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CHQNW & EWQl 7 et

« AIE A|AE|(AS, Autonomous System) (1/2)

- H 29

- StLEQ| BEF #E| 7[2t stoll I=

2HLEI9 HEYT O 18

« e.g., SKT, KT2t Z 2 ISPOIM MB35t UEXZ

« ZHQ! L} 2t E(Intradomain
Routing)
- At AlAE LHOAM 2| 2R E
o StLI O|& 9| =IOl LY Bt E
m2EE AR
« T2l ZF 22 E)(Interdomain
Routing)
- At AlAHE] ZHo| Bt R E
- 5tLIO| = MHQI 7F Bl E
Z2EE AR

AS

l

AS

TCP/IP ZEE =

Jinwoo Seo, Protocol Engineering Lab. 4




CHQNW & EWQl 7 et

« AIE A|AE|(AS, Autonomous System) (2/2)

I
- THOILH EIRE ZEES
* RIP (Routing Information Protocol)
- He| HE 28
* OSPF (Open Shortest Path First)
- 23 HEj 2teE
- CHel ZH EIRR ZEEZ
« BGP (Border Gateway Protocol)

- BE HEEIRT

Routing Protocols

Intradomain Interdomain
I l I
Distance Link Path
Vector State Vector
RIP OSPF BGP

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 5
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HE|l HE Cr2 T

- 42| HE{ 2} &!(Distance Vector Routing)
=, @IAeE B REQo| He| HEE

« EX|
—1 O
« THQ LIF 22 E0 /3
- TR ZF 2t Boll EHEE THE A
. Q1M Bt RE{Qt T7|Mo = tRE Hlo|g2 HE 2
« RIP B2 30%0] 8t H SR
- Bellman-Ford 48 211 2|& AL
« RIP (Routing Information Protocol) 2 < %

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab.



HE|l HE Cr2 T

- Bellman-Ford & 11 2|& (1/2)

TE 7ZHHIBE S8l F =& 7 A HIEQI 2|4
—1 F
I

* €.0.
- DE MM E BHS EQlstod 2|[H B2 E HAHMHeE 278

.
‘e,
.
* .

'.'
.
-'..
'..'
-'.
....
.

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab.



HE|l HE Cr2 T

» Bellman-Ford &

- SEF A

- DE BRO I £ EFASH 7FEHA

1. Zt - EE= X}A

2. Zt 5:59% CIE =9} 9]

3. Lol CI=E iE ZHo|
HEZ2 F0{%l {2 &2
MASHE| 0=I7='O| o4O 0
2SiC2 A

4. x| 7HE| '%*'Eioil H44
Aol 1 gl 771K
dIE|E =

1ol Al 72| 2 HIg

12| (2/2)

Z|A H|E A4t
2 022 X758
x| |2 ':'°HZHE A%

Bellman_Ford(
// Initialization

for(i=1toN;forj=1toN)
{
if(i ==)) D;=0,(;=0
else D,-j = 00, C,] = cost between i and j
}
// Updating
repeat
{
for(i=1to N; forj=1to N)
{
D < minimum [(C;;+D}),...(Cin+Djp)]
}// end for

} until (there was no change in previous iteration)
} // end Bellman-Ford

TCP/IP ZEE =

Jinwoo Seo, Protocol Engineering Lab.
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o *& (Hop) _
o HlolE] TiZl0| Y X0l A 2xX|2 0|S8
EFSE{LI 7HO|EHO| Z2 HELRXT HHIE HA
Bellman-Ford Bi3&3 & 11 2|& JLe B B9

« AS U Z 2R E-IEOH CHEH 2HE E|0|E MAE =X
S5 0% (1/2)
Zt 2t RE= 37FX| HEE 7HX|1 Qlo{ofF &
- SHX| &, H|&, CZ &(Next-hop) &

~
« St E|O|=& Table, TableOi| M iHM YE Table;,, & iHM0]
lFste= Ml 7t K| HEEE Table,. dest, Table cost, Tablel. next
1 . O|_=| ?E El_l —I|=— iE 7|_|' Distance_Vector_Algoritm()
= A\O {
Hl%(% _I_): 1§ AE-Ixo-l // At Startup
2. 7_I|- El__c|>_ E_lE Be”mao_Ford Eor(zzltoN) // N is number of ports
%I' __’L El % _Q| OEI —ITI— # 30 Table,dest = address of the attached network
Table;.cost=1
Table,next = --
send a record R about each row to each neighbor
} // end for loop
TCP/IP =

EZ Jinwoo Seo, Protocol Engineering Lab. 10



EH |
—

742 HE

E |

Cr P

el e Bt e g nalE

(2/4)

- SEF It (2/2)
— = S
3. 2t BlREE KAl B2 R Elolg WAl F 1 WtE

I = EO| A EHSH0]  [upaatetr 1

=0 o E| H=o {
jl_'l = :I! El-_g Io E-” O;I_E = search T for a destination matching the one in R
7C>A|_I% T /\/\—IIZ—E 2 if (destination is found in row i)

{

* Ol% iEE_I?_E-l I:I|=I-8 gE% if (R.cost + 1 < T,.cost or R.next == T,.next)

R(record)2l 5tH, O
R.dest2} R.cost

{

T.cost=R.cost+1
T, next = Address of sending router

}

else

// Updating
repeat (forever)

{

wait for arrival of a record R from a neighbor

TCP/IP ZEE =

discard the record // No change is needed

else

{
Ty.,.dest = R.dest

Update(R, T) // Call update module Tp.q1.cost = R.cost
for(i=1to N) // N is the current table size Ty.,-next = Adress of sending router
send a record R about each row to each neighbor sort the tale according to destination address
}// end repeat }
} // end Distance_Vector } // end of Update module
Jinwoo Seo, Protocol Engineering Lab. 11



1| HE -
- 2| HIE 2t Y E|E (3/4)
« oAl 11.1 (1/2)

CtE 182 ASO|| CHet =7| 2t H|IO|IE2 Eo{&Ct 182 & 28 HOf
E0| SAl0]| MMHE[= A2 __IEIIoMIt of=Ct. 2t 2t E= 28 = W xtAlgko| gt
SE| E1|o|='; AHHoUﬂ ZICt. ol 2FRE{ A7} olx L EO9| E+%>—E4 B0 Net 1, Net

2, Net4, Net5 =2 MSE M, 2tRE Bo|AM 2t E HIO|= HEtE I=|O|}K|C>
LD
jﬂ " Nets
To other %@ %@ === -.. To Otlher

AS's

. O R R I R I I R R I I )

Net4| 1 | —

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 12



- HE| HIE 2R L1 2|E (4/4)
- oflA| 11.1 (2/2)

Ct= 322 ASO CHEt =7| 2t e HIO|EE Eo{&E cr :L 2|2 D E gIE! F| 0|
£ 0| SAlM| M8E|l= RAE o|O0|stK|= &=Lt ZF et S [ XtAlgEo| 2t
SE| E|o|E2 MASAH ZICt ol 2tRE] A7} olx h:EOl < E{ BOi| Net 1, Net
2, Net4, Net5 =2 MSE M, 2tRE Bo|AM 2t E HIO|= HEtE I=I0|;&|c>

Dest | Cost | Next
Dest | Cost | Next
Net1| 1
Net2| 1 Net2| 1
Net3| 1 Net 3| 1
Net4| 1 } Net6| 1
A

INet5, 1| [Net4, 1| [Net2, 1| [Net1, 1|

Routing Table B Raouting Table B Routing Table B Routing Table B

Dest | Cost [ Next Dest | Cost [ Next Dest | Cost | Next Dest | Cost [ Next
Net1]| 2 A Net1] 2 A Net 1] 2 A Net1] 2 A
Net2| 1 -—-- Net2| 1 - Net2] 1 - Net2| 1
Net3| 1 --- Net 3| 1 - Net 3| 1 - Net 3| 1 -
Net6| 1 —- Net6| 1 ---- Net4| 2 A Net4| 2 A
After receiving After receiving Net6] 1 -—- Net5| 2 A
record 1 record 2 After receiving Net 6] 1 --
record 3 After receiving
record 4

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 13



H|E| 2 2 &l

o ) I
- HE| I 28 ZXI& (1/5)
- FEIOZ2 Q| FIRE
» H 9|
- 23 @72 Qlal|l H[EO| FelCHE HIHFRUS I, O|E B E
S 2 ES 0 SIAsh =0 AlZfO] A ElE Al
« 1%t 230f CHer HIEO| & etRE0M FECHE 7T E|7|7H K] & A& 2
2i2l0] £ lofof &
o 2 2O
. 72| ME] B2 LOIA HIS 4G} T2 T2 AAS W
AL HIE 712 #2 L AA2 MTTF| SfLr|o| Hd
« 20| EO{EE AHlAH2 ZA| AAE|T FHo| E|l= BHH, Lo S7tst= HAt2
JIE =g pAlstis 290/ 28

Jinwoo Seo, Protocol Engineering Lab. 14
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HE| HE 2%

E|
O

.72 HE 2t 2XE

« FEICHE O 72
e 0f

A-Fre gz

(2/5)

