2026/09/23, 2026 E ot 7|= AM|O|Lt

TCP/IP = E =

N RLIFHAE T2 EZ-

M ZI 2 (jinwoo@pel.sejong.ac.kr)
MSOhefw T2 EESST A



mailto:jinwoo@pel.sejong.ac.kr

w0
oF
o
~
ol
g g0 w0 o
tH o oF o
ok ™ ™ ™
T 0 T 1
ol I <0 T
= m m M
IH X m0 K

2

Jinwoo Seo, Protocol Engineering Lab.

IZEE

TCP/IP



w0
oF
o
~
ol
g g0 w0 o
tH o oF o
ok ™ ™ ™
T 0 T 1
ol I <0 T
= m m M
IH X m0 K

3

Jinwoo Seo, Protocol Engineering Lab.

IZEE

TCP/IP



H =
S

et
- SR H| (1/2)
X O0|Z& 2|B{A(Poison Reverse)
- H9|

E
ML Ho
ok

EH7t MEE OIS S22 MEiSE F
(Split Horizon) 2| =F & &
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O| HE=E FECZE 285t01 2E 0|X Br2EH[H A
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SojE AN
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Eoel U & =l ZF ElRE
A2 AAH

- H 9

(AS, Autonomous System) (1/2)

- StLbol hed 22| 7|7k stofl 9l BHRE{S HIESIZ 0l 25
 e.g., SKT, KT2I Z 2 ISPOIM MB35t UEXHZ
« EHQ! L 2 &(Intradomain

AS
Routing)
« AHE ALE LHOIML| EFR - ([
» StLt O|&fo| =M@l LH 2t RE [T
IZEZ ME
- MRl 7+ 2t &(Interdomain | -
Routing) s
« K8 AlA” Zhol Bt & i
. 3tLto| ZoQl 7t B2 &l M
TZ2EZ AE — 1= l
L 1 AS
TCP/IIP Z2EZ

Jinwoo Seo, Protocol Engineering Lab. 7




CHQNW & EWQl 7 et

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

BlRE Z2ES
cCHel e ZRES
* RIP (Routing Information Protocol)
- He| HE 28
* OSPF (Open Shortest Path First)
- 3 HEf 2t RE
- CHel ZH EIRR ZEEZ
 BGP (Border Gateway Protocol)

. B2 Y 2o

Routing Protocols

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

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 8
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7HE| HE| 228
. 72| HIE{ 2} 2 &l(Distance Vector Routing)

=l QIS et RE2t | el BEE

« EX|
—1 O
« THQ LIF 22 E0 /3
« TRl 7F 2t R0l HEE THE AL
« 01 BIRE2 F7|MoZ BIRE H|O|E HE &R
« RIP 3% 300 8t H =R
- Bellman-Ford 48 211 2|& AL
* RIP (Routing Information Protocol) = < %1

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 10



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 FQlstod 2|H B2 E HAHMeE 87

.
‘e,
.
* .

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

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 11



7HE| HE cf

O E
_I_CDI

* Bellman-Ford

_ oI i

1. Zt =& X4l 1o

2. MM HAAE ETX|L
A[ALEE|X| A2 L EE=
Fstol2 M

3. & EE AR50 7|E
2| HE|ECH 22 27}
UA=X| &Qlst z|E 7
AR

4. Z|tH 2| HE{of o4
H1ZE80| @12 [H77H K| 3
I drs

0
30

et 2l& (2/2)

S22/ H|&& H|mstod =& He| dd
Z|H Hel X HISS 022 =7|&
| 7H2|E B3 HIS2 2 HHEs T,

Bellman_Ford(
// Initialization
for(i=1toN;forj=1toN)

{
if(i == ) D;=0,(;=0
else D;; = oo, (;; = 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. 12




*& (Hop)
e IR HI0IE] 0| B Rlof M SX4K|Z OlSE
CFELE HO|ESO] Z2 HEYXHT HHIE HM
e Bellman-Ford 8483 &1 2|& JHe 3t 9

« AS L ZF 2= E-IEOﬂ CHEr I SE E|0|E MAS =X
- & 174 (1/2)
.« Zf POEJ'— 37IX| SE & 7tX|1 RlofofF &
| H|E, TS &(Next-hop) H&

=2X
= —l
- CIR T Eﬂ 0| = Table, Table| M iHRY = Table,, & i'HMW 0]
slik=g 6|-E | 7t X| 2 &2 Table,. dest, Table cost, Tablel. next
1 . O|_=| 7E=I El_l —||=— 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— —Jlk— 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 ZEEZ

Jinwoo Seo, Protocol Engineering Lab. 13



EH |
—

742 HE

E |

Cr P

TR

(2/4)

- SXF It (2/2)
— = S
3. 2t Bl2EE Al B2 R ElolE WAl F 1 WTtE

I = EO| A EHSH0]  [upaatetr 1

=0 o E| Ho {
jl_'l = :I! El-_g Io EE-” O;I_E = search T for a destination matching the one in R
7C>A|_I OE T AA_II:_ — 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.1.dest = R.dest

Update(R, T) // Call update module Ty.1-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.
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He| HE 2t E
72| HE 2t S g nEIE (3/4)
- o4& 11.1 (1/2)

CtE 182 ASO|| CHet =7| 28 H|IO|IE2 Eoi&Ct 182 & 28 HOf
E0| SAl0]| MMHE[= A2 __IEIIoMIt of=Ct. 2 2t E= 28 m xrAlgko| g}
SE| E1|o|='; AHHoUﬂ ZICt. ol 2FRE{ A7} olx L EO9| E+%>—E4 B0l Net 1, Net

2,Net4, Net5 =2 MSE M, 2tRE Bo|AM 2t E HIO|= HHEtE '='O|A|O
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. 15



- HE| HE| 2t RE LT EIF (4/4)
+ Ol Al 11.1 (2/2)

Ct= 222 ASO CHEh =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|= HHEtE 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. 16



72| HE 2t E
- HE| HiE 2t S X (1/5)

SFE Ql5 HIEO0| FEICHE HIFIUES I, O|F 2=
| AlZtO| A2 E|E= &
E ctREoM FEONE 7S 277K E &2 2

Sl M HIS ZAQ 22 E2 AAle A
SF A0 B
e, Zhol B7bete Higte

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 17
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o
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Ell
Pl
A
N
o

