0| Al K]

« A

£ (8/10)

=10 HAIX] 4] (1/3)
7 (Type) 8
HAALE (Checksum) 16

Jg eIz =
(Number of group records)
0 8

16

Type = 0x22

Group Record (1)

ks
HAIXR|S] 78 E EolstH 0x22 2k & 7HE
(=] 7N

XMESHH, A IGMP HIA|X|of
H

HAE & s
CHaH 7| &HE

Checksum

Number or group records (M)

—e Group Record (M)

Each group record

B Record type | Aux Data Len | Number or sources (N)

Multicast address

Source address (1)

Source address (2)

Source address
Auxiliary Data

TCP/IP Z=2EF

Jeongmin Lee, Protocol Engineering Lab. 26



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

Type Reserved Checksum
Reserved Number or group records (M)
Category Type Value Group Record (1)

Mode_lIs_Include 1 - :
C urre nt'State'ReCO rd g —e Group Record (M)
Mode_Is_Exclude B
S —
5 Record type | Aux Data Len I Number or sources (N)
Change_To_Include_Mode g [ E e

Filter-Mode-Change-Record

Source address (1)
Source address (2)

Change_To_Exclude_Mode

Allow_New_Sources

Source-List-Change-Record Source address (N
Block_Old_Sources Ausiliary Data

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab. 27
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IGMP (11/21)

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

16 HT1o| &L= 32HIE AAFEA+E
(Number of sources) - = et-MTHT= S
SAMRF F=EA
rSlhi T4 A RAAE LH
32 N7HO| & AIRE FAE LEE}
(Source Address) e = —= =
CEJ ya BT ARl Z8E £ ol BX ClolElE
(Auxiliary Data) o2 HOo|x[X| I3
0 8 16 31
Type = 0x22 Checksum
Number or group records (M)
° Group Record (1)
. .
g —e Group Record (M)
%..
%D B Record type | AuxDataLen | Number or sources (N)
& Multicast address
Source address (1)
Source address (2)
> -

Source address
Auxiliary Data

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab.



IGMP (12/21)
« SAE MOl 2 E(1/5)

« 271 A Ef
4t ZZ2MAE Ao ZRE| HE|FHAE HAIX|E 44T}
=l 2t HEFAE JE0f 2t BlZEE JHE
* include E £
. AFORHE| IE HAIXKIE 245172 ot AKX TA0| 222 J}E

e exclude 2 E
o ATIS Sol LHolE0|7|E |otX| e I8 HAIXIS SAIK FAE 7HE

LS

Legend [S Eofkeéource addresses\
States Table g
Socket | Multicast group Filter Source addresses
S1 S2  S3 S1 226.14.5.2 Include a,b,d e

= =B 2 | 226.14.52 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. 29



IGMP (13/21)
« SAEO|A2| XHE (2/5)

« QIE{m|O|A 2FEY
- ZF HE|FHAE &0 CHsH stLte| | Z =82 7HA
o x| AEHOI CHSH StLtel @IE{H O|A EFO|HeF Z B Z =0
CH3H 5Lt Aol 7 & Efo|HE 7} &
- BlZEE Zgstern] 2lof T 7hR| g mE
- g3l SILI2IE exclude ZEE 7}X | AR
E{H|0|A B|ZEE exclude ZE| ZEE 7} &

E{E JhX|= FAS0l CHeh mE/ES
4 S=s0f Cfsf & QA S S8
o

_>,+_
HE
ﬂl|ﬂ
01)| o|

br
Ok
0

mo
s
\ICD
30
rr

IE{H| 0| A Bl|Z E = include E
Jelslol aiin FA SSE B E

ot
&
H
mIOFO F||'| ml
iE
kU
M
mn
O
5.
Q
c
Q.
D
I-IZI
H N
FQ
O ¢
_I

o I
2 O

r

Interface state

@ Interface
timer

Multicast group

Group timer

Filter

Source address

226.14.5.2

O

Exclude

C

228.2421.4

®

Include

b,c,d, e, f

TCP/IP ZEE =

Jeongmin Lee, Protocol Engineering Lab. 30




IGMP (14/21)
S AE 01|)\‘|9| & (3/5)