HFAH 71| R4
tEC J—l- © _ _ X | 1 X|2|A
1. A2 B E XO| st §HE Prefve X o« T 1 T
a1 UAS
2. A%t X Atole| 237} Ailstod, o x| X2 |A
A= RHAIO[EO[E g HZ el Ml
3. B7I AQ| EtRE H|O|E HEE
I:||=|-7| x|_-IO'I|, XI'A|_I_9| EI“?‘%)I E‘”Ol% After A receives X X|3[B X]2]A
KI_-| _é)ﬁ update from B — 1 —
4. A= Bo| EtRE E|o|= HEE
|=I|=|'__l|_ _Xl-Al_l_Ql EI-—?—% E‘”Ol%% Afe;a?ersrz?;vis X X|3|B 1 X[41A
dilet LIS S BoA ©S "
5. 2| Itde Y= 5tod, HIRO
FEHCh7t kfo{of Xo| EEE
o2 oFy =l Y[ Yo
HARE = = Finally X 1
TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 15



- TECH Hel MEt
FEOHE 161 22 =2 MHolstod el 37715 &2 2 = A o= WY
- =4 E&(Split Horizon)
QlE{mH|0|AE Sall 0|22

SR TECTR T PSP

« X 0|Z& 2|HHA(Poison Reverse)
-« 0|2 BIREEM RH4I0| AR X2 AEEl= B2 HEIE FHOE &3

. AW EY HAD TBHM ALS

£ (Flooding) St= CH&l ZF QIE{H|O|AE S5l

I3

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 16



- el WHE 2t XY (4/5)

- FECHE O] IR E
A-MTE E0HHA

. O
=TS Nl s

1. A7h X0 EE 27t58 Zig g7 E— —
¥ B, ColH g dash dgg
= ([

2. BE E|O|2S ZAIROLL C2 7t
72 FAL|0 CO| mESHR| X8 arerasenss |

3. C=BOIH 2tRE Eloj2g 2Ly e
X2 7te 22 og|1 BE
Elol2S ZalE

4. B BI2E H0|2S A XY, )
A= Elo|22 ZAIF plr & sent

X
After B sends
the route to A

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 17



HE| HE 2t g

-
- 72| HE 2t =X (5/5)

g = o *H| E 2l(Metric)
« FSCHE O] IR E 2L ETF SRR 7He B2 Solk ofE B2}
M E2 K| BHEE=E 7IE U
=
e Al - Nl =E S04
L E LT =3 37 WHOR B0l HEEIX| ot MER HZ
HtE{ |1 O
H =11
. sz
- I E X O0|Z'd(Route Poisoning)
- EM =MX| 27t MU AU R 5HK| 2 AR, O SHXof Cid HE=IS
FECHE MM& ZE O|RH SA| Z15H=s YA

TCP/IP ZEE =

Jinwoo Seo, Protocol Engineering Lab. 18



72| HIE{ 2} LE
* RIP (Routing Information Protocol) (1/11)

. B9
- ESE7IFOR 2P H2E WHsts 7| WE WAl
SHE*Y ZEES
5%
« A ALAE LWFOHMH AISE s EHRI W ERY Z2EEZ
- HE| HE{ 2t R 2o 7|HIO| El= ZEEE
. &+ HEZ2Z A
« 2SICHE=E 162 2 &9
- Xt2 AAE] LHO| oiH AR X 15& O|&2 7tX|X| 2 &2 2|0
- LIS & E2 WA/ o] SHX|of| = 6t7| fls ELHA{0F ot=
2t RElS] FAE Ho

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 19



7_| E‘ |:|-IIE_| E|.O E |

* RIP (Routing Information Protocol) (2/11)
» H|A|X| SE}

E= 37|
H=(Command) HAIX|S BF (2821, 8H22) 8H|E

H{ & (Version) RIP & 8HIE

H 2 (Family) AN8E Z2EZo| HY (TCP/IPL AL 2) 16H|E

HE 23 FA(Network address) SHX|HERI FA (AE5tD H2 F4LA=0) 14HE
7{2|(Distance) SA EIREEREH SMX| HERXIAMKSl & = 32HIE

R Command | Version Reserved
Family All Os
5 Network address
3 All Os
¥ All Os
- Distance

TCP/IP Z=2EF

Jinwoo Seo, Protocol Engineering Lab. 20



HE|l HE Cr2 T

- YW SH
. O
« MZ d7|7HLt AlZho| Bt=E &= 7Tl 2t Eof 2l5 ©&E
- EH ZEL 2E G20 s 2 75
. oCt
o H
. QME 8T
- ST 280l ofEt SFoR T
- g 2oIM RIYE S| it B T

- QYE|X| o2 SH
« 30X FUIE MEEH EE SIRE HOIZES TR = HEE X E
- A{l(Update)IHZIOE2t 1 EE
| Com: 1]Version| Reserved Com: 1[Version| Reserved Com: 2 [Version| Reserved
Family All Os Family All Os Family All Os
T Network address All Os Network address
g All Os All 0s All Os
& All Os All Os All Os
All Os All Os Distance
— A. Reguest for some B. Request for all

C. Respose

TCP/IP ZEE =

Jinwoo Seo, Protocol Engineering Lab. 21



EI

HEl HE Cr 2

* RIP (Routing Information Protocol) (4/11)

- 4| & 11.2 (1/2)

oz OZE HIESZ, R10|M R22 EWX|= Al HAIX|E Eod2t. HIAIX|=

I 2 = - |
195.2.4.0/24 205.5.5.0/24
N3 N6
195.2.4.1 o § 3 z 205.5.5.1
g e = i
g g R1 g g
== b - = | - b P =
R2 &> — & R4
130.10.0.0/16 130.11.0.0/16
195.2.5.1 205.5.6.0
NT Nz 205.5.6.1
195.2.5.0/24 | 195252
R1 Table
_ Dest Cost Next Legend
RIE&E=D 130.10.0.016 | 1 | cooemmeomeemee
130.11.0.0/16 1 - ——- [T Ethernet switch
195.2.4.0/24 | 2 | 130.10.0.1 R Router
195.2.6.1 1952.5.024 | 2 | 130.10.0.1 N Network
195.26.0/24 | 3 | 130.10.0.1
N5 @ 205550024 | 2 | 130.11.0.1
20556.024 | 2 | 130.11.0.1
195.2.6.0/24 556 0.11.0
R2 Table R3 Table R4 Table
Dest Cost Next Dest Cost Next Dest Cost Next
EVEOE G R —— 130.10.0.0116 | 2 195.2.5.1 130.10.0.0116 | 2 | 130.11.0.2
130.11.0.016 | 2 | 130.10.0.2 | | 130.11.0.016 | 3 195.2.5.1 130.11.0.0/16 | 1 | =emmememmeen
195240124 | 1 | —eemmeeoeeee 195.2.4.0/24 | 2 195.2.5.1 195.2.4.0/24 | 3 | 130.11.0.2
19525024 | 1 | —eeemmeeeeeee 195250124 | 1 |- 195.25.0/24 | 3 | 130.11.0.2
195.26.0/24 | 2 195.2.5.2 195.26.0/24 | 1 |- 195.2.6.0/24 | 4 | 130.11.0.2
205.5.5.0/24 | 3 | 130.10.0.2 20555.0/24 | 4 195.2.5.1 20555.0/24 | 1 |-
205.5.6.0/24 | 3 | 130.10.0.2 2055.6.0/24 | 4 195.2.5.1 2055.6.0/24 | 1

TCP/IP ZEE =

Jinwoo Seo, Protocol Engineering Lab. 22



HE| HE 2t

* RIP (Routing Information Protocol) (5/11)

- 4| & 11.2 (2/2)

olel O ZE HIEfe 2 R10JA R2E ELHX|=
130.10.0.2 CIE{IH|O|AE Sl ELHEICE.

- E0

- =4 Eg1 X0o|E EIEHM ME HFo £
R12 195.2.4.0, 195260 MEE R2E U/UAS0
(2t £ 8HCH L2l 162 =2 CHA|E

« RIP HAIXIE T %6#“ IP CllO|E{2 2o & ARt
FAELCIS & TAEANE

. 2L HOIE{=E R18 7|&EC R 5t ZI0|EE,
R2E Zt & £E 1M B7HA|Z{M 74IM°F

AN PAPNI=

BodZl. HA|IR|E=E

2 [ 1]
2 | N
130.10.0.0
1 !
2 | o]
130.11.0.0
1 e
2 |
195.2.4.0
o Dest Cost
16 I N 130.10.0.0 | 1
2 [ [J— 130.11.0.0 1
196250 | | 195.24.0 | 16
195.2.5.0 16
T 195.26.0 16
15 T 208550 | 2
2 ] e 205560 | 2
195.2.6.0 i -
] Information extracted
-t from message
16 _|
2 [ ]
205.5.5.0
2 |
2 [ T
205560 | |
2 _J

TCP/IP ZEE =

Jinwoo Seo, Protocol Engineering Lab. 23



HE|l HE Cr2 T

* RIP (Routing Information Protocol) (6/11)
. E}FO|TH (1/2)

« 2 X
-1 —1
. HRE HE2 QIS XIS YK S
« 57 (1/2)

(
7| E}O|H(Periodic Timer)
« H7t A HAIX|S| & F7(|E X o
+ 25~35% 0| Holo| 72 ME
« EtO[H7t 00| =[H AL HAXIE ™
« CIRES0| SAl0f AA HAIXIE T
st E x|
. BtZ E}O|H(Expiration Timer)
- BEo| fEHE EE
- EFRE7t SiY B2 AL HIAIXKIE s=4letE 1802 ™
- Y B2 ME2 A4l HA|X[E +=4l5tH ELO|HE CHA| ©7H
« 180 s AL HAIXIE =4I5IX| ZolH oY B2E& F&&tetn & =
1622 MY

HALS

ol

=
=
1T
=
T

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 24



72| HIE] 2} E

* RIP (Routing Information Protocol) (7/11)

. E}O|IH (2/2)
« ST (2/2)
. JL=I| A2 =% E}O|H(Garbage Collection Timer)
. F _§P-"=-| A2 WEE oI etEo| g2 AXI5H7| TR /X
- T ZH2ol Chal 120% 2 MX
- ElO|M7t 00| E|H aliE B2 HEE 2t & E|0|E 0 AFA|

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 25



72| HIE] 2} E

* RIP (Routing Information Protocol) (8/11)
- oA 11.3

ot E|o|Z0] 2072l =2 7rX|1 ULt O] ERE{7F 200% S 5712| BZ0]
CHet HWE & & X| XRUCID otH O AlZho]| 7S E|1 U= Elo|H=E & 7HRI7t?