S O
St EHEQI II2E
cA|l-F LEFX
- HE IS X[ 1 |— x| 2 A
1- Agl- BE iE XO-” E:EI- 6|-E HOI- Hﬁ*% Before failure \’>’§ 1 e 1 —
of11 ol :
2. A2t X AbO|o| RIS 7} &luli5toq, soaine | s x|=] x|2[a
A - XI’ AI O E | O | %% I:L 7o=| 1 =
3. B7t AQ| etE EH|o|5 HEE
|=||'7|K'|O-I| XI'A|_ |E|'—C|>—%>I E‘”Ol% After A receives X X|3([B X]2]A
E_g_ update from B o 1 s
4. Ac Be| B E|O|Z HEE
20 KHAIO| BFRE EfO[EE wwowow x[s s |41
ALle LS BAOA HS e = e 1 e
5. 9| IS B 5104, HIZO)
S 8tCH7t Elojok Xof| R E 5
gigs ol & HE AE
Finally X
1

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 18



- FetoH el xEt
- FEHOHE 162t 22 2 MEolstod Yol 37|71 15 &2 H2 & Q7 st Uy

st (Split Horizon)

IE{H|0|AE S&ll ElolE2

SR TECTR T PSP

« X 0|Z& 2|tHA(Poison Reverse)
- 0|2 BIREEMZ RH4&I0| ZRXIZ ML= B2l HEIE FHOE &3

2T EY HMD ZBEHM A

OII

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

I3
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Before failure | S

After A sends

the route to B

and C, but the

packet to C is
lost

After C sends |==0
the route to B

X
After B sends
the route to A ——
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HE| HE 2t g

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

g = o *H| E 2{(Metric)
« FEHCHZE Q| FIRE 2L ETF SRR THe B2 Sol ofE B2}
M E2 K| BHEE=E 7IE U
=
e Al - Al mE SO A
L E LT =3 37 WHOR S0l HEEIX| ot MER HZ
HiEH ZI O
H =11
. sz
- I E X O0|Z'd(Route Poisoning)
- £ SMX| Z27F AW AL R 25K f2 42, O SHX|o s HE=IZ
FECHE MY ZE O|R0iH Al st &A

TCP/IP ZEE =
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HE|l HE Cr2 T

- SR H| (1/2)
X O0|Z& 2|B{A(Poison Reverse)
- H9|

EH7t MEE OIS S22 MEiSE F
(Split Horizon) 2| =F & &

AL 0
I

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 22



XH
- 2} E X 0|Z'(Route Poisoning)
- 9|
. =1 =xx|2o| HEot AL L RE K| oS He, Y 2=
ol HEE|E FeItH= d7H5101 2= O|R EHRE{0|H FA|
il g HF Al

soi2 A
L RE{O A FAl T3

ANEE & 9ls Zoz e

-1 O

. 1.BHSEIM SH SXX|2 0| H2of Tof LA
S
H

i o
N -0

rAFS W= H| REEFSHO M| == O] ¢ 2| 2t B
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72| HIE{ 2} LE
* RIP (Routing Information Protocol) (1/11)

. B9
- ESE7IFoR 2P ¥2E WHsts HE| WE WAl
SHE*Y ZEES
s
« 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 & G2 A o| SHMX|of| = 6t7| fls ELHA{0F ot=
2t RElS] FAE H

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



72| HIE] 2} E

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

E= 37|
H=(Command) HAIX|S BF (2821, 8H22) 8H|E
& (Version) RIP & 8HIE
A 4 (Family) ANEE Z2EZo| AP (TCP/IPL AL 2) 16H|E
HE 23 FA(Network address) SHX|UHERI FA (AE5tL 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. 25



HE|l HE Cr2 T

- 2L SH
. QX
+ M2 &7|HLt AlZto| Bt= & =2 71Tl 2t E{of ol TS
- EH Z2L ZE FRollOidl 2 Tts
« 2LCF
o H
- RLYEE SH
- ST 2ol CfE SFo2n MS
+ ST R&lM XIHE S0 cht B T8
- QYE|X| o2 SH
« 30X FUIR T

MEEIH 2E etRE HOIE2 R = HEE £ &
- A{l(Update)IHZIOEZt D 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 0s 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. 26



EI

HEl HE Cr 2

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

- Oof| & 11.2 (1/2)

olei OZE HIESZ, R10|M R22 EWX|= A HAIXK|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. 27



HE| HE 2t

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

- Of| & 11.2 (2/2)

olel O ZE HIEfe 2 R10JA R2E ELHX|=

130.10.0.2 CIE{IH|O|AE Sl ELHEICE.
. EO|

- =4 Eg1 X0o|E EltH/\" M ?;.'—'.:—0
R12 195.2.4.0, 195.2.6.0 MEE R22Z A
ek, Sty 242l 16O§ CHA| &

« RIP HA|X|E &5t IP O|O|E{a”e
FAELCIE & $4\_§ A&

- 2H OIO|B{E R12 7|&E2E 5tE Zio|=
R2E Zt & £ & 1M BIHAIFHM 7=IIM°*

O:

AN PAPNI=

BodZl. HA|IR|E=E

2 [ 1]
2 [ o
130.10.0.0
1 _
2 [ ]
130.11.0.0
1 —_—
2 |
195.2.4.0
o Dest Cost
16 I N 130.10.0.0 | 1
2 [ e 130.11.0.0 1
196250 | | 195.2.4.0 18
195.2.5.0 18
T 195.28.0 18
16 _ i ___| 208550 2
2 | P 205.5.6.0 2
195.2.6.0 -
Information extracted
-—--- from message
16 _
2 | ]
205.5.5.0
2 |
2 [ T
205560 | |
2 _

TCP/IP ZEE =

Jinwoo Seo, Protocol Engineering Lab. 28



HE|l HE Cr2 T

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

o 2 X
-1 —1
- HRE HER QlF EXE YKl
« 7 (1/2)

(
7|~ El O|H(Periodic Timer)
o M A4 AR M&E F7|E H|o]
+ 25~35% 0| Holo| 72 ME
« EtO|H7} 00| &/H AL HIAIXIE ™
- EIRE{E0| SAl0f A& HAXIE T
uEstE YK
. BtZ E}O|H(Expiration Timer)
- 2O REHE T
- EFRE7t SiY B2 AL HIAIXKIE s=4letE 1802 ™
- Y B2 ME2 A4l HA|X[E +=4l5tH ELO|HE CHA| ©7H
© 180% E0F Al LIAIXIE +415t%| Roted sl A28 Rasisln & 4
1622 MY

HALS

ol

=
=
1T
=
T

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



72| HIE] 2} E

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

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

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 30



72| HIE] 2} E

* RIP (Routing Information Protocol) (8/11)
- 0i|A[ 11.3

ot Elo|Z0] 2072l == 7rX|1 ULt O] ERE{7F 200& S 5712| B20]
CHet HWE & & X| XRUCHD otH O AlZho]| 7S E|1 4= Elo|H= & 7HRI7t?