OI’F_ FEH “'E4 £} AHE

' o
—
|E o A (=)
_|E |:|:|7=| ol ol

7do = H | = | =
* Include-Include, Exclude-Excludel| B<, & 7lle| & A EE
i k= = = T oF=
Z 85T LIHX|E stLtel O2 2 EE Z3tstod
Old-state New-state
filter filter
Allow New Source Block Old_Source
5T 1 6 [ 1
Include Include > A »> .
Allow New_Source Block Old_Source
5T 1 6 [ 1
Exclude Exclude > A_B > B_A Category Type Value
Change To Exclude Mode Current-State- izt e _nelLet 1
4 1 | Leend Record Mode_lIs_Exclude 2
Include Exclude > egen
B .
ch T Tnclode Mod A: Old-state source list Filter-Mode- Change_To_Include_Mode S
an.fc—l = lnc 1Y% | B: New-state source list Change-Record Change_To_Exclude_Mode 4
R —: Difference operation
Exclude Include > B Source-List- Allow_New_Sources 5
Change-Record Block_Old_Sources 6

TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab. 31



IGMP (15/21)
« SAEO|ML| ME (4/5)

A
« 2o| =4
= AN — = o =
. Elo|E £ Al5tH Z2xo2 SESHX| obn, BE AlZHS
2ct2 x[0dA|Z
oHd= — ==
o;
« RS
. Ut Zo| 44l
« 3AEE OIE{H 0|A EfO|HE AAHE X[ Zfo 2 RiAdX{E
+ 38 X% Ho| £l
- O5 Bt ALE X[ 7|E Elo|HHe| THo AlZh S B2 ULE MUEE
- 7|£ EtO|H7t SA5H /UK EI&?IEF“# THod AlZtE FEIOZ Zh&
- D50 S X8 2ol =4
- I8 A8 Hog 22 S E s, F/IHHLE SAX 550| X[
e OlgH 7|§EI
oOHZE T - (=

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. 33



IGMP (17/21)

e I REO0| ML
. &

Elo|x}o

| =————]

& Ef

Mg (1/3)

. HE[FHAE T Eof CiEt HEES
INAE T

. HE
SRR

- Zt AR HIZE

N1

]

N2

=A OB EIOH, EE 2E

rr

State for interface ml

Multicast group Timer Filter Source addresses

227.12.15.21 ® Exclude |(a,@) (c.@)

228.21.25.41 ©) Include  |[(b, @) (d.@) (¢, @)
State for interface m2

Multicast group | Timer Filter Source addresses

226.10.11.8 ©) Exclude |(b,@)

227.21.25.41 ©) Include | (a,@) b.@) (c.@)

228.32.12.40 @ Include d.@) . ® (.®)

TCP/IP ZEE =

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

- HHHA E —r*|0'|| CHEE &S

®) o C A -
« 25 Current- State Record f8& E?:.*?:f
- 2tREC| Z HAE dEf= 4R & el & 2ol =& e Y2 E0] ofEE
Type 1{C}/ Action | Next States Type 1{C}/ Action 111 Ya Next States
(Include {(A). (C)} ) +(Exclude {(A +C), (B-C)})
( Include (A} )Current (E’“"“dc{A’ B)) St
S (Eelude {(A.C),(C-A)}) (Exclude {(C-B), (B 0))
Type 2{C}/ Action 11 N Type 2{C}/ Action IV
ACti ONS (07:11:To[o]4Y Type Type Value
: C t-State- Mode_ls_Include 1
Group timer _ Delete N cord Vode 15, Exclude ,
I Reset{C} {C _ A} Filter-Mode- Change_To_Include_Mode 3
II Reset Reset{C — A} Change-Record  Ghange To_ Exclude Mode 4
II Reset{C} 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. 35



IGMP (19/21)