- E0

. =7| Elo|H= 178
. B2 ElojHE 20 -5 0|22, 157K
- o ZZ %l Elo|HE 574

. 2171

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 26



72| HIE{ 2} LE

* RIP (Routing Information Protocol) (9/11)

« Z1= 3l (Encapsulation)

« RIPv2 HIA|X|= UDP AFE X} C|O|E{1&H0] =St
- RIPVv2 HIA|X|E Z0|E LPEPLH“
- UDP 3lHoll= T Z0o|E =

L E 7K UX| &t &
= Length =7} £EXH

Data link
Header

IP Header

UDP Header

Data link

RIP Message Trailer

TCP/IP ZEE =

Jinwoo Seo, Protocol Engineering Lab. 27



72| HIE] 2} E

* RIP (Routing Information Protocol) (10/11)
. RIPV2 (1/2)

= 5 =< - = —
- 7|ES/RIPEA S TCP/IP ZEEZ0M 25 022
=l © L =2 O II =l &
MHRE EESS ME22 EEZ CHAEH S 4
. HIAIX| A
s T
4 g AMARIS| HE 3 22 HE MY
S BT (Route tag) (ZHQl 7t Bt Sl T2 & 20| MEo| £ A2 7hs 37 B
MEY 0tA 3 (Subnet mask) MEY OtAT(EE ZEEHA)E MY
- - CS 20| ZAE APd=
CtS & F 4 (Next-hop address) sto legaérg_;%fgg%%
. Command Version Reserved
Family Route tag

Network address
Subnet mask
Next-hop address

-, Distance

Repeated

TCP/IP ZEE =

Jinwoo Seo, Protocol Engineering Lab. 28



HE|l HE Cr2 T

* RIP (Routing Information Protocol) (11/11)
- RIPV2 (2/2)

- RIP22| X} 0|7
. RP________ | ______RP2_

Soia7(gh =4 X|E Zefagle =4 XE
(UEST & 3AE &7 Haix] 27| (DHE 2AE QlofT IP FLE LR

2ol F4 H| g4) OhE S AT S M)

CISE|X| ef2 1o Chsll HIAIXIE 2& 37|
sl Q15 F 7}
= 0|%0{7 HAIXIE ELH7| 25
=E o UER.LF;HL;. LTQ IZLRS L= gm0l i 2l oEiE R RIP BIAIRIE
————l—co 1o ZAS SOOI E OE gl HE|FIAE
U=9iz0l 9= BE Bheeimetopjg LT T REE S E SHPE SRR
SAESE WIS LAl =24~ (All-router Multicas ress)= Ars
Command | Version Reserved
OxFFFF Authentication type

Authentication data
16 bytes

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 29



- THQ L & =Rl ZF e e T
» HE| HiE 2t R E
- 33 H 2t T
+ B2 HE 2T
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2|3 AE] 2} RLE]

< &l(Link State Routing) (1/9)

System seen by D

System seen by C

System seen by E

TCP/IP ZEE =

Jinwoo Seo, Protocol Engineering Lab.
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2|3 AE] 2} RLE]
. 213 AFE 2t &!(Link State Routing) (2/9)

- THQI LT 2280 &
- I HEI HEE 3R oHIH ZE Z2 Hpk
. EPO—lAEEP(Dukstra) T2E AR
- RIPELCHHHE Bt 24X 2 OIS
- HER|Z &oll &y Al gH45t=l HE0 ZA| 2R E{0f|H
« OSPF (Open Shortest Path First)Z T4

_________________ S
— I i -
A's States AS: :SB|BsStateS
of links o! | of links
3 |
]
b 3] R O S . o (3 :
D's States | —_ : C's States 3 —_ ! E's States
of links E D@ﬁg> ! of links E &’% E! oflinks
1 |
|

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 32



2|3 AE] 2} RLE]
o =l

213 AMEl 2} &!(Link State Routing) (3/9)
A E 2l(Dijkstra) €11 2[& (1/2)

Z| ._t 43 2 (Single-Source Shortest Path) A& {2 5}7|

o
o IMO| 7BV Y B2, =EH B2 ANt S7ts
N |:||g ZFA{ AH{EH

e L L 1
. Of 22t 7H8 HIg 0| M 7hdg M=y
e = X1 7:||§.I|:H
O T - =

- o|o| #et 2[E HE| HEE K2

=X el 20tZ F|Zot0q O|F ] HlLhol AHS

D; = minimun(D;, D; + C;;) for all remaining nodes

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 33



23 SEI CIRT

e C}2l
(@)
- S HHE ..
= Mrd = 2 Dijkstra()
1. FEEZS T, T = { // Initialization
 m— o =
iE-gl E: OlTO-” EH o|_|- Path = {s} //smeans self
ZCHZ2E 2EQ 7 O[RE| mi-iud
{
7|_|-_(2| Hl%gg AE'IJS if (iisaneighbor of sandi#s) D,;=C
. —?-Eiol Zs_lEI' 7'|E|EOOE }gg if (i is not a neighbor of s) D,=
— — - }
2. DEEE0| =0 FIHE | 2o
[[H 77|'X| H._FE —J|\—3CI>-I // Iteration
- HE dol giE 8 FMsloy | (T
_Ji_l EI' ‘IEl% 7|-I|E Zj% A|_'|E;||'I —?— // Finding the next node to be added
7o=| = 0-” _7TS 7|- Path = Path U/ if D;is minimum among all remaining nodes
° 2H|_-IIKH -xE-IiI'O'”A-I 7;,';0‘” T |'E|_I // Update the shortest distance for the rest
=0 }_l CH 7—| El% AI-%%I-O:I BE=| for(j=1toM) // Mnumber of remaining nodes
C = ol x|C ZHA {
Goixl e gl AR AR AN | U,
}
} until (all nodes included in the path, M = 0)

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 34



3 JE 2R
- 213 AE 2t &!(Link State Routing) (5/9)

SE!EH 0|2 A I (1/5)

23 B THZ(LSP, Link State Packet) 244
« ZF 0] Ol Bl3 AMEE MASH=E 7

A I

2. LSP &Y (Flooding)
« DE CIE BIRE{0|AH LSPEE Y&6l=E XA

3. CI/AERZ}Dijkstra) €12IE& 7|8Fo| Z|EF B2 E| 4/

Che
. ZF SO M X|CH A2 E| MA

4. ot Y E|O|Z A&
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23 SEI CIRT

- 213 AE 2t &!(Link State Routing) (6/9)
El E

0|2 MA IHH (2/5)

o
213 AFEY lLH;'(LSP Link State Packet) 24
I.

Zt =0 ols 23 MEHE MAMSI= 7
L= &II:HM. 213 E|/\E = A I:I-|%
Ol O|EH{ Bt 7(-||:I-o|-l:|._—;|_ 7|.7t-l

THQlo| EZZ Kol #H5l7} Q= AL MA
- CHQILHe| &lojol tEO| EEEX|E HAISIEE 57| &l &3

FIIHo2 My
. Qo= MEJ ZHQIHM MHEIEE 57| {I5H &3
- F7|IH UESZ 28 ElO|HE 6020 2A[Z B4
- HZlF7|= EY0| Lol L{F B2 EgfEE R 5= A2 UX|

TCP/IP ZEE =
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2|3 AE] 2} RLE]

- 213 AEH 2} &!(Link State Routing) (7/9)
. 3} E! EH|o|2 M THY (3/5)
2. LSP %E—I%(Floodmg)
. DE CIE 21 2E{0I7 LSPES Waste X
- T E= LSPE &H|2l CI= O|E O|RBtO| ot CIE 2E = =0{A
St & 5 oF &t
1. LSPE Mdet E= Zf CIEI0|AE Sdll LSPL| SAIE ™S
2. LSPE 4IEt E= O|™ LSP2t HI"

1. M LSP7} @eiz|ARCHH, siE LSP H| 7|

3. MLSP7I H M 7d0|™ C}=2 It &3
1. QEHEILSP H7| & MZ2 LSP M
2. =AES £S48 CIEHO|AE XQJE CIE QIE{H 0|A R M&5od
Zzi2o| =oiQl Lol of= ZolM EXIZlE R WX
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Iteration 4

Iteration 3

Iteration 6

Iteration 5

- 213 AE 2t &!(Link State Routing) (8/9)