- E0

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

- 2174

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 31



72| HIE{ 2} LE

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

» ZH= 3l (Encapsulation)

« RIPv2 HIA|X|= UDP AFE X} C|O|E{1&H0]| =St
- RIPVv2 HIA|X|E ZO0|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. 32



72| HIE] 2} E

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

¢ 7|1ZEQ|RIPEA &S TCP/IIP ZEEZ0|AM 25 002
=l © 1L = O O 1L = &
MHAPRE ZHEES MER EEZ CHA[EF g Al
« HIAIX] 4
. ®= ofgt
A2 AlABRIS| HS 5 22 HE ME
e (EH0I 7t B o8 2 e Bo] MEo| S48 T e )
MEU! OFA 3 (Subnet mask) MU OtAZ (= Z2|EHA)E MY
o = SS9 FALE AdB4F
CHE & 34y (Next-hop address) 2o ﬁlé% alg_rg-%%g 7;_?3_%_%
. Command Version Reserved
Family Route tag

Network address
Subnet mask
Next-hop address

-, Distance

Repeated

TCP/IP ZEE =
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HE|l HE Cr2 T

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

- RIP22| X} 0|7
. RP_________ | _____RP2_

Soia7(gh =4 X ZoiAgie =4 X
(UEST & 3AE &7 Haix] 27| (DHE 2AE QlofT IP FLE TR

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

CISE|x| et2 1ol s HAIXIE 2& 57|
Qlaf Q15 F7}
= 0|%0{7 HAIXIE ELHZ| 25
= R R e 7 M e e ol sleeise RIP HAIRIE
————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. 34
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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
. EFO—lAEE}(Dljkstra) T2&E 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. 37



2|3 AE] 2} RLE]
213 AMEH 2F 2 &8!(Link State Routing) (3/9)

. C}2 A E2H(Dijkstra) & 1 2I1& (1/2)
. "ol
- Bt E4f x|EF ZZE(Single-Source Shortest Path) EA|E sHZ 37|
flet Jei= B dnE|&
« E Kl
=

o
Mol I B RI7F BHAF g4

o MO IIERIVI E+Y B2, EE BE AL VS
A HIg 7Hd M

. Of &2+ 718 HIBO| M2 ZHdg M=y
e = X1 7:||§.I|:H
O T - =

b

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

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

D; _minimun(D;, Dj + Cij) for all remaining nodes
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23 SEI CIRT

=2l 3 H |.O El(] i i
- 213 AEH 2} &!(Link State Routing) (4/9)
] x
. Ct2 A E 2}(Dijkstra) € 1 2[& (2/2)
=X} 2]
] -T-
o EI_ El = = Dijkstra()
1. FELEHAYE=F FE ( titunt
o = nitialization
E_EE-gl E% OlTO-" EH o|_|- Path = {s} //smeans self
Zg B2 S ZEQ 1 0|RE| wi-ivd
7|_|-_O_| Hl%gg AE-Igl if (iisaneighbor of sand i #s) D,=C
. $5E9| ZS'EI' 7_|E|E OQE )\E_Ig } if (i is not a neighbor of s) D,=
2. DE LES0| Z=0l FIHE |, 2=
IIH 77|'X| Hl_l-g _JI\_ECI-)I // Iteration
. HE Aof gl LCE HAMstoy | Mo
_7f_| EI' ‘IE'% 7|-X|E Zj% A._'IE;I]I —?— // Finding the next node to be added
A20] =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
LE=EO Z‘_l El‘ 7—| El% AI-%%I-O:I BE=| for(j=1toM) // Mnumber of remaining nodes
C = o] %|C ZHA {
Foirl eSSl AlE ARl 2 | U, e
}
} until (all nodes included in the path, M = 0)
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3 JE 2R
- 213 AFE 2+ &!(Link State Routing) (5/9)

- 2t EH|O|E dE o™ (1/5)
1

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

2. LSP Z2{Y(Flooding

)
. DE C}2 2t 2E{0H LSPE S YE3HE X

Ct]A E2H(Dijkstra) €1 2|& 7(|dte| =|th B2 E2| M
. ZH L EofM X[ A2 EB| MA

4. ot Y E|O|Z A&

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



23 SEI CIRT

- 213 AFE 2t &!(Link State Routing) (6/9)

° C

_I_

1.

SE HO|E 44 ot (2/5)

213 AEY lLH;'(LSP Link State Packet) 24
Zb L Cof o5 213 AEE MAEH= 7o
L E AR 23 BIAE, =M |:|-|g
clo|E{Bt MEEICtD 7HE:

A
o

== 57| Qs 53

CHQlo] EZZX|o] B8} 7} U= AL
. CTHQ!LHO| &lolo| s EO| EZZX|E ZAl

o 03

7KMo AA
- 2ziE 7‘“='7P ZHQAM MHEIES 67| I6H =&
. T7|M eSS 2F Elo|HE 6020 M 2A|ZH H L
- H Z 7IE %E-I':'OI Lol HF B2 EcfEE Restes AE YK

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

- 213 AEH 2} &!(Link State Routing) (7/9)
. B2 E Elo|2 MM 4™ (3/5)
2. LSP %E—I%(Floodmg)
. BE C}E 2} 2E{0|7 LSPES Lo s E %
- T E= LSPE &H|2l CI= O|E O|RBtO| ot CIE 2E = =0{A
2 & 5l oF &
1. LSPE Md8t E= Zf CIEI0|AE Sdll LSPL| SAIE ™S
2. LSPE 4IEt E= O|™ LSP2t HI"

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

3. MLSP7I M Zdo|H, C}= ot 3
1. QEHEILSP H7| £ MZ2 LSP M
2. EAES S48 CIEHO|AE XQJE CIE QIE{H 0|42 M&5od
Zoigo| =oiol Lhel of= ZolM BXIzlE R WX
TCP/IP ZEEZ Jinwoo Seo, Protocol Engineering Lab. 42



23 SEI CIRT

OO OO @ E © &
6 & © o0 ‘o 00
© ® @ © o6 066 .
oo ess  bbo®ldof
©
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23 SEI CIRT