I
II
I
v
v
VI
VI
VIII

. BF2E{0| M o] T& (3/3)

—

c HIH Al H 71 A Alof CHEH HE

« C|E Alo|Eo0f CHStH SEQE =ME|lEET
- 2 & Filter-Mode-Change-Record =& Source-List-Change 32

=1
=

Hel HT
s

Next States
Type 5{C} / Action I
ype 51C; / Action »(Include (A + C} )

Type 6{C} / Action II

( Include {A} ) Current
L

Stat
e »(Include {A + C} )
Type 3{C} / Action III

Type 4{C} / Action IV >(Exclude {(A. ©). (C- A)})

(Include{A}

Next States
)@xclude{(A +C), (B-C)} )

Type 5{C} / Action V

Type 6{C} / Action VI

Pl AN T ctude((A + B Y), (V)) )
( Current

Exclude {A, B}) State

Type 3{C} / Action VII \EX"I“de{(A +B), (B-C)} )

Type 4{C} / Action VIII ’@Xd“de{(c -B), (B. O)} )

Actions | Categoy | Type | TypeValue |
Group timer _ Delete Send G-S query | Send G-S-S query Category Type Type Value
Reset{C} Current-State- Mode_lIs_Include 1
Q-G-S{A. C} Record Mode_lIs_Exclude 2
Reset{C} Q-G-S{A-C}
Reset {(A-C} Q-G-S{A.C} Filter-Mode- CiEngE_ e el EE 1 eeE 3
Reset{C} Change-Record Change_To_Exclude_Mode 4
Reset{C — A — B} Q-G-SIC-B}
Resot{C} QG Q-G-S{A—C} Source-List- Allow_New_Sources 5
Reset {A-C}&{B-C} Q-G-S{A - B} Change-Record Block_Old_Sources 6

TCP/IP ZEE =
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IGMP (20/21)

« ME (Forwarding)0l| A 2| 3&t
- I{Z! ME AHZ IP HEFHIAE BFREH LE|= 67|
HE AL 0| IGMPV3 &~ X E%IOMI 7|8kt

- HE|FHAE SHK] —’F—/\7P 2t E & EHo] EXHSHR]| 2fo ™,
Mojxdo 2 miZle Mehst x| of= 70| HEHE

. 2Xx| F AL SFRE| AEfO] EXYEICHE, TE| BC
S AR =40 274510 HE ALY (Recommendation) O
Ze

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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MP (21/21)

- A==t

o |IP C|O|E{1 o] ==

ZZEZ EEE=2,TTL (Tlme To Live) EE= 12 MHE
JE [o]]= i yel %’;*KI IP 4= HIAIX] 80 2t et &

@
<
T
C
EAl
N
Yo
lo
Fol
ob
0%
flo
Ho

|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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Eﬂ.

- RLIFHAEID HEFHAE

* Internet Group Management Protocol (IGMP)
- HE|FHAE B2 E
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HE|FHAE BIRE T2 EZ (1/15)

- SAIXE 7|8 Eg
« MOSPF (Multicast Open Shortest Path First)
 DVMRP (Distance Vector Multicast Routing Protocol)

* PIM-DM (Protocol Independent Multicast — Dense Mode)

- 15 37 EC

 CBT (Core Based Tree)
* PIM-SM (PIM — Sparse Mode)

Multicasting
rotocols

| |

Source-based Group-shared
tree tree

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

PIM
TCP/IIP Z2EZ Jeongmin Lee, Protocol Engineering Lab. 40




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

.
v 10

H
M

-

N |
>
M

0L ru
>

. Am
4

L0
I D
1o 1o

L - G1,G2 G3 G1,G4, G5
; Root
¢ SR . o= -
=3 —
R . oSS
R2 Table R1 R4
1
G3,G5 |:j : Destination Next-hop
i Shortest path tree —> Gl — R2,R4 =
o wn
! o G2 —, R2 £ 8
S o G3 —.R2 < =
R3 Table : ¢ G4 R2, R4 2%
Shortest path tree = G5 R2, R4 -
G1,G2,G4 ] Y R1 Table
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HE[FHAE RS ZE=2EZ (3/15)
- & AXF 7|8 EB|: MOSPF (1/2)