Initialization

Jinwoo Seo, Protocol Engineering Lab. 38

IZEE

TCP/IP



SERU= I
- 213 AE 2t &!(Link State Routing) (9/9)

- 2t B E|O|E &4 1 (5/5)
4. <Y H|O|Z At

s A EE OQUAES HIEES V(W= & 2|H 32 ECE M
&304 Ahtlo 2t 3 H|0l= 74
e

Next Router

0 2 7 A

Iteration 6

@ M moOOoO w
© O O W N N o
w
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2|3 AE] 2} RLE]
* OSPF (Open Shortest Path First) (1/34)

1 *X|24(Areas)
« 20| xHE AAE Lol ZREE SAE 2t9H U HEYT0 B8

. 3 MEf BT 2HE E THO L BteY ZRES

o

- ZIJ MEfEIRE ZZ2EE

. X2 A|AHEHIS O4E—| X|Q(Areas)2 2 28
e 2 HE3of 28t

« HE&|(Metric) 22 |:||9-(Cost) A+E 5} 04

- HAE &3 Ml MEOrE 2} so] El"?‘ol ME A4

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 40



* OSPF (Open Shortest Path First) (2/34)

*& 3 (Link)

e 217 0| 235 (1/6) OSPF 800l e WESZE o
« M-CH-™ 2! 3 (Point-to-point Link)
- 4% & F(Transient Link)
« AE{E &3 (Stub Link)
o 714 213 (Virtual Link)
Types of Links
Point-to-point Transient Stub Virtual
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=31 SEI BT
* OSPF (Open Shortest Path First) (3/34)

- 2F 9| 7 (2/6)
« M-CH-™ 2! 3 (Point-to-point Link)

. KO
o —
. BHRE| AHO|0fl OfEH CHE B AEL} 2tRE| 210 B M5t 23
« EX|
— O
- FHRIBAZL|EE 3ME SHole O E X7 RS
o Tl Al BIREQ HdAL|IEE HECEI|AELICIE M2S {8t HEY3
Tdol gL
+ FEIRPEELER BIEF LEE VA YT EIAZE £ H
« 28 0dlAl
« Z|M4e| E2A-RIA ZF HE M
. W2 "oix Y BHS UAY Fe, H-Ol-H 2IE FEH AL
A B
=" ‘== @44 4
N — N—
A. Point-to-point network B. Representation
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23 SEI CIRT

* OSPF (Open Shortest Path First) (4/34)

- 23 9| 7 (3/6)

« 4% 213 (Transient Link)
syel

. EX

CH ol el 2R E7F &/ 12 E S/ WESIE LIEILIE B3

Z

o
« 04t 2t RE7I S HES T o 4|0 CI|O|E W&t
« 5tLte| S/ HEXMZMAM o4 2t RE7F M2 SAl 7ts

- D E CIRE7 UOHURE HEE WEstH 2HRE 7t S7te+8 S4AF
. EAlEFS =

- O
s M S £0|7| ?lsH X|'d 2} E{(Designated Router, DR)E AtE
« 28 0dlAl

« Ethernet A X|E S35l 042 2} E{7F S LS LANO| A2 El &4

O = - —

. 042 B}RE{7} StLIC| B3R WIEYIE AIZStE 7| LIRY

R A%
e e
= % T8

A. Transient Network

Ol

7t

B. Unrealistic

C. Realistic
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23 SEI CIRT

* OSPF (Open Shortest Path First) (5/34)

-+ 39| 73 (4/6)
« AE{E &3(Stub Link)

. B0l

. EX

« 2% 5Ll Bt R BB AEE HERZ

o

- HERZ 2[R eto| S22 AQE StLIL| EIREE S8 S

- CtE ctRES 27 HZLX| g2 SE HEKIE 20|

« CIREOM ST HERIZE HEL= SElZ £

« ofLt2| 12 B2 E Soll IF HEXIL SLIstEZE X7t He

« 28 0ilAl

Ok

CF LAN

o UHF ALK PCRF AHE{7F 1A E
= H —= 2| A|AEI(CPS, Cyber Physical

« SE MH|LE MM So| dZAE Ato
System) A

—

Ethernet

Designated
o router

A. Stub Network B. Representation

TCP/IP ZEE =

Jinwoo Seo, Protocol Engineering Lab. 44



=31 SEI BT
* OSPF (Open Shortest Path First) (6/34)

- 2F 9| 7 (5/6)
o 714 23 (Virtual Link)

. XO|
o_—
« EC|MOZ A HAZAL|X| A2 BIRE EEE P AO|E =Mooz 45t
=23
« E K|
-1 O
- AX| 22| &g FESX D 7|E HEXIE Sl =2|™Mel dd 4
« 04 BIREE HAM F X|HS st 714 o BZ2=E S&
- =C|MQl 24Z40| BOo{X|HLE 2 dde = Qe R0 &8

« 28 0ilAl
« 2C|M2E Area 01 X% HZE|X| 82 OSPF G g Adst= B9

R
. J|E HEYZ TE HZO0| o2 AN =2IXe HHS THGE TR

o
Advertising router % Point-to-point
| S o - =
1
' ol
1

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 45



2|3 AE] 2} RLE]

* OSPF (Open Shortest Path First) (7/34)

- 32| 7 (6/6)
-4 71X 23 /Y 2AL

/’o transient network

Advertising router = | Point-to-point ==,
with four links —
Bl \

\o stub network

Virtual

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 46



* OSPF (Open Shortest Path First) (8/34)

- OSPF m{Z! (1/22)
» Hello IHZ!

» O|O|E{H[O|A 7 |=(Description) ZHZ
- 23 &E 27 T
- 23 AEf Al T2
- 23 e HolgE I
OSPF
packets
Hell Database Link state Link state Link state
eflo description request update acknowledgment

1. Router link

2. Network link

3. Summary link to network

4. Summary link to AS boundary router
5. External link

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 47



=31 SENEr?

E|
=

* OSPF (Open Shortest Path First) (9/34)

- OSPF I{Z! (2/22
- & 5l

)

e S o1
EHZ1(Version) 8 HIE ZZEZ HH Ho|
F&(Type) 8 HIE %! R EA|(1~5)
HIA|X| Z0l(Message length) 16 HIE S8 Z&Het Al HIAIX] 20| EA|
4F MX| 2FRE| A (Source router IP address) 32 HIE mZIE SAIst BI2E IPF A EA|
X|ed A4 X} (Area Identification) 32 HIE 2IREl0| Yo{Lt= K| E A
A Atk (Checksum) 16 HIE ©QI& &7 0I5 HIo|EHE Aelst A mZle| 2F AAto| AHE
— XM AL El= 215 Y ™o
o|l= == E
215 & (Authentication type) 16 HIE (02 OFRZIE AFR3HX| OH= 242, 12 WA QIE AFRE oln))
R1& CllolE el AAl gt
21& (Authentication) 32 HIE Q13 E577t0Y AR 022 AYXIH,
14 B2 871 2 KFOI ﬂH’*-‘?—JEﬂ ZEE)
o] 7 8 15 16 31
Version |  Type | Message length
Source router IP address
Area |dentification
Checksum | Authentication type
Authentication
(32 bits)

TCP/IP Z=2EF
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23 &Ef 2t Y
* OSPF (Open Shortest Path First) (10/34)

» OSPF WZ! & (3/22)
-Hwomamm)

. XO|
« 0| HAHE ddst 0|2 £ 7tsdE AAtste THA
« EX|
-1 O
. 23 MEf 2teElol A MR Y
« =t OSPF ctREE Y76t 0|2 HAHE &
- U™ F7|2 MESFI0{ 2 EHRE 2| SE HEE = Q
. OIH 2RE{7H UM AlZH S0 Hello 22 HLIX| St aiT 2t L EIE Hof
AEE EE
OSPF common header
24 bytes Type: 1
Network mask
Hello interval All Os E | E |Priority
Dead interval
Designed router IP address
- Backup designated router IP address
g |: Neighbor IP address

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 49



23 MEf 2t E

-

* OSPF (Open Shortest Path First) (11/34)
- OSPF IHZ! R (4/22) Sl 2ol A

QE HESIT ol &AM 2t

SE HEE Rt
E4d 7|2 ZREE M8SES TE OSPF ¥
- Hello THZ! (2/3)

I T

oqF
HEL|3 OkA 3 (Network mask) 32H|E hello HIAIX|7t TS E|0{X|= HEST S| HERXI OtATE EA|
Hello Z+Z4(Hello interval) 16 HIE hello H[A|X| Zto| = Ere| M7
EZaia 1 HIE 12 MEE0{IoH X|d0] AEE X[d0] E
TE2a 1 HIE 12 MYE|H 2t REE= O3S HEZS x|
© M#9(Priority) 6 HIE DtREQ RMEQE EA

M=2E XY BtREQ #HY XIE EtREHE EY

OSPF common header

24 bytes Type: 1
Network mask
Hello interval All Os E | E |Priority
Dead interval

Designed router |IP address

Backup designated router IP address

Neighbor IP address

Repeated

TCP/IP ZEE =
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=31 SEI 2%
* OSPF (Open Shortest Path First) (12/34)