. 213 AFE 2t &!(Link State Routing) (9/9)
E

- 2t 2% E|0[= &8 '8 (5/5)
4. 2t HO|= At
s A EE OQYQAEL SUE|ES T|WHe = & 25 B2 ECE M
Mof gt E Elolg 74

Next Router

0 2 7 A

Iteration 6

@ M moOOoO w
© 0O O W N N o
w
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* OSPF (Open Shortest Path First) (1/34)

r *X|23(Areas)
« X O| XS AAE LHo] T3 ElE SAE er%a gl EQ30 38

. E X
-1 O

- I MNEfEIRE ZEEE

« XtE AlAHIZS 04E—| X|Q(Areas)2 2 28

- 2 HEX =0 AMe

7|MHo| CHH 2 ALY HIER 3, CHE-Z7|# HIERZ, ISP LR HE ST A
E—I O=|E-I L2 E{QF MEUI0| 9474l 373

- HEZ '(Metrlc)OE H|2(Cost)2 AFE35104 %|x A= MEH
- HEE 23 B YEOS Tobstod 2te” Y A
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* OSPF (Open Shortest Path First) (2/34)

*& 3 (Link)

e 2130 % (1/6) OSPF o{ollM= LIESZE o
« M-CH-™ 2! 3 (Point-to-point Link)
- 4% & F(Transient Link)
.+ AE{E 23 (Stub Link)
o 714 213 (Virtual Link)
Types of Links
Point-to-point Transient Stub Virtual

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



=31 SEI BT
* OSPF (Open Shortest Path First) (3/34)

. 30| 23 (2/6)
« M-CH-™ 2! 3 (Point-to-point Link)

. X0
o —
« CFE{ AlOJo]| OFH CIE S AEL} EIRE Q0| 21 i85t = &3
. EX|
-1 O
- F EX|OAALEE 3|ME SRS OHE B X7t .18
o B MO BIRE{Q (1A 22 HEEIHAELLCHE M22 et HER3
TH0| 2ER
+ FCIPEELER BIE F LEE VES s YT ZIE B

« 7|He| EA-KIAL ZF TEM
- HE|H{M U ST E HEE 82 H-t-H 3 E #FH AMS

o
A B
—4 4 = @4 4'
. e ' _________________ . e ' e
A. Point-to-point network B. Representation
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23 SEI CIRT

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

- 39|  (3/6)

« 4% 213 (Transient Link)
syel

. £ O O|At 0| BHREI7} B OIZEE 29 UEYIE LiEtlE 23
. S

. 0f2] 2HRE{7} SYUB LIE T 0l A ZEl0f ClolE| T

. sLtol R LIEYZ0IM 043 BHRETH M2 S41 7ts

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

- O
s M S £0[7| 2[5 X3 2} E{(Designated Router, DR)E AlE
« 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)

- 213 0| R (4/6)
. AE{E 213 (Stub Link)

. B0l

« EX

« 2% 5Ll Bt R BB AEE HERZ

o

- HERZ 2[R ete| S22 AQE StLIL| EtREE S8 S

« CtE ctREQ 27 HZZX| g2 SH HEKIE 20|

« CIREOM ST HERIZE HEL= SElZ £

« otLt2o| 1A B2 E Sl /IF HESXI} StlstBEE X7} e

« E 04Al

« LBt AEXPCRE M7 AAEE SE LAN

- 3 Al MM S0| AZAE ALO|H-Z 2| A|AE(CPS, Cyber Physical
System) =

—

Ethernet

Designated
o router

A. Stub Network B. Representation

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

» B32| 73 (5/6)
o 714 23 (Virtual Link)

. XO|
o —
- 22/Moz Y AZEX| A2 2R EE G AMO|E =ElXMez HAdsts
23
« E X
- O
- AX| S22l 2ME FFotXx| 2 7[E HERHIE Sall =21l 4 7+
+ O] EIREE HX F X|HE Hdste Mol B=2=2 8%
« S2/HMQ A40| BOX|HL HYH A2 + Qs SR €8

« 8 oA
- SEMSE MZAL|X| o2 OSPF B E iZ&s= 8%
« 7|2 HESIZ 7= ¥E0| 0{ti2 4B 0lM =2|Mel Ade 7 dste 89

Advertising router % Point-to-point

| S o - =
1
' ol
1
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2|3 AE] 2} RLE]

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

- ZF O] R (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. 51



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

- OSPF mZ! (1/22)
« Hello T{Z!
G| O|E{H|O| A 7|&= (Description) ZHZ!

- 213 dEi 2% %!
= A 1 17
. 23 AEf Al o7
= A | = SOSLC| 77
* ola- ol-E %II-OI_IO |=||- -U-H;/’\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. 52



=3 SEhEIRT

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

- OSPF mZ! (2/22
- S8 &l

)

I S

E{ZX(Version)
K (Type)
H| Al X| Z0](Message length)

4F M X| 2HE| 34 (Source router IP a

X|2d AlEdX}(Area Identification)

ZA A& (Checksum)

o|l= =2
o O

2! T (Authentication type)

215 (Authentication)

8 HIE

8 HIE

16 HIE e[
ddress) 32 HIE i |

32 HIE

16HIE Q&5 ZHFeQ

O|= H|0|E{E A||E MA| miZlel 25 4

KoM A EElE 215 & Hol
(02 OFF AT AL8stX| Bt AE, 12 WAL= AAEE 2|0))

215 ollolEof & 2k

2f 8F TIA HIAIX] 2ol ZA|

ot BLSE IPEA EA

20| dojLt= X[ EA|

7} 0 B2 022 MAX|H,
7;|.o| _u_H/\_?__||:7|- iol-El)

16 H|IE

32 HIE (21& &
19 2

o] 7 8 15 16 31
Version |  Type | Message length
Source router IP address
Area ldentification
Checksum | Authentication type

Authentication
(32 bits)

TCP/IP Z=2EF

Jinwoo Seo, Protocol Engineering Lab. 53



23 SHI 2R

* OSPF (Open Shortest Path First) (10/34)

- OSPF mI{Z! & (3/22)
» Hello ZHZ! (1/3)

. X0
« O|R HHE Yot 0|22 & 7IsdE HAlot= THA
« EX|
-1 O
- 3 YEf 2B el & i oty
- T4 OSPF ZtRE{E &7d5t1 0|2 BAHE Y
- U™ FUIR HMESI04 QI 2t RE{C| SE HEE &2l
+ OIH BHRE{7} YUY AlZH S Hello T8 2K gho™ s 22 EIE Fof
SEfE 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
|: Neighbor IP address