- H 9

« OSPF (Open Shortest Path First) = E
HEIFHAE clREE K[Hole ZEES

Multicasting
rotocols
\/ | |
Source-based Group-shared I

tree tree

I
I I
MOSPF I DVMRP I PIM-DM PIM-SM CBT I
PIM
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HE|FHA E 2}

Ak 7|8t E2|: MOSPF (2/2)

<

=
=
7
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HE|FHAE BIREl T2 EZ (5/15)
« S AIXF 7|8 E2|: DVMRP (1/5)

A
O|
He

LS
BHERZE R

1¢C /
MOSPF DVMRP I PIM-DM PIM-SM CBT

PIM
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HE[FHAE EIRE T2 EZ (6/15)

« S AIXL 7|8 EB|: DVMRP (2/5)
.E|—E|—_7_= XA X-IxH (1/4)
Z 4% (Flooding)

. X0
- WZIE £AlISHH SMX| 28 FALE AT{EX| LT 418 CIEH0|AE
Melst ZE OIE{HO|A R LHE L= Xd=H
« E K|
- O
- HE|FHARIO| HZ S| &35t HEio| HHE 7tXx[= 2= To| A S
= 4lsfof BtChe M2 e
- HE|FHARIO| ofL|2} EREFHARIO|D, 2t REE [HE THZ/ 0| CHA|
CIE|HO|AE &l E0{2= FX A7 e e = QI3

TCP/IP ZEE =

Jeongmin Lee, Protocol Engineering Lab.

45



HE|FHAE BIEl T2 E 2 (7/15)
- S AKX 7|8 E2|: DVMRP (3/5)
. EFCHZAT T (2/4)
- &4 AE ™Y (RPF, Reverse Path Forwarding)
- Ho|
. SURERE BRETirlo] HE ZRE B3 SATE AHRDS HEHE
ks ==

o
oY EOIES ALSE
« SAXIZEE 2t REHK| StLEL]
x|t Z20to| EX|istod R E
U = AU
. Zp 0| 5tLIO| AFREEE £AISHE R ©
20| A E|R|= o -

R6

TCP/IP ZEE =
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HE|FHIAE BIRE ZTEEZ (8/15)
« S MK} 7|8 E2|: DVMRP (4/5)

TE-478 B (3/4)

II

- 3 3 E H 2 EF|AE! (RPB, Reverse Path Broadcasting)
. Fo|
. 2t & AIRtoll CHSH, AHAIO| XISEl 2D OIE{H 0| A 20t HHZIS HEFsHE WA
s E Kl
-1 O
- XHEE BR 2IREHE SAKEL| %|H BEE 7K 2t REHA
- IZ!l0| Zt ol R 5t El= Aot ZF &of EtEA| StLEe| AFEEHO| ME E|=
HE HatEl

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 I8 T2 EZ (9/15)

« S 4IXE 7|BF E2|: DVMRP (5/5)
o« ETEF-ZA% HAH (4/4)
- o A= HE|FHAE! (RPM, Reverse Path Multicasting)
. Fo|
« X|7H (Prumngf M= (Graftmg)% RPBO|| F7}5t04 SMQl M4 HES
K| Hste HEPHAE =|E BEE MHst= &4 eaend
[ ] x4 X : Pruned route
= x I ¢ [ f}: l(j}raft::i route
e X7
- ol HAAE Bt RE7F HEIFHIAE THHE '
=K f T AF & ml, M7 HIAIX]|
(Prune message)2 A'9| 2t E{of T4 504
sl CIE{HO|AE MHS =S &
° EI% Netl Net2
« M7 HAIXIZF ELHEI HESRIZ & 8t ZoM
HE|FHAE DZIS =I5t DA} & )
M= IHIAIII (Graft message)E ™4 35104,
42| Bt RE{7} HEIFHAE TZIE H&5H
S&stT = &