- OSPF T{Z! |8 (5/22)
- Hello THZ! (3/3)
- @= | =l T

O|20| Ct2E|UACct o THEr HIA|X|S gHx| 25+ A|ZHO| SHE
Dead ZtZd(Dead interval) 32 HE =0l th2 =% I-l_l_l_yqo ._.TB.LILTHaieI,IS ,:1I Iil LPEP"”l - Itol st
XS Bt E IP &4 (Designated IP address) 32 HIE HAIX|7F H&El= HEQTo| CHEt XX 2F2E{Q IP TAE LIEFH
M XIHE EHRE IP FA = 5}
E AlKR 1 C| = E2|30 5t gHod X|&d =} Ao} = AE |IEIAH
(Backup designated router IP address) 32 Hl HAIXI7E B == LIESIZ0 o d 28 eteEo IP 48 LIEHE
0| IP &4 (Neighbor IP address) 32 HIE Dead 7t LHO] hello T{Z!E S4let 2E O|R 2tREEQ IP FAE LIEHH

OSPF common header

24 bytes Type: 1
Network mask
Hello interval All Os E | T [Priority
Dead interval

Designed router |IP address

Backup designated router IP address
Neighbor IP address

Repeated

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 51



23 &Ef 2t Y
* OSPF (Open Shortest Path First) (13/34)

*2 3 AEf 1 (LSA, Link State Advertisement)

e OSPF -U-H Zl L= o=| (6/22) 2L E{7} RHAIO| 2T s /S HEHE O|R 2HPE{0fH)

o2 W ASstE HAIK|
O

O|E H{IOIA 7|&=(DBD, DataBase Description) THZ! (1/2)

% <1

- 5 OSPF ctRE7} MZ 2R3t LSDB(Link-State DataBase)2| LIS
QoS0 Wetst= !
|

« EX
- O
- MA| 23 dE| HEE MY st= XW0| ot LSA(Link State Advertisement) 2
QLY HEE MY

(=) o
OSPF common header
24 bytes Type: 2
Hello interval AlOs |E| Bl AIOs | | | M I\SA
Message sequence number
% LAS header
& (20 bytes)
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23 SEI CIRT

* OSPF (Open Shortest Path First) (14/34)
- OSPF %! & (7/22)

. | O|E] H{IOIA 7|=(DBD, DataBase Description) IH

I T ot

EZoia
BEZoia
| 22§
M Ee2ia

M/S ZEi1

HAIR =M #HE

(Message sequence number)

LSA 3l
(LSA header)

Z1(2/2)

1HIE 1 2tRET A8 AlA"” FH EHREO0|H 12 X
1HlE 21 2tRE7H RIY ZA 2HREY B2 12 XY
1HIE HAIXIZF 3 HAIXY 12 X
1 HIE Otx[2F HIAIX|7} obd B0l 12 x|
= mZl0| AlAHEE Lte
= 12 X HEH FE, 022 XHE[H LS EA|
32HIE HAIXISl =M HEZE ZFsto] Lo Cist 8 H
21 = z} LSAOl| AFE
T 43l REE UdodF M, 23 HEf ClolEHolAe| Zt 230 CHEf BH=
OSPF common header
24 bytes Type: 2
Hello interval AlOs |E| B | AlIOs | | | M I\Sﬂ
Message sequence number
£ LAS header
5 (20 bytes)

TCP/IP ZEE =

Jinwoo Seo, Protocol Engineering Lab.
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* OSPF (Open Shortest Path First) (15/34)

. OSPF T}Z! 93 (8/22)
- 23 AE} _.?_’S(LSR, Link State Request) ZH{Z! (1/2)

. B0
« &CH 2FRE{7l 7tX|2 U= LSA & AtelofA Eest ™

« E X
= o

+ Clo|EHol& 7|z mZ!lE Hlwet
. .\.L|Oo|- L SABH A-||.=_H7c-lo§ o%

« LSDBE St MENZE S7|5t617

KhalofAH| gi= LSAE =elstod 27F

7

J

N 0|F -|0||

|3t HHol M AFS

OSPF common header

24 bytes Type: 3
i Link state type
Z Link state ID
g R Advertising router
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* OSPF (Open Shortest Path First) (16/34)
« OSPF THZ! & (9/22)

« 23 AE} _.?_’S(LSR, Link State Request) Z{Z! (2/2)
27|

&
23 &E) °°"(L|nk state type) 4 HIO|E #5tE LSA £
23 & Ef ID(Link state ID) 4 HIO|E LSA AlHE 25 MIZE 2t*EH E= UERIF S IP F
21 2t E{(Advertising router) 4 H}O|E ZHAl QA= SAZ MAM5HoF 5t 2H2E{ ID

OSPF common header
24 bytes Type: 3
i Link state type
L Link state 1D
2 R Advertising router

TCP/IP ZEE =
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23 SHI 2R

* OSPF (Open Shortest Path First) (17/34)

» OSPF m{Z! &3 (10/22)
- 213 AFEH 7”*|(LSU Link State Update) IHZ! (1/12)

. X O]
o —

- StLt O|& 2| LSAE &A 'St WA
« EX|
-1 O
. Z

HERZ 0| 33 MEN7t HEZIRS [ ME2 LSA T of ALS
A8t LSAE LSDBO]| Btd5to] HIEQ|T AEHE | &St

Repeated

OSPF common header
24 bytes Type: 4

Number of link state advertisements

Link state advertisement
Any combination of five different kinds
(network link, router link, summary link to network, summary to
boundary router, or external link)

TCP/IP ZEE =
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23 SEI CIRT

* OSPF (Open Shortest Path First) (18/34)

- OSPF I{Z! 2% (11/22)

« 23 AE} 7”*|(LSU Link State Update) ZHZ! (2/12)
« LSA 2EHE101 3|

___®c | a7l

213 AEf A2t

(Link state age) BEIE
EZcia 1 HIE
TEZeia 1 HIE

T3 HE R

(Link state type)

Y3 g AR

(Link state ID)

oo T

o

HIA|X| A = Zd 0L =l |7|-(7< |:|-O|)

= T

LSA =31t %[ 08 & T ot=0 AFS
AEE XHY F? 12 XE
2 E{7F odg] 7He| MH[A %'% MElE = JAeH1E XY
LSA f&& 2|0l (1) - 2tRE &3, (2)- HIERZ 33, (3)- HEXZ 2% 23,
(4) - RHE AlLE BA E+°E4 I Qe 23, (5)- % &3
30| 0 o|ESto] ZH (1)-2tRE &3, (2)- HELIZ 33, 3)- HE/Z 29 313,

(4) - KFE AI_'.Ez*! 27 2t 2Eo

Qofala, (5)- 9% a3

Link state age

Reserved

E

T Link state type

Link state ID

Advertising router

Link state sequence number

Link state checksum

Length

TCP/IP ZEE =
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23 SHI 2R

* OSPF (Open Shortest Path First) (19/34)

- OSPF IZ! R (12/22)
- 213 AFEH 7”*|(LSU Link State Update) IHZ! (3/12)

+ LSA X9l 5|

g
20 B E _
o L T
HIE O| HAIX|E H15l= BIRES T4
(Advertising router) 324 | HIAIRIE B o= ereElel 1P+
213 MEj =AM HE 5t =
~© (=} L il HIE Zt 213 AFEj ZHAI HIA|XR|0]| St E &= HSE
(Link state sequence number) 328 &3 & il AI%|0d M
213 HEf HAtef 16 H|E At Azt 2EE M eleh T miZl o ERR el HAEOol2ts
(Link state checksum) — S e85t HAFE H| A B AL
Z!0|(Length) 16 HIE A mfZle| ZOo|E HiO|E B2 LIEHH
Link state age Reserved| E | T Link state type
Link state ID

Advertising router

Link state sequence number

Link state checksum

Length

TCP/IP ZEE =
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* OSPF (Open Shortest Path First) (20/34)
» OSPF m{Z! &3 (13/22)
- 213 AEY Z-_'iﬁl(Lsu, Link State Update) IHZ! (4/12)
- 2} EH @3 LSA
- 2tRE(AA 2tRE)e 2E s &l E 0

« CtRE|{= O|LSAE At85104 2t REL| 2E B3 50| ]

rH

5

0=

al

Advertising router
with four links
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23 MEf 2t E

O
* OSPF (Open Shortest Path First) (21/34)

- OSPF 1{Z! & (14/22)
. 213 AFEH ZAILSU, Link State Update) Z{Z! (5/12)

oF2E 23 LSA

25

g
23 A X}(Link ID) 32 HIE Ol HAIX|E E15t= 2tRELlIP F
2lg0f 23t =71 HE X2
213 Cf| 0|E]{(Link data 32 HIE T Gller. of 2
CEREI=] ) | 23 fEol o|E 42 R
213 23(Link type) sule  CHREI7H HE HESIT 0l ¥l mEt47txI0] ME ot E
< b2 = fdolya &0l HolH
Link Type Link Identification Link Data OSPF common header
24 bytes Type: 4
Type1: Point-to-point Address of neighbor router Interface number NUmber of adverlisoments
Type2: Transient Address of designated router Router address LSA general header
Type3: Stub Network address Network mask 20 bytes Type: 1
Type4: Virtual Address of neighbor router Router address Resewedl - l 5 | Reserved = Humber of router finks
1N
3 Link Data
% Link of type #of TOS Metric for TOS 0
Repeated TOS Reserved Metric
TCP/IIP Z2EZ
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23 SEI BB
* OSPF (Open Shortest Path First) (22/34)