Repeated
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23 MEf 2t E

-

* OSPF (Open Shortest Path First) (11/34)
+ OSPF THZ! RE (4/22) i =45l AN

QIf HESIT o &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| = Bl M7
EZeia 1HIE 12 dHE[0{/2™ X[F0| AFE X[do| &
TE2a 1 HIE 12 MYE|H 2t REE= O HEZS x|
© M#9(Priority) 6 HIE DtREQ RMEQE EA

M=2E XY B EQ #H XE EtREHE 2Y

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! | (5/22)
- Hello THZ! (3/3)
- @= | = o4

: O|R0| CHR2 E[Act T EHEHSHT| 2I5H, Hello HIAIX|E gEX| 28 AlZto| ST
o
Dead 7tZ{(Dead interval) 2 HIE 72 Hom A|ZhS X CHel2 L-PEP-”
X|H 2t2E IP &4 (Designated IP address) 32 HIE HAIX|7l MEE[= HELTo CHet X[ 2tREQ| IP FAE LIEHH
B X BtREH IP T4 = =t

E AlX 1S E|= HER 0] Cish 2] X|H 2tREQ| IP A E LIEHHA
(Backup designated router IP address) 32 H HAIX|I7F HEElE HESIZof Ch A XY 2tREe IP FAE LIEHH
0| IP &4 (Neighbor IP address) 32 H|E Dead 7t4 LHO] hello T{Z/E S48t 2E 0|2 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. 56



23 SHI 2R

* OSPF (Open Shortest Path First) (13/34)

» OSPF I|Z! R

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

gl m AZstE HAIX

(6/22)

ctRE{7L Ao &1 = B3 HEIE 0|R SR Eof|A|

- O|O|E{H|O|A 7|&=(DBD, DataBase Description) IHZ! (1/2)
. X0
o —
- 5 OSPF ctRE7} MZ 28t LSDB(Link-State DataBase)2| LIS
R9F5t0{ W etst= 3!
« E K|
= o
- MA 23 dEf MEE MY st= 40| ot LSA(Link State Advertisement)2|
Q0o HeE MY
« ATH 2HRE{7H OfE LSAS 7HX|T QK| #Ol5te Ol A
- LSDB &7|&F It 0d A mEt
. TEBHLSAE HQIF £ 0% IS S5 T HEE 2N
QSPF common header
24 bytes Type: 2
Hellc interval AllOs |E|B|AIOs | | | M I\SA
Message sequence number
%[ LAS header
& (20 bytes)

TCP/IP ZEE =

Jinwoo Seo, Protocol Engineering Lab.

Y




=3 SEhEIRT

* OSPF (Open Shortest Path First) (14/34)

- OSPF I{Z! & (7/22)
- Cl|O|E{H[O| A 7|=(DBD, DataBase Description) I{Z! (2/2)

I N ot
EZcia 1 HIE Z 10 ERE7E A2 AAE FA 2HRE0|H 12 XY
BZcia 1 HIE Z 10 BtRE7F XY BH EIREHY R 12 XY
| Z2f 1 HIE HIAIX|I7F A HAIKIY ] 12 X|H
ME2ia 1 HIE otx|gk HIA|IX|7} ot B0 12 X|H
= mjZlo| AlEFHE LIEHH
= E
M/S Zaia 1HIE 12 X|HE/H =2 002 X|MEH ZQS EA|
HAIR| &M HE e el i _
HIE AlR|e] =M HEE m3Hslo] @&of Cist 2 H|m
(Message sequence number) 32 Hi HlAlx]e] &A1 S ZEot0] 2780] tiEt S HI
LSA 3l 20 HHO|E Zt LSAO] AL
(LSA header) — A EIo g2 UdiiFH, B3 «Ef olo|EHo|A S| ZF T 0 CHaH Bt=
OSPF common header
24 bytes Type: 2
Hello interval AllOs |E | B|AlIOs | | | M I\Sﬂ

Message sequence number

Repeated

LAS header
(20 bytes)

TCP/IP ZEE =
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* OSPF (Open Shortest Path First) (15/34)

. OSPF TZ! £ (8/22)
- &3 &E 2F(LSR, Link State Request) THZ! (1/2)

« Mo
. ATH 2HRE7F 7HRIT R LSA B RHAloIH TRt |

« EX|
= 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

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 59



* OSPF (Open Shortest Path First) (16/34)
+ OSPF T{Z! 2% (9/22)
- &3 &E 2F(LSR, Link State Request) THZ! (2/2)
. @= | 37

23 4Bl R8(Link state type) 4 HIO|E
E

’é,*EHID(LlnkstateID) 4 HIO|E  LSA Alwdg re HEQTo P X
o
)

E{(Advertising router) 4 HIO|E A 2HEILSAE MMSHofF st EFRE{ 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 SEI CIRT

* OSPF (Open Shortest Path First) (17/34)
. OSPF TZ! 93 (10/22)
- 213 ME} AAILSU, Link State Update) IH{Z! (1/12)

. B0

+ otLt O|&f 2| LSAZE &K 2 ME st= T

= A
« E K|
-1 O
- 4 B A2 ZH ME ELSAZY Jts
« LSRIZ/S Eo R dF2 LSAE ™
- HER3o| &3 MEN7I HEEIRS [ MER LSA TEO| AFR
« £={IEHLSAE LSDBO| BF¥ESt0o U ELR T AEHE Al

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 T{Z! R

3 (11/22)

« 23 AE} 7”*|(LSU Link State Update) ZHZ! (2/12)
« LSA 2EHE101 5|

& | 37|

213 AEf A2t

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

T3 HE RE

(Link state type)

Y3 g AR

(Link state ID)

oo T

ot

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) - 2t*E 23, (2)- HERZ 33, (3)- HEXZ 2% 23,
(4) - "2 AlLE BA E+°E+ I Qe 33, (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 SEI CIRT

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

. OSPF IZ! 93 (12/22)
- 213 ME} AAILSU, Link State Update) I{Z! (3/12)