Netl

Net2

TCP/IP ZEE =
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O ‘ H |_ O E| 37 =
HE|FHAE B}REl T2 EZ (10/15)
1B 2R E2
« 24 0]
« J0{ 2IRE{EIO| Zt O Eo| SHESI= = BE EE|E
7t = ghAl
. EX|
_/ O
« Al F0{ 2} E| (Core Center Router)2t1 2 2|= stLIC
X'SE 22 (Rendezvous) 2R E{7F HEIFHAE
EEl--‘ﬂ% _E_HHEEI- 3 y o G3 G1,G4, G5
. 812 E{7} HEHAE >
+ A5 H RLIFAE > o
2H&3} 3101 Z0| EtRE2 \
. 20{ BHPEIE pifol R
EIE-IEla HéE EHZ&'% lez'Esél'—ﬂ LL| Shortest path tree —> %(l;nla = —, ;;.-R:.pm ]
ot el Elo|ES B ESfof woe T 8 e }
Izl et ed shortest et e s T A

Core Router Table
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HE|FHAE 2t E T2 EZ (11/15)
- 12 28 EZ|: CBT (1/3)

« X O]
0 —
« ZA F0{ BIRE{E Sall HEIFHAE ERIEIS 2IREStE
ZZ2ES
« EX|
=

o
. AS7} K| 2 b1, 2t X[t 2047} Mt

-1 K-

Multicasting
rotocols
Source-based Group -shared
tree tree
|
MOSPF DVMRP I PIM DM PIM- SM
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HE|F|AE BHRE T2 EZ (12/15)

.12 2L EZ|: CBT (2/3)
. E2|o| B

. YR ZQIET} A
SUMNAE FAE 81
/

== 7T
- ZF EtRE{= O 80l 7
(Join) HIAIX|E MEH

- YO|E 2I2E 280 RE HWHERRE 7H HAIXIE
/\A|=|.|:|=| EZ|7 SLE=

O O K
o™ ZHH|E Bt RE{0] ELE| (Leave)

Shared Tree

ofr
O o ~

Member Member Member
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HE[FHAE 2IRE T2 EZ (13/15)

 HEIFHAE T Mg A
1. SRS QEPHAE TS

Z T30 20{2 K&
2. 20{ BHREIE RLIFHAE I
HE[FHAE HZg 4 28
3. WEPHAE TjZIg £AI5 2t
50 gtk CIE I O|A R

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)

« LANZt Z0| HE|FHAE Fo{ HElT 7} =2 G0 AFSE
- HE[FHIARE CHF T TISH RPF2l XM|7{/H=E HAg Al2E
* DVMRP2} & AtSELE, % SLIFIAEIZEREZ
(e.g., RIP)of| &|&E &t X| 2 e
* PIM-SM (PIM-Sparse Mode)
- WANZ} ZHo| HEE 7 ZF2 HE|FHAE 2t F0l| AHSEH
5 7 EEMM S |7<P 7|Hre|l EE|IZ2 HEE = US
. EI-|_-_|_I_ ;‘to._|EO'||A‘| I:I-IE| l:l:-Io.|7C| _:_0.|| |:|-|E|9H % 404 Ol %J% [[H

A o
HEE £ 23

- CBT2t fAFSHLY, 7t HIAIX| Q12 EHR = 5K &t 2
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HE[FHAE 2IRE T2 EZ (15/15)
« MBONE (Multicast Backbone)

° ggl Logical tunnel
Ej2lg Sof WEHAE
EffE &S /e 7td 2
TN
LM
. HE|PIAE 2} RE{7} £
§I_I-7O=IO-|A-| DE-IElaHAE %Al_l% Logical tunnel
7ts3HAH 57| &
= xl ulticas e -
i S — o i e
. sl_ x ni Source address (router R1) rggderress
e delg xlgists S\
I E _2_8 DVMRP |:|I_|-0| Rl &D------ | Payload [S|G]||R1
o o |5t ]
B — =
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Thanks!

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