- OSPF I{Z! & (15/22)
« 23 AE} 7”*|(LSU Link State Update) ZHZ! (6/12)
. EP—?—EJ 213 LSA
e oyat

MH|A R =|(TOS)OI 7= 16 HIE Z 230f 2%l MH|A& ROl I+E LIEHH
TOS 0of CHEt HIEE] = =
= ofl CHEt HE2IS LIEFY
TOS(Type Of Service) 8 HIE MH|A RS LIEHH
H| £ 2)(Metirc) 16 HIE e TOSo| CHet HEZS LtEHHY
OSPF common header
24 pytes Type: 4

Number of advertisements

LSA general header

20 bytes Type: 1
Reserved | E | B | Reserved Number of router links
Link ID
z Link Data
;? Link of type #0of TOS Metric for TOS O
Repeated TOS Reserved Metric
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* OSPF (Open Shortest Path First) (23/34)

« 0{A| 11.4

ol 8IS HIEt o2, BIE 10.24.7.90] ol A& L= BIRE &3 LSAE

L_I- El- LH O-I EI- 10.24.8.10
g
2T
212
o "‘"
£ |§
&y
@ 1
~
b
o {
- - e == Point-to-point —r—
Metric: 2 T TTTTTTT TS IVI_e t_rlc_(t)T --------- -
10.24.7.0/24
s O | OSPF common header Type: 4
= Number of advertisements: 1

IE= 374e 23 & 7HE

| & E2 Type 1(Point-to-point)O|H,
StL= Type 3(Stub Network)

« Stub NetworkO|A{= Link Data £ =201
Network mask7t £0{7t2 2 255.255.255.0

« ZFZFO| Metric2 4, 6, 2

LSA general header Type: 1

[ T 1 [ Numberoflinks: 3| ]
10.24.8.10
1

1
. 4
:1 10.24.9.11
=Sl :

10.24.7.0
255.255.255.0

6

3

2

TCP/IP ZEE =
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* OSPF (Open Shortest Path First) (24/34)

- OSPF IZ! S8 (16/22)

- 213 AEY 7”*|(LSU Link State Update) IHZ! (7/12)
- HEL3T &3 LSA
e HERTO| EFE MO|
A'E EtREHE 8% Z2 tidl ol o|H REe| LsP WZ=2 &4l
- HESZo| HdZ2E EE 2tREIEHH EXE L&

Designated router
Advertises the links

Network with five links
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* OSPF (Open Shortest Path First) (25/34)

- OSPF I{Z! & (17/22)
« 23 AE} 7”*|(LSU Link State Update) Z{Z! (8/12)
- YE9|3 213 LSA

B ot

HEL=Z oAz

HE HES3 0tA3E LIEFA
(Network mask) 32 | SIS D= FE
& gl E] 32 H|E HHEEs HEEAM U EHIO HEE
(Attached router) - DE CIREolIP FAES LIEHH
OSPF common header
24 bytes Type: 4

Number of advertisements

LSA general header
20 bytes Type: 1

Network mask

Attached router

Repeated
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* OSPF (Open Shortest Path First) (26/34)

° ()ESF)F:JLH57| CD'oﬂ (1{3/252)
- 23 AE} 7HAI(LSU Link State Update) ZHZ! (9/12)
e HEZ3 9F 213 LSA
- Aol CHE & EXkE 22171 Hlaf X194 274 22 Elol ol A8 sl

- HEL3 0lA3 %t Zt MH|A S50 CHst HEZIcZE A
. Ztan= FtLto| B HEQT e ozl

- Z15te 2IREHL| IP FAE T3 HE| E1 9| &llHof| 2 gfk[o] YE{A

Area 1 Area 2
Flooded by the area Flooded by the area
border router into border router into
the area 1 t the area
TRz
|
: P Summary link
- L __________ |
Summary link :l to network

to network N1

Area 0

Autonomous system

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab.



* OSPF (Open Shortest Path First) (27/34)

« Al 11.5
OlgH 122 HIE S 2, U ER 3 23 LSAE LIEILHO4E}.

10.24.7.14 10.24.7.15 10.24.7.16

—_—

10.24.7.15/24

o

[

11
H

LU
(=3
rr
w
X
o
nf]
40
m
N
o
My

HEL3 &3
e LSA= notA 39} B}

OSPF common header  Type: 4

Number of advertisements: 1

LSA general header Type: 2

255.255.255.0
10.24.7.14
10.24.7.15
10.24.7.16
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* OSPF (Open Shortest Path First) (28/34)
- ol 11.6

otz 212 HIEO|A, o= Bt E{7} 2IRE| 23 LSAE ™M&st=71?

o

[

a. R12 N1} N29o| & 7He| 213 & 7%
b. R2= N1 stLte| 21302 7+ &
c. R32 N2 2 N3 F 7o 213 & 7%

- [Me2tM, 2E EIRE7 EIREH B3 LSAES 310
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* OSPF (Open Shortest Path First) (29/34)
« oKl 11.7

ot I 2loM, o= BIRE7I LIER 3 B3 LSAE Z1s=71?

To next AS

a. N10{| CHEF 21 = R10| =#
- Ol AHAITHO| M& BFRE{o|1 X|H 2t E7F H
b. N20i| CHEF 1= 7t X|HE BIREHE MEZU}A=X[0] (2l R1, R2 & R301 2|3H

— =L _AL o
s = U

c. N30i Ciet 1= R30{ 2|5l =
« O|z= AtAIgHO| & 2FRE 0| XIH EFRE{ 71 E|7| HE

. mEtM, BE 2tRE HESS 23 LsAES B
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* OSPF (Open Shortest Path First) (30/34)

. OSPF TZ! 83 (19/22)
« 23 2Ef 7c'>“‘._|(LSU, Link State Update) ZHZ! (10/12)
- HEZT 2°F 23 LSA

1=

HES3 otA3

(Network mask)
TOS
H| £ 2l(Metric)

Repeated

37| of gl

32 HIE HES3 OtATE LIEHH
8 HIE MH|A 9| K& S LIEHH
24 HIE TOS ZLE oM HolEl MH|A R0l Cist HERIZ LIEFH

OSPF common header

24 bytes Type: 4

Number of advertisements
LSA general header
20 bytes Type: 3
Network mask

TOS Metric

TCP/IP Z=2EF
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23 SHI 2R

* OSPF (Open Shortest Path First) (31/34)

» OSPF m{Z! &3 (20/22)
- 213 AEY 7”*|(LSU Link State Update) THZ! (11/12)

« AE AlLHE A BHREHZES

o 2 F LSA
g AMAE A etRERo B2E NMIsliF= LSA
X|ed LHo| BFRE{7} At A|AEI HIZoE Wizl M&EsH Il e

AE AAH FE 2 MEE HA|X|7} UER{A(e.g., Area 0)01 =
aA EtREE

s HIAIXIE 24
7 HAle HEYARo| Q9 &

ek alg il

o

1 HAIX[e} S

Flooded by the area
border router into
the area

Area 2

OSPF common header

Flooded by th
ooded by the area 24 bytes Type: 4

border router into

the area

Number of advertisements

LSA general header
" 20 bytes Type: 4
L =~ AS boundary
—————————————————————————————————————————————— i router All Os
Summary link to AS boundary router 3
g |: TOS Metric
@

Autonomous system

TCP/IP ZEE =

Jinwoo Seo, Protocol Engineering Lab.
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23 SHI 2R

* OSPF (Open Shortest Path First) (32/34)

« OSPF m{Z! 8 (21/22)
- 213 AEY 7”*|(LSU Link State Update) THZ! (12/12)

. 9=

213 LSA(External Link LSA)

g ALAEH 2R e 2EE HELXIE &E[= LSA
A2 AAE QIR0 0|8 7tSE HERXFII S 2 I AIE

7_|I- .nél-_—yl_b 3|.|__|.o| |_;||E o_|3_|:||-C> OI-EI

e AAE FA 2tRERo 9 &3 LSAMM 27 EE=E F7t
- E T FA(Forwarding address)

- Q|F 2}E| Ef(External router tag)

Area 1

OSPF common header
24 bytes Type: 4

Area 2

Network

Number of advertisements

LSA general header

Area 0

20 bytes Type: 5

Flooded by the AS Network mask

boundary router

TOS
into the AS

Metric

Forwarding address

Repeated

Autonomous system

External route tag

TCP/IP ZEE =
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* OSPF (Open Shortest Path First) (33/34)
» OSPF IHZ! &3 (22/22)
- 213 AEl| IS H(LSACk, Link State Acknowledgment)

_u_H7|
o K-I |
« FAIEHLSATE HA Mo 2 MEEIS 2 & QlstE T
« E K|
- O
 LSU(Link State Update)2 MEHF2 [ SAQS| =412 = Ql
« LSAQ| AE[ME Qe MEE EFESE O AFE
- 0l SEZ Sdl| LSA7} Q&Moo 2 MEE[UR=X] EHEF TS

OSPF common header
Type: 5

24 bytes

LSA general header
20 bytes Corresponding type

TCP/IP ZEE =
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* OSPF (Open Shortest Path First) (34/34)

« Z1= 3l (Encapsulation)
« OPSFE IP C|O|E{12H0d % g—ir
« OSPF T2 EZE2 5 & AN|0o42e}
Z 55t
« OSPF= O| MHIAE NBS=E HMES AS Z=2EZS LR
oftK| &=