. LSA uhE{ol 3|

g
23 3teH :
o L T
HE Ol HIAIXRIE H116t= BIREL T4
(Advertising router) 32 | | HIAIRIE B o= ereElel 1P+
213 MEj =AM HS 3 =
o oH TAl HIE Zt 213 AFEf ZH Al H|A|K|0f B EHEl A BHS
(Link state sequence number) 32 | &3 SE B TRl EE M
213 HEf HAtef 16 H|E Ait Az 2EEE M elgt MA| mZle| EalM el HALEolets
(Link state checksum) — S e85t HAFE H| A B AL
Z!0|(Length) 16 HIE A miZle| ZO|E HIO|E He|E LIEFH
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 =

Jinwoo Seo, Protocol Engineering Lab.
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* OSPF (Open Shortest Path First) (20/34)

» OSPF %! 73 (13/22)
- &3 AEf ZAILSU, Link State Update) THZ! (4/12)
- 2t PE 3 LSA
- ZIRE{(AA EtRE)el 2E B350 el E

- 2ISE{= O| LSAE AtE5t04 EtREQ 2 E A 0] g

rk

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 IHZ! & (14/22)
. 213 AE ZAILSU, Link State Update) THZ! (5/12)

oF2E 23 LSA

25

g
23 AlEEXH(Link ID) 32 HIE O| HIAIXIE &1 5t= BtREQ IP
2lgof gt 71 HE M2
213 o|o|E]{(Link data 32 HIE ioll O|=2 FFS Tt
cERE I ) | 23 &l oEs g2 Xl
212 S 8(Link type) guz  EHPEI7HZE LESII 0l 80l WEt 47hxI2| M2 8
S yp = o3do| 213 9340| X o|=
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/IP ZEE =
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23 SEI CIRT

* OSPF (Open Shortest Path First) (22/34)

« OSPF %! 73 (15/22)

- 213 AEj ZA(LSU, Link State Update) ZHZ! (6/12)

. EP—?—EJ 2/3 LSA
27|

MH|A& C’°"(TOS)°| 7= 16 HIE
= |
TOS 00| CHE HIE = 8 H|E
(Metric for TOS 0)
TOS(Type Of Service) 8 HIE
H| E 2l(Metirc) 16 HIE

o8

Zt & 30f &% Mul& 82| I+E LIEHH

7|8 MH|&

QI TOS 00 CHEt HEZ!IS LIEIH

MHl|& REE LIEHHY

sie TOSo ek HERS LIEH:

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

TCP/IP Z=2EF
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* OSPF (Open Shortest Path First) (23/34)
« 0 X 11.4

otz I&Z HbE EFRE| 10.24.7.90] ol5f MEElE EH2RE 23 LSAE
LIEFLHO{EL.
I—‘ Nlet:c:z = —-—-“-fzil\rlli(;tt_:-cg:cﬁi-m__—-----— —
10.24.7.0/24
% O | OSI\TUFmCt?en:rc:‘fo :d:(:i?:;mer;z? j: !
LSA general header Type: 1
[ T 1 [ Numberoflinks: 3| ]
BBl 37Hel /A E 7HE -
0| & £ Type 1(Point-to-point)O|H, / 1 ;
' 10.24.9.11

3tLH= Type 3(Stub Network) e J

. Stub Network0| A= Link Data 5 £ 0] —a= | B
Network mask”7} €0{7I2 £ 255.255.255.0 | 102470
»  ZtZto| Metric2 4, 6, 2 s :
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* OSPF (Open Shortest Path First) (24/34)

. OSPF IZ! 93 (16/22)
- 213 AE| AAI(LSU, Link State Update) IHZ! (7/12)
- HEL3 &3 LSA
- HER=Z9 23 & Yo
- X’H 2tREes % T2 Cidl & ol 32| LsP T
- HERF0| HZE EE eIRHEMAH EXE ¢ E

=i

fu[r
fjo

Designated router
Advertises the links

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

« OSPF %! #38 (17/22)
- 213 AEj ZA(LSU, Link State Update) ZHZ! (8/12)
- HER3 &3 LSA

B ot

HEL3 olA3

HE HES3 0fA3E 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)

. OSPF Z! S (18/22)
.« 213 AEj ZAI(LSU, Link State Update) ZHZ! (9/12)

.

ET 2 FALSA

. |4 HlZO| CHE & ERIE L2I7| UsH x| ZA 2 Eloll o8] ALR ElE

LSA

- HERX3 olAa39 2t MH|A 7ol CHEF HE=ZICE 14
« Z 0= Lol BHY HES(Z B2 L&

7|
- ots EIREQ IP FAE B3 dEf Fno| 5o =& ko] LEdE

= =2 (=

Area 1

Flooded by the area
border router into
the area

Area 0

=
Area 2
Flooded by the area
border router into
t the area
TR
|
> 3 Summary link
- L __________ |
Summary link :l to network
to network N1

Autonomous system

TCP/IP ZEE =
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* 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

[

|
(=)
rr
w
X
o
u
4o
m
N
o
I

HER3 23 Z1s5= U
o
o

« LSA= oA 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)
- 0iX| 11.6

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

o

[

a. R12 N1} N29o| & 7He| 213 & 7%
b. R2E N1 stLto| 2l3 8t 717
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)
« oAl 11.7

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

To next AS

a. N10{| CHEF 21 = R10| =#
- Ol AHAITHO| M& B E{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
e = U

c. N30i Ciet 1= R30{ o|aH =
« O|z= AtAIgHO| & 2FRE 0| X[H EFRE{ 71 E|7| HE

. mEtM, 2E 2tREP HEST 23 LsAES B
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* OSPF (Open Shortest Path First) (30/34)

« OSPF I{Z! 73 (19/22)
- 213 ME} ZAILSU, Link State Update) I{Z! (10/12)
- HEZT 2°F 23 LSA

c a7|

HE®3 otA3
(Network mask)

TOS 8 HIE
HIE=Z|(Metric) 24 HIE

32 HIE

of gl
HE23 Ol AT E LIEFH

= LIEHH

MElAol 98
£ Qo THEt HIES it

TOS L0l HolEl MH|

OSPF common header
24 bytes Type: 4

Number of advertisements

LSA general header
20 bytes Type: 3

Network mask

TOS

Repeated

Metric

TCP/IP Z=2EF
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23 SEI CIRT

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

- OSPF mI{Z! & (20/22)
» 213 AEH ZHAI(LSU, Link State Update) ZHZ! (11/12)

« X2 AMAE BH EIREZEC

ek =23 LSA
A2 AlA"”l A 2tREREQ| AEE MS3dlF= LSA
K| Lol BtRE|7} RI 2 A|AE HIZSZE TiZlg MEE

MEE M Ee
A2 AMAE IR E MEE HAIX|7I HERF(e.g., Area 0)0i =E A, X}=

37 EtREE S HAIX|IE =4

iz Al WEg R0l oo g

= Ry ro gL

o A-

HAIX |2 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

Autonomous system

LSA general header
" 20 bytes Type: 4
L =~ AS boundary
B e = e e it i router All Os
Summary link to AS boundary router 3
g |: TOS Metric
[v4

TCP/IP ZEE =
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23 SEI CIRT

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

- OSPF mI{Z! & (21/22)
» 213 AEH ZHAI(LSU, Link State Update) ZHZ! (12/12)

- 9|8 &3 | SA(External Link LSA)
« A2 AlAH QR0 e ZE UERKIE Y2[= LSA
- A2 AlAH 2[R0 0|8 7tsE HIESTI 32 M ALS
- ZH D= StLo| HERARE 23
« A2 AAH A EIRERQ 29 33 LSAMIM 271 EE F7}
- Z T FA(Forwarding address)
- Q|F 2}E| Ef I (External router tag)
Area 1 Areq 2 Network OSPF commen header
Network_ 24 bytes Type: 4
— Number of advertisements
LSA general header
20 bytes Type: 5
Flooded by the AS Network mask
boyndary router - TOS Metric
into the AS 2
Area 0 % Forwarding address
Autonomous system « External route tag

TCP/IP ZEE =
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* OSPF (Open Shortest Path First) (33/34)

- OSPF IZ! 93 (22/22)
« 213 AE} EF‘P_l S & (LSACKk, Link State Acknowledgment)
Tl EA

. 3o
o FAEFLSA7 HA Mo 2 MEE|ARSE &2l Tz

. 57
 LSU(Link State Update)2 MEHF2 [ SAQS| =412 = Ql
« LSAQS| AZE|M Qle MY S EXSE ol AFE
- 0| SEZ &l LSATI Ha Mo 2 MY E|FR=X] EHEF 7ts

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)

» Z4& 3 (Encapsulation)
« OPSF= IP O|O|E{1 0] Z -’E:ér
- OSPF Z2ZEZ2 S & N|o{2t
I 5+t
* OSPFE= O| MHIAE MBSl TS HE ZE2EZES T2
StX| &

IP Header OSPF Common Header OSPF Message
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IZzE

TCP/IP



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
» AL|7{ EIREE Salf Q1Y A7 2tREQ} HE nE
- DES HEE Saf Hlolg M7y

» BGP (Border Gateway Protocol) 2 %
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22 HE 22k

.7

I =
o ZF
A

ASO{| A RFAIO]

T s HES

201.2.0.0/24

201.2.1.0/24

R1

R

|

201.2.0.0/24
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
Legend ==
18.0.0.0/8
@ Ethernet switch
=3 Interior router

Exterior router

EEEEN

2 #E| 2} 2El(Path Vector Routing) (2/5)
TS 7t 58(Reachability)

L1

130.12.0.0/16

130.14.0.0/16

=

130.13.0.0/16

130 15.0.0/16

Ny

16.0.0.0/8

-

17.0.0.0/8

{0

18.0.0.0/8

TCP/IP ZEE =
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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|
Elo|& 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)

- 28 E|o|ZF §& (1/2)
- B I Y|

. 7| HE] 22 S0 YoiLts EoE AN £z o] MM H2
4Ef gl oM sHEE £ 25
« ctRE7F HAIX|E s4lotH SMXNX| 2 =50 T A2 AIAEO|
A=K dE
o DFoF QUCHH, F =71 ot ZAEH HAIXIE F Al
. BH gl 2l
. BFRE{7 HIAIXIE £ 4150 B2 E ZALst0] B2 Aol At
NAES 5 5L 7t 1A QIS E x| BT
. Qlurst e st 2ol ChEt 22 B0l S ZAISHKIE ofm
ol oll M& 3R oS
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HE| 2128
£t El(Path Vector Routing) (5/5)

o4 gls SHQI 7 22 Elo| 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|ESO| ZEEZ

£|CH 27 obkl BElRtel BHe S B et ZE M
LB SN FE oM A

. TCP 17981 ZEE AF23510{ BGP 7 &M gl Sl
. SFXAFA]
-1 O O
- Q1RSI 20| O ? 2 A E2o HEHIWME EH2% B2 1 7ts
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A2 HE 2l LE]

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

« A8 AAE FF (1/2)
« AE{E AS (Stub AS)
. C}2 Xt AlAED B 5lLLO| 442 7HE
« AEH AS LHO| E0|Q] ZF H|O|E| EC=I2 ASLHO| A AAE[7{L}
AR £ 9l
. ClO|E| EBfZIS AE{E ASE S35l XILtZ 4= 98
QIR0 E0{2 EBE2 AFE ASOM 2H
« AEE AS LR OM HdE ERER QIR E LI
- HE|F AS (Multihomed AS)
« C}2 Xt8 AlAED} 5Lt 0|4t o] A4S JHE
- ClOIE] EEfZlo| SAIRILE = AIKIEH E £ )2
. StLEO| XH8 AIARIOIM CHE A|AEICR X|L7tE EfEe
G E=2= P RETE=
. e.g., 27t ASOl| A= 2 =&

A
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A2 HE 2l LE]

* BGP (Border Gateway Protocol) (3/18)

« A8 AlAHE FF (2/2)
-ﬁOAs

* CIDR (Classless Inter-Domain Routing)
_|

. DEE POHAl HIEXIT T4 HOIE Q045 BEstod IP
4 BT 284S 500 QA 22 El0|E 7|8
S0l WAl
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ZH2 HE] 22 El
* BGP (Border Gateway Protocol) (4/18)

A
¢ @E —|}é->I
. XI- OI-E:|7C| _/.\_A-I

. BGP 2F2E{7H BLE Al QlAlsfokat B 44
. LIAZIO| & A

. 5' £ 7ls oPt G| EF= Al R{0{0F 5t= &

. 7—. EP—?—E-IW H._F%AI QlAg = Qlo{of stLt 2 & ALl HAIX|of 28 Z|X|

O?._

. BIRE{} 42 XIS YTIRHE CH BHREIR M El0{obRt SHE &4
H|Z10|(Nontransitive) <4
« Qe EFRE 7L O] £ EE K| HGHX| Bt ™ HE K= &4

« MEHT ""OI(Transitive) =
|'-|-
.I
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A2 HE 2l LE]