IP Header OSPF Common Header OSPF Message
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- THQ L & =Rl ZF e e T
» HE| HiE 2t R E
- 33 H 2t T
+ B2 HE B2
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A2 HE 2l LE]

. X1 o|
o—
» S| & S7| 2I5H HXTIoF St A B2 S5
SRote T4

- THCl 7t Bt REH & &

- 72| HE 2t |FAH
« AT EIREHE Sofl QY AI|7H EtREQ HE Wt
- Wt WE & Sl Blo|= A7

» BGP (Border Gateway Protocol) 2 %
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32 Y 2t2E
- A2 HE] 2t &)(Path Vector Routing) (2/5)

o= '—“(Reachbility)
» Zf ASOIM Rt&O| 2 7tsE HERT =5 2|0|

201.2.0.0/24 130.12.0.0/16 130.13.0.0/16

201.2.1.0/24 R1 1301400/16 1301500/16

201.2.0.0/24 ~4
201.2.1.0/24 WAN 130.12.0.0/16
201.2.2.0/24 130.13.0.0/16
201.2.2.024 Reachability ~ 130.14.0.0/16
130.15.0.0/16
AS1

Reachability

;| wan

[
AS3 ! Reachability
R
16.0.0.0/8
= c——=>
Sgend @ 17.0.0.0/8
18.0.0.0/8

[ 1 Ethemetswitch
= Interior router @_ —@_ @
Exterior router

16.0.0.0/8 17.0.0.0/8 18.0.0.0/8
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/
O

2 HE 22

. HZ HE 2te

- 2t 8 H|O|F 48

« ZF ASO{| /U= A 1|7
EP%EMIHI AFAO|
Eo|& 44l

2J(Path Vector Routing) (3/5)

R1 R2 R3
= = =
N’ ———' —

Network Path Network Path Network Path
201.2.0.0/24 |AS1 (This AS) 201.2.0.0/24 |AS2, AS1 201.2.0.0/24 |AS3, AS2, AST
201.2.1.0/24 |AS1 (This AS) 201.2.1.0/24 |AS2, AS1 201.2.1.0/24 |AS3, AS2, AS1
201.2.2.0/24 |AS1 (This AS) 201.2.2.0/24 |AS2, AS1 201.2.2.0/24 |AS3, AS2, AS1
130.12.0.0/16 |AS1, AS2 130.12.0.0/16 |AS2, AS1 130.12.0.0/16 |AS3, AS2
130.13.0.0/16 |AS1, AS2 130.13.0.0/16 |AS2Z (This AS) 130.13.0.0/16 |AS3, AS2
130.14.0.0/16 |AS1, AS2 130.14.0.0/16 |AS2Z (This AS) 130.14.0.0/16 |AS3, AS2
130.15.0.0/16 |AS1, AS2 130.15.0.0/16 |AS2 (This AS) 130.15.0.0/16 |AS3, AS2
16.0.0.0/8 AS1, AS2, AS3 16.0.0.0/8 AS2, AS3 16.0.0.0/8 AS3 (This AS)
17.0.0.0/8 AS1, AS2, AS3 17.0.0.0/8 AS2, AS3 17.0.0.0/8 AS3 (This AS)
18.0.0.0/8 AS1, AS2, AS3 18.0.0.0/8 AS2, AS3 18.0.0.0/8 AS3 (This AS)

Path-vector Routing Table

Path-vector Routing Table

Path-vector Routing Table

TCP/IP ZEE =
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A2 | 39
- 42 HIE 2t &!(Path Vector Routing) (4/5)

- 2B EOlE §Z (1/2)
» I UK
+ 7{2| HE] BH2Elol A ojLts SoHE
4HE] 220l M ST £ IS

« BIRE{7} HAIXIE £=AI5HH SMEX|NK| A2 250 i
UEX| EAE

o BroF QIOHEH, R 7 ot WXME HIAIX|IZE FAl

0

—_—

>.
rlo

E—
o 2zol Mae Hz

pal
Mo
>
>
14
o

« XA DI E]
O 1 T O
- 2tRE 7} HAIXKIE s4l65IH B2 E AALSto] B2 &0l Xt 2
AMARIE & §tLH7t A E ?[Btst= K| EE
- floter 42, s =0 Cligh 28 H|o|E2 446Kz et
O|20f| M&E5HK| E2
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HE| 2128
£t El(Path Vector Routing) (5/5)

o4 gle SHQl 7 22 Eo| ok}

*CIDR(Classless Inter-Domain Routing)
(2/2)

HE & stLtZ |01 2t T HOIE2l 37I&

Path-vector Routing Table

Path-vector Routing Table

Path-vector Routing Table

Network Path Network Path Network Path
201.2.0.0/24  [AS1 (his as) 201.2.0.0/24 |AS2, AS1 201.2.0.0/24 |AS3, AS2Z, AS1
201.2.1.0/24  [AS1 (This as) 201.2.1.0/24  |AS2, A1 201.2.1.0/24  [AS3, AS2, AS1
201.2.2.0124  [AS1 (This As) 201.2.2.0/24 |AS2, AS1 201.2.2.0/24 [AS3, AS2, AS1 Network Path Network Path Network Path
130.12.0.0/18 1AS1, AS2 13012.0.0/16 |AS2, AS1 130.12.0.0118 |AS3, AS2 201.2.0.0/24  |AST (This AS) 201.2.0.0/24 |AS2, AST 201.2.0.0/24 |AS3, AS2, AS1
130.13.0.0/16 |AS1, AS2 130.13.0.0/16 |AS2 (This AS) 130.13.0.0/16 |AS3, AS2 ‘

' 130.12.0.0/16 |AS1, AS2 130.12.0.0/16 [AS2 (This AS) 130.12.0.0/16 |AS3, AS2
130.14.0.0/116 |AS1, AS2 130.14.0.0/16 |AS2 (This AS) 130.14.0.0/16 |AS3, AS2 18.0.0.0/6 AST ASZ AS3 18.0.0.0/8 AS? AS3 16.0.0.0/ AS3 (Tnis AS)
130.15.0.0/16 |AS1, AS2 130.15.0.0/16 |AS2 (This AS) 130.15.0.0/16 |AS3, AS2 i : i ity ’ it !
16.0.0.0/8 AS1, AS?, AS3 16.0.0.0/8 AS2, AS3 16.0.0.0/8 AS3 (This AS) Path-vector Routing Table Path-vector Routing Table Path-vector Routing Table
17.0.0.0/8 AS1, AS2 AS32 17.0.0.0/8 AS2, AS3 17.0.0.0/8 AS3 (This AS)
18.0.0.0/8 AS1, AS2, AS3 18.0.0.0/8 AS2, AS3 18.0.0.0/8 AS3 (This AS)

TCP/IP ZEE =
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ZH2 HE] 22 El
* BGP (Border Gateway Protocol) (1/18)

AHE A|LEIAS) Zhol 2t HE S WEtst D
S2& 2488l 84 HO|ER|O| ZEEZ

o
. P2 e ZRES
L B T|dh Bt g
. B 2T ZET} ol BalRt| BHRE! BAO) mHEt B2 A
« e.g., SHSHAEE U AME
- TCP A
. TCP 179 ZEE AF3510{ BGP 7t A2/ ol S 4l
. il—él-}&-l

- QIR ZHo| o2 2 2o HEHINME et2B B2 1E 7ts
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A2 HE 2l LE]

* BGP (Border Gateway Protocol) (2/18)

. x|--.<é>- A|¢E* Oo=| (1/2)
« AE{E AS (Stub AS)
. CIE XH8 AlARD B stLto| S JHE
« AE|E AS LHO| ZH|Q! ZH CIO|E| E2HT2 ASLHOA] A ALt
AEHE £ Q12
. ClO|E EBHEl2 AEIE ASE S35 X|LHZ £ 9
QIR0 E0{2 EBE2 AFE ASOM 2H
« AEE AS LHFO|M HEE ECfED QR 2 LI
« HE|&E AS (Multihomed AS)
. CHE XH8 AIARDF 5tLE OfAtol o474 7HE
+ CllO|E] EEHElo| SAIRILE £ AIRIEE 2 4 QIS
+ StLEO| AHE A|AHIOIM CHE A|AEICZ X|LI7HE EBfZR
S E= AP ETE=
. e.g., 27HASH| HZEI 2 =X

A

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 81



A2 HE 2l LE]

* BGP (Border Gateway Protocol) (3/18)
 KHE AAER 73 (2/2)
- 37 AS
« X|LE7tE EE 518 ot= HE[F AS

Ed
ceg, 27 B2 2| QI w

. CIDR (C
1=

« 1%
=1

lassless Inter-Domain Routing)
SEl IPOHA HERT =4 HRIE fRU6HAH €F 6104 IP
I 2282 0| °|54”' EPOE' EHo|lE 3 7|E& &0|

TCP/IP ZEE =
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ZH2 HE] 22 El
* BGP (Border Gateway Protocol) (4/18)

AR a4

- & Yt Y

Ad
(=)

BGP 2t E{7} YT Al QIAIHOFDF St &

=1 A a
° "E!T&llol_l —|}é_>|

7l=dte Ol EF=EA| Rl0{0F St &

Z| Pl Al 4~ Qlo{of 3L 2 & A4l HIA|X[of| & K|
(o) - L A
L%OI'_I_ Elt /| o

= 2t REM QIAIE EHe= o
MEHE] F40|(Transitive) &

. BFRE{ 4492 KIRISHK| SITHEHE CHE BHREIS M EIO{OME B &
« MEA™ H|Z0|(Nontransitive) %/