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

o M4

. X0

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

b~y — |
°* STr

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

- ME OHE RI2 A|AHEI| &5t=

F 2O EE 7Ho| B2 WEE sl At

0l

« LH& (Internal) BGP HI*._:'(I-BGP)

« K8 ALAHE LIS F 2fRE Zhol HE W EE fIs ALE

E-BGP session

______ [-BGP sessions

A3

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

- 17! 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)
- Z! SA (1/11)

. 51

ofE 37|
E AlZ7|(Marker) 152 {lal oflef = 256 HIE
Z10|(Length) S ZE&tst A HA|X| ZO0] 16 HIE
- Izl o| &35
mE(Tyee (g, e, Ueiztole, Sx) s
I (32 bits) |
— Marker

Length
(16 bits)

Type
(8 bits)

TCP/IP Z=2EF

Jinwoo Seo, Protocol Engineering Lab. 91



A2 HE 2l LE]
* BGP (Border Gateway Protocol) (8/18)

EH%L Al (2/11)
 7H2F(Open) (1/3)
- BGP7| 8%35 °._| EF—?—EWP 0|2 EHE ddEst7| /e
O| 1t TCP © 21Z2E Y1 7 (Open) HIAIXIE TS
- O|20| #H E 2ot 4%, 5 2t*H 7tol 0| #H|7t
MEIE[ACE Eo 2 ZIYEHO|E (Keepalive) HIAIX|E M&

Common header
19 bytes  Type: 1

Version

My autonomous system Hold time
BGP identifier

Option length

Option
(Variable length)
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G2 HE 2B
* BGP (Border Gateway Protocol) (9/18)
- =) A (3/11)
- 71 (Open) (2/3)
@ ol =t

E{%(Version) BGP2| {2 EAl(ZHAY 4) 8 HIE

Kpalo| RhEg 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! F 4] (4/11)
+ 714 (Open) (3/3)
 we et =

BGP AlHx}

i MIO|IR|E ME T BIRE A EA HE
M D7 4 Zo| M| M= Oj7) 4 S 0] ZIo| EA . i
(Option length) (e.g., 215, HE| E EZ &5 5)
Zh MY D§7H 4SS OH7H w4 Zol, DH7H B4 2tol M=

A1E4 0§ 7 B4==(Option) ZICEER =52
(BRI K| EESHE ME4 O{7] = QIS &)

Common header
19 bytes  Type: 1

Version

My autonomous system Hold time
BGP identifier

Option length

Option
(Variable length)

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab.
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A2 HE 2l LE]

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

mfZl &4 (5/11)
.« ZiA(Update) (1/4)
. BGP Z2EZ 0| Al
. EP—?—E-IE 3P04.::.L 75_'|01| Y 0E SHX|E FASHALI MER
AS

. BGP'— H of 45:'_5_! 04
- -_ C head:
2X{K %% FAe 4 9lx|at 19 bytes. Type 2
AH E — % x_-ll x | % -T'él- __,I_ %EI- 7C§ _?_ Unfeasible routes length
—_ =2 E = ;I_ Unfeasible routes length
oL_07H*|[I-IAX off ©
El-xll- D? - | I— | | | = < H = Withdrawn routes
—/ /M X . 7 |' 3 (Variable length)
Path attributes length
Path attributes
(Variable length)
Network layer reachability information
(Variable length)

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 95



ZH2 HE B2 E
* BGP (Border Gateway Protocol) (12/18)

P
« I 4] (6/11)

A &l(Update) (2/4)
Ec 37|

£ 7}s(Unfeasible) Z2 Z 0| CtE EE=o| 4ol Hol 16 HIE
A El(Withdraw) B2 Mol 2 El S5 oM &l 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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ZH2 HE B2 E
(Border Gateway Protocol) (13/18)

AL (711)
*._(Update) (3/4)
oty

- BGP
BiEA
. 2

27|
42 54 40| _
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)

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 97



22 Y 22k

* BGP (Border Gateway Protocol) (14/18)

P
- =) A (8/11)
AR

. (Update) (4/4)
EHE L] 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)

- 7! F A (9/11)
» ZIUEI0|E (Keepalive)
. BGP7} SE3HE 2HRE{S2 Aol XHAIS 0] Aol

= A
ek 2|17| foH K| AlZto| BFEE|Z| Mo H7|Me 2 ZIHEole
HIA|X|E &t

[

0)

|:J

Common header
19 bytes  Type: 3
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H2 HE 212 E
* BGP (Border Gateway Protocol) (16/18)
- ! FA (10/11)

» & X|(Notification) (1/2)

. QF AE0| ZRIT|HL 942

I110]
nol
N
o
ok
juf]

P E{0] of3} %

« HIAIX] B4
___®c it 27

Q& I E(Error code) QRO E=RE LIEIHY 8 HIE
27 ME I E=(Error subcode) Zt 2RoMe| 27 f8S LIEHH 8 HIE
2 F Ol|O|E{(Error data) Q5o cist ZEt HEE MIst=Ed AFS HE

Common header
19 bytes  Type: 4

Error code

Error subcode

Error data
(Variable length)
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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

2R Me 2= 4

S7I=t =X (1), #XE HAIX] 2ol (2), X E HAIX| 7 (3)

1 HIAIX| Sl 2F
XHEIX| etE HE #HE (1), 2R E 1|0 AS (2), 22 E BGP AR}
HF o= (3),
2 WS HAR 257 X HE|X] OHe MEHE] Q7HEL (4), OIS AlTj (5), 512 E|X| o=
Hold Time (6)
AZESH FE (1), 2AE = = Well-Known &7 (2),
T2 El Well-Known £ (3), 4 2213 2F (4), 4 4ol 27 (5),
3 A HAIR| 2F EZ El Origin £ (6), AS &2 F I (7), 22 &l Next Hop &4 (8),
Optional &4 27 (9), 2=l Network ZE (10), =2 & AS_PATH
(11)
S X| ElO|H Bt&E -
S8t MEf 7|4 2F Mil F, MEIE QS
i P -
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A2 HE 2l LE]
* BGP (Border Gateway Protocol) (18/18)

. &3
. B PRI L E 1798 AFR510{ TCP MIIHE &35}
« 27 HMo{Lt EE o7t EER

« E2 (Cease) FZ9| SX| HAIX|I7I H&SE WHIHK]| & [ﬂUpdate),
Z1dElo|E (Keepalive), & X|(Notification) HAXo I8 S R|Z

Datalink | o nder | TCP Header | BGP Header | BGP Data | D2t link
Header Trailer
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Thanks!

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