. 2 AIBHBFRE{TE Ol A2 KIMGHK| O W XIS 4

Ad
o

TCP/IP ZEE =
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A2 HE 2l LE]

* BGP (Border Gateway Protocol) (5/18)

o M|44

o A

Sl

- 2t 28 HE W2 ?[e Bt = BGP ctREE 7o d-El= o4

* S

=
LI

- 2|2 (External) BGP M|M(E- BGP)

- ME OHE RI2 AAHI| &5t=

F 2O EE 7Ho| B2 WEE sl At

0l

« LH& (Internal) BGP HI*._:'(I-BGP)

« X2 AIA"”! LHe| 5 2IRE ZHol HE wEhE o AIS

E-BGP session

______ [-BGP sessions

A3

TCP/IP ZEE =
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A2 HE 2l LE]
* BGP (Border Gateway Protocol) (6/18)

- Th7! B %

» 7H2H(Open)
» A4&l(Update)
- ZI1d2}0|E (Keepalive)
» & X|(Notification)

BGP
messages

Open Update Keepalive Notification
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A2 HE 2l LE]
* BGP (Border Gateway Protocol) (7/18)

- IHZ! FH A (1/11)

25
E AlZ|(Marker) IEE <5 of k= 256 HIE
Z!0|(Length) SIHE Z &8 ™A HAIX| 2Ol 16 HIE
-~ IjZlo| K&
w15 (N, ZAl kol Sx) JEIN=
(32 bits)
— Marker
Length Type
(16 bits) (8 bits)
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A2 HE 2l LE]

* BGP (Border Gateway Protocol) (8/18)

Hi HA(2/11)
. 7i&t(Open) (1/3)
- BGP7} %’S.*" P—?—EWP Ol &tH&E d-st”
I TCP 247 % 20 H%*(Open) HAIXIE &
. O|7C0| *MI% HolE L 39, F crE o] O|F &H 7t d& &
ZIMEI0|E (Keepalive) HIAIX|E ™

| /3= 2 0|F

s
S

Common header
19 bytes  Type: 1

Version

My autonomous system Hold time
BGP identifier

Option length

Option
(Variable length)
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ZHE HE 22 E
* BGP (Border Gateway Protocol) (9/18)
- I F A (3/11)
- 71 (Open) (2/3)
I R ol =t

EHZ(Version) BGPo| HHE E Al(Z1XH 4) 8 HIE

Kpalo| Rt AlAE
(My autonomous system)

e ALHE HSE EA| 16 HIE

>
]
m
4
i
<
A

=] Al
ol 2l of -

& s Nzh(E 29))

K| AlZH(Hold time)

Common header
19 bytes  Type: 1

Version

My autonomous system Hold time
BGP identifier

Option length

Option
(Variable length)
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22 e 29 E

* BGP (Border Gateway Protocol) (10/18)

- THZ! F4] (4/11)
+ 714 (Open) (3/3)
 we et =

BGP A&t = =
Y MIO|X|E ME8t CIRE A EA HIE

(BGB identifier) Y MOIRIE M&Et 2teE 1P F | 32 H
MEH o7 == ZO| A AMEH Oi7H B E 0| ZIo| A g e
(Option length) (e.g., 215, HE| EEE—;— &5t 5) =

2t MEH O He-E2 oi7H B4 Zol, oh7H #H= 2hel ME
M= O 7H 4=~ (Option) LEEER HS
(BRI X EESHE MEH Oj7H = QIS #)

Common header
19 bytes  Type: 1

Version

My autonomous system Hold time
BGP identifier

Option length

Option
(Variable length)

TCP/IP Z=2EF

Jinwoo Seo, Protocol Engineering Lab.
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A2 HE 2l LE]

* BGP (Border Gateway Protocol) (11/18)

mZ! A (5/11)
- Z&l(Update) (1/4)
- BGP ZEEZ0| =4
. EP—?—E-IE oP0=|=. ._'|01| ks

SHX|E 24 MEL
A8

. BGP'— xo of ‘5_T'_E._| 042
SxX|ES F48 £ UKD, S
AHE"‘ g&llx|§ -T'C—DI-—_”—%EI- 7C=>|_CI>_ Unfeasible routes length
gl. L_l._q 7CI>-IAI_I I:I_”Alxl% %8H gl_l_ Unfeasible routes length
SXX[EF 7S ey

Path attributes length

Path attributes
(Variable length)

Network layer reachability information
(Variable length)
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ZH2 HE B2 E
(Border Gateway Protocol) (12/18)

Al (6/11)
Al(Update) (2/4)

* BG

P
R EA
M
o

°
= gt 27|

£ 7}s(Unfeasible) Z2 Z 0| CtE EE=9| 4ol ™ol 16 HIE
A El(Withdraw) B2 Mol 2 El S5 oM &fxl|z|ofof 5t= ZE BEE LI S

Common header
19 bytes Type: 2

Unfeasible routes length

Unfeasible routes length

Withdrawn routes
(Variable length)

Path attributes length

Path attributes
(Variable length)

Network layer reachability information
(Variable length)
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22 Y 22k

* BGP (Border Gateway Protocol) (13/18)

P
« IHZ! F A (7/11)
- Zi&l(Update) (3/4)
T

27|
A2 44 2ol i
chg "Weo| Zo| Mo HlE
(Path attributes length) IS EEof 2ol Hol 16 H
£ Sofl T1xl= T2 7tsE HIERANK| B2of Chet S92 LIEtd  #S
(Path attributes) Ol HIMIXIE S8 FnElE T 7Hs#t HEITK| 2ol ChEt 48 LiE =

Common header
19 bytes Type: 2

Unfeasible routes length

Unfeasible routes length

Withdrawn routes
(Variable length)

Path attributes length

Path attributes
(Variable length)

Network layer reachability information
(Variable length)
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ZH2 HE B2 E
(Border Gateway Protocol) (14/18)

A1 (8/11)
Al(Update) (4/4)

* BG

P
R EA
M
o

°
EE AY 37
HEXHI AS =2 7ts HE HAIX|ol o3 AXME FTE[0X|= HIEST EA| =
(Network layer reachability information) Zo| ZES} IPFA ZE[EHAE EHR =<

Common header
19 bytes Type: 2

Unfeasible routes length

Unfeasible routes length

Withdrawn routes
(Variable length)

Path attributes length

Path attributes
(Variable length)

Network layer reachability information
(Variable length)
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A2 HE 2l LE]

* BGP (Border Gateway Protocol) (15/18)

- =) F4A](9/11)
» ZIUEI0|E (Keepalive)

« BGP7| SAi5t= CFREHES MCHE 0| RFAIS 0] AFOFRU 2
2| 7| -°rI6H WXI AlZto| BFRE E|7| Mof| M7[Me 2 ZIYeEo|lE
HA|IX|E Wt

Common header
19 bytes  Type: 3
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A2 HE 2l LE]

* BGP (Border Gateway Protocol) (16/18)

- THZ! F4A (10/11)
» & X|(Notification) (1/2)

- F 4Ol AX|ZHL 8 E BV HE W 2tRE ol 2fsH T

« HAIX] A

@ L]
Q7 I E(Error code) QRO| ZFE LIEHH
2F ME I E(Error subcode) Z 2RoMe| 2F REE LIEHH
2 & O|O|E{(Error data) QFof et TIEt HEE MIst=d A

Common header
19 bytes  Type: 4

Error code

Error subcode

Error data
(Variable length)

s
-
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22 HE]| 22 e
* BGP (Border Gateway Protocol) (17/18)

- T FA (11/11)
» & X|(Notification) (2/2)

=
° Q_IT?E

1 HIAIR| &l 2F s7I& A (1), 22 E HAIX] Z20] (2), ¥R E HAIX] & (3)
XHEIX| etE HE #HE (1), 2R E 1|0 AS (2), 22 E BGP AR}

HF o= (3),
2 HEUARIZR  xjpigix) o wms oohe4 (@), 215 A (5), SIEII b
Hold Time (6)
£ (1), 2lAlg = g1= Well-Known &4 (2),
%41 (3), ’—.*H “EH:L OF (4), 54 20| 27 (5),
3 AL HAIX| 2F EI-% = Or|g n 54 (6), AS & I (7), ¥2E Next Hop & A*" (8),
g 27 (9), ’é*%%l Network ZE (10), ¥ ZE AS_PATH
(11)
SX| EfO|H Bt -

S8t MEH 7|H 2F Mit F MEIE 9

o474 =z

= O -

Ojo
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A2 HE 2l LE]

* BGP (Border Gateway Protocol) (18/18)

- A3}

e A A PdRI L E 1792 A}
. @2 HNoiLt 5 E H|o{7}

.-g-(
Z10

= =

Cease) &%

&75t0{ TCP M|ZHEO| =3t

HIlo
= =41

Fo| SX| HAIX|7F HE&E IR & KU
12t 0|2 (Keepalive), & X|(Notification) HAIX|o T2

pdate),

O AN
neEs &

Data link
Header

IP Header

TCP Header

BGP Header

BGP Data | D2 link
Trailer
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Thanks!

M Tl 2 (jinwoo@pel.sejong.ac.kr)